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ABSTRACT. During the last decades, the use of mountain trails for running is
more and more popular. New trails are opened to allow the runners to practice
and compete. This form of human impact on the landscape is new as the new
trails do not follow the conservation strategies in design and maintenance as
traditional mountain trails constructed by farmers, shepherds and muleteers do.
This impact of sport events in nature is not measured and we know little about
this impact on vegetation, fauna and soils. We surveyed in September 2018 a
trail that was opened in September 2014 and was used for four official mountain
trail races, and for training by local runners. Our interviews with organizers
and users show that 1054 runners passed during the competition days (4 races
in 4 years) and over the 4-year period the trail was used approximately 43,800
times by a runner. We measured the current topography and calculated the soil
lost. The results show extremely high erosion rates in the sloping terrain, with
the highest rates in the north-facing slope, reaching up to 180.29 Mg ha' y”,
while in the flat section of the trail soil erosion rates are 107.56 Mg ha' y' and
in the south-facing slope trail 128.93 Mg ha' y”'. Our study demonstrates that
(i) soil erosion rates on trails can be easily estimated by measuring the deepest
trail position enabling fast and cheap surveys; and (ii) that there is a need to
establish conservation strategies on new trails to avoid non-sustainable soil
losses in the Mediterranean mountains due to the sport activities such as the
mountain trail races.

Cuatro anos de tasas de erosion de suelo en una senda para carreras de monta-
fia en el Este de la Peninsula Ibérica

RESUMEN. Desde hace unas décadas, el uso de sendas de montaria para carre-
ras es cada vez mds habitual, de manera que se abren nuevas sendas para poder
practicar 'y competir. Esta forma de impacto humano en el paisaje es nueva ya
que el diseiio y mantenimiento de estas nuevas sendas no siguen las estrategias de
conservacion de las sendas tradicionales de los agricultores, pastores y muleros. El
impacto de los eventos deportivos en la naturaleza no ha sido evaluado y se sabe
muy poco sobre este impacto sobre la vegetacion, fauna y suelos. En septiembre
de 2018 se monitorizé una senda de montaiia que habia sido creada en septiembre
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de 2014 y habia sido utilizada para cuatro carreras de montaria oficiales y para el
entrenamiento de corredores locales. Las entrevistas a organizadores y usuarios
muestran que 1054 corredores pasaron durante los dias de competicion (4 carreras
en 4 aiios) y que durante los 4 arios la senda habia sido utilizada aproximadamente
43.800 veces por corredores. Se midio la topografia actual y se calculo la pérdi-
da de suelo. Los resultados muestran tasas de erosion extremas en las laderas en
pendiente, con valores mdximos en la ladera umbria, alcanzando hasta 180.29 Mg
ha' a’', mientras que en las secciones llanas las tasas fueron de 107.56 Mg ha' a’’
y en la ladera solana de 128.93 Mg ha' a’'. El estudio demuestra que (i) las tasas
de erosion en sendas de montaiia pueden ser fdcilmente estimadas midiendo la po-
sicion mds profunda de la senda, lo cual permite medidas rdpidas y a bajo coste; y
(ii) se necesitan establecer estrategias de conservacion en las nuevas sendas para
evitar pérdidas de suelo no sostenibles en las montarias mediterrdneas debido a
actividades deportivas como son las carreras de montaria.
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1. Introduction

Running and biking are popular sports that are growing in participants and social
acceptance (Hoffman et al.,2010; Borgers et al., 2015; Knechtle et al., 2015). The use of
mountain areas for sport activities is not new (White and Schreyer, 1981), but during the
last decade it has grown in the number of participants, and therefore the social, economic
and environmental impacts have increased also (Nepal and Way, 2007). The scientific
community is researching the economic and social impact of the use of trails as a leisure
activity (Fix and Loomis, 1997; Bowker et al., 2007; Duglio and Beltramo, 2017) but
much less is known about the biophysical impact of these activities on the environment.
Within the research studies developed in the last decades, the environmental impact of
trails has been assessed in only few regions (Nepal, 2003; Nepal and Nepal, 2004; Beeco
et al.,2013). Furthermore, the awareness of the problem among the general public is low,
although research on the perception of visitors of natural parks is relevant to understand
the problem and find solutions (Sterl ef al., 2008).

Biking, hiking and running are leisure activities that can trigger degradation
processes in natural areas (Thurston and Reader, 2001), although they were created to
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preserve natural and high value ecosystems (Jackson, 1987). The awareness of visitors
and managers in natural parks showed an environmental concern related to the outdoor
recreation participation (Jackson, 1986). This is because until recently biking and
running were not considered traditional uses in natural areas as was shown by White
and Schreyer (1981) for National parks in USA. There has been a strong increase in the
number of people that do long runs and bike in natural parks (Knoth et al., 2012). This
triggered a subsequent growth in research in sport activities (Chavez et al., 1993; Rochat
et al.,2017). There is a worldwide growth in the number of trail running practitioners
and many new trails have been opened for this purpose, where runs of sprint trails (11
km), half-marathons (21 km), marathons (42 km) and ultramarathons (100 km or more)
have increasing acceptance. This explains the growth in the research related to the
medical perspective of the trail running (Scheer and Murray, 2011; Burr et al., 2014).
The impact of trails on vegetation and fauna has been found to be negative (Dale and
Weaber, 1974; Comita and Goldsmith, 2008; Newsome and Davies, 2009) but there
is a lack of information about the impact of trails on soil quality, and the key issue to
understand changes in soil quality is the impact on soil erosion due to human trampling,
surface wash, and the interaction of both. There is also a lack of basic data that is needed
to design, management and construction of trails (Symmonds et al., 2000), and for the
advance towards more sustainable management of mountain trails it is necessary to
quantify the soil erosion rates on many locations. In fact, this form of human impact on
the landscape is new as the new trails do not follow the conservation strategies in design
and maintenance as traditional mountain trails constructed by farmers, shepherds and
muleteers do.

Mountain areas can offer multiple ecosystem services including recreational
services, which contribute positively to human health (Wolf and Wohlfart, 2014;
Brevik et al., 2018). They are an ideal backdrop for many people to practice leisure
and sport activities such as hiking or trail running. This type of activities has been
gaining popularity over the last few years worldwide (Barros et al., 2013; Bodoque et
al., 2017; Cwiakala er al., 2017) and there are growing numbers of people who seek
to explore new places or create more appealing and challenging routes, particularly
for mountain bikes (Goeft and Alder, 2001), and in recent years more and more for
mountain trail running (Farias-Torbidoni et al., 2018). This anthropogenic pressure on
the environment has effects on ecosystems which implies land degradation due to soil
compaction, vegetation removal and soil erosion. The use of trails by hikers can cause
(i) loss of plant biomass due to trampling, (ii) introduce exotic species and aid their
dispersal, (iii) hinder the movement of wildlife and disturb their habitat, (iv) increase
of human waste in the surroundings; and, (v) alter water quality by increasing turbidity
due to eroded soil ending up in waterways (Leung and Marion, 2000). Moreover, the
main effect of mountain trails is that it triggers land degradation due to the loss of soil
fertility and soil quality, which may ultimately lead to the complete loss of the soil due
to the human trampling induced soil erosion (Morgan and Smith, 1980) and ecosystems
degradation (Burden and Randerson, 1972; Liddle, 1975). Some examples of these
impacts are (i) the loss of soil organic matter and soil moisture, (ii) the increase of bulk
density by compaction, (iii) the detachment and transport of soil particles causing soil
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erosion and root exposure, (iv) the increase in surface wash; and, (v) alterations in soil
and water chemical properties (Hawkins and Weintraub, 2011). All these impacts are
accentuated if we consider the low rates of soil formation and the limited soil depth,
especially in some areas such as the Mediterranean and mountains terrains where
intensive land use and management has developed over millennia (Butzer, 2005;
Gonzdlez Hidalgo et al., 2007).

So far, the limited research conducted on trail erosion focussed on trekking trails,
but running trails are at higher risk due to the higher impact of runners as a consequence
of the speed of the runners, and the energy transferred to the soil surface by each step
(Creagh et al., 1998).

A trail was selected in a Mediterranean range due to the growing recreational
activities in this mountain area and particularly for the purpose of determining erosion
rates in a 4-years old mountain running trail. Therefore, the aims of this paper are: i)
assess soil erosion rates in a Mediterranean trail caused by trail running; ii) determine
the factors that influences the erosion rates; and, iii) develop a new sampling strategy to
reduce the time invested in the field work and allow more measurements.

2. Material and methods
2.1. Study area

The study area is located in the East of the Iberian Peninsula and is found in a
representative area of the Mediterranean mountains where abandonment took place in
the 1960s, the vegetation is a scrubland and the parent material is limestone (Fig. 1). The
trail selected for this research is located near the municipality of L’Alctidia de Crespins
and was opened 4 years before the measurements were carried out. Trail runners are the
main users, but also bikers and hikers are regular users of the trail. Within the L’ Alcidia
de Crespins mountain trail we selected 3 sections that are close to each other, but each of
them has different physiographic characteristics such as slope angle and aspect, which
allow to research the soil erosion variability on trails due to those variables. We called
these sections North-facing (35 meters on a northern hillside), South-facing (70 meters in
a southern hillside) and Flat (30 meters on the upper plain). The predominant vegetation in
the study site is scrubland (Globularia alypum, Thymus vulgaris, Rosmarinus officinalis)
with some small dispersed shrubs (Chamaerops humilis, Quercus coccifera, Pistacia
lentiscus). Trees are scarce, mainly represented by Pinus halepensis and Quercus ilex at
the study area but not present in the trail due to the fact that an area without trees was
selected by the trail designer in this part of the trail. The sections of the studied trail
are located under an electric line so the periodic clearing for security reasons results in
a vegetation cover below 1 m in height, with the exception of a bunch of Quercus ilex
trees of approximately 2-m in height. The climate in the study area is temperate with
an average annual temperature of 17°C; August is the hottest month and January the
coldest. Rainfall is moderately scarce with 426 mm y'. The driest month is July due to
the summer drought and the wettest is October due to easterly winds coming from the
Mediterranean Sea.
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Figure 1. L’Alciidia de Crespins study area in the province of Valencia (Spain). Lower right panel
shows the study site with the North and South sections.

A survey of the trail use by hikers, bikers and runners was done with interviews to the
users and information was collected from the organizers of the “L’Alctdia de Crespins trail
run” by means of interviews. The interviews (22 users plus 3 organizers) provided information
about how many runners per day used the trail and how many participants yearly use the trail
for competition. In addition, we collected information about the use by bikers and trekkers.

2.2. Measurements of soil erosion

The three trail sections were surveyed in September 2018 and we calculated soil
erosion rates using the Cross-Sectional-Area (Fig. 2), a widely applied method in trail
erosion research (e.g. Fish er al., 1981; Marion and Olive, 2006; Olive and Marion,
2009; Esque et al., 2016; Tomczyk et al., 2016), which is the most replicable method for
monitoring trail segments (Jewell and Hammitt, 2000). We measured soil depth every
meter of the trail and 10 cm along each cross-section and employed a metal bar which
we placed over the edges of the trail considering that it was the original ground surface
before the use of the trail (Webb et al., 1978). In each metre we registered the slope
angle in the centre of the trail and the rock fragment cover and rock embedded was
quantitatively estimated in percentage. From depth measurements in cm, the erosion
rates (in cm?) of the trail were calculated with the following equation:

[((Zay +Zup) 5+ (Zap + Z43) * 5+ (Zant Zan , ) * 5} +{(Zys +Z)p) ¥5+ Zyy + Zy3) x5+ (Zyn+Zyn 1) * 5}
2

]*100

1)
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where Z, represents each soil depth measurement from the metal bar at measurement
point a and Z, each soil depth measurement on the following point measurement (Fig. 3).
This calculation was repeated for each metre of the trail and by adding all the calculations,
the final volume of soil loss was obtained. With the trail soil samples collected, the soil
density was determined in the laboratory to finally obtain the soil erosion rate in Mg ha' y'.

Figure 2. Measuring soil depth in the L’Alciidia Mountain Trail
using the Cross-Sectional-Method to calculate soil erosion rates.

Figure 3. Schematic view of soil depth measurements on the trail. Z represents the height between
the metal bar and the ground surface (i.e. the soil lowering) and the lower case letters show the
measurement points every meter along the trail.
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3. Results
3.1. Runners’ use of the L’Alciidia trail

The interviews with the organizers of races and individual local runners in October
2018 have shown that there is a higher density of runners during the competition events.
The trail was opened in September 2014, and in 2015 (25/1/2015) the first trail running
competition took place with 401 participants. In 2016 (31/1/2016) the number of runners
dropped to 169 and in 2017 (26/3/2017) and 2018 (22/4/2018) the participants’ number
reached 231 and 253, respectively. The interviews with the runners that use the trail
regularly show that on average 30 people per day use the trail for running and 5 for
trekking. The interviews showed that the use of the trails varies from 5 to 50 users per
day. Bikers are rare in comparison to runners as they are mainly present in the weekends
and on average 3 bikes use the trail daily. Those numbers show that in the last four
years approximately 1054 runners used the trail for a competition. However, the daily
use for training sums up to a total of 43800 runners’, 4380 bikers’ and 7300 trekkers’
passes. Those numbers are based on the calculations of the runners that use the trail,
which is the only source of information as there are no official data about the use and
the governmental organizations are not involved in the maintenance of the trails or the
organization of the competitions.

3.2. Soil erosion

Table 1 shows the descriptive results from the measurements carried out at the
studied trails. North-facing section shows the highest slope values (20.97°) and it
contains the widest trail of the three sections studied (1.23 m). The north-facing trail
section presents a low rock fragment covers in comparison to the south-facing section
(17.08% and 26.48% respectively) whereas the flat trail section shows the lowest
value of rock fragment cover (2.58%). Furthermore, in the South-facing section we
have come across 7 occasions (out of 70) in which the soil lowering was 0 due to the
fact that the trail consisted of a rock outcrop while in the North-facing section this
was measured twice (out of 35). The total exposure of rock outcrops means that the
whole soil profile has been removed and the erosion cannot progress more in depth.
Therefore, although the soil losses were registered as O (null) in fact the soil erosion
already removed the whole soil before the trail was established. Figure 4 showed the
basic properties of the 3 studied trail sections: slope angle, soil lowering and trail
width. It can be observed how these 3 results from the L’Alcidia de Crespins trail
have the same pattern for the 3 sections we have analysed. The North-facing section
presents the highest values of slope angle, soil erosion and trail width. The South-
facing section has middle values and the Flat section exhibits the lowest results of
slope angle, soil erosion and trail width. As a result, soil erosion volume calculations
of the 3 sections are contrasted (Fig. 5). The North-facing section trail shows the most
severe soil loss values and has a high variability. In contrast, the Flat section has low
soil loss values and is very homogeneous.
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Table 1. Topographical characteristics of the three study trails. The standard deviation is
indicated in parentheses.

Topographical measurements North South Flat
Length (m) 35 70 30
Average width (m) 1.23 (0.18) 0.86 (0.19) 0.75(0.11)
Average slope (°) 20.97 (8.08) 10.61 (5.10) 548 (3.25)
Age (y) 4 4 4
Area (ha) 0.004 0.006 0.002
Average parent rock (%) 17.08 (27.03) 26.48 (30.64) 2.58 (4.26)
Lowest elevation (m.a.s.l) 255.17 254.56 268.83
Highest elevation (m.a.s.l.) 264 .49 2674 271.08
Change in elevation (m/linear m) 0.27 0.18 0.08
} oNorth oNorth GNorth
i & 8uth 9 { aSoulh 12 @South
- 18 oFlat @Flat oFlat
%12 \ 5s { £08 [
m 1
Slope angle Soil depth Width

Figure 4. Basic characteristics of the 3 sections of the trail studied. The standard deviation is
indicated using bars.
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Figure 5. Boxplot diagram for the soil lost calculations of the 3 sections of the trail (median
values, average values (with a cross), upper and lower quartiles and outliers).
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Table 2 shows the results of the calculations made and the topographical
changes in the L’Alcidia de Crespins trail. These results show very significant
soil lowering rates, reaching up to 1.85 cm of soil lost each year in the North-
facing section. Even though it is a much lower value, soil lost in Flat section is still
considerable (0.78 cm y'). Whereas this is a trail that has only been in use for four
years, the resulting soil erosion rates on the trail surface are totally unsustainable
with values ranging between 107.56 and 180.29 Mg ha! y*! for the Flat and North-
facing sections respectively, in other words, for every 100 meters of trail, between
0.78 and 2.28 Mg per year are lost.

Table 2. Topographical changes and soil erosion rates in the three study trails. The standard
deviation is indicated in parentheses.

Topographical changes North South Flat
Average soil lowering (cm) 7.40 (2.84) 4.80 (1.72) 3.13 (1.00)
Average soil lowering (cmy™) 1.85 1.20 0.78
Average of highest depth (cm) 15.62 (5.89) 9.40 (3.22) 5.45 (1.52)
évlzage of soil depth in the centre| ) o5 53y 1309 (3.01)  |5.08 (1.55)
Total soil lost (m?) 3.03 2.79 0.82
Average soil lost (m* m™') 0.09 (0.03) 0.04 (0.02) 0.03 (0.01)
Soil density (Mg m’) 1.02 (0.12) 1.11 (0.04) 1.18 (0.07)
Soil erosion rate (Mg ha' y') 180.29 128.93 107.56

We have also found that a relationship exists between the soil lowering value in
the centre of the trail and the calculated soil loss (Fig. 6), especially in the flat section
(R?=0.69). This can be attributed to the strong correlation that exists between erosion
value in the middle of the trail and the maximum erosion value at each measurement point
(Fig. 7), which in turn, has a significant impact on the erosion rate obtained. Considering
this, we can obtain an average of 78.81% of total erosion calculated by measuring only
the trail width and the depth of the trail in the middle of the trail (Fig. 8). This finding is
of great help for future research as this creates the opportunity to increase the surveyed
area with little loss of accuracy.

We have observed a different pattern of soil lowering values depending on the
slope angle in which they are found (Fig. 9). At lower slope angle values (0°-5°) soil
loss tends to decrease. In areas with intermediate slope values (6°-23°), there is a
growing trend of greater soil loss as the angle of the trail increases. At steep slope
values (24°-43°), the soil lowering values do not follow any trend and the results show
large variability.
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Figure 6. Linear adjustment of soil depth values in the centre of the trail and its corresponding

calculated soil erosion value for the 3 trail sections.
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Figure 8. Erosion values estimated by the trail width and depth in the centre of the trail relative
to the total erosion calculated with equation (1). The estimated percentage of erosion with
respect to the real value reaches 78.81%.
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Figure 9. Measured soil depth values grouped into 3 slope angle categories.
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4. Discussion

The research on soil erosion should be updated and improved in the next decades
(Garcia-Ruiz et al., 2017). Soil erosion has been researched in different land uses, but
mainly in agriculture land (Garcia-Ruiz, 2010; Antoneli et al., 2018; Cerda et al., 2018;
Rodrigo Comino et al.,2018a; 2018b). On forest ecosystems the impact of fire has been
mainly research in the Mediterranean ecosystems (Inbar ef al., 1998; Fox et al., 2006;
Di Prima et al., 2018) but little is known about how human trampling in natural areas
affect the soil erosion processes. Research on soil erosion has been developed since the
beginning of the 20™ century (Smith, 1914; Munns, 1920) in USA, but trail erosion is a
new issue, both on global scale as well as on Mediterranean regional scale. This is due
to the fact that mountain areas in developed countries were abandoned and therefore the
traditional trails were abandoned too. The abandonment triggered the vegetation cover
to recover; the trails were lost and soil erosion was controlled and reduced to the lowest
rates. Those changes reduced the connectivity of the flows such as in agriculture land has
been demonstrated by Masselink ez al. (2017a) and should be more researched in natural
areas to understand the soil erosion processes and rates (Keesstra et al., 2018a). Leisure
and sports are bringing human presence back to the mountains, and trail running can be
the cause of high erosion rates as we found at the running trail of L’ Alctdia de Crespins
with values that are two orders of magnitude higher than what is considered sustainable
by the scientific community (Smith and Stamey, 1965). The sport activity can change
the connectivity of the systems such as other disciplines have shown (Masselink e? al.,
2017b; Turnbull et al., 2018) and we still know little about how this can change the
natural system after a shift (Lana-Renault ez al., 2018; Lasanta et al., 2018).

The agriculture abandonment was fast in the Mediterranean landscapes where the
Mountainous areas were abandoned suddenly in the 1950s and 1960s (Lasanta-Martinez et
al., 2005; Serra et al., 2008), which caused profound environmental changes (Garcia-Ruiz
and Lana-Renault, 2011). The return of people to the mountains for leisure activities, such
as trekking has become increasingly popular since the 1970’s, but in the 1990s mountain
biking arrived and in the last decade trail running became one of the favourite activities for
the runners that use to run in urban areas. This increase in trail running results in the creation
of new routes and because runners prefer to use trails on steep slopes, the highest impact of
trail running in terms of erosion is found on these steep slopes but there are few evidences and
proves of this. The fact that there is little information on soil erosion in running and biking
trails makes it urgent to create a knowledge base to be able to achieve the goal of sustainable
management of existing trails and design of the new trails with proper maintenance. This
paper surveys the impact of trail running on soil erosion as a first step to understand the
processes and factors that are important, to improve the survey strategies and finally to
contribute with information to design restoration and rehabilitation programs and improve
the design of a trail for running.

The research on erosion in mountain trails and the effects they cause began to be studied
later in the 1970°s (Willard and Marr, 1971) in the USA. Willard and Marr (1971) studied
the effect of hiking on the vegetation of the alpine tundra in Colorado and the difficulties of
recovering from trampling and Helgath (1975), also in USA, continued seeking to determine
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the influence of different environmental factors in trail degradation. USA has continued
leading the investigation at a global scale in the following years, both in the USA and in
other countries where trail erosion has been studied by American colleagues (e.g. Farrell and
Marion, 2001a; Wallin and Harden, 1996). Those studies were focussed on trails used for
trekking and a need of information from trail running impact is necessary.

The Mediterranean areas show little research on the trail erosion. The pioneer research
was carried out by Bodoque et al. (2005). Pelfini and Santilli (2006) studied the trail erosion
in the Italian Alps. And little research was developed afterwards (Lépez-Vicente ef al.,
2013; Tarolli et al.,2013). Then, there is little data about trail erosion in the mountains of the
Mediterranean basin, and no data available about trail running erosion at all.

Our research demonstrates that soil erosion in running trails results in extremely
high erosion rates which are higher than the ones found after forest fires (Shakesby,
2011), bare agriculture soils (Garcia-Ruiz, 2010; Keesstra ef al., 2014) and in extreme
rainfall events (Martinez-Casasnovas et al., 2002) in Mediterranean type ecosystems.
We found that the soil losses in this trail are on average 138.92 Mg ha'! y!(14.2 Mg
y' km™), thereby, our results show that trail erosion is totally unsustainable, especially
in semi-arid regions where soil formation rates are very low. The sustainable or non-
sustainable use of trails should be considered according to the soil development, which
depends on their location. In the Mediterranean area, the frequent use of mountain trails
may have a severe effect on the degradation of the soil in an area, since these shallow
soils are subjected to intense trampling, and high intensity rainfall events.

The soil erosion in the running trail of L’ Alctidia de Crespins has shown values that
are similar to other trails which were not recently opened or were used only for trekking.
The trails researched by other scientists such as Stull ef al. (1979) showed values of 540
Mg ha' y! or Johnson and Smith (1983) with 632 Mg ha' y'. The highest soil losses
were found by Sack and da Luz (2003) with 2090 Mg ha'! y'. Other authors found values
lower, such as Kidd et al. (2014) with 20.5 Mg ha' y' and Ramos-Scharrén et al. (2014)
with 81 Mg ha' y'. This data is confirmed by the values found in the Mediterranean
mountains with values of 170 Mg ha' y! found by Bodoque ef al. (2005) with 151.3 Mg
ha' y! under trekking and biking conditions; and by Bodoque et al. (2017) under hiking
conditions. Similar results were registered by Lopez-Vicente and Navas (2009) with
306.3 Mg ha'! y!, and Lépez-Vicente et al., (2013) with 6.1 Mg ha' y'. Data coming
from different continents show that trail erosion rates are very variable from one location
to another, and that this is found also in Mediterranean trails. Our results are in the range
of what was found until now and the use as a running trail did not show any special
response from the erosional point of view.

The spatial distribution of the soil erosion in the researched trails depends on the
physiographic characteristics of the sites and we distinguished between North-facing
South-facing and Flat areas. Aspect turned out to be a key factor as vegetation in the
trails is negligible, unlike other land uses (Feng et al., 2018). Our results show that
the soil erosion rates were higher in the north-facing slope, but the scientific literature
shows the contrary. The pioneer research of Hughes (1972) shows that the aspect is a
relevant variable to explain erosion in the loess area of the Banks Peninsula in New
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Zealand. Cerda (1998) found that the soil erosion is usually higher in the south-facing
slope due to lower vegetation cover. And similar findings were highlighted by Agassi
et al. (1990), Agassi and Ben-Hur (1991), Sidle et al. (1993), van Breda Weaver (1991)
and Bojie et al. (1995). However, at the trail running of L.’ Alctidia de Crespins the soil
erosion is higher on the north-facing slopes, and this can be explained by the fact that
trails behave differently from normal soils due to the lack of vegetation. The north-facing
slopes normally have a higher vegetation cover and deeper soils, as the climate is more
temperate and this allows for a more favourable condition to form soil (Buol ez al.,2011;
Olivero and Hix, 1998). The south-facing slopes, on the other hand, suffer from hydric
stress and the plant cover is lower and soil formation (soil depth) repressed (Maren et al.,
2015). This situation is well known in different ecosystems (Phillips et al., 2008; Begum
et al., 2010) and it is also true for Mediterranean type ecosystems (Kutiel, 1992; Kutiel
and Lavee, 1999; Sternberg and Shoshany, 2001; Sidari et al., 2008). Aspect arises has
also been found to be a key factor on soil and soil erosion distribution after a wildfire
(Marques and Mora, 1992; Cerda et al., 1995; Pausas et al., 1999). In the L’ Alctdia de
Crespins running trail, the high erosion rates in the north-facing trail section is due to
the deeper soils that are present there, which simply means that there is more soil to be
eroded. This situation explains that the running trail almost lost all its soil after 4 years
of use, which is confirmed by the high amount of rock outcrops (Fig. 10). Therefore, it
can be concluded that mountain trail running contributes to removing almost all soil in
a mountainous area with shallow soils. And on locations where more soil is present the
impact is higher: which in this case is the north-facing slope. This does not occur when
a soil is covered with vegetation as the above-mentioned literature showed, because in
these areas the vegetation cover is the key determining parameter (Kirchhoff et al.,2017).

Figure 10. View of the L’Alciidia de Crespins trail. A, detail of the measurement in the north
facing section; B, view of the measurement in the north-facing section; C, Detail of the depth of
soil lowering in the south-facing section; and, D, View of the north facing slope from the South-

facing section.
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The two key factors for soil erosion on trails are the slope angle and the width of
the trail. The link between slope angle, soil loss and trail width has been well studied
previously by the scientific community. Trail widening is related with flat areas mainly
caused by the lack of runoff which often leads to water accumulations and muddiness
that result in users trying to avoid the puddle and trampling the vegetation along the trail
edges (Monz et al., 2010). However, our results do not support this statement probably
caused by the strong influence of slope angle in the steep Mediterranean slopes. Bratton
et al. (1979) obtained that the slope of the trail is the most important physical factor
related to the erosion rate. Greater erosion on steeper trails can be attributed to the greater
velocity of runoff, which causes more soil particle detachment, and in addition, protective
elements such as stones are easily transported (Farrell and Marion, 2001b). Cao et al.
(2014) also verified that slope angle is a factor influencing rill erosion in different road
types, including trails. In the L’ Alctdia de Crespins trail the low precipitation amount at
the Mediterranean areas (500 mm y') reduces the effect of the slope angle as the runoff
production is lower than in regions with higher rainfall amount.

A further component that has an influence on trail characteristics is the angle
formed by the trail compared to the maximum slope angle line of the hillside. This
feature is known as trail alignment and it can cause a major influence on the soil loss
that takes place (Olive and Marion, 2009). According to Marion and Leung (2004), the
main specification to reduce soil erosion rates is to keep the trail slope angle below
12% and the slope alignment angle between 45° and 90° to allow water drainage and
avoid incision. None of these two properties are fulfilled in our studied North and South
sections. Wimpey and Marion (2010) found that fall-alignment trails (low-level trail
alignments) are correlated with wider trails due to the superficial water flow that follows
the maximum slope angle, which is encouraged by the trail that functions as a drainage
line. The cumulative effect of the slope angle and trail alignment was demonstrated by
Marion and Olive (2006) who obtained a greater influence of the slope angle as the trail
alignment was reduced.

In the figure 9 we have found different trend patterns of erosion rates with the
increase of slope angle. At gentle slopes, a slight increase in the slope angle of the trail
reduces the soil loss. This may be caused by the increased mobility of soil particles
from surrounding places. As a result, these soil particles are deposited on the trail, as
the slope gradient of the trail does not allow them to move further. As the slope angle
further increases, the soil loss again becomes higher due to a combined effect of gravity,
an enhanced water erosive power and transport capacity and soil particle detachment.
Finally, on the steepest slopes no clear trend can be found. The great variability in
the erosion values on the steepest slopes is consistent with the results of Randall and
Newsome (2008), who found an increasing trend in erosion rates with higher slopes but
this trend is no longer valid when the slopes become too high.

It is clear that the pathway trail users take on the trail can influence soil erosion
along the trail due to the removal of the vegetation. Plants inside and on trail boundaries
can reduce erosion and a forest canopy can reduce rainfall runoff by up to 10% (Goeft
and Alder, 2001) and even more, vegetation can constrain traffic in a stable tread width
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(Marion and Leung, 2004). Therefore, we think that vegetation should be an essential
feature in the process of designing new trails. Another distinctive attribute of L’ Alcudia
de Crespins Trail is the time it has been open. As we have already proved, a large amount
of soil has been lost in just over 4 years. Nevertheless, some authors report that the higher
soil erosion rates on trails occur shortly after their opening or construction (Deluca
et al., 1998; Nepal, 2003; Ramos-Scharrén et al., 2014), so we expect these erosion
rates to gradually stabilize as the soil available to be eroded decrease, but to verify this
will be upon the improvement of the knowledge. This will contribute to achieve the
sustainability (Keesstra et al., 2018b).

5. Conclusions

The growing interest in outdoor sport activities is common and mountain trail
running is getting more popular. Our measurements determined soil erosion in the
L’Alcuidia de Crespins (eastern Spain) running trail to be very high, with an average
of 1.28 cm y!, which results in average erosion rates of 138.92 Mg ha! y'! on the trail
surface. We found that north-facing slopes have the highest erosion rates as this is where
there is more soil available to be eroded. We also found that slope angle increases the soil
erosion rates and that the comparison with other researches show that the erosion rates
are as high as other scientists found in other trails. Our calculations show that 4 years is
enough to increase the number of rock outcrops and result in most of the soil on the trail
to be lost. There is a need to apply rehabilitation strategies on running trails and design
new trails with erosion prevention measures, to avoid that most of the soil is lost after 4
years such as we measured in the L’ Alcuidia de Crespins trail.
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