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Abstract

Influence of tourism and traffic on the Eurasian lynx hunting activity and daily movements.— Human presence
influences survival of large carnivores in several ways and even outdoor activities can be a source of distur-
bance. As ungulate prey provide the Eurasian lynx (Lynx lynx) with food for several nights and the pattern of
lynx activity is mainly shaped by searching for and consuming large prey, the need to move decreases strongly
while the prey is eaten. However, during the day, human activity may drive lynx to move to safe shelters and
habitat features such as dense vegetation may increase tolerance. In the Bohemian Forest (Czech Republic),
we found 116 prey killed by five GPS—collared lynxes. We tested whether the kill sites were located farther
from roads or tourist trails than a set of randomly generated locations and whether presence of roads or tourist
trails and habitat structure influenced the distance 'kill site to daytime resting sites'. At night, with low human
activity, lynxes did not avoid roads and even selected the surroundings of tourist trails. The distance 'kill site to
daytime resting sites' correlated negatively with presence of habitat concealment and distance to tourist trails,
suggesting that outdoor activities may have to be considered in lynx management plans.
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Resumen

Influencia del turismo y del trafico sobre la caza del lince boreal y sus desplazamientos diarios.— La presencia
humana influye de diversas formas sobre la supervivencia de los grandes carnivoros, e incluso las actividades al
aire libre pueden ser una fuente de perturbaciones. Dado que los ungulados son la presa que proporciona al lince
boreal (Lynx lynx) alimento para varias noches, y que el patron de la actividad del lince esta disefiado principal-
mente para buscar y consumir presas de gran tamafo, la necesidad de desplazarse disminuye mucho mientras
esta devorando la presa. No obstante, durante el dia, la actividad humana puede obligar al lince a desplazarse a
refugios seguros, y las caracteristicas del habitat tales como una vegetacion densa pueden aumentar su tolerancia.
En los bosques de Bohemia (Republica Checa), hallamos 116 presas cazadas por cinco linces provistos de collares
GPS. Estudiamos si los lugares de la matanza estaban situados mas lejos de las carreteras o de los senderos
turisticos que si los lugares hubieran sido elegidos al azar, y si la presencia de carreteras o senderos turisticos y
la estructura del habitat influian en la distancia “lugar de caza a zonas de descanso diurnas”. Por la noche, con
una actividad humana baja, los linces no evitaban las carreteras e incluso elegian los alrededores de los senderos
turisticos. La distancia “lugar de caza a zonas de descanso diurnas” estaba correlacionada negativamente con la
presencia de habitat criptico y con la distancia a los senderos turisticos, lo que sugiere que las actividades al aire
libre podrian tomarse en consideracion en los planes de gestion de los linces.

Palabras clave: Lynx lynx, Lugar de caza, Lugar de reposo, Sendero turistico, Carretera pavimentada, Es-
tructura del habitat.
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Introduction

Since the 1950s, after almost two centuries of drama-
tic declines and extinctions, the populations of large
carnivores are slowly recovering in several European
countries (Linnell et al., 2001, 2005). This has been
achieved by a change in people’s attitude towards
these species and by the consequent adoption of
favorable legislation, as a result of both spontaneous
expansion and reintroduction programs (Boitani, 2000;
Breitenmoser et al., 2000; Swenson et al., 2000).

At least in Central Europe, nonetheless, only few
areas can be still considered 'natural’ or 'semi—natural’
and most of the areas to which bear (Ursus arctos),
Eurasian lynx (Lynx lynx) and wolf (Canis lupus) are
returning include human—-modified habitats, which can
be quite different from their original habitats (Basille
et al., 2009). Therefore, their ability to coexist with
man is probably one of the most important factors
influencing their long—term survival (Breitenmoser et
al., 2000; Boitani, 2000; Basille et al., 2009).

There are several human activities that can negati-
vely affect the survival of large carnivores. For example,
hunting, poaching (Jedrzejewska et al., 1996; Andrén
et al., 2006) and road intensive usage causing vehicle
collisions (Kaczensky et al., 2003; Andrén et al., 2006)
have a direct effect, while forestry activity and road
network development leading to habitat fragmentation
(Theuerkauf et al., 2001; Huck et al., 2010) and game
management influencing prey availability and distribu-
tion (e.g. Putman & Staines, 2004; Milner et al., 2007;
Hothorn & Miiller, 2010) can have an indirect influence.

In spite of this, large carnivores in Europe still show
a certain degree of tolerance to humans (Linnell et al.,
2000; Theuerkauf et al., 2003; Bunnefeld et al., 2006).
Studies have shown that they are able to permanently
occupy areas with a low degree of urbanization (Basille
etal., 2008, 2009) and survive, under certain conditions,
even in areas with high human density (Linnell et al.,
2001).

On the other hand, in natural and semi—natural
areas, generally associated with a low human density,
there has been a noticeable increase in outdoor activi-
ties, especially in the last decades (Thiel et al., 2008;
Balmford et al., 2009). Concerning the influence of
such activities, an increasing number of studies (Bur-
ger & Gochfeld, 1998; Duchesne et al., 2000; Taylor
& Knight, 2003; Dyck & Baydack, 2004; Thiel et al.,
2007) seems to prove that nonlethal disturbance sti-
muli can produce the same effect as predation risk on
the species fithess: they might induce an 'antipredator
response' that has a cost to other activities (Frid & Dill,
2002). In addition, human hunters have represented
a real threat for large carnivores over evolutionary
time (Frid & Dill, 2002). Thus, in some cases, such
as when people approach on foot, disturbance stimuli
and true predatory stimuli may be indistinguishable
from these animals’ perspective (Frid & Dill, 2002).

Although literature about the effects of human dis-
turbance on animal behavior is quite rich and several
authors have studied the effects of human activity in
general on large carnivores (Amstrup et al., 1993;
Thurber et al., 1994; Kerley et al., 2002; Theuerkauf

et al., 2003; Bunnefeld et al., 2006; Kolowski & Hole-
kamp, 2009), to date only a few studies (e.g. Goodrich
& Berger, 1994, reviewed in Linnell et al., 2000; Creel
etal., 2002) have investigated the effect of recreational
activities on such species. Creel et al. (2002) found that
the levels of glucocorticoids (indicating physiological
stress) in wolves were substantially higher at locations
and times with more intense touristic activity.

According to a study run by Linnell et al. (2001), the
Eurasian lynx is the only species of large carnivore in
Europe for which a statistically significant correlation
between human population density and historical
extinction since the early 1800s has been observed.
However, this was probably linked to a greater sensi-
tivity to human influence on their ungulate prey rather
than to disproportionate human persecution (Linnell
et al., 2001). With regard to present coexistence with
people, at a European scale no relationship was
found between human density and the status of lynx
populations (Linnell et al., 2001).

At a population scale, lynx proved to chose habitats
with a medium level of human presence (Basille et al.,
2009), probably as a consequence of the habitat choice
of their main prey, the roe deer (Capreolus capreolus),
which benefit to a large extent from current human land
use practices (Mysterud, 1999). On the other hand, the
only study conducted at a finer scale (Sunde et al.,
1998) indicated that resting lynxes avoided humans,
showing different responses to disturbance depending
on the type of habitat. Therefore, the mechanisms of
avoidance for this species may work at a finer scale,
both spatially and temporally, as was found for wolves
(Theuerkauf et al., 2003). Furthermore, different human
activities may have different effects (Bunnefeld et al.,
2006) and the sensitivity to disturbance may vary while
animals are performing different activities.

Bunnefeld et al. (2006) analyzed the places chosen
by lynx when hunting or resting in an area characterized
by a low human density. There, lynx did not avoid the
surroundings of agricultural fields and roads, where the
main activity was in the form of wheeled vehicles, but
they avoided the surrounding of permanently occupied
houses, that were the most consistent source of human
activity in the area (Bunnefeld et al., 2006), i.e. likely
the places with the highest probability of encountering
humans per se.

No study to date has focused on the potential
effect of intense touristic activity on lynx behavior;
nonetheless, at least during the main touristic season,
proximity to tourist trails may also be linked to a high
probability of encountering humans.

The present study aimed to investigate the poten-
tial effect of tourism and traffic on two aspects of the
Eurasian lynx’s behavior: the hunting of an ungulate
prey and the choice to move and find a suitable da-
ytime resting site on the days when a large prey was
consumed. Firstly, we hypothesized that at night, when
human activity is low, lynx hunting behavior may not
be influenced by the presence of roads or trails and
therefore lynx may kill ungulate prey independently
of the proximity to such structures. Secondly, we
focused on the mean distance moved by the lynx
from a kill site to the corresponding daytime resting
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sites (hereafter: distance 'kill site to daytime resting
sites'). As large prey provide the lynx with food for
several nights (Jobin et al., 2000) and the pattern
of lynx activity was found to be shaped mainly by
searching for and consuming large prey (Schmidt,
1999; Jedrzejewski et al., 2002), the need to move
strongly decreases while the prey is eaten (Schmidt,
1999). However, during the day lynx may be led to
move to safe shelters due to human activity in the
surroundings of the kill site. Therefore we hypothe-
sized that the distance 'kill site to daytime resting
site' may increase when the Kkill site is located near
a tourist trail or a road. Also, we assessed whether
this distance was influenced by habitat features at the
kill site (whether they give the lynx the possibility to
hide or not; Sunde et al., 1998) and whether there
were differences between male and female lynxes.
Finally, as individual variations have been observed
in the rhythms or levels of activity among lynxes of
the same sex, age and status (Schmidt, 1999), we
also checked for individual differences.

Material and methods
Study area

This study was conducted in the Bohemian Fo-
rest, a forested mountain range in South—-West
Czech Republic, along the border with Germany
(48°55'-49°17'N, 13°13'=13°47'E). This region
encompasses the Sumava National Park (680 km?)
and a surrounding wide belt of Protected Landscape
Area (PLA, 990 km?), where the main human activity
is tourism and, to a less extent, forest management
outside the non-intervention zones of the National
Park. The foothills around the PLA are characterized
by a denser net of paved roads, several small human
settlements and a stronger influence of forestry and
agricultural activities. Touristic activity is marginal in
the surroundings closest to the PLA (10 km belt),
except for a few renowned localities close to the main
towns. Also due to this region’s recent history, the
mean human population density of the whole area is
low: about 20 ind./km? and only 1.9 ind./ km? in the
central parts (Wolfl et al., 2001; Maskova et al., 2003).
The Eurasian lynx is the only large carnivore species
currently living in the area (Koubek & Cerveny, 1996)
and it is present with a reintroduced population for
which the estimated count, in 2001 was fewer than
70 individuals (jointly estimating the Czech, German
and Austrian sides Wolfl et al., 2001). More recent
data, obtained from a camera trapping project in the
two National Parks Sumava and Bavarian Forest,
led to an estimated density of 1.19 lynxes/100 km?
(Weingarth et al., 2011). Throughout the whole region,
the most common carnivore is the red fox (Vulpes
vulpes), which is present in relatively high numbers.
The primary species of wild ungulates are red deer
(Cervus elaphus), roe deer —which is the main prey
of the lynx (Okarma et al., 1997)— and wild boar (Sus
scrofa). Among the mentioned species, the red fox is
probably the most common mammal scavenger on

lynx kills (Jedrzejewska & Jedrzejewski, 1998; Selva
et al., 2005; Helldin & Danielsson, 2007) although
wild boar often feed on carcasses as well (Selva et
al., 2005).

Lynx data

During winters 2009/2010 and 2010/2011, lynxes were
live—trapped using box—traps set on traditional lynx
paths or at a fresh kill. The individuals were immobi-
lized with 'Narketan' (10% ketamin), measured, fitted
with GPS/GSM—collars (from Vectronics Aerospace,
Berlin) and set free at the same place where they
were captured. In this way we GPS-—collared five
lynxes: two females without kittens (F1 and F2), two
adult males (M1 and M2) and one young male (M3).
Collars were programmed to take one GPS position at
midday, when the lynx is supposed resting (Schmidt,
1999), and one GPS position at midnight, when the
lynx is supposedly active, hunting or moving through
the territory (Schmidt, 1999). In addition to this sche-
dule, for one month each season of the year, the
collars took two additional GPS positions per day,
at dawn and twilight, in order to obtain the complete
series of ungulate prey killed by each collared lynx.
Finally, every second week each animal had a 16—hour
'intensive monitoring period', when collars took one
GPS positions per hour (from 4.00 p.m. to 8.00 a.m.
at the following day). We obtained GPS positions from
collars via SMS and downloaded them to a portable
GPS (Trimble Juno SB), which was used to search
for potential prey in the field. The actual prey site was
then saved in the portable GPS.

On the basis of the GPS fixes, from April 2010
to August 2011 we found 140 killed ungulate prey.
In 116 cases collars also successfully measured the
corresponding distance to 'daytime resting sites' of
the lynx, represented by the midday GPS positions
between two consecutive nights spent at the kill. For
each of these 116 killed ungulate prey (fig. 1), we
calculated the mean distance between the kill site
and its corresponding distance 'kill site to daytime
resting sites'.

Explanatory variables

We took into consideration nine potential explanatory
variables (table 1), accounting for information about
habitat structure and human activity in the surroun-
dings of the kill sites and about potential changes in
human activity and lynx behavior throughout the year.

To evaluate the possibility for the lynx to hide near
the kill site we adapted the 'cover pole method' (Pierce
et al., 2004) to our aims: for each killed ungulate we
verified in the field we placed a 2m-high pole, divided
into 10 colored segments, at the location where the
kill was found and we recorded how many segments
were hidden for more than 50% when observed at a
distance of 20 m in each cardinal direction, at a height
of 1 m (fig. 2). By calculating the mean value for the
four cardinal directions, we obtained an 'index of the
presence of hiding places' (‘habitat concealment’,
table 1). As lynx are known to prefer areas with steep
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Fig.1. Distribution of the Kkill locations (n=116) and random locations (n = 116) throughout the Sumava
National Park (NP), Protected Landscape Area (PLA) and a 10 km belt around the PLA.

Fig. 1. Distribucion de las presas cazadas por los linces (kill locations, n = 116) y de I@s localizaciones elegidas
al azar (random locations, n = 116) en el Parque Nacional de Sumava (NP), en el Area de Paisaje Protegido
(PLA) y en un cinturén de 10 km alrededor del PLA.

slopes (Basille et al., 2008) we also calculated the
slope ('slope’, table 1) for each kill site using a GIS
layer with a 15 x 15 m—resolution (source: Cesky Ufad
Zemé&méicky a Katastralni-CUZK, Praha).

To take into consideration the potential effect of
traffic and tourism, using specific GIS layers (sources:
Cesky Urad Zemé&méficky a Katastralni-CUZK, Praha
and Sprava NP a CHKO Sumava) we calculated the
distance of each kill site to the closest paved road
(used mainly by motorized vehicles— 'Roads', table 1)
and the closest tourist trail (used mainly by hikers
and bikers). The most important factor influencing an
animal’s behavior is likely to be the level of human
activity on a road and not the presence of the road
itself (Theuerkauf et al., 2003). Unfortunately, as
we had no information about the actual number of
tourists and vehicles using a trail or a road throug-
hout the day and throughout the year, we used three
alternative ways to include this information: (1) we
divided the year into three periods (main summer
tourist season from July to September, main winter
tourist season from January to February and the two

periods in between, pooled together), according to
the data collected by NP rangers about attendance
at the main touristic localities ('period’, table 1); (2)
on the basis of our personal knowledge of the area
and of existing GIS layers, we distinguished the 'main
tourist trails' (mostly located inside the NP and PLA
and around the main surrounding towns) from the
'irregularly used tourist trails' and we calculated the
distance to tourist trails including first only the main
tourist trails ("TurtraMAIN', table 1), then all the tourist
trails without any distinction ("TurtraALL', table 1); and
(3) because of the differences in the main human
activities among the NP, PLA and the surroundings
of PLA, we recorded in which of the three sub—areas
the kill site was located (‘area’, table 1).

Finally, about potential changes in lynx behavior,
by distinguishing the kills that were found in the
period from mid—January to the end of March from
the others, we took into consideration the potential
variation in the lynx behavior during the mating sea-
son ('mating_season'; table 1) as a period of higher
mobility (Jedrzejewski et al., 2002).
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Table 1. Explanatory variables used in the analysis (see further details in the text): @Square-root

transformed; °Log transformed.

Tabla 1. Variables explicativas utilizadas para los analisis (para mayor detalle, véase el texto): @ Transformada

por raiz cuadrada; ® Transformada logaritmicamente.

Variable name Description

Fixed effects

Habitat
concealment?

Index of the presence of hiding places at the kill site, calculated adapting
the 'pole method' (Pierce et al., 2004)

Values: 0 (totally open habitat), 10 (totally closed habitat)

Slope ® Slope (with 15x 15 m resolution)
TurtraMAIN ° Distance from the kill site to the closest main tourist trail (in m)
TurtraALL ® Distance from the kill site to the closest tourist trail, without distinction (in m)
Roads Distance from the Kill site to the closest paved road
Area NP (the kill site was inside the National Park)
PLA (the kill site was inside the Protected Landscape Area)
OUT (the kill site was in the surroundings of the PLA)
Period Y1 (main summer tourist season)
Y2 (main winter tourist season)
N (both periods between the two main seasons)
Sex F (female), M (male)

Mating_season

Y (the prey was killed during the mating season)

N (the prey was killed during the rest of the year)

Random effect

Individuals

M1 (adult male 1), M2 (adult male 2), M3 (young, non territorial male),

F1 (adult territorial female), F2 (young territorial female)

Statistical analysis

Using 'Hawth’s Tools' (Beyer, 2004) extension for
ArcGIS 9.2 (ESRI, 2009) we created a set of random
locations (n = 116) inside the whole study area (de-
limited by the National Border, by the border of the
10 km belt around the PLA and by the super home
range of the five GPS—collared lynxes, estimated
using the Kernel estimator at 100%). For each random
location we calculated the distance to the closest
paved road and the closest tourist trail (without any
distinction), as we did for the kill sites (see above).We
used Generalized Least Square regression (GLS) to
test if the killed prey were located significantly closer
or farther to roads and tourist trails than the random
locations. Gaussian spatial correlation structure was
specified to take spatial autocorrelation of individual
observations into account.

By means of Linear Mixed Effect Models (hereaf-
ter LME, fitted using the nlme package (Pinheiro et
al.,, 2012) we tested if the mean distance 'kill site to
daytime resting sites' was influenced by the distance
to nearest paved roads or tourist trails, by the habitat
structure, by the sex of the lynx and whether it varied

between the different periods of the year (mating sea-
son; main touristic season) or between the different
sub—areas (National Park, Protected Landscape Area,
closest surroundings outside the PLA). The identity
of a given individual was included as random inter-
cept into LME to take statistical non—independence
of our data into account. LMEs did not exhibit any
sign of spatial autocorrelation (assessed based on
semivariogram). We therefore did not explicitly specify
information on geographic locations of individual ob-
servations in LMEs. To achieve normality of residuals
and homogeneity of variance the response variable
(distance 'kill site to daytime resting sites') was Box
Cox transformed (A = 0.3). Square—root transformation
was further used in the case of habitat concealment
and log transformation in the case of distance to near-
est paved roads and tourist trails and in the case of
the slope. Although these transformations improved
fits of evaluated models, their effect on the significance
of individual exploratory variables were negligible.
Collinearity is unlikely to affect our interpretations as
correlation between explanatory variables was low;
Spearman’s r ranged from —0.0150 to 0.1599 with
the exception of the correlation between the distance
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Fig. 2. Adapted version of the 'cover pole method' (Pierce et al., 2004): we obtained a measure of habitat
concealment for each of the four cardinal directions and we then calculated the mean value.

Fig. 2. Versién adaptada del “método del poste” (Pierce et al., 2004): obtuvimos una medida de la ocul-
tacion del héabitat para cada uno de los cuatro puntos cardinales, y luego calculamos su valor medio.

to the nearest tourist trails and the distance to the
nearest main tourist trails (r = 0.7329). These two
variables were, however, never included in the same
model simultaneously (see below).

We used a backward stepwise procedure to select
the best minimal adequate model (hereafter MAM),
i.e. the most parsimonious with all the effects being
significant (Crawley, 2007). The significance of a par-
ticular explanatory variable was based on the change
in deviance between the model containing this term
and the reduced model, assuming a 2 distribution of
the deviance change (Crawley, 2007). All calculations
were carried out with the statistical software R 2.14.1.
(R Development Core Team, 2011).

Results

Kill sites tended to be closer to tourist trails than
random points (mean distance to all tourist trails for
kill locations = 343 m, for random locations = 470 m
— GLS: Adf =1, Likelihood ratio = 3.159, p = 0.0755),
while we found no difference in the distance to paved
roads (mean distance to paved roads for kill loca-
tions = 893 m, for random locations = 865 m — GLS:
A df = 1, Likelihood ratio = 0.020, p = 0.8849).

For each of the five collared lynxes we calculated
the minimum, maximum and mean distance kill site
to daytime resting sites', which are summarized
in table 2. The mean distance values ranged from
752 m for female F1 to 1746 m for male M2 (table 2)
and differed significantly between individuals (Anova:
F4110= 2471, p = 0.0488).

Finally, we tested the effect of each of the ex-
planatory variables on the distance 'kill site to daytime
resting sites' and we found that such distance was
negatively related to the 'index of the presence of

hiding places' (habitat concealment, fig. 3A) and to
the distance to all tourist trails (fig. 3B). The effect
of other explanatory variables (area, mating season,
roads, period, sex and slope) was not significant
(table 3). Approximate r? for the MAM was 0.201.
The distance to main tourist trails tended to correlate
more strongly with the distance 'kill site to daytime
resting sites' when included into the model instead
of the distance to all tourist trails (slope = —2.9578
+ 1.1570, Adf = 1, %2 = 6.496, p = 0.0108), yet sig-
nificance of other explanatory variables remained
unchanged when including the former instead of the
latter variable into the model.

Discussion

Regarding our first hypothesis, we found that the dis-
tribution of the kill sites was actually independent of
the proximity to paved roads, and kill sites were even
closer to tourist trails than random locations (almost
significantly, see above). In several studies it has been
observed that at night both carnivores and ungulate
used at least the smallest and less frequented gravel
roads, probably to move quickly and save energy
(Stener, unpubl. data cited in: Sunde et al., 1998; Creel
et al., 2002; Dickson et al., 2005). Sunde et al. (1998)
also concluded that the avoidance of human facilities
by the lynx is likely linked to the presence of people
rather than to the alteration of the habitat (i.e. the
mere presence of roads, trails and houses). Therefore,
considering that people use human facilities mainly
during the day and lynx mainly hunt during night time
(Schmidt, 1999; Bunnefeld et al., 2006), our results are
in accordance with these previous findings.

During the day, we found that the longest mean
and maximum distance ‘kill site to daytime resting
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Table 2. Distances kill site to daytime resting sites' walked by each individual (in m): mean (+ standard
error), minimum and maximum distance. Na. Number of kills found for which the corresponding GPS
daily positions were available; MD. Mean distance (mean + SE); MinD. Minimum distance; MaxD.

Maximum distance.

Tabla 2. Distancias “lugar de caza a zonas de descanso diurnas” andada por cada individuo (en m):
distancia media (x error estandar), minima y maxima: Na. Nimero de presas halladas para las que
estaban disponibles las posiciones diarias por GPS correspondientes; MD. Distancia media (media +
EE); MinD. Distancia minima, MaxD. Distancia maxima.

Monitoring period Na MD kill-rest MinD MaxD
F1 March 2010-May 2011 29 752 + 153 15 3,716
F2 March 2010—August 2011 42 1115 £ 131 33 4,249
M1 March 2010-July 2010 9 936 + 264 107 2,172
M2 February 2010-March 2011 21 1746 + 337 101 4,835
M3 January 2011-August 2011 15 820 + 146 7 1,709

sites' were walked by adult male M2 (table 2), which is
consistent with the general result that territorial males
generally travel longer daily distances than females
(Schmidt, 1999; Jedrzejewski et al., 2002), probably
due to their much larger territories (Schmidt et al.,
1997). Data from a previous lynx radiotelemetry study
in the Bohemian Forest (Bufka et al., in prep.) confirm
this general result: the mean yearly home range size
proved to be 438 km? for adult males and 278 km?
for adult females, while the mean daily movement
distance (DMD, sensu Jedrzejewski et al., 2002) was
11.5 Km for males and 6.5 for females. In the case
of the second adult male, M1, we found the longest
minimum distance 'kill site to daytime resting sites’,
while the mean distance value calculated for this male
might be underestimated, as the data about M1 were
collected only outside the mating season (table 2),
when territorial males showed a longer locomotory
activity than during the rest of the year (Schmidt, 1999;
Jedrzejewski et al., 2002). In the case of the young
male M3, the distances 'kill site to daytime resting
sites' (mean, minimum and maximum) were shorter
than the ones walked by both adult males, which is
partially in contrast with what found by Schmidt (1999)
when comparing adult and subadult males. This may
be due to the low amount of data available for M3
(table 2) or simply to individual differences between
lynxes (Schmidt, 1999). Nonetheless, a possible ex-
planation may also be that M3 seemed to be still a
floater: his home range included a large part of the
territory held by male M2 minimally for the last three
years and he used the whole home range in a very
irregular way, spending several consecutive weeks
in a restricted area and then moving far elsewhere
(Bufka & Belotti, unpubl. data).Therefore, the move-
ments of M3 may not have been influenced by the
need to patrol a territory, which proved to be among
the strongest motivations for movement in the case
of males (Jedrzejewski et al., 2002). Both females, F1

and F2, walked very short minimum distances 'kill site
to daytime resting sites' and female F1 walked also
the shortest mean distance. This is consistent with
findings by Jedrzejewski et al. (2002), that females in
general walked shorter daily distances than territorial
males, and findings by Schmidt (1999), that individual
differences among lynxes of the same sex and status
may play a role. Although previous studies (Schmidt,
1999; Jedrzejewski et al., 2002) found different daily
activity and movement patterns for lynxes of different
sex, age and status, with the data available for our
study (five collared lynxes) we could only test for dif-
ferences between male and female lynxes. We found
no significant differences, although this could be due
to the limited number of GPS—collared individuals.
In general, lynxes seemed to react to the presence
of tourist trails, where people mainly move on foot, by
bike, or by cross country skiing: they walked farther
during the day when the prey was located closer to
a tourist trail and this negative correlation tended to
be stronger when we considered only the main trails.
Although the possible reaction of lynx to touristic
activity has not been taken into consideration previ-
ously, this may be considered consistent with findings
by Bunnefeld et al. (2006) that showed that lynxes
in less urbanized areas avoided the surroundings of
occupied houses much more than the surroundings of
roads, probably because houses were associated with
a higher probability of encountering people on foot.
Schmidt (1999) also found that human disturbance
may have an effect on the behavior of females with
kittens: they observed that, during daylight hours,
the level of activity was lower in females living in an
area where human activity was high than in females
occupying low density urbanized areas. Although
there is also evidence that reactions to disturbance
may vary for lynxes of different sex, age and status
(Bunnefeld et al., 2006), as mentioned above we could
not test for such differences because we had data on
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Fig. 3. Relationship between the distance 'kill site—daily resting site' (Box—Cox transformed, A = 0.3) and:
habitat concealment (square—root transformed, A); distance to the closest tourist trail (log transformed,
B). Regression slope and 95% confidence intervals correspond to LME based predictions.

Fig. 3. Relacién entre la distancia “lugar de caza a zonas de descanso diurnas” (fransformada Box—Cox,
A =0,3) y: cripticismo del habitat (fransformada por raiz cuadrada, A); distancia del lugar del sacrificio al
sendero turistico mas cercano (transformada logaritmicamente, B). La pendiente de la regresion y los
intervalos de confianza del 95% corresponden a las predicciones basadas en LME.

too few GPS—collared lynxes. Also, because we could
not count on accurate data about the real amount of
people using a trail, we could not precisely determine
whether the intensity of human activity plays a role.
The fact that we found a stronger negative correla-
tion when the distance kill site to closest tourist trail'
was calculated only considering the regularly used
tourist trails may indicate that tolerance to humans
varies according to the intensity of human activity.
Nonetheless, we also obtained a negative correlation

when we considered all tourist trails, and we found
no difference between the mean distances 'kill site to
daytime resting sites' walked by lynx during the two
main tourist seasons and during the rest of the year.
This may mean that the level of activity outside the
main tourist seasons and even on the less used tourist
trails is enough to have an effect on lynx behavior.
Nonetheless, to clarify this aspect, more precise es-
timations of the spatial and temporal changes in the
intensity of human activity are required.



Animal Biodiversity and Conservation 35.2 (2012) 243

Table 3. Effect of the explanatory variables on the distance 'kill site to daytime resting sites' (Box—Cox
transformed, A = 0.3) based on the linear mixed effect model with normal distribution of errors. Backward
elimination of non—significant terms was used to select the best minimal adequate model (MAM) with
all its significant effects (see Methods for details). Models were compared using the likelihood ratio
test. Significant factors included in the MAM are in boldface. Values of parameter estimates and their
significances are statistically controlled for all effects included in MAM.

Tabla 3. Efecto de las variables explicativas sobre la distancia “lugar de caza a zonas de descanso diurnas”
(transformada Box—Cox, A = 0,3) basado en un modelo de efectos mixtos lineal con una distribucion
normal de los errores. Se utilizé la eliminacién posterior de los términos no significativos para seleccionar
el mejor modelo adecuado minimo (MAM), siendo todos sus efectos significativos (véase Métodos para
mas detalles). Se compararon los modelos utilizando el test de razén de verosimilitud. Los factores
significativos incluidos en el MAM estan en negrita. Los valores de las estimas de los parametros y
de sus significancias estan controlados estadisticamente para todos los efectos incluidos en el MAM.

Estimate + S.E. Adf Likelihood ratio p

(Intercept) 37.375 4.441 1 25.081 < 0.0001
TurtraALL_log -3.163 1.481 1 4.547 0.033
Habitat concealment_rad2 -3.756 1.238 1 9.010 0.003
Roads_log -1.045 1.645 1 0.415 0.520
Sex (females vs. males) 2.512 2.234 1 1.158 0.282
Mating_season (N vs.Y) 2.423 1.723 1 2.017 0.156
Period (N vs. Y1) 0.383 1.866 2 2179 0.336
Period (N vs. Y2) 2.749 1.904

Area (CHKO vs. NP) —-0.554 1.805 2 0.826 0.662
Area (CHKO vs. OUT) —-1.890 2.091

Slope_LOG -1.572 0.887 1 3.179 0.075

We found no effect of the proximity to paved roads
mainly used by motorized vehicles. This may be ex-
plained by the fact that most human activity associated
with paved roads is in the form of vehicles, which may
not be perceived by animals as being as risky as hu-
mans per se (Andersen et al., 1996). Main paved roads
(and highways, which were absent in our study area)
are known to have a negative effect on dispersal and
on connectivity among a species’ populations (Schadt
et al., 2002), and this can be a serious problem for
long—term conservation of large carnivores such as the
Eurasian lynx (Breitenmoser et al., 2000). Nonetheless,
paved roads are probably not perceived as a source
of disturbance by animals performing activities such as
feeding or resting (Bunnefeld et al., 2006).

Concerning the habitat structure, we found that the
presence of habitat features that are linked to a higher
level of horizontal cover correlated negatively with the
mean distance 'kill site to daytime resting sites' walked
by the lynx. This is consistent with findings by Sunde et
al. (1998) who reported that lynxes are able to tolerate
the presence of people even at short distances if the
habitat structure offers them sufficient cover.

We found a marginally insignificant negative cor-
relation between the slope and the distance kill site
to daytime resting sites'. Consistently with this result,

Sunde et al. (1998) found that habitat inclination
had no influence on the tolerance distance of lynx,
and they concluded that the general preference for
steep resting sites may be a result of preference
for uncultivated forest stands, which are likely most
abundant in steeper and less accessible portion of
a forest. Indeed, lynx showed a stronger preference
for steep slope in densely urbanized regions, where
such features may be linked to a low level of human
activity (Basille et al., 2008), than in areas with a low
level of urbanization (Basille et al., 2009).

In summary, our study indicates that even human
activities that do not directly aim to damage wildlife
(i.e. tourism) can influence lynx behavior.

For the lynx, the choice to move longer distances to
find a suitable resting site also on days when a large
prey is available may have a cost in terms of 'energy
expenditure through movements' and, in general, the
choice to remain near the prey during the day may
have the side effect of keeping scavengers away. In
fact, few observations from camera trapping in our
study area indicated that fox used lynx kills mainly
after adult lynxes had left the site (Bufka et al., unpub.
data). This is in accordance with a certain degree of
temporal or spatial avoidance of lynx by foxes found
in a few studies (discussed in Helldin et al., 2006).
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As the density of scavengers (red fox, wild boar) in the
study area is rather high, choosing to remain near the
prey may be an advantage, especially in the case of
red deer prey and especially in winter as meat remains
fresh for longer due to the lower temperatures.

However, to determine whether recreational activity
can actually have a negative effect on the fitness of the
lynx, we believe that the next essential step is to test
whether such activity can negatively influence the time
lynx spend at the prey (how many times they come back
to feed at the same prey and how long they stay at the
prey during one night), as this is likely the key factor
directly influencing animals’ fitness (Hik, 1995; reviewed
in Frid & Dill, 2002). Using the lynx GPS positions from
the 16—hour 'intensive monitoring periods' it is possible
to investigate this aspect; nonetheless, the amount of
confirmed ungulate prey that was found during such
periods have been insufficient to allow this further step.

Within our ongoing project, we aim to collect more
data to answer this question. We also aim to compare
the situation on both sides of the border between the
Czech Republic and Germany, as lynx and ungulate
populations often occupy trans—boundary territories
and the two areas are part of the same mountain
range, but show several differences (e.g. different hu-
man population density, primary landscape, landscape
use, intensity of tourism).

Over the last two decades, the tourist attractiveness
of the Bohemian Forest has increased greatly and the
flow of people on the road network and throughout the
National border has intensified. This trend is likely to
continue in coming years and there is currently pres-
sure to restore several almost unused roads and trails.
Therefore, we believe that the effects of human activity
should be better studied in different species as they
likely show different levels of tolerance to such activi-
ties (Frid & Dill, 2002; Taylor & Knight, 2003). Although
more precise information about the amount of people
using the different tourist trails would be required to
determine such levels of tolerance, this study shows
that this aspect of lynx coexistence with humans may
also deserve more attention. In order to understand
lynx responses to recreation further research is surely
needed. Such information may help managers setting
up recreation plans aiming to minimize the impact of
human presence, a fundamental issue to achieve the
best compromise between economic development
and species conservation.
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