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ABSTRACT

Human outdoor activities, like mountain biking, often affect animal behaviour. Ungulates
might avoid roads and trails, and increase their avoidance with increasing human activity.
Recently, biking on forest trails has increased considerably in Norway, but we still have
limited knowledge about how forest biking may affect wildlife. In this study, | used pellet
group counts and camera traps to study the effect of biking trails on red deer occurrence in
Kaupanger, Norway. Based on pellet group counts, red deer avoided biking trails up to 40 m.
The camera trap data showed that there was a tendency of a decreased deer occurrence with
increasing human activity (trail width) during the day. Furthermore, males reacted stronger to
increasing human activity than females. My findings imply that mountain biking has an effect
on red deer. A further increase in biking may result in a higher avoidance and, thus, less

suitable habitat for red deer in the forest area.
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INTRODUCTION

INTRODUCTION

Activities like hiking, horseback riding, mountain biking and, in the winter, skiing are popular
outdoor activities, that often influence wildlife (Davis et al. 2010; Marchand et al. 2014;
Naylor et al. 2009). Recreational use may affect animals short-term (flight response) or long-
term (distribution, activity patterns, habituation) behavioural patterns, which in turn may
affect species physiology, reproduction and physical health (Stankowich 2008).

To facilitate recreation opportunities, people built more cabins, ski resorts and roads.
In general, animals tend to avoid such human infrastructure (Jiang et al. 2007; Manor & Saltz
2005; Thiel et al. 2007; Torres et al. 2014; Vistness & Nellemann 2001) and may even adjust
their home ranges to avoid disturbance by tourism (Thiel et al. 2007). Tracks and trails used
by hikers and bikers also affect wildlife behaviour; animals avoid trails and increase their
movement rate close to trails (Arnberger et al. 2008; Belotti et al. 2012; Licoppe & De
Crombrugghe 2003; Rogala et al. 2011; Skarin et al. 2010). Furthermore, high levels of
human activity may cause higher avoidance of trails (Longshore et al. 2013; Sibbald et al.
2011). Off-trail biking is also common and often affect wildlife on a larger scale than more
predictable, on-trail disturbance (Bateman & Fleming 2014; Miller et al. 2001; Stankowich
2008; Taylor & Knight 2003; Wolf & Croft 2010). Habituation may decrease the effect of
human disturbance on wildlife (Cassirer et al. 1992; Kloppers et al. 2005; Papouchis et al.
2001; Recarte et al. 1998). Whether ungulates habituate to the disturbance depends on the
predictability of the disturbance (Kloppers et al. 2005; Papouchis et al. 2001; Recarte et al.
1998; Reimers & Colman 2006). It is more likely that animals habituate to a predictable
disturbance, for example on-trail recreation or a road, then unpredictable disturbance, for
example off-trail recreation or hunting (Kloppers et al. 2005; Papouchis et al. 2001; Recarte et
al. 1998; Reimers & Colman 2006; Stankowich 2008)

Ungulates show increased vigilance in response to increased disturbance (Borkowski
et al. 2006; Brown et al. 2012; Jayakody et al. 2008; Kloppers et al. 2005; Langbein &
Putman 1992). This trend in vigilance can decrease the time spent feeding (Frid & Dill 2002;
Jayakody et al. 2008) and thus, may affect animal condition. Increased disturbance may
increase flushing probability and distance moved, although flushing response often differs
between species and type of disturbance (e.g. roads, tracks, hikers, skiers) (Borkowski et al.
2006; Colman et al. 2012; Manor & Saltz 2005; Miller et al. 2001; Naylor et al. 2009; Skarin

et al. 2010). For example, mule deer (Odocoileus hemionus) responded less to single on-trail
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INTRODUCTION

hikers compared to an on-trail hiker with a dog on leash and responded most negative to off-
trail hikers (with and without dogs) (Miller et al. 2001). Furthermore, elk (Cervus canadensis)
is more vigilant towards snowmobiles and snow coaches than bison (Bison bison) (Borkowski
et al. 2006). However, these behaviours not necessary affect the long-term responses
(Guillemain et al. 2007).

Long-term response of ungulate disturbance consist of, for example, avoiding the
disturbance areas by selecting less disturbed habitats (Alves et al. 2014; Arnberger et al. 2008;
Meisingset et al. 2013; Sibbald et al. 2011; Wisdom et al. 2004). In some cases, ungulates
adjust their home ranges and increased disturbance may even lead to complete displacement
(Laurian et al. 2008; Neumann et al. 2009; Seip et al. 2007). Avoidance of disturbed areas
force animals to forage in other places, which may be of lower quality than the area closer to
the disturbance and thus, affect their diet (Jayakody et al. 2008). Eventually, living in
suboptimal habitat may affect the fitness of the population. However, ungulates respond to
fluctuations in the disturbance level and even return to places closer to trails when disturbance
is low, implicating that animals may have a trade-off between the amount of disturbance and
the food quality close to the trails (Longshore et al. 2013; Rogala et al. 2011).

A maximum avoidance distance to trails can be used to draw an effect zone for
recreational trails. The size of the effect zone depends on the species and intensity of the
disturbance (Gagnon et al. 2007a). Effect zones for trails vary between 286 m in male red
deer (Cervus elaphus), in responds to hiking trail with low human disturbance (Sibbald et al.
2011), up to 750 m found in woodland caribou (Rangifer tarandus caribou) in response to
abandoned roads (Leblond et al. 2011).

Hikers and bikers are most common during periods without snow. Biking may impact
vegetation, soil and water quality, but also affect wildlife (Lathrop 2003; Marion & Wimpey
2007; Quinn & Chernoff 2010). Some studies did not find differences in ungulate response
between hikers and bikers (George & Crooks 2006; Taylor & Knight 2003), whereas Naylor
et al. (2009) found that mountain biking had larger impact on elk behaviour than hiking. In
contrast, other studies found that that bicycles were not an important predictor of responsive
behaviour and that, in general, humans on foot disturbed ungulates more than mountain bikers
or vehicles (Brown et al. 2012; Papouchis et al. 2001; Stankowich 2008). All of these studies
on mountain biking are from North America. As far as | know, no similar studies on the
effects of mountain biking (or in combination with hiking) have been done on ungulates in

Europe.
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INTRODUCTION

Mountain biking is rapidly developing in Norway. In this study, | examined the effect
of mountain biking on red deer occurrence in Kaupanger, Norway. In Kaupanger, there is
almost year-round mountain biking activity. Also hiking and, in the winter, skiing are popular
activities. Based on the number of car collisions, the density of red deer is high in the area
(Hegland 2012). Mountain biking is still increasing and biking trails are covering a larger
amount of ground than hiking trails. The high biking activity in Kaupanger may affect red
deer and more knowledge about the possible effects of mountain biking on red deer is
therefore required.

Since deer often avoid roads and trails (Alves et al. 2014; Arnberger et al. 2008;
Meisingset et al. 2013; Sibbald et al. 2011), | predicted deer occurrence to increase with
increasing distance from the biking trails. Avoidance generally increases with the level of
human activity (George & Crooks 2006; Meisingset et al. 2013; Sibbald et al. 2011); I,
therefore, predicted deer occurrence to decrease with increasing trail width, a proxy for
human activity. Furthermore, | predicted the effects of biking on red deer occurrence to be
higher during the day, when human activity is high, compared with night. Finally, males and
females often behave similarly relative to roads (Brown et al. 2012; Gagnon et al. 2007b;
Laurian et al. 2008); I, therefore, predicted that females and males do not differ in their

response to biking trails.
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METHODS

Study area

This study was carried out in Kaupanger forest, Norway (61°11N, 7°14E). This area is located
in boreonemoral zone. The pine-bilberry forest type is dominated by Scots pine, Pinus
sylvestris (Moen 1999). | focused on pine-bilberry forest type with an age between 50-100
years. This forest type has good visibility, and consequently popular among bikers. The study
area also comprise important feeding habitats for red deer (Mysterud et al. 2010). | used
several biking trails around the village of Kaupanger (Fig. 1).
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Fig. 1: The study area, where the main road (thick black line) is splitting the study area in two, with an
area north (Haustakermarki) and south (Holten) of the town Kaupanger. The grey thick lines show the
distribution of biking trails and the dot in the south of the study area shows the supplementary feeding

place.

The mean temperature is -2.9°C in winter (January) and 14.9°C in summer (July), with
an annual precipitation of approximately 550 mm (YR 2015). The elevation varies between

200 and 500 m in the study area, although bikers also use the areas up to 1100 m.a.s.l. The
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main hiking trails are present in the same areas as the biking trails but in lower densities (Fig.
2).
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Red deer is the dominating ungulate species in the study area, and the only ungulate

species harvested. Roe deer (Capreolus capreolus) and moose (Alces alces) are currently not
present as stable populations, while lynx (Lynx lynx) occurs at low densities and foxes (Vulpus
vulpus) are relatively common (S.J. Hegland, Sogn og Fjordane University College, personal
communication, March 13, 2015).

Data collection

Fieldwork was carried out between May and December 2015, using pellet group counts and
camera traps. | counted pellet groups in randomly selected transects. All the transects were
perpendicular to a biking trail, that was a straight line for at least two meter, throughout the
study area (Appendix). Each transect consisted of 5x5m plots located 25 m apart (Fig. 3).
Each plot was visited twice, spring (May) and autumn (October) 2015. The global position
system (GPS) location of each plot was recorded on the first visit, allowing re-location on the
second visit. | defined a pellet group as minimum 6 pellets (Acevedo et al. 2010) with
maximum distance of 10 cm between them. | counted pellet groups by walking parallel lines
from one end to the other end of a plot (Fig. 4). Pellets on the border of the plot were only
recorded when at least half of the pellets were inside of the plot (Prokesova et al. 2006). For

each season, I counted a total of 113 plots in 26 different transects.
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transect

25m
plot
Fig. 3: Schematic representation of pellet Fig. 4: Walking pattern for pellet group count
group counting in plots (5x5m) that were in a plot, the arrows shows the walking
25m apart. The parallel black lines show the direction.

biking trail.

I used remotely triggered cameras (Wingcam Il TL) to record date and animal specific
information on deer occurrence in relation to biking trails. Camera traps can assess the
abundance and habitat use of animal species (Bowkett et al. 2007; Gregersen & Gregersen
2014; Kuijper et al. 2009). Furthermore, they give more information about diurnal activity
and gender differences (Brown et al. 2012). | placed twelve camera traps, each at varying
distances from biking trails (Appendix). The location of the cameras was determined by first
randomly selecting a point on a biking trail. From this point, | walked perpendicular from the
biking trail into the forest until | approached a deer track approximately parallel to the biking
trail. | placed the camera traps on deer tracks to increase the probability of detection. If the
approached deer track was at a distance (GPS-measured) closer than five meter of a distance
already used within the area, | walked further until reaching the next deer track. When another
biking trail was closer to the deer track than the starting point, | randomly selected another
starting point. All cameras were placed within pine-bilberry forest at a height of 60-80 cm
above ground. Cameras were set to take a series of three pictures per movement. The pictures
were coloured during the day and black and white during the night using IR flash. The Central
European Time (CET=UTC+1) was used for all cameras. Data collection began in May and
ended in December 2015. I collected and checked the cameras in October and re-placed them,
based on GPS locations, at the same location two or three days later. In December, all the
cameras were collected. A camera remained at a site for an average of 161.25 nights (range:
53-189 nights). In total, there were 134 pictures recorded deer visits across 50 days.

Both roads and hiking trails often influence ungulate behaviour (Alves et al. 2014;
Arnberger et al. 2008; Laurian et al. 2008; Sibbald et al. 2011); therefore transects and camera

traps were always closer to a biking trail than a road or main hiking trail (based on Fig. 2) to
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minimize the influence of these factors. Furthermore, one supplementary feeding station, that
might attract deer, was present in the study area (Fig. 1). I did not count pellets or placed
cameras within 200 m of the feeding station.

Environmental variables

For each sampling plot and camera site, | noted the distance to the nearest biking trail (in m),
the area where the plot or site was located, Haustakermarki or Holten (Fig. 1), measured the
basal area in m?/ha (relascope sum) (Jarvis 2013) and extracted the elevation (in m) from the
GPS data. | used information about area, basal area and elevation to account for possible
variations within these variables between plots or sites. Furthermore, with the pellet group
count, | noted whether the biking trail was originally a deer trail or a tractor trail. All the trails
used for the camera trap method were originally deer tracks. A biking trail that was originally
a deer track will become wider with increasing use by mountain bikers; I, therefore, measured
the width (in cm) of a biking trail as a proxy for human activity. The biking trails that were
originally a tractor trail were already wide before bikers started using them; I, therefore, did
not use the width of these old tractor trails. | obtained data on sunrise and sunset from

www.timeanddate.no.
Statistical analyses

I used Generalized Linear Mixed Models (GLMM) with “poisson” distribution on the pellet
group count data, using the function “glmer” from the R package “lme4” (Bates et al. 2015) to
test the prediction that deer occurrence increase with increasing distance from the biking
trails. | selected the most parsimonious model by using backward elimination from a full
model (Crawley 2007). In the full model, number of pellet groups was the response variable
and distance to trail, area, trail width, basal area, and elevation were fixed effects. To avoid
pseudo-replication, | added transect number as a random factor. The least significant variables
were eliminated until only statistically significant terms (P<0.05) were left in the model.
Preliminary analysis revealed an apparent non-linear relationship between the response and
distance. |, therefore, modelled the effect of distance using non-linear cubic splines (“ns”
function in the R package “spline” (Venables & Ripley 2002)), with the optimal number of
connection points (also called “knots”, where segments, defined by polynomial functions,
come together and form a smoothing curve (Zuur et al. 2009)), determined through a

comparison of AIC values calculated for models with different connection points (1-5). The

Effect of mountain biking on red deer (Cervus elaphus) in Kaupanger, Norway 7



METHODS

model was fitted with the function “allEffects” from the R package “effects” (Fox 2003) and a
prediction graph was made with the function “ggplot” from the R package “ggplot2”
(Wickham 2009). In the autumn, the number of plots that had pellets was low (17 out of 113).
Furthermore, sheep were present in some parts of the study area in the summer and due to
similar size and shape, | could not distinguish deer from sheep pellets. For this reason and the
low number of pellet groups found in the autumn, | only used data from spring in the
statistical analyses.

| estimated the number of deer pictures, hereafter called visits, for each camera. | used
binomial GLMM to test the predictions, that deer occurrence decreases with increasing trail
width (human activity) and that the effect of biking on deer will be stronger during the day.
To account for the difference in days a camera trap was active, | used the ratio between days
with visits and days the camera was active as the response variable. Distance to biking trail,
whether a picture was taken at night, between sunset and sunrise, or during the day, trail
width, elevation, basal area and area were fixed effects. | added an interaction between
distance and time (night/day) and trail width and time to test for a difference in effect of
biking between day and night. | selected the most parsimonious model by using backward
elimination from a full model. To avoid pseudo-replication, | added camera number as a
random factor.

| tested the prediction that females and males do not differ in their response to biking
trails with binomial GLMM using an aggregated dataset consisting only pictures where
gender was identified. | used the ratio between days with visits and days the camera was
active as response variable and distance to a biking trail, trail width and gender as fixed
effects. | added an interaction between distance and gender and between trail width and
gender to the model to check the prediction. | selected the most parsimonious model by using
backward elimination from a full model. To avoid pseudo-replication, | added camera number
as a random factor. Both models were fitted with the function “fit” from the R package
“MuMIn” (Barton 2016) and prediction graphs were made with the function “ggplot” from R
package “ggplot2” (Wickham 2009). All statistical analyses were performed in R version
3.1.2 for Windows.

Based on pellet group counting, | made an effect zone around the biking trails in
ArcMap to visualise the extent to which red deer avoid biking trails. This map helps to
visualise the size of the effect zone and shows the amount of disturbed habitat for red deer

that is present in the study area.
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RESULTS

In the spring, 76% of the plots (86 of the 113) contained red deer faecal pellet groups.
Haustakermarki contained more pellet groups than Holten and the number of pellet groups
increased with increasing distance to biking trail (Table 1). The lowest number of pellet
groups was found close to trails. This number increased up to about 40 m, followed by a slow
decrease (Fig. 5).

Table 1: The effect of distance to a biking trail (m) and area (Haustdkermarki /Holten) on red deer
occurrence (number of spring pellet groups) in Kaupanger, Norway. The numbers one to three are the
individual connection points, where number two is most important. Other variables (basal area, trail
width and elevation) had no significant effect (GLMM).

Estimate f SE z P-value
Intercept 0.253 0.250 1.013 0.311
ns (Distance, 3)1 0.282 0.280 1.007 0.314
ns (Distance, 3)2 2.190 0.437 5.015 <0.001
ns (Distance, 3)3 0.092 0.411 0.223 0.823
Holten (vs. Haustakermarki) -0.571 0.230 -2.476 0.013
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Fig. 5: The relationship between the number of pellet groups in the spring and the distance to a biking

trail. The black line shows the prediction line and the grey area represent the 95% confident intervals.
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Data from camera traps showed that trail width had a tendency to decrease the
proportion of days with deer visit during the day compared to at night (Table 2). There were
almost no deer visits during the day with a trail width larger than 50 cm (Fig. 6).

Table 2: The effect of trail width (cm) and time (night/day) on proportion of days with deer visits in
Kaupanger, Norway. Other variables (basal area, elevation, distance and area) had no significant effect
(GLMM).

Estimate f SE z P-value
Intercept -3.583 0.335 -10.700 <0.001
Width -0.005 0.005 -1.423 0.155
Day (vs. Night) 0.083 0.921 0.091 0.928
Width ~ Day (vs. Night) -0.035 0.022 -1.603 0.109
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Fig. 6: The relationship between trail width and the proportion of days with deer visits. The black line
shows the prediction line at night and the grey line shows the prediction during the day. The grey

zones represent the 95% confident intervals.
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An increase of trail width had a significant larger effect on males then on females
(Table 3). The proportion of days a male deer visited decreased with increasing trail width,
while there was no difference in proportion of days a female deer visited (Fig. 7).

Table 3: The effect of trail width (cm) on proportion of days with visits by male and female in
Kaupanger, Norway. Other variables (basal area, distance, elevation and area) had no significant effect
(GLMM).

Estimate SE z P-value

Intercept -4.596 0.526 -8.742 <0.001
Width 0.0001 0.007 0.019 0.985
Male (vs. Female) 2.038 1.014 2.011 0.044
Width ~ Male (vs. Female) -0.063 0.025 -2.471 0.013
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Fig. 7: The relationship between trail width and the proportion of days with deer visits. The black line
shows the prediction line for females and the grey line shows the prediction for males. The grey zones

represent the 95% confident intervals.
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A zone of influence of 40 m, based on the pellet group counting, shows the areal
extent of the disturbance of the biking trails (Fig. 8).
e s=

SOUrces " E3Ti HERE, Delorme. Intermap, incement P Corp., GEBCO, USGS, FAO, NPS, NRCAN, GecBase,
” o IGN, Kadas ter NL, Ordnance Survey. Esri Japan, METI, Esri China {Hong Kong), swis stopo, Mapmy indis, ©
L 1 1 1 1 1 1 OpenStreetMap contributors, and the GIS User Community

Fig. 8: Zone of influence of 40 m of the biking trails on red deer in Kaupanger, Norway.
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DISCUSSION

The pellet group counts indicate that deer avoided biking trails up to 40 m. This result
supports the prediction that deer occurrence will increase with increasing distance from the
biking trails. Previous studies found that other species like bison, mule deer, pronghorn
antelope (Antilocapra americana) and capercaillie (Tetrao urogallus), also avoid biking trails
(Taylor & Knight 2003; Thiel et al. 2007). Avoidance of recreational trails can extend up to
400 m when the human activity is high (Rogala et al. 2011; Sibbald et al. 2011), although
Licoppe and De Crombrugghe (2003) reported an avoidance of roads and tracks of 100 m by
red deer. My results showed even a shorter avoidance distance than 100 m. However, | only
considered biking trails and previous studies have shown that roads often have a stronger
impact on ungulates (Alves et al. 2014; Bonnot et al. 2012; Dussault et al. 2007; Meisingset et
al. 2013; Papouchis et al. 2001).

I predicted deer occurrence to decrease with increasing human activity (trail width), as
found in other studies (George & Crooks 2006; Sibbald et al. 2011). I did not find a
significant effect of human activity alone, but did find a tendency that deer occurrence
decreased with increasing human activity during the day. This result, also partly supports my
prediction that the effect of biking on deer occurrence would be higher during the day
compared to night. Some studies found increasing avoidance by ungulates of a road or trail
during the day compared to night (Godvik et al. 2009; Meisingset et al. 2013), whereas | did
not found an interaction between distance to a biking trail and time (day/night).

The results did not support my prediction that females and males would not differ in
their response to biking trails (Gagnon et al. 2007b; Laurian et al. 2008). Instead, | found that
males were more responsive to human activity on biking trails than females. Males are often
more vigilant to traffic then females (St. Clair & Forrest 2009; Taylor & Knight 2003) and an
increase in human activity may therefore affect males more than females. However, females
with calves can be more vigilant and show more flight behaviours than adults alone (Brown et
al. 2012). Unfortunately, due to a low number of visits of young (n= 4 days), | could not
separate female with young from female alone. Furthermore, gender identification was not
possible for 19 deer visits, because the animal’s head was not shown. Trail width ranged from
21 cm to 142 cm. All the visits of male and 60% (14 out of 21 days) of female deer were from
biking trails that were 54 cm or smaller. Only four out of twelve camera sites were located
close to trail widths larger than 54 cm, of which three had trail width larger than 100 cm.

While, there was no clear effect of trail width on females, more data on the effect of trail
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widths between 50 and 100 cm is required to show if human activity (measured as trail width)
affect female deer.

Based on pellet group data, | found that deer avoided biking trails. Pellet group
counting is regarded as an appropriate method to estimate distribution of deer (Acevedo et al.
2008; Alves et al. 2014; Smart et al. 2004). Deer defecate more when they are most active and
when they stand up after resting (Collins & Urness 1981), whereas ungulates crossing roads
have a higher movement rate (Dussault et al. 2007; Gagnon et al. 2007b; Leblond et al. 2011,
Meisingset et al. 2013; Neumann et al. 2013) and have thus less time to defecate. However,
before crossing a road, ungulates decide whether and where they will cross (Panzacchi et al.
2013). | found that further than 40 meter from a biking trail, deer occurrence slowly
decreased. Deer may make a decicion to cross a biking trail at a distance around 40 meter, and
thus stay longer in a place compared to further away from the biking trail, where deer
experience no effect of a biking trail. Thus, the small decrease in number of pellet groups
after 40 m distance of a biking trail may be due to deer returning to their normal behaviour.

I only found an effect of distance in the pellet group count data, whereas the effect of
human activity was only appearant with the camera trap data. Pellet group counting is an
effective method to calculate distribution of deer (Acevedo et al. 2008; Alves et al. 2014;
Smart et al. 2004) and does not requires any expensive equipment. Camera traps are costly;
however, placing them is less time consuming and they give more information about diurnal
activity and gender differences (Brown et al. 2012). In this study, only two out of twelve
camera traps were closer than 40 m to a biking trail. Any short distance effect, as found with
pellet group counting, may therefore difficult to detect. I did find a stronger avoidance
behaviour with increasing human acitivity during the day compared to during the night and in
males compared to females, a trend that could not be detected with pellet group counting.
However, trail width alone was not significant and was therefore not detected with the pellet
group data. An increase in human activity may increase the zone of influence of a species
(Cameron et al. 2004; George & Crooks 2006; Rogala et al. 2011); therefore the avoidance
found in this study could be larger than 40 m during the day and/or in males.

In Kaupanger, most deer follow the regular migration pattern for Norwegian red deer:
they inhabit pine-bilberry forest area in autumn and migrate to a higher altitude summer
habitat in the spring (Bischof et al. 2012; Meisingset et al. 2013). | assumed that the pellets |
counted in the spring were aggregated in the winter and spring and the pellets | counted in the
autumn where aggregated in the summer and the autumn, when the deer density is low. The

low deer density, in addition to higher decomposition rate in summer, explains the low
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number of pellet groups I found in the autumn (26) compared to the spring (302). Due to this
low number in pellet groups and since it may be hard to distinguished sheep and deer pellets
in the autumn, | did not use the pellet group counts done in this season. Therefore, the result
that deer avoid areas 40 m from a biking trail is only based on deer behaviour in winter and
spring.

Some studies based on disturbance by human activity found a much larger zone of
influence than found in this study (Cassirer et al. 1992; Rogala et al. 2011; Sibbald et al.
2011). Ungulates may habituate to a disturbance if they do not experience it as a threat
(Papouchis et al. 2001; Recarte et al. 1998; Stankowich 2008). It could be that red deer
habituated to mountain biking in Kaupanger and gradually reduced their avoidance of biking
trails. However, hunting also affects an animal’s behaviour (Marchand et al. 2014; Sunde et
al. 2009; Thurfjell et al. 2013) and may even reduce habituation (Kloppers et al. 2005). In
Norway, the hunting period is from September to December and the hunting area for red deer
in Kaupanger covers nearly the total area available for mountain biking. In 2014, 509 red deer
were harvested in the municipality of Sogndal, from which around 52% were harvested in
Kaupanger (Hjorteviltregisteret 2014). Due to the hunting, deer may be more alert and are,
therefore less likely to habituate to the biking.

In the winter, there is some skiing and biking on snow, mostly off-trail (S.J. Hegland,
Sogn og Fjordane University College, personal communication, March 15, 2016). Off-trail
recreation is unpredictable and thus often have a larger effect on wildlife then on-trail
(Bateman & Fleming 2014; Miller et al. 2001; Stankowich 2008; Taylor & Knight 2003;
Wolf & Croft 2010). I only studied the effect of on-trail biking on red deer, whereas off-trail
biking may affect red deer differently. Experiments with approaching deer give more
information about the effect of off-trail recreation (Langbein & Putman 1992; Miller et al.
2001). Furthermore, this method allows one to study different behaviours (vigilant, flight,
traveling and defensive) towards bikers or other recreationist. It would be interesting to see
how red deer react to bikers and if off-trail biking affect deer different then on-trail.

Ungulates often adjust their habitat use to avoid roads or trails (Jayakody et al. 2008;
Longshore et al. 2013; Manor & Saltz 2005; Rogala et al. 2011). The combination of pellet
group counts and camera traps is an efficient way of recording area use of deer (Acevedo et
al. 2008; Alves et al. 2014; Brown et al. 2012; Smart et al. 2004) . However, the data is best
for small-scale studies. For studies on a larger scale one needs to intensify sampling regimes
or include data from GPS-collared deer (Beauchesne et al. 2014; Laurian et al. 2008;
Marchand et al. 2014; Mysterud et al. 2010; Rogala et al. 2011). Unfortunately, GPS collars
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are expensive and beyond the resources of this project. In this study, | found an average
avoidance distance based on the pellet group data, but ungulates fluctuate in there avoidance
of roads or trails (Cassirer et al. 1992; Gagnon et al. 2007b; Longshore et al. 2013; Meisingset
et al. 2013; Sibbald et al. 2011). GPS data could also give better and more detailed results
about these possible fluctuations in avoidance distance.

An increase in biking activity may, not only cause an increase in trail avoidance by
deer, that decreases the size of undisturbed areas, but also result in more biking trails, that will
cut the undisturbed areas in several even smaller areas. In this study, | found that deer avoided
biking trails up to 40 m and with increasing biking activity not only this zone of influence
may increase but it may also decrease the amount of area where the deer do not experience
any disturbance. In addition to biking trails, also hiking trails and roads are present in the area.
Some studies have found that humans on foot are causing even larger disturbance than
mountain bikers or other vehicles (Brown et al. 2012; Papouchis et al. 2001; Stankowich
2008), however others found no or a small difference between biking and hiking (George &
Crooks 2006; Naylor et al. 2009; Taylor & Knight 2003). From the highway, that splits the
study area in two (Fig 1), several smaller roads are transecting the area. The effect of roads on
red deer seems to be small (0-100m) (Alves et al. 2014; Meisingset et al. 2013), however a
large number of roads and trails may decrease the amount of suitable habitat causing animals
to adjust the home ranges (Beauchesne et al. 2014; Laurian et al. 2008). It would be
interesting to investigate how these multiple disturbance factors affect red deer.

In conclusion, this study shows that red deer in Kaupanger, Norway, avoid biking
trails. While 1 found no difference in deer occurrence in relation to distance to a biking trail
between day and night, | did find a tendency that deer occurrence decreased with increasing
human activity during the day. Furthermore, males reacted stronger to an increase of human
activity than females. An increase of biking activity in the area often lead to more trails and
an increase in avoidance of deer toward wider trails and, thus eventually to less suitable deer
habitat.
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Fig I: The location of the camera traps (green dots), plots of the pellet group counts (blue dots) and the
biking trails (brown line) within the study area.
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