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Human presence can significantly reduce habitat availability for wildlife. We investigated the impact of the distance from hiking trails and number of tourists on the number of
sites occupied by Hazel Grouse (Tetrastes bonasia) and on the predation rate of artificial
nests in two forest types (spruce and beech) in the Tatra Mountains (Poland). The study
was carried out in the Tatra National Park from 2009 to 2014. Presence of Hazel Grouse
males was detected in spring by playing territorial calls of this species from an electronic
device. A total of 79 sites occupied by Hazel Grouse were found, and 174 artificial ground
nests were monitored. Data on the number of tourists gathered at entry points and at trail
crossings in the Tatra National Park were used to estimate levels of tourism activity. Sites
occupied by Hazel Grouse were mostly located farther from hiking trails and in places
with low tourist numbers. Artificial nests were mainly predated by mammals (85%) in
both spruce and beech forests. Predation on artificial nests was higher in areas with
smaller numbers of tourists. The frequency of egg predation did not differ between spruce
and beech forests. Based on our results, hiking trails and the number of tourists who frequent them are important factors influencing the occurrence and reproduction of groundbreeding birds such as the Hazel Grouse.

1. Introduction
Human presence and activity can significantly impact on wildlife through disturbance and by limiting the use of important resources for animals
(Rösner et al. 2013). Furthermore, human presence can also increase synanthropization of animals and change their behaviour. In areas where
humans are present, access to resources such as

food supplies and breeding or roosting sites can be
directly restricted (e.g., Vitousek et al. 1997, Burger et al. 2004, Gill 2007). Outdoor recreation and
ecotourism in protected areas can act as potential
stressors for wildlife; frequent disturbances can
also cause a decline in populations (e.g., Müllner
et al. 2004). Animals react to approaching humans
in a similar way as they do to a predator, i.e., they
hide or move away (Beale & Monaghan 2004).
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Animals can be disturbed by intensive human activity, resulting in discontinued feeding, changes
in daily activities, altered habitat selection or increased stress load (Gander & Ingold 1997, Taylor
& Knight 2003, Stankowich 2008, Thiel et al.
2008, Pêksa & Ciach 2015). Capercaillie (Tetrao
urogallus) and mountain hares (Lepus timidus)
living in areas with frequent recreational activities
by humans in winter show changes in physiology
and behaviour (Thiel et al. 2011, Rehnus et al.
2014).
Similarly, the stress levels of chamois (Rupicapra rupicapra) increased with the number of
visitors and showed peak values in summer, coinciding with the highest number of visitors to the
Tatra National Park (Zwijacz-Kozica et al. 2013).
The negative effects of recreational activities
on populations of ground-nesting bird species and
their breeding success have been reported in several studies (e.g., Watson & Moss 2004, Støen et
al. 2010). Various ecological factors (e.g., habitat
structure, landscape fragmentation, availability of
prey) influence the predation risk of ground nests.
However, for ground-nesting birds, nest predation
is a major factor affecting breeding success (e.g.,
Angelstam 1986, Saniga 2002). Predator densities
are often higher in the vicinity of tourist facilities
due to the supply of discarded food (Storch &
Leidenberger 2003, Watson & Moss 2004). Furthermore, foraging by predators is facilitated by
forest roads and hiking trails within large forest
tracts (Storch et al. 2005, Seibold et al. 2013).
Grouse are ground nesting birds, which are highly
susceptible to human disturbance (Storch 2000,
Storch 2007).
As shown by Storch & Leidenberger (2003),
large concentrations of tourists, e.g. around hostels, attract crows (Corvus corone), which can directly affect the Galliformes colonizing the surrounding forests. For Capercaillie and the Black
Grouse (Tetrao tetrix), higher concentrations of
faecal stress hormone metabolites (corticosterone)
were found after disturbance (Arlettaz et al. 2007,
Thiel et al. 2008). There is evidence that an elevated frequency of disturbance affects the habitat
use of Capercaillie (e.g., Thiel et al. 2008) and may
even cause population declines (Brenot et al.
1996). So far, the impact of tourism pressure has
only been tested for the Capercaillie and the Black
Grouse (Tetrao tetrix) (e.g., Storch & Leiden-
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berger 2003, Thiel et al. 2008, Rupf et al. 2011,
Rösner et al. 2013) and research into the impact of
tourist activity on the Hazel Grouse (Tetrastes
bonasia) is not available.
The Hazel Grouse is an extremely shy bird and
hides both in the ground layer and in dense tree
cover. This species occurs in both lowlands and
mountainous regions across Eurasia inhabiting coniferous and mixed forests (Cramp & Simmons
1980, Johnsgard 1983, Bergmann et al. 1996). The
Hazel Grouse is a territorial bird with specific habitat and food requirements (e.g., Bergmann et al.
1996, Bonczar et al. 1998, Swenson 2006, Matysek et al. 2018, Matysek et al. 2019a). The species
maintains a territory throughout the year, staying
in one place (e.g., Swenson 1991a, Swenson
1991b, Montadert & Leonard 2006). The European population of Hazel Grouse was estimated at
~1,480,0002,920,000 pairs (BirdLife International 2018). The number and range of Hazel
Grouse populations in most European countries
has decreased moderately since 1980 (Swenson &
Danielson 1991, Storch 2000, Storch 2007). The
population is estimated to be stable in the Polish
Carpathian Mountains (Matysek 2016).
The main reason for the decreasing populations of this species elsewhere is thought to be the
negative human impact on the structure and species composition of forests, namely the simplification of habitat structure and the fragmentation of
forest complexes (Kajtoch et al. 2012, Seibold et
al. 2013). Moreover, disturbance of birds, especially during breeding, by foresters or tourists potentially has a negative impact on reproductive
success (Kajtoch et al. 2011, Bonczar & Kajtoch
2013).
The aims of this study are to evaluate the impacts of the distance from the hiking trail and number of tourists on (1) the number of sites where Hazel Grouse was present, on (2) the predation rate of
artificial nests, and (3) whether forest type affects
the proportion of predated nests. We hypothesised
that hiking trails (in terms of distance and number
of tourists) would negatively affect the number of
sites where Hazel Grouse are present. Predation
rates on artificial nests might also be negatively related to the distance from the hiking trails (predators can use them for moving and food searching)
and the number of tourists (predators avoid greater
numbers of tourists).
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Fig. 1. Location of
Tatra National Park,
Poland. Forest is
marked by dark grey
and meadows and
rocks by light grey.
Sites occupied by the
Hazel Grouse are
marked by black circles. Artificial nests
were located in the
area delineated by the
polygon.

2. Material and methods
2.1. Study area
The research was conducted in the Polish Tatra
2
Mountains. The study area of 150 km was situated
within the Tatra National Park (Tatra NP)
(49°1532.92N, 19°5434.61E, Fig. 1). Forests
in the Tatra NP hold 17 tree species, but five of
them occur most commonly: Norway spruce (Picea abies), fir (Abies alba), beech (Fagus sylvatica), sycamore (Acer pseudoplatanus), rowan
(Sorbus aucuparia) and mountain pine (Pinus
mugo). The average age of the main forests stand is
about 90 years (data of the Tatra NP Authority).
Forests in the Tatra NP cover both a lower (from
950 a.s.l. to 1,250 a.s.l.) and an upper (from 1,250
a.s.l. to 1,550 a.s.l.) mountain zone.
The lower forest mountain zone is mostly
(80%) covered by unnatural, planted spruce forests dominated by Norway spruce whilst the rest
is covered by natural or semi-natural beech forests
dominated by beech, fir, with admixture of sycamore and coniferous forests of Norway spruce and
fir. Other tree species (Scots pine (Pinus silvestris), European larch (Larix deciduas), Poplar
(Populus sp.), Willow (Salix sp.)) occur rarely. In

contrast, the upper forest mountain zone is dominated by natural Norway spruce forests and a rare
relict of Swiss pine (Pinus cembra) forest. Other
tree and shrub species can occur depending on the
altitude, habitat fertility and stand density.
Over many centuries, mainly upper forests
zones have been largely transformed. A key factor
contributing to adverse changes in the forest species composition here was intensive forest management in the 19th and 20th centuries, and especially the introduction of spruce in natural habitats
occupied by fir and beech. This process resulted in
high landscape fragmentation, with the occurrence
of preserved patches of old growth forests alternating with open habitats (meadows, pasture fields,
clear-cuts) and different-aged young coniferous
and mixed stands. In the lower forest mountain
zone, spruce monocultures currently account for
80% of the area. These forests are mainly exposed
to the adverse effects of abiotic and biotic factors,
resulting in considerable dieback. The subsequent
mountain pine floor is mainly covered by mountain pine. Above this zone there are the alpine and
crag zones (Fabijanowski & Dziewolski 1996).
The Tatra Mountains are a UNESCO World Biosphere Reserve and are included in the Natura
2000 network of protected areas in Europe and the

56
Tatra National Park is habitat for a large number of
rare animal species, including three species of forest Galliformes: Capercaillie, Black Grouse and
Hazel Grouse (Wilk et al. 2016). The breeding population of Hazel Grouse in Tatra NP has been estimated at 80 territories (Matysek 2016). This species is threatened in Poland and Slovakia and is included in the Carpathian list of endangered species
(Witkowski et al. 2003).
About 3.5 million tourists visit the park every
year (data of the Tatra NP Authority, http://tpn.
pl/zwiedzaj/turystyka/statystyka). The forests
(Hazel Grouse occurs only in this habitat) are
crossed by about 100 km of hiking trails, differing
in length and intensity of tourist traffic (from a few
to 8,000 tourists a day) (data from the Tatra NP
Authority, http://tpn.pl/zwiedzaj/turystyka/statystyka). The highest tourist pressure occurs in
spring and summer, when up to 40,000 tourists
visit the park each day and move along ~270 km of
hiking trails (data from the Tatra NP Authority).
Most tourism activities (i.e., hiking) are concentrated in the valleys above the hostels, which are
located at the upper limit of the forest.
2.2. Tourist pressure
We calculated the monthly numbers of tourists
visiting Tatra NP from 2009 to 2014 (data from the
Tatra NP Authority, http://tpn.pl/zwiedzaj/turystyka/statystyka). Monitoring was performed all
year at all the entrances to the valleys in order to
obtain information about the number of tourists
throughout the year and in particular valleys. The
highest number of tourists visited in August in all
years. Detailed daily monitoring of tourist traffic
was conducted in the Tatra NP in August 2009
(data from the Tatra NP Authority). Tourist traffic
was measured at the entry points to the park, where
the tickets were sold and at points where trails
cross. Tourist numbers were counted by NP employees and volunteers. In order to accurately determine the number of visitors, tourists entering
the park before the opening of the ticket points
(5.008.00 a.m.) were also counted. Tourists were
counted at 1-hour intervals each day, differentiating between individuals, groups and group tours to
determine the spatial and temporal distribution of
tourist traffic on particular routes. Mean daily
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tourist number in August was calculated for each
hiking trail.
2.3. Bird sites
Hazel Grouse were censused in forests with a total
2
area of 150 km . We detected Hazel Grouse individuals twice a year during a peak in the spring call
period (April and May) from 2009 to 2013 by using MP3 speakers to play imitations of Hazel
Grouse calls throughout the entire forest area. Bird
presence was checked every 150200 m, with
pauses spanning a few minutes to lure the Hazel
Grouse response calls (Swenson 1991a, Bonczar
2009).
The observer recorded whether the site was occupied by the Hazel Grouse after two minutes of
listening and then moved to the next point. Indicators of the occurrence of Hazel Grouse, such as
droppings, tracks and other signs, were searched
for in April, when the study area was covered by
snow. These tracks were helpful in determining
the sites when the birds could not be detected otherwise (e.g. along a loud stream or at sites with
tourists). The census was mainly performed during the mornings and evenings because a lower response frequency was found during midday, and
only in good weather conditions (without heavy
rain or snow and strong winds; see also Swenson
1991b).
Occupation was verified for all records of this
species at less available sites by additional checking and searching for tracks. Due to the specific
life strategies of the Hazel Grouse (hidden in the
undergrowth), we did not search for nests nor determine the boundaries of the territories. The recorded sites were mapped in the field and the positions were noted in a GPS Garmin 62. The distance
of a site where a Hazel Grouse was present was determined in intervals of up to 100 meters from the
point where the bird was found. In total we analyzed 49 hiking trails for the presence of Hazel
Grouse.
2.4. Nest predation
Artificial ground nests were placed in the forest in
2
an area 40 km during MayJune 2012, 2013 and
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2014. This period corresponds with the main breeding season for the three species of forest Tetraonids in the climatic conditions of the study region
(Bergmann et al. 1996). The location for placing
artificial nests was chosen randomly within the
study area, but within this location the artificial
nests were placed near tree trunks or under hanging branches, according to the preferences of Hazel Grouse (Johnsgard 1983, Bergmann et al.
1996).
A total of 174 artificial nests were constructed
in the field. The artificial nests were made by digging small ground depressions (ca. 20 cm of diameter and ca. 5 cm of depth) laid out with small
amounts of dry plant material (álek et al. 2004).
Each nest was baited with 5 very small (length
~5.4 cm, width ~4.6 cm) and not white, Domestic
Hen eggs (Gallus gallus domesticus). Prior to being placed in the artificial nests, the eggs were
sprayed with the washing water of dead Quail
(Coturnix coturnix) to give them the smell of a
wild Galliformes species. Subsequently, we
masked the artificial nest components with undergrowth plant material, mimicking the females
coloration (Richard & Yaherabd 1996, Burke et
al. 2004, modified).
The nests remained conspicuous, i.e. the eggs
were at least 7080% visible from an above vertical view. The locations of nests were recorded using a GSP device. To avoid leaving traces of scent
during this work we used rubber gloves and
walked the smallest possible distances in the vicinity of artificial nests (Summers et al. 2009, Jones et
al. 2010). Nests were checked once a week from a
distance 210 m depending on their visibility (see
also Jones et al. 2010, ¯mihorski et al. 2010). In
the case of nests with eaten eggs, the experiment
was repeated and a replacement nest was constructed in another randomly chosen place, to imitate the repeated breeding attempts of wild birds
whose nests are predated.
Each artificial nest was monitored for about 27
days, mimicking the average period of incubation
by forest Tetraonids (Johnsgard 1983, Bergmann
et al. 1996, Kurki et al. 2000). Eighty seven artificial nests were monitored using camera traps (Ltl
Acorn 5220, lens f = 3.1, infrared-lamp 940 nm, 24
diodes) to identify predator species. Nests were
considered to be predated if at least one egg disappeared or had marks indicating a predators visit
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(e.g., Martin & Joron 2003, Colombelli-Négrel &
Kleindorfer 2009). The mean distance between artificial nests was 650 m (range: 1502,150 m) to
reduce the probability of nearby nests being discovered by a predator searching intensively.
2.5. Statistical analyses
Spatial data were calculated using QGIS 2.12.3
(QGIS 2017), and distances between the nearest
artificial nests were measured in a straight line.
Spatial autocorrelation of artificial nests was
tested by Morans index (Moran 1950). The Friedmans ANOVA was used to search for differences
in the monthly number of tourists visiting Tatra NP
among the study years (repeated variable was
month) and for differences in number of tourists
between months (repeated variable was year).
Two Generalized Linear Mixed Model (GLMMs,
Binomial distribution, logit link function) with in
turn response being (1) site occupied (n = 79) or
not occupied (n = 79) by the Hazel Grouse, and (2)
artificial nest predated (n = 59) or not predated (n =
115). Random factors were year and identity of the
trail. Predictor variables were distance to hiking
trails, daily number of tourists, forest type and interaction between distance to hiking trails and
daily number of tourists.
A larger number of tourists on the trail causes
predators such as martens to seek food further
from the trail. Multivariate regression was used to
obtain R2 values for all predictor variables.
Collinearity of predictor variables was checked by
calculation of the variance inflation factor (VIF)
according to formula 1/(1R2). The predictor variables did not correlate with each other (VIF values: 1.061.13). Spatial autocorrelation of the residuals of these models was calculated using
Morans index. For statistical analyses, the software STATISTICA 12 was used (StatSoft 2014).
Logistic regressions were visualised using ggplot2
package in R (R Core Team 2018).

3. Results
3.1. Tourist numbers and Hazel Grouse sites
Differences in the numbers of tourists that visited
Tatra NP between study years were found during
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Fig. 2. Proportion of hiking trails in relation to number of tourists
per day in the Tatra National Park.

2

the period of 20092014 (¤ = 12.19, df = 5, p =
0.03). Moreover, the number of tourists signifi2
cantly varied between months (¤ = 62.69, df = 11,
p < 0.001) with low values from early November
to late April. Hiking trails with 300 tourists per day
represented 48% of all trails (Fig. 2). The probability of a site being occupied by a Hazel Grouse increased with increasing distance from the hiking
trails and decreasing number of tourists (Table 1;
Fig. 3). Spatial autocorrelation of the residuals of
the GLMM model was not found (Morans I =
0.005, p < 0.59) and showed that the spatial distribution of Hazel Grouse sites did not appear to be

significantly different from random. We found no
differences in the occupation of sites by Hazel
Grouse between spruce and beech forests (Table
1).
3.2. Nest predation
Altogether 59 (34%) of 174 artificial nests were
predated, mostly by mammalian predators and
only a few by bird predators. Of the monitored
nests (by camera traps) with destroyed eggs, 54%
were predated by pine marten (Martes martes),

Table 1. Summary of generalized linear mixed models describing components of the site occupied and unoccupied by the Hazel Grouse in the Tatra NP. Significant differences are marked in bold.
Variable

Estimate

Standard error

Wald

p-value

Intercept
Distance to trail
Number of tourists
Distance to trail × Number tourists
Forest type

–1.051
0.002
0.002
–0.001
0.124

0.324
0.001
0.001
0.001
0.115

9.796
9.326
14.624
15.414
1.111

0.002
0.002
<0.001
<0.001
0.29

Table 2. Summary of generalized linear mixed models describing components of the predated and
unpredated artificial nests in the Tatra NP. Significant differences was marked in bold.
Variable

Estimate

Standard error

Wald

Intercept
Distance to trail
Number of tourists
Distance to trail × Number tourists
Forest type

0.253
0.001
0.001
–0.001
0.027

0.207
0.001
0.001
0.001
0.111

1.041
0.344
4.661
3.246
0.098

p-value
0.31
0.56
0.03
0.07
0.75
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Fig. 3. Logistic regression showing the relationships between sites occupied by Hazel Grouse with (A) distance from hiking trails, and (B) the number of tourists per day on the hiking trails. Regression (solid line)
and 95% confidence intervals (grey area).

Fig. 4. Logistic regression showing the relationships between predated artificial nests with (A) distance from
the hiking trails, and (B) the number of tourists per day on the hiking trails. Regression (solid line) and 95%
confidence intervals (grey area).

23% by red fox (Vulpes vulpes), 15% by raven
(Corvus corax), and 8% by brown bear (Ursus
arctos).
The spatial distribution pattern of predated
nests did not differ from random in 2012 (Morans
I = 0.081, p < 0.40). However, the spatial distribution of predated nests in 2013 and 2014 was more
spatially clustered than would be expected
(Morans I = 0.350, p < 0.001; Morans I = 0.489, p
< 0.03, respectively). Spatial autocorrelation of the
residuals of the GLMM model was not different
from random in 2013 and 2014 (Morans I =
0.051, p = 0.77; Morans I = 0.135, p < 0.20, re-

spectively) but in 2012 the clustered pattern was
non-random (Morans I = 0.451, p < 0.001).
We found an influence of the number of tourists on the predation of artificial nests (Table 2).
The number of predated nests increased with decreasing number of tourists (Table 2; Fig. 4). Predation on artificial nests did not differ between the
two types of forests (Table 2).

4. Discussion
Recreational trails may affect the presence and
nesting success of some bird species (Storch &
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Leidenberger 2003, Thiel et al. 2008, Rupf et al.
2011) with human presence creating a landscape
of fear (Rösner et al. 2013). A significant relationship was found in the present study between
the number of sites occupied by Hazel Grouse and
the distance from hiking trails and the number of
tourists in the Tatra NP. Rösner et al. (2013) similarly reported a negative impact of recreational activities on the distribution of the Capercaillie in the
Bohemian Forest.
Tetraonidae on the ground are exposed to a
high risk of predation (Wegge et al. 1987). The
main predator of the artificial nests in the Tatra NP
was the European pine marten, followed by the red
fox. Similarly, Bergmann et al. (1996) found that
red fox and species of mustelids (Mustela sp.)
were the main predators of Hazel Grouse eggs. In
the mountains of Central Slovakia stone marten
(Martes foina), pine marten, mustelids and red fox
(altogether 22%), along with wild boar (Sus
scrofa) (9%), and brown bear (3%) were the main
mammalian egg predators (Saniga 2002).
Predation rate on artificial nests can be related
to the population dynamics of small mammals
which, in turn, are the main prey of egg/nest predators, according to the Alternative Prey Hypothesis
(Begon et al. 1990). Small rodents in Tatra NP
were observed in large numbers in 2012 (Matysek
et al. 2019b) and we did not find that predated
nests were spatially distributed in this year. Thus
the spatial distribution of predated nests in 2013
and 2014 might be explained by more intensive
searches for nests and eggs by predators in years of
lower numbers of rodents.
In our study, nest predation was related to the
number of tourists. In some areas along the Front
Range of Colorado (USA), predation rates increased with distance from the trails, and mammals depredated more nests at a greater distance
from the trails and appeared to avoid nests near
trails (Miller & Hobbs 2000). High tourist pressure may scare potential predators and thereby reduce their hunting area. Research in the Bia³owie¿a Primeval Forest (NE Poland) has shown that
the European pine marten  being the main predator in the Tatra NP  avoids people and preys in
places with less human traffic (Wereszczuk &
Zalewski 2015). Pine martens show increased
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glucocorticoid concentrations in seasons and areas
with increasing tourist intensity (Barja et al. 2007).
We did not find differences in the predation
rate between the two forest types (spruce or beech)
in the Tatra NP. Similarly, predation on artificial
ground nests (using chicken eggs resembling Capercaillie eggs in size and colour) did not differ between highly fragmented forests in south-eastern
Norway and in natural forests in north-western
Russia (Wegge et al. 2012). However, forest type
can affect the predation rate on bird nests (Bayne et
al. 1997). Seibold et al. (2013) showed that the
most important driver of predation risk of artificial
ground nests can be vegetation, rather than human
activity. Increasing vegetation density around a
nest reduces predation risk by concealing the nest
and by limiting the mobility of foraging predators
(e.g., Wilcove 1985, Lahti 2001, Baines et al.
2004, Tirpak et al. 2006).
The present study showed that not only distance from the hiking trails but also tourist numbers were important factors for the occurrence of
the Hazel Grouse. Therefore, Hazel Grouse are
likely to benefit from limiting the number of tourists on intensively used hiking trails. Outdoor recreation in protected areas can be a major problem
for nature conservation. It can decrease the populations of endangered species for instance (Thiel et
al. 2008, Pêksa & Ciach 2015). Therefore, in order
to efficiently protect ground-nesting birds, tourist
traffic on the hiking trails through the main breeding sites should be limited. Also, a lower density
of hiking trails is recommended in breeding habitats of great importance for nature conservation.
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Vuoristoalueen turismin vaikutus
pyyn esiintymiseen ja keinopesien
saalistusasteeseen
Ihmisen läsnäolo, kuten vilkas turismi, voi heikentää elinympäristöjen saatavuutta ja laatua. Tutkimme retkeilyreittien etäisyyden ja matkailijoiden
määrän vaikutusta pyyn esiintymiseen ja keinotekoisten pesien (174) saalistusasteeseen kahdessa
metsätyypissä (kuusi ja pyökki). Koiraiden määrä
selvitettiin soittamalla kutsuääniä keväisin. Pyitä
havaittiin 79 alueella. Matkailuaktiivisuuden tasoa
arviointiin laskemalla turistien lukumäärät kansallispuiston sisäänkäynneillä ja polkujen ylityskohdissa.
Pyitä esiintyi pääasiassa kauempana retkeilyreiteistä ja paikoissa, joissa turistien lukumäärä on
alhainen. Nisäkkäät olivat pääasiallisia (85 %) keinotekoisten pesien hävittäjiä sekä kuusi- että
pyökkimetsissä. Keinotekoisten pesien saalistus
oli suurempaa alueilla, joilla turisteja oli vähemmän. Munien saalistamistiheys ei eronnut kuusi- ja
pyökkimetsien välillä. Tulosten perusteella retkeilyreitit ja niitä usein käyttävien turistien lukumäärä ovat tärkeitä tekijöitä, jotka vaikuttavat maassa
pesivien lintujen, kuten pyyn, esiintymiseen ja lisääntymiseen.
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