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Abstract

Mountain tourism has shown a strong increase over the last decades. One of the most important activities is skiing, which
has a great economic impact on these traditionally less developed areas. However, the massive arrival of people in these
habitats can have negative repercussions on the fauna of these ecosystems. An example is the highly endangered Spanish
population of Western Capercaillie (Tetrao urogallus), which occupies a habitat that often competes with ski facilities. In
view of this negative situation, nest predator control is sometimes proposed by managers as a tool to improve the popula-
tions of the endangered species. However, experiments assessing the effect of these actions have led to uneven and gener-
ally ineffective results. Furthermore, most of the Western Capercaillie's nest predators are also protected species and their
lethal control poses ethical and legal limitations. We assessed the relationships between habitat structure and proximity to
Nordic ski slopes with Western Capercaillie nest predation rate by monitoring 57 artificial nests in the Pyrenean population
(N. Spain). Nest predation rate was estimated as 35.1%, being the corvids the most frequently identified predator (60% of
the predated nests), followed by the Red Fox (Vulpes vulpes; 20%), the Beech Marten (Martes foina) and European Pine
Marten (Martes martes; 10%) as well as the Wild Boar (Sus scrofa; 5%). The distance to ski slopes and to roads were the
only variables that showed a significant relationship with nest predation probability, reaching 60% in the area around the
ski slopes and less than 10% for nests at distances above 2.5 km. We discuss how this result could be related to a greater
presence of generalist predators near the ski slopes attracted by the remains of garbage and what could be the guidelines to
follow to reduce this risk of predation.
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Die Ndhe zu Skipisten und die Auswirkungen auf das Nestrauberrisiko beim pyrendischen
Auerhuhn (Tetrao urogallus aquitanicus)

Zusammenfassung

Der Bergtourismus ist in den letzten Jahrzehnten stark angestiegen, wobei eine der wichtigsten Aktivitdten das Skifahren mit
seiner groBen wirtschaftlichen Bedeutung fiir diese traditionell schwicher entwickelten Gebiete ist. Der massive Ansturm
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von Menschen in die Lebensridume dort kann jedoch negative Auswirkungen auf die Fauna dieser Okosysteme haben. Ein
Beispiel hierfiir ist die stark gefidhrdete spanische Population des Auerhuhns (Tetrao urogallus), dessen Lebensraum oft mit
Skipisten kollidiert. Wegen dieser bedenklichen Situation wird von Managern manchmal die Bekdmpfung von Nestrdubern
als Mittel zur Unterstiitzung der Populationen der gefiahrdeten Arten vorgeschlagen. Untersuchungen zur Wirksamkeit dieser
MaBnahmen haben jedoch zu widerspriichlichen und durchweg unergiebigen Ergebnissen gefiihrt. Dariiber hinaus sind die
meisten Nestriduber des Auerhuhns ebenfalls geschiitzte Arten, deren Bekdmpfung ethischen und rechtlichen Beschrinkungen
unterliegt. Durch die permanente Uberwachung von 57 kiinstlichen Nestern in der Pyrenienpopulation (Nordspanien) haben
wir den Zusammenhang zwischen der Habitatstruktur und Néhe zu Skipisten und der Haufigkeit von Nestrauberei beim
Auerhuhn untersucht. Die Rate der Nestrauberei wurde auf 35,1% geschitzt, mit Rabenvogeln als den hiufigsten Nestraubern
(60% der gepliinderten Nester), gefolgt von Rotfiichsen (Vulpes vulpes; 20%), Stein- (Martes foina) und Baummarder (Martes
martes; 10%) sowie Wildschweinen (Sus scrofa; 5%). Die Entfernung zu Skipisten und Straen waren die einzigen Faktoren,
die einen signifikanten Zusammenhang mit der Wahrscheinlichkeit von Nestrduberei aufwiesen. Sie erreichten 60% in der
Umgebung der Skipisten und weniger als 10% fiir Nester, die mehr als 2,5 km entfernt waren. Wir erortern hier, wie dieses
Ergebnis mit der groBeren Anzahl von Nestraubern in der Nidhe der Skipisten, angelockt von Miillresten, zusammenhingen

konnte und mit welchen Richtlinien dieses Pradationsrisiko verringert werden konnte.

Introduction

Mountains have had a great attraction for humans since
prehistoric times, choosing these sites as locations for the
construction of religious temples or places of worship
(Rio-Rama et al. 2019). Today, this attraction has made
mountains one of the top tourist destinations worldwide
(UNEP/PNUMA 2007), generating annual economic ben-
efits of more than 70 million dollars (Mohd Taher et al.
2015). This undoubted economic potential must not endan-
ger the great value that mountains have in terms of bio-
diversity. The climatic and orographic features, together
with the inaccessibility of these places to humans until rel-
atively few decades ago, have made it possible for moun-
tain habitats to accumulate more than 80% of the world's
bird, mammal and amphibian species (Zhang and Wang
2023) and to be one of the regions with the highest number
of endemic species (Noroozi et al. 2018). However, these
same peculiarities make these ecosystems highly sensi-
tive to several factors such as global warming, changes in
livestock management or the installation of infrastructures
associated with tourism (Alba et al. 2022). The analysis of
population census of mountain birds in the Giant Moun-
tains (Czech Republic) between 1984 and 2011 revealed
a negative trend in the abundance of these species and a
shift of them to higher altitudes, significantly related to the
progressive increase in average temperatures during the
breeding season (Flousek et al. 2015). The land abandon-
ment and the decline of pastoral practices in the Italian
Alps caused a rapid scrubbing of alpine pastures, which
significantly modified the bird community, allowing the
expansion of scrubland species while the more grassland-
bound species disappeared from plots located at lower alti-
tudes (Laiolo et al. 2004). Finally, the increased presence
of people in the Swiss Alps and Black Forest for hiking,
mountain biking and, above all, skiing, has been shown to
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have a significant negative effect on high mountain spe-
cies by increasing their stress levels, changing their use of
space and altering their species composition, favouring the
more generalist species to the detriment of the specialists
(Storch and Leidenberger 2003; Thiel et al. 2008, 2011).
The Pyrenees are not an exception and more than six mil-
lion skiers visit the ski slopes of this mountain range every
year (Moreno-Gené et al. 2020), which could be having a
negative impact on some of the most representative spe-
cies of this mountain range, such as the Western Capercail-
lie (Tetrao urogallus) (Canut et al. 2011). This species is a
large tetraonid characteristic of the Palearctic boreal and
high-altitude coniferous forests (Storch 2007). Its distribu-
tion in Eurasia covers a relatively continuous strip from
Scandinavia far into Russia, to which must be added other
fragmented and isolated occurrences in mountain massifs
from central and southern Europe (the Alps, the Jura, the
Carpathians, the Balkans, the Pyrenees,or the Cantabrian
Mountains) and Scotland (BirdLife International 2024).
The Iberian Peninsula constitutes the southwest limit for
the species, with two populations in the Cantabrian Moun-
tains and the Pyrenees that were isolated from the rest
after the last quaternary glaciations, and classified as two
different subspecies: T. u. cantabricus and T. u. aquitani-
cus, respectively, (Duriez et al. 2007). Both populations
have suffered a significant decline in recent decades, with
a regression of 83% in the Cantabrian Mountains (Jimé-
nez et al. 2022) and 58% in the Pyrenees (Gil et al. 2020),
which has motivated its listing as ‘critically endangered’
at the state level (Robles et al. 2021). Among the factors
involved in the decline of Western Western Capercaillie
populations throughout its distribution range are hunt-
ing (Lohmus et al. 2017), collisions with fences (Baines
and Andrew 2003; Canut et al. 2011), habitat loss (Storch
1994; Quevedo et al. 2006; Jahren et al. 2016; Lohmus
et al. 2017), predation (Storch 1994; Summers et al. 2004;
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Moreno-Opo et al. 2015; Jahren et al. 2016), genetic isola-
tion (Duriez et al. 2007; Clavero et al. 2023; Escoda et al.
2024), climate change (Moss et al. 2001; Summers et al.
2004; Romero et al. 2019), diseases (de Francisco et al.
2023) or disturbances associated with outdoor activities
(Thiel et al 2008, 2011; Storch 2013; Moss et al 2014,
2024; Coppes et al. 2017; Rosner et al. 2023). Given that
many of these causes are highly interrelated, it is difficult
to assess the role of each one separately (Lohmus et al.
2017).

The Pyrenean Western Capercaillie population is
exposed to all these risks except hunting, as this activity
was banned for the species in Spain in the early 1980s. On
the one hand, it occupies forests that are often subjected
to heavy logging, which could be causing habitat loss and
isolation (Pascual-Horta and Saura 2008). The southern
location of this population also raises a problem, as it is
particularly sensitive to global warming (Romero et al.
2019), and the fact that it has not been in contact with
the rest of the populations for a long time means that it
is genetically isolated, with the consequent risk that this
entails (Escoda et al. 2024). Finally, it is also subjected to

high pressure associated with tourism use of this region,
both in winter, on ski slopes, and in summer, in the form
of hikers (Zango-Palau et al. 2024).

In the present study, we assess, by monitoring artificial
nests, the effect that proximity to a ski resort and the infra-
structure associated with tourist uses may have on the risk
of Western Capercaillie nest predation. Particularly, we
intended to answer the following questions: i) What propor-
tion of nests are predated? ii) Which predators are involved?
and iii) Is the risk of predation related to proximity to ski
slopes and other human infrastructure or to the surrounding
habitat?

Materials and methods

Study area

The fieldwork was carried out in the Larra-Aztaparreta
Special Area of Conservation (SAC)(ES0000123; 42°57°N,

0°48°W), located in the Spanish Western Pyrenees at alti-
tudes between 1,400 and 2,400 m.a.s.l. (Figs. 1 and 2).
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Fig. 1 Western Capercaillie distribution in Europe (IUCN 2025), study area and location of depredated and intact artificial nests in relation to ski

slopes, road and habitat
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Fig.2 Example of artificial nest
and surrounding habitat

This region is characterized by continental climate (DFb
according to Koppen climate classification), with an aver-
age temperature of 6 °C to 10°C (min./max.: —17°C/34°C)
and with an annual rainfall above 1,500 mm, mostly in the
form of snow, which covers the higher altitude areas from
January to April (http://meteo.navarra.es/climatologia/ficha
sclimaticas).

The lower part of the area is occupied by European Beech
(Fagus sylvatica) forests that are replaced by Mountain Pine
(Pinus uncinata) forests between 1,600 m and 1,900 m and
by subalpine grasslands above 2,000 m. The area is crossed
by a single road and includes a small Nordic ski resort
(36 km total track length, Fig. 1) which remains open to
skiers between December and April. The other authorized
uses are sheep, cattle and horse grazing and hiking at a sign-
posted circular route, while hunting and wood extraction are
forbidden.

The small population of Western Capercaillie has
remained relatively stable since 1990 occupying mainly
the mountain pine forest and, to a lesser extent, the beech
forests and subalpine grasslands (Government of Navarra
unpublished data). The following potential predators of the
species are present in this area: the Pine Marten (Martes
martes), the Beech Marten (Martes foina), the Wild Boar
(Sus scrofa), the Red Fox (Vulpes vulpes) and the European
Wildcat (Felis silvestris) among mammals; the Golden Eagle
(Aquila chrysaetos) and the Eurasian Goshawk (Astur genti-
lis) within the raptors; the Eurasian Jay (Garrulus glandar-
ius), the Carrion Crow (Corvus corone) and the Northern
Raven (Corvus corax) within the corvids (Government of
Navarra unpublished data).

Artificial nest installation

To assess the risk of predation on Western Capercaillie
nests, we used artificial nests mimicking the species'natural
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nests (Summers et al. 2009). The artificial nests consisted of
a small depression in the ground partially covered by natural
vegetation simulating Western Capercaillie nests (Ménoni
1991; Martinez-Vidal 2011) (Fig. 2). Subsequently, the hole
was filled with dry plant material and five brown eggs from
domestic chickens Gallus gallus domesticus were deposited.
During field work, we used rubber gloves and cloth gaiters
washed with NaHCOj; solution and sprayed with odor-cov-
ering solution (Wildlife Research Scent Killer Air & Space
— Forest Edge, Wildlife Research Center, inc., MN, USA)
before accessing the location of each nest to avoid leaving
traces of human scent (Summers et al. 2009; Wegge et al.
2012). Nests were distributed with a separation of 407 m
(94 SD) between contiguous ones and arranged in lines
(Fig. 1). With this distribution, we tried to cover the differ-
ent habitats present in the area and to obtain a gradient of
distances to ski slopes and roads, areas with greater human
use. Nest installation was carried out in June 2022 and June
2023 and the nests were kept in the field for approximately
26 days, to match the reproductive phenology of the species
in the Pyrenees (Ménoni 1991; Martinez-Vidal 2011). In
2022, 16 nests were installed in the north of the study area
and another 41 were installed in 2023 (16 approximately in
the same locations as in 2022 and 25 in the southern part of
the study area), providing information on a total of 57 artifi-
cial clutches (Fig. 1 and electronic supplementary material
for details). The identification of the responsible predator
species was based on the signs found in the inspection of the
nests (Major 1991). Additionally, a camera trap was installed
in front of 22 of the nests (38%) to confirm the identification
of predator species. The two species of martens (M. mar-
tes and M. foina) were treated as a single predator category
(Martes sp.) due to the similar marks left in eggshells and
the difficulties in differentiating them in camera trap pictures
(Tobajas et al. 2022; Palencia and Barroso 2024). Two revi-
sions were carried out, one 15 days after installation and a
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second one at the time of removal (26 days after installation)
(Wegge et al. 2012). A nest was considered as predated if at
least one egg was missing or if marks of a predator’s visit
were found (Martin and Joron 2003). The potential differ-
ences among nests due to differences among persons install-
ing them were minimized by performing the installation by
the same team and always following the same protocol.

Habitat and human variables

The habitat surrounding each artificial nest was character-
ized at two scales: in a 100 m circular buffer, potentially
related to the detectability of the nests by predators, and
in a 500 m circular buffer, potentially related to predator
presence and abundance (electronic supplementary material
Table S1). To calculate these variables, the digital layer of
the ‘Map of crops and uses of Navarra 2021° (OCUPAC_
Pol_MCA_VE2021) at a scale of 1:25,000 was used, which
contains the land coverage and uses dated in 2021 (available
in https://idena.navarra.es/descargas/). The habitat classes
considered were: coniferous forest, deciduous forest, mixed
forest and open habitat. From this layer, the proportions of
each habitat in the 100 m and 500 m buffers were calculated.
Since habitat fragmentation can influence predation rates
(Angelstam 1986; Chalfoun et al. 2002; Baines et al. 2004;
Stephens et al. 2004), edge density (edge length between
habitats/total area) was also calculated within the 100 m and
500 m buffers as an index of habitat fragmentation (Cot-
tam et al. 2009). Finally, the distances from each nest to the
nearest ski slope and to the nearest road were calculated as
variables related to human influence (Storch and Leiden-
berger 2003). These processes were carried out with the free
software QGIS v. 3.4 (QGIS.org 2021).

Statistical analysis

To assess the factors potentially related to nest predation
risk, generalized linear models (GLM) were fitted with a
binomial response (0 =not predated, 1 =predated) and a
logit link function. In a first analysis, univariate logistic
regression models were fitted with the covariates mentioned
above (Table S1), and compared to the null model (con-
stant) using their Akaike information criterion (AIC); the
most plausible models were selected according to their AIC
value. In a second analysis, generalized linear mixed models
(GLMM) were fitted, including the nest ID as random effect,
and the different covariates as fixed effects once scaled (aver-
age 0 and standard deviation 1) to ease the interpretation of
the resulting coefficients. We started from a saturated model
that included all the covariates and the values of the vari-
ance inflation factor (VIF) were calculated to identify those
covariates highly correlated with the rest (VIF>5). Due to
the high correlation between the distance to ski slopes and

roads (r=0.664, p <0.001), to build the multivariate models,
the distance to roads was discarded as it had lower explana-
tory value than the distance to ski slopes according to the
univariate models (Table 1). Once these covariates were
eliminated, an automatic comparison of models (dredge
procedure) was carried out from the reduced model, select-
ing those models with AIC values <2 to perform a model
averaging procedure. To interpret the results, we inspected
the coefficients of the covariates included in the resulting
averaged model. The analyses were carried out with the free
software R v 4.4.2 (R Core Team 2023) through packages
Ime4 (Bates et al. 2015), MuMIn (Bartén 2023), car (Fox
and Weisberg 2019), corrplot (Wei and Simko 2021) and
boot (Canty and Ripley 2022).

Results

The overall percentage of predated artificial nests was 35.1%
(20/57), with no significant yearly variation (31.3% in 2022
vs 36.6% in 2023) (chi®=0.005, p=0.944). There were
also no significant differences according to the presence
or absence of camera traps (31.8% vs 37.1% with/without
camera) (chi’=0.016, p=0.901). Corvids were the most
frequent predator (60%, 12/20), followed by Red Fox (20%,
4/20), Beech/Pine Marten (10%, 2/20) and Wild Boar (5%,
1/20). The predator involved could not be identified only in

Table 1 Univariate linear models (logistic regression) for the prob-
ability of nest predation, fitted with binomial type error and logit link
function. Coefficients significantly different from zero are indicated in
bold and AIC values that differ by <2 units from the most plausible
model are indicated in italics

Coefficient P gl AIC  AAIC
Distance to ski slopes —0.848 +0.356 0.017 2 70.830 0
Distance to roads —0.841+0.383 0.028 2 71.562 0.732
Null - - 1 75.871 5.041
Prop. open habitat —0.400+0.320 0.212 2 76.130 5.300
500 m
Prop. mixed forest. —0.409+0.407 0316 2 76.506 5.676
500 m
Edge density 500 m —0.326+0.293 0.266 2 76.581 5.751
Prop. deciduous 0.218+0.279 0434 2 77258 6.428
500 m
Prop. deciduous 0.180+0.277 0.515 2 77.448 6.618
100 m
Edge density 100 m 0.155+£0.278 0.577 2 77.559 6.729
Prop. open habitat —0.127+£0.285 0.655 2 77.668 6.838
100 m
Camera —0.236+0.576 0.682 2 77.701 6.872
Prop. conif. 500 m 0.104+0.279 0.708 2 77.731 6.901
Prop. conif. 100 m —0.0667+0.282 0.813 2 77.814 6.985
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Fig.3 Probability of nest predation as a function of: a distance to ski
slopes and b distance to roads, according to logistic regression mod-
els. The observed values (white dots), the estimated trend (solid black
line), the 95% confidence interval (grey area) and the level of signifi-
cance of the trend (p) are shown

one of the predated nests (5%, 1/20) (electronic supplemen-
tary material Table S2).

According to the univariate models, the distance to ski
slopes and the distance to roads were the variables that best
explained the probability of nest predation (Table 1). The
expected predation risk of a nest located next to a ski slope
or a road would be 60%, and this risk would decrease to
values less than 10% for nests at distances above 2.5 km.
(Fig. 3). None of the other covariates had a significant rela-
tionship with the nest predation probability, and the models
with these covariates did not improve the null model accord-
ing to their AIC (Table 1).

According to the resulting saturated model, the pro-
portions of conifers in 100 m and 500 m, open habitat in
100 m, mixed forest in 100 m, and deciduous forest in 100 m
and 500 m were highly correlated with the other variables
(VIF>5), therefore, they were dropped from the model. The
obtained reduced model was subjected to automatic com-
parison (dredge), resulting in selected models (AAIC < 2)
which included the covariates: distance to ski slopes, edge
density in 100 m and proportions of open habitat in 500 m
(Table 2, Table S3). The model resulting from model aver-
aging included the distance to ski slopes (negative and sig-
nificant), the proportion of open habitat in 500 m around the
nest (negative and marginally significant), and the edge den-
sity in 100 m (positive and not significant; Table 3, Fig. 4).

Discussion

The installation and monitoring of artificial nests is a tool
widely used in the study of predation in ground nesters.
However, the methodology has important limitations that
must be considered when interpreting the results (Storaas
1988; Willebrand and Marcstrom 1988; Zanette 2002; Burke
et al. 2004; Moore and Robinson 2004; Wegge et al. 2012).

First, although artificial nests were aimed to closely
mimic the characteristics of natural nests of the species,
their location, design and exposure may differ from those
of natural nests. For instance, the eggs in natural nests are
covered most of the day by the adult who incubates them,
as is not the case in artificial nests (Storaas 1988; Summers
et al. 2009), which makes them more visually detectable by
corvids (Storaas 1988; Willebrand and Marcstrém 1988).
On the other hand, this absence of the adult also implies less

Table 2 Multivariate models

i . Intercept Distance to ski Edge density Proportion open df AlCc AAIC
selected by automatic , slopes 100 m habitat 500 m
comparison (dredge) to explain
the probability of nest predation  Model 1 —0.8117  —1.0350 —0.5668 4 7230 0.00
and included in the model Model2  —0.7339  —0.8516 7332 102
average procedure

Model 3 —0.7936 —1.0010 0.2519 —0.6457 5 74.06 1.76
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Table 3 Coefficients of the covariates included in the averaged model
obtained from the top selected models resulting from the dredge pro-
cedure. The value of the intercept and the coefficients for the stand-
ardized covariates, the standard errors, the values of the z-test and the
probabilities are indicated, considered significant (*) if p <0.05

Coefficient Std. Error z pr (>lzl)
Intercept —0.7848 0.3340 2296 0.0216*
Distance to ski slopes —0.9737 0.4128 2.307 0.0210%
Edge density 100 m —0.5899 0.3380 1.706 0.0881
Prop. open habitat 500 m  0.2519 0.3215 0.765 0.4442

olfactory detection by terrestrial carnivores (Storaas 1988),
although this limitation can be partially compensated using
chicken-scented hay to build the nests (Palencia and Barroso
2024). Also, traces or human odors left during nest instal-
lation may facilitate nest detection by terrestrial carnivores
(Burke et al. 2004; Moore and Robinson 2004), and the pres-
ence of researchers when installing and reviewing nests may
facilitate their detection by corvids, all resulting in increased
nest predation compared to natural nests (Burke et al 2004;
Moore and Robinson 2004). Finally, installing camera traps
next to the nests can also facilitate their detection by preda-
tors (Summers et al. 2009). In our case, these limitations
would not be as decisive as in other studies, as the aim of
the work was not to quantify the predation rate of natural
nests in the area, but to assess the possible influence of the
surrounding habitat and the proximity to areas heavily used
by people on the risk of nest predation.

The proportion of predated artificial nests in our study
area (35.1%) is one of the lowest recorded for this species,
either estimated from artificial nests (> 50%, Wegge et al.
2012; 88%, Oja et al. 2018; 64.5%, Bamber et al. 2024;
64.6%, Palencia and Barroso 2024), or from natural nests
(65%, Saniga 2002; 65%, Summers et al. 2004; 42.4%,
Tobajas et al. 2022). Only the work of Holopainen et al.
(2024) conducted with artificial nests in Finland found a
lower predation rate than ours (22.7%), but in that case the
duration of the experiment was only seven days, a shorter
time period than established in our work and in most previ-
ous studies (20-30 days with revisions every 10-20 days,
Wegge et al. 2012; Oja et al. 2018; Tobajas et al. 2022 or
Bamber et al. 2024). These different values should not be
strictly compared, since field methodology greatly differed
among these works (natural or artificial nests, monitoring
with or without camera traps, separation between nests...),
which can significantly influence the results. A similar situ-
ation occurs with the identified predator species since most
of the previous works agree with ours in the composition
of detected predators (corvids, Red Fox, martens or Wild
Boar), although the percentage of nests preyed upon by each
of these species varies notably (Saniga 2002; Oja et al 2018;
Tobajas et al. 2022; Bamber et al. 2024; Holopainen et al.

2024; Palencia and Barroso 2024; Summers et al. 2004).
In this sense, the results from Holopainen et al. (2024) are,
again, the most similar to ours, with the highest predation
risk posed by corvids followed by the Red Fox and martens.

The most relevant result of our work is the relationship
between proximity to ski slopes and nest survival, indepen-
dently of the composition of the surrounding habitat, at least
when the latter parameter is characterized with the precision
we have been able to achieve in our work. The increase in
the predation rate from less than 10% in nests located more
than 2.5 km from the ski slopes to 60% in those adjacent
to them shows the important impact of these structures.
This negative relationship between ski infrastructure and
Western Capercaillie has already been described before.
The first study published in this regard was that of Brenot
et al. (1996), who found that Western Capercaillie popula-
tions adjacent to ski slopes showed a significant decline not
detected in populations in the same region but far from ski
resorts. More recent work has further explored this ques-
tion, confirming that Western Capercaillie use areas close
to ski slopes less frequently (Thiel et al 2008, 2011; Coppes
et al. 2017) and finding higher levels of stress-indicating
hormones in the droppings of individuals near these areas
(Thiel et al 2008, 2011).

The mountains above 1,500 m where the Western
Capercaillie lives and where skiing is practiced in the
Pyrenees maintain a constant layer of snow for several
months a year, which significantly reduces the availability
of trophic resources for mesopredators during that period
(Baines et al. 2016; Tobajas et al. 2022; Butler et al. 2023).
This situation suggests that, naturally, the abundance of
these predators should be low compared to other more
beneficial habitats (Tobajas et al. 2022). However, the
presence of ski resorts in these areas implies the pres-
ence of thousands of people every day during the winter, a
new source of food for opportunistic predators in the form
of garbage of anthropic origin (Storch and Leidenberger
2003; Canut et al. 2011). This food waste of human ori-
gin compensates for the absence of food resources during
the winter, allowing higher abundances of potential West-
ern Capercaillie predators, such as the Red Fox, martens
or corvids (Storch and Leidenberger 2003; Canut et al.
2011). Furthermore, in the case of Nordic skiing, present
in our study area, the creation of ‘paths’ where people can
ski in winter, or hike or cycle when the snow disappears,
increases human presence and its negative effects on places
previously unreached by humans (Brenot et al. 1996).
Finally, the adaptation of the meadows for skiing requires
the elimination of scattered bushes and trees (Casagrande-
Bacchiocchi et al. 2019), key elements for the Western
Capercaillie nesting places and refuge from raptors (Canut
et al. 2011), which would again result in a negative impact
on the species. In view of this artificial increase in nest
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Fig.4 Probability of nest predation as a function of: a the distance to »
ski slopes, b the proportion of deciduous forest within a 500 m radius
and the edge density within a 100 m radius, according to the averaged P =0.021
model from the top GLMMs. The observed values (white dots), the
estimated trend (solid black line), the 95% confidence interval (grey
area) and the level of significance of the trend (p) are shown
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predation, the elimination of predators could be proposed
as an alternative (Marcstrom et al. 1988; Kauhala et al.
2000; Baines et al. 2004; Moreno-Opo et al. 2015). How-
ever, these actions have a high economical cost (Kauhala
et al. 2000; Moreno-Opo et al. 2015; Treves et al. 2019),
and generally achieve very low results (Moreno-Opo et al.
2015 and references therein) with great differences among , : : , , :
areas (Kauhala et al. 2000) or depending on scale, timing, 0 500 1000 1500 2000 2500
or intensity of control (Kdmmerle et al. 2019). In addition, Distance to ski slopes (m)

these control measures are very questionable from an ethi-
cal and legal point of view (Treves et al. 2019), given that
most of the potential predators of the Western Capercaillie
are legally protected. However, new lines of research aim
to develop non-lethal methods for predation control that
could be useful in the vicinity of ski slopes.

One research line is focused on conditioned food aversion
(CFA). This practice is based on introducing into chicken
eggs available to generalist predators a chemical that is not
lethal to them but produces unpleasant symptoms such as
vomiting. When the predator consumes these eggs and suf-
fers the unpleasant symptoms, it learns that this type of food
is unpalatable to it and avoids eating it (see Tobajas et al.
2020). Recently, Tobajas et al. (2023) have carried out a
CFA experiment in the Pyrenees, assessing the rate of pre- - S -
dation of artificial nests of Western Capercaillie in a study 00 02 04 06 08 0
area where treated hen eggs had been previously installed Prop. Open hab. 500m
and comparing it with a control area with normal hen eggs,
finding that fox predation was lower in the area where the
treatment had been carried out. Other similar works per-
formed with plover-type nests showed that it is also possible
to reduce the rate of egg predation by corvids by causing
annoying effects in these birds (Ferguson et al. 2021). How-
ever, these techniques were useless for reducing nest preda-
tion by mustelids (Norbury et al. 2005; Tobajas et al 2023).

Another non-lethal method tested for reducing the impact
of nest predation is ‘diversionary feeding’. This technique is
based on the installation of other food sources that are attrac-
tive and easily detected by generalist predators, so that they
focus on eating this food during a specific period, reducing
the consumption of other food sources, such as nests (Toba-
jas et al. 2022). In an experiment of this type carried out
in Scotland by Bamber et al (2024) with artificial Western ofl)g o(l)g o(lm 0(.)5 0(I)6 0:37 o(l)s
Capercaillie nests and provision of deer meat scraps, it was Edge density 100m
found that the nest predation rate was significantly lower
in the diversionary feeding area than in the control one. In
addition, this technique could reduce the predatory activity
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of all potential predators of grouse nests, as all of them are
scavengers to a greater or lesser extent (Tobajas et al. 2022).

Conclusions

The results of this study suggest the negative impact of ski
slopes on the Western Capercaillie and require adopting
measures to reduce the impact of this type of human activ-
ity on the species. Such measures could involve: (1) avoiding
new ski resorts to be established in the surroundings of the
habitats occupied by the Western Capercaillie, (2) in existing
ones, improving garbage collection systems and implement-
ing awareness campaigns among users that allow minimiz-
ing the amount of food remains available in the field and (3)
testing measures aimed at reducing the impact of predation
through alternative non-lethal methods at key phases of the
reproductive cycle. If no action is taken, nest predation by
opportunistic predators could become a limiting factor in the
conservation of the Western Capercaillie in the area.
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