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The long-term decline of the black grouse population throughout Europe is
influenced by many factors that affect populations differently depending on the
distribution range, from Central Europe to the Scandinavian countries. Therefore,
we analyzed available literature sources to describe the main reasons for the
population decline of this species and to suggest conservation measures. In total,
228 pieces of literature from 1955 to 2024 were analyzed for this study. Based on
the literature analysis, it is clear that the drivers of population decline differ across
the distributional range. In Central Europe, where the population is declining
rapidly, habitat loss and forest fragmentation are crucial factors, as is the negative
impact of tourism. In Scandinavia, where the population is gradually declining,
decreasing breeding success and increasing chick mortality rates are generally
considered the main negative factors. However, these factors also affect black
grouse populations in Central Europe. It is crucial to acknowledge that a
significant proportion of the contributing factors, such as predation and habitat
loss, can be attributed to human activities. Therefore, it is necessary to emphasize
that environmental protection should work hand in hand with wildlife managers
to improve the situation.

KEYWORDS

Tetraonidae, predation, nest success, climate change, habitat loss, biodiversity
conservation

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fevo.2024.1452317/full
https://www.frontiersin.org/articles/10.3389/fevo.2024.1452317/full
https://www.frontiersin.org/articles/10.3389/fevo.2024.1452317/full
https://www.frontiersin.org/articles/10.3389/fevo.2024.1452317/full
https://www.frontiersin.org/articles/10.3389/fevo.2024.1452317/full
https://www.frontiersin.org/articles/10.3389/fevo.2024.1452317/full
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fevo.2024.1452317&domain=pdf&date_stamp=2024-09-30
mailto:sevcik@vulhm.cz
https://doi.org/10.3389/fevo.2024.1452317
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://doi.org/10.3389/fevo.2024.1452317
https://www.frontiersin.org/journals/ecology-and-evolution

Hambalkova et al.

1 Introduction

The black grouse (Lyrurus tetrix) is one of the forest grouses
classified as a “least-concern species.” The European population is
estimated at 2.45-4.08 million adult individuals (BirdLife
International, 2022; TUCN, 2023). The native range extends from
Great Britain through Russia to North Korea and from
Fennoscandia to the Alps, with scattered populations in Central
Europe (Cramp and Simmons, 1977; BirdLife International, 2022).
Black grouse were also introduced to Canada and the United States
of America, with the global population of adult individuals between
8-14 million (BirdLife International, 2022). However, the
abundance varies considerably across the extension range
worldwide. The black grouse is facing a population decline,
especially in the countries of Western, Central and Eastern
Europe, which have experienced a significant decrease in numbers
over recent decades (Tomialojc, 1990; Murin et al., 1994; Ludwig
et al., 2009b; Merta et al., 2009; Chobot and Némec, 2017). In some
countries, individuals are barely surviving (Hoglund et al., 2007;
Larsson et al., 2008; Watson and Moss, 2008; Segelbacher et al.,
2014; Rutkowski et al.,, 2018). In Fennoscandia, the center of the
European distribution range, the black grouse remains a hunted
species despite a moderate long-term population decline (Spidso
et al, 1997; Storch, 2000, 2007; Jahren et al.,, 2016; Zhang
et al., 2024).

The reasons for population declines vary throughout the
distribution range, often differing on the local scale, due to the
influence of many factors. The black grouse is a species with specific
environmental requirements and is highly sensitive to its changes
(Rolstad et al., 2009). Habitat loss, among other things, is
considered one of the most important reasons for population
decline, primarily in Central Europe (Doenecke and Niethammer,
1970; Loneux and Ruwet, 1997; Ludwig et al., 2009b; Gimmi et al.,
2011; Straufd et al., 2018). Changes in population density lead to an
alternative way of reproduction, where solitary lekking occurs, and
mating success decreases (Hoglund and Stohr, 1997; Geary et al,
2012; Nelli et al., 2016). Furthermore, there is a confirmed decrease
in nesting success and an increase in the mortality of both chicks
and adults (Spidse et al., 1997; Storch, 2000, 2007; Merta et al., 2009;
Pekkola et al., 2014; Viterbi et al., 2015; Jahren et al., 2016; Cukor
et al,, 2021). In general, habitat changes, predation, and changes in
climatic conditions appear to be the main negative factors affecting
black grouse. A considerable threat is also caused by tourism,
recreation pressure, and other human activities, including forest
management practices, which negatively affect both the
reproduction period and the survival of individuals during the
winter due to increased energy expenditures and much higher
visibility to predators during the disturbances (Storch, 2000;
Baltic et al., 2004; Arlettaz et al., 2007, 2013; Ludwig et al., 2008;
Zeiler and Griinschachner-Berger, 2009; Immitzer et al., 2014;
Formenti et al., 2015; Coppes et al., 2020; Tost et al., 2020). This
review summarizes existing studies on the status of black grouse
populations from Western and Central Europe to Fennoscandia. It
identifies the current primary causes of the population decline. The
partial aims of this study are (i) to summarize the available
published studies dealing with the decline of the black grouse
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population, (ii) to point out the main reasons for the decline
based on the literature, and (iii) to suggest options for the
fundamental principles of population support.

2 Methods

This article focuses on the literature review of previously
published sources on black grouse population dynamics and
reasons for population decline. Online web search engines,
including Web of Science, Scopus, Google Scholar, and
ResearchGate, were used to gather information on the subject
under study. Non-peer-reviewed sources (popular articles, media
reports, unverified sources, etc.) were excluded from the study. The
literature related to black grouse topic was searched based on a
combination of the following keywords: black grouse, population
dynamics, climate change, decline, land use change, mortality,
survival rate, chick mortality, nest success, and predation.
Document types were restricted to articles, books, conference
proceedings, internet sources, statistics and other sources
(including dissertations, technical reports, research reports, etc.),
and the time period included years 1955-2024.

Based on the main issues addressed in the literature, we further
divided the evaluated literature into three categories according to
whether the negative impact on the black grouse population
referenced in the articles can be reduced or eliminated by human
management intervention. The literature in the first category
indicates that an improvement can be observed in a relatively
short period of time, potentially within a few years after the
implementation of the measures (“short-term influence possible”).
We have included topics related to human disturbance, tourism and
habitat change in the first category because human disturbance and
tourism can be reduced to a minimum in a relatively short period of
time and habitat change is also feasible (of course, depending on the
scale). The second category includes publications which consider
reduction or elimination of the negative effects by management
intervention within a short time-scale of a few years impossible
(“short-term influence not possible”). In the second category, we
have included topics related to population dynamics, reproduction,
predation, parasites and climate change, because we believe they are
impossible to solve and eliminate in the short time frame of a few
years. The third category consists of publications, which do not
directly address the negative impacts to black grouse populations.
The third category includes behavioral topics, methodology, general
information websites, genetics and acoustics studies and habitat
catalogues (Figure 1). Our search returned 228 references included
in this review, of which 176 were scientific articles from the Web of
Science or Scopus databases, 22 were chapters from scientific books,
eight were conference proceedings, four were internet sources, 11
were other sources (dissertations, technical reports, research
reports, etc.) and seven sources were statistics on population
dynamics. All sources found are listed in the references. The
number of publications per year (Figure 2A) and the overview of
the different types of sources are shown in Figure 2B.

For European countries where black grouse is still a hunted
species, hunting bag counts have been collected. The hunting bags
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Division of article topics into three categories according to the possibility of human influence.

data are considered as the most reliable data source from hunting
statistics compared to the number of counted individuals (Kahlert
et al., 2015). Hunting trends for black grouse in Sweden, Finland,
Norway, Austria, and the Czechia alongside with particular linear
regression results are shown in Figure 3. Each subplot contains p-
value for hypothesis of slope equal to zero and R* value.
Computations were performed in R software (R Core Team,
2023), plot was created using its package ggplot2 (Wickham, 2016).

3 Occurrence and population trends

In Europe, the breeding population of the black grouse is
estimated to range between 792,000 and 1,030,000 calling/lekking
males. However, there is a long-term population decline (European
Environment Agency, 2016). European countries, where the black
grouse is still present, can be roughly divided into three separate
areas according to the population density. In the countries of
Western, Central and Eastern Europe, the black grouse
population is considered to be threatened. These countries
include Austria, Italy, Czechia, Germany, Estonia, France,
Belgium, Lithuania, Latvia, Poland, Belarus, Slovenia, Slovakia,

and Great Britain (Ruwet et al, 1997; Danko et al, 2002; Sim
et al,, 2008; European Environment Agency, 2016; Dos Santos et al.,
2021; Kerus et al., 2021; Statistik Austria-Federal Institution under
Public Law, 2023; The Forest Management Institute Brandys nad
Labem, 2022; Delcourt et al., 2023; Tomasek et al., 2023). Countries
with few individuals or even zero population are Denmark, the
Netherlands, and Romania (European Environment Agency, 2016;
Elts et al., 2013).

On the other hand, stable populations with only moderate
declines are reported from Finland, Sweden, and Norway (Statistics
Finland, 2023; Svenska Jagareférbundet, 2023; Statistisk Sentralbyra,
2023). Although black grouse are still hunted there and population
densities are sufficiently high, declines have been reported also in
these Fennoscandian countries, mainly due to nest predation and an
increase in mortality of chicks and subadults (Spidse et al., 1997;
Storch, 2000, 2007; Jahren et al., 2016).

There are also countries with only scattered information about
their black grouse population, e.g., the history of records from
Lithuania contains considerable data from 1948-2017, when the
initial population size was more than 10 thousand black grouse,
while the last record indicates only 1750 individuals (BirdLife
International, 2023); available records in Ukraine cover the period
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FIGURE 2

Temporal distribution of 228 literature sources from 1955 to 2024 on the black grouse population dynamics and reasons for population decline (A),
and the proportion of references by source [scientific articles, professional books, conference proceedings, and other sources; (B)].
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between 1999 and 2007 when around 13,000 individuals were
hunted (Ukrainian Nature Conservation Group, 2009). In
Hungary, black grouse were hunted until the 19th century but
also became extinct. The last record comes from 1966 (Pluhar et al.,
2010). The same fate also befell the black grouse in Bulgaria, where,
like in many other countries, it is registered on the Red List (Boev,
1997; Michev et al., 2011). Positive long-term growth of the black
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grouse population is taking place only in Latvia and Slovenia
(except Fennoscandia). In other countries, the grouse is either
stable or declining over the long term (European Environment
Agency, 2016). Whether lesser or greater attention is paid to the
black grouse in the countries mentioned above, the return,
stabilization, or even an increase in its population is not easy, as
it is a species that requires specific conditions to flourish.

Finland
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Declining trends in the number of black grouse hunted in Sweden, Finland, Norway, Austria, and Czechia (Statistik Austria-Federal Institution under
Public Law, 2023; Statistics Finland, 2023; Svenska Jagareférbundet, 2023; Statistisk Sentralbyra, 2023; The Forest Management Institute Brandys nad

Labem, 2022).
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4 Reproduction process

The stability of the black grouse population is directly
dependent upon the reproduction process, which is influenced by
the course of the mating performance itself (Jahren et al.,, 2016). At
the beginning of the breeding season (March), but sometimes also
in the autumn, promiscuous or polygamous males maintain typical
leks (Baines, 1996; Rintamaki et al., 1999). Leks are usually found in
open swamps, clearings, fields, or frozen lakes but never far from
the forest (Koivisto, 1965; Alatalo et al., 1991; Rolstad et al., 2009).
However, habitat selection is related to population density (Nelli
et al., 2016). On the leks, females select males based on
morphological, behavioral, or spatial characteristics (Alatalo et al.,
1992; Hoglund et al., 1997; Kokko et al., 1998; Rintamaki
et al., 2001).

Female grouse choose the largest leks, and on them, the most
dominant and vital males who fight the most (Alatalo et al,, 1991,
1992, 1996; Hovi et al,, 1994). As a result, only a few dominant
males from the entire lek have the opportunity to mate, while most
do not mate at all (Hoglund and Alatalo, 1955; Lebigre et al., 2007).
An interesting finding is that older females tend to mate with the
same male as in previous years, even though the male is no longer
the most vital (Rintamiki et al., 1995). Apparently, attractiveness
also seems to play a role, related to the plucking of feathers from
undertows during fights. Fewer plucked feathers indicate greater
dexterity in the male, increasing its chances of success (Alatalo et al.,
1991). On the other hand, ornaments of males, e.g., the length of
their lyre-shaped tail and color of plumage, probably have only a
complementary effect on the female’s choice (Hoglund et al., 1992,
1994; Rintamaiki et al., 1997, 2002; Siitari et al., 2007; Himildinen
et al., 2012; Kervinen et al., 2016).

An essential part of the mating performance is the male acoustic
manifestation. For male grouse, four types of vocalizations are
typical (Cramp, 1983). These are resonant “rookooing,” similar to
the cooing of a dove, a “hissing call,” further subdivided into four
types (a wailing hiss, a hiss accompanying flight, a relatively long
hissing call, and an arrhythmic hiss during fights), as well as tones of
aggression and warning calls. Females emit cooing calls, tones
during flight, and other sounds, which are divided into five types
according to the situation (they relate to social contacts between
individuals, with chicks, and, last but not least, warning calls).
Rookooing is probably the most important during the mating
performance, as females prefer leks with more than one male, and
weaker male individuals may sometimes benefit from the presence
of other rookooing males according to hotshot hypothesis (Hovi
et al., 1997).

The lekking behavior is typical for well-established populations
with high densities of birds. Males that move closer to the center of
the lek become more successful (Kervinen et al., 2012). The
selection of a place during the mating performance then depends
on two factors: the position of the male on the imaginary social
hierarchy and their patient waiting for a place to become available.
High-ranking males maintain their territories for several years, but
random shifts of weaker individuals are not excluded, as the
stronger ones do not need to change their position to be closer to
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the center of the lek (Kokko et al., 1998). On the contrary, less
preferred males take advantage of the eventual release of territorial
positions, caused by mortality between seasons, to move closer to
the center of the lek (Rintamiki et al., 1995). In Sweden, they noted
a 15% probability of movement of males between leks, more so in
younger individuals. It can be said, therefore, that grouse males
show habitat fidelity during the mating season, but also across
seasons. Thus, annual home ranges represent enlarged territories
used during the mating season (Borecha et al., 2017). Leks are
distributed irregularly at shorter distances of 1-2 km, according to
habitat characteristics and the black grouse population density
(Rolstad et al., 2009). The size of the lek can then affect its
lifespan and resistance (Geary et al., 2012).

In the past, the leks were visited by large groups of males, but
nowadays, the number is lower, and solitary males also appear
(Hoglund and Stohr, 1997). In recent years, there have been studies
describing non-lekking populations in which males attract females with
solitary displays (Hoglund and Stohr, 1997). Non-lekking populations
can be found, for example, in Sweden, Italy, Germany, and the Czechia
(Hoglund and Stohr, 1997; Zeitler, 2000; Angelstam, 2004; Svobodova
et al., 2011b; Chamberlain et al., 2012; Rutkowski et al., 2018).
Populations with solitary leks have lower genetic diversity than sites
where birds aggregate at leks and may experience a reduction in
effective population size and an overall decline in abundance
(Svobodova et al., 2011b). Thus, the fragmented black grouse
population in Central Europe seems to have lost genetic variation
compared to those incomparably larger populations in Fennoscandia
(Caizergues et al., 2003; Hoglund et al., 2007; Svobodova et al., 2011b).
Therefore, it seems that the low population density with non-lekking
behavior represents an alarming risk for the black grouse population,
not only from the point of lower and ineffective reproduction rate but
also the risk for population sustainability from the perspective of
genetic variability and black grouse conservation.

5 Factors affecting black
grouse populations

5.1 Habitat loss

One of the crucial factors affecting black grouse populations is
undisputably the loss of suitable habitat (Pearce-Higgins et al., 2007;
Geary et al., 2015; Strauf§ et al., 2018; Tomasek et al., 2023). The authors
agree that black grouse, like many other protected wildlife species, must
deal with anthropogenic changes in habitats (Storch, 2000; Tost et al.,
2020). For example, the abandonment of traditional extensive
management (e.g. mowing or cattle grazing) of mountain meadows
and pastures leads to the loss of suitable habitats through succession
(MacDonald et al, 2000; Leso et al, 2024). Habitat selection is a
fundamental aspect of animal ecology, the understanding of which is
essential for wildlife management and conservation (Northrup et al,
2013). Loss of suitable habitats can be a leading factor in time-delayed
extinctions, as the current occurrence of species may instead reflect
historical wetland cover and habitat configuration (Gimmi et al,, 2011;
Pearce-Higgins et al, 2016). In the past, grouse populations were
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dependent on extensive farming. As a result, most native
subpopulations became extinct due to habitat loss caused by the
large-scale conversion of heathland and peatland to forest, farmland,
and pasture (Ludwig et al., 2009b). These phenomena began to occur
most intensively around the 1950s and are considered the foremost
causes of the loss of numerous grouse habitats from the Central
European cultural landscape (Doenecke and Niethammer, 1970;
Loneux and Ruwet, 1997). Until then, extensive land use with
heathland and sheep farming provided optimal habitat conditions
(Storch, 2007). Studies in Finland have shown that black grouse
breeding success deteriorates as the proportion of agricultural land
increases (Kurki et al.,, 2000) and the conditions for predators improve
(Angelstam et al., 2000). Consequently, the renaturation of wet habitats
not only within existing grouse habitats but also within dispersal
distance is probably one of the most important measures to
strengthen and increase black grouse metapopulations (Roos et al,
2016; Tost et al,, 2022). Regarding forest habitat, when a new stand is
established, it is possible to create new grouse sites, but, as the stand
eventually closes, grouse leave it (Kurhinen et al., 2009). Therefore, it is
recommended to produce smaller and more permanent forests, to
focus on the protection of peatlands, and to carry out small-plot
harvesting (White et al., 2013).

5.2 Changes in vegetation composition
and structure

The demands on the structure and diversity of black grouse
habitats are the subject of a long-term and multifaceted study (e.g.,
Miiller, 1974, 1979; Scherzinger, 1976; Eiberle, 1976; Koch, 1978;
Glianzer, 1980; Porkert, 1982; Klaus, 1991; Andren, 1994; Baines,
1994; Glutz von Blotzheim et al., 1994; Calladine et al., 2002;
Angelstam, 2004; Baines et al., 2007; Ludwig et al., 2008, 2009a,
2009b; Wegge and Kastdalen, 2008; Signorell et al., 2010; Patthey
et al., 2012; Schweiger et al.,, 2012; Immitzer et al., 2014; White et al.,
2015; Nelli et al., 2016; Straufd et al., 2018; Tost et al., 2020, 2022).
These works show that a structural mosaic of both tree, shrub, and
herb layers, as well as the relief of the soil, is crucial for the black
grouse stability or even population increase. This structure allows
grouse to use different properties of stands and soil in terms of
microclimate, food opportunities, and shelter supply (Porkert, 1973;
Salek et al., 2004; Svobodova et al., 2004; Patthey et al., 2012). In the
herb layer, the ratio of different age structures of Vacciniaceae
(especially Vaccinium myrtillus, Vaccinium vitis-idaea, Vaccinium
uliginosum) or Ericales (Calluna vulgaris, Erica tetralix, E. carnea) is
of great importance (Porkert, 1982; Ludwig et al., 2010).
Furthermore, interspersed areas covered with bryophytes and ferns,
including some Cyperales and Juncales, or only with sedge, are crucial
in the biotope structure (Porkert, 1973, 1976, 1980). From the point
of forest stand management, small-scale management methods with
natural renewal are preferred, which create a mosaic structure of
stands (Poleno et al., 2009) and offer an optimal food and shelter in a
suitable microclimate (Porkert, 1982, 1991).
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The mosaic forest stands with a high proportion of open areas
without tree vegetation are critically important, especially in the
intensively managed forests of Central Europe (Klaus, 1991; Ludwig
et al., 2009b; Wegge and Rolstad, 2011). Open places in forest
ecosystems were related to peat bogs, moorlands, or other stands
with high groundwater levels. Unfortunately, most of them were
drained off in the 20th century (Paavilainen and Pdivinen, 1995;
Sjoberg and Ericson, 1997; Skaggs et al., 2016). Therefore, many
habitats were destroyed by spontaneous succession after drying up
and became unsuitable for black grouse, especially in the lekking
season (Ludwig et al., 2010). Contrarily, another large-scale habitat
change, which was positive from the black grouse point of view, was
caused by the immission calamity in Central Europe between 1970
and 1995. There was a temporary creation of favorable habitats for
the growth of grouse populations because of Norway spruce
diebacks in mountain areas and the opening of forest stands
(Porkert, 1982; Flousek, 1989; Vacek et al., 2007). As a result of
the involvement of these stands in their artificial restoration, this
effect waned at the beginning of the 21st century (Svobodova et al.,
2011a). Moreover, open habitats with solitary trees or stands with a
loose canopy (pine, spruce, larch, birch, and rowan) are suitable for
grouse to use as lookouts during mating season, as a source of food
in winter and spring (Porkert, 1982; Patthey et al., 2012; Strauf8
etal, 2018; Tost et al., 2022). Loose conifer forests also support the
occurrence of anthills as a staple food for grouse chicks (Signorell
et al., 2010; Schweiger et al., 2012).

Maintaining or restoring high-quality habitats in semi-natural
and anthropogenic landscapes is a fundamental issue in
conservation biology, as habitat quality is one of the main
determinants of reproductive performance and survival (Pirt,
2001; Vickery et al,, 2001; Hirzel and Le Lay, 2008; Patthey et al.,
2012; Schweiger et al., 2012; Northrup et al., 2013; Immitzer et al.,
2014; White et al., 2015; Tost et al., 2022; TUCN, 2023). Suitable
habitats within Europe are relatively diverse for the given dwelling
and vegetation conditions (Patthey et al., 2012). This is mainly a
mosaic of shrubby stands, peat bogs, wetlands, meadows, extensive
pastures, and loose forest stands, which closely follow each other in
such a way as to ensure the availability of all essential environmental
parameters for the grouse (Ludwig et al., 2009a; Rolstad et al., 2009;
White et al., 2015; Tost et al., 2022). Considering the landscape
characteristics, type of forest management, and acreage of protected
areas, it is evident that Scandinavia offers an incomparably larger
array of suitable habitats than Central Europe (Cukor et al,, 2022).
From a phytocoenological point of view, in Europe, these are mainly
fens and transition bogs, highlands, alpine and subalpine scrub
vegetation, peat cranberry forests, dry heaths of lowlands and
uplands, dry heather forests of continental bogs and peat, and
waterlogged spruces (Chytry et al, 2010). Therefore, the basic
prerequisite for the conservation of the black grouse as an
endangered species is the effectual care of its listed habitats per
the European Union Directive No. 92/43/EEC on the conservation
of natural habitats, wild fauna and flora, and Directive No. 2009/
147/EC on the conservation of wild birds.
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5.3 Climate change

In recent decades, we have observed phenomena associated
with climate change that have had adverse effects on black grouse
populations. The evidence of climate change is clear and
unmistakable worldwide. In the Czechia, for example, the mean
annual air temperature has increased by 2°C between 1961 and 2021
as a result of climate change Cesky hydrometeorologicky tstav
(2022) and the temperatures in Southern and Central Europe are
predicted to increase by a further 2°C by 2047 (Gefiler et al., 2007).
The changing quality, duration, and height of snow cover,
temperature fluctuations, and uneven distribution of precipitation
are particularly important factors for the black grouse (Prellwitz,
20025 Ludwig et al., 2006; Canonne et al., 2021). All the factors
mentioned show fluctuations in environmental conditions, which
have detrimental effects on the laying date, breeding success, chick
survival, and the size of black grouse populations (Ludwig et al.,
2006; Bocca et al., 2014; Barredo et al., 2020; Canonne et al., 2021).

Black grouses are well adapted to long and harsh winters by
their feeding habits and their ability to dig snow burrows
(Marjakangas, 1992). The primary causes of black grouse decline
in the Alps are thought to be a long-term reduction in snow cover,
changes in snow quality and increasing average winter temperatures
(Canonne et al,, 2021). Frequent temperature changes and recurring
rainfall in winter combined with the snow melting and freezing
again, create layers of frozen snow, or sometimes, ice, which the
grouse cannot burrow through (Bocca et al., 2014). In this case, the
grouse is forced to overwinter outside the snow burrows, where it is
more likely to be seen by predators (Flousek, 2019). The length of
the winter also affects the number of natural predators of grouse in
the mountains, particularly martens and foxes (Barton and
Zalewski, 2007). It is highly advisable to monitor the long-term
trends in snow conditions at sites where black grouse are present
and to carefully monitor the effects of these changes on
their populations.

An earlier onset of spring can lead to earlier mating, earlier
laying of eggs, and a temporary mismatch with the optimum time
for the offspring to hatch (Ludwig et al., 2006; Wegge and Rolstad,
2017). The first clutches are often destroyed by adverse weather,
such as the return of winter and frequent weather changes (Ludwig
et al,, 2006, 2010). For example, in a Scottish study (Moss et al.,
2001), the decline in capercaillie breeding success between 1975 and
1999 was associated with the mid-April cooling period. Conversely,
some studies do not support the general idea that a warmer climate
will negatively affect the reproduction of birds and animals in
northern latitudes (Virkkala et al., 2008; Wegge and Rolstad,
2017). Instead, Wegge and Rolstad (2017) found that the
reproductive output of capercaillie and black grouse increased
with warmer and earlier springs. However, the authors admit that
a warmer climate may have negative effects, for example, on the
survival of adult birds, which can moderate the positive effects on
the reproductive process.

In recent years, climate change could have caused a mismatch
between the timing of breeding and the amount of food available to
chicks after they hatch (Visser et al., 2004). A warmer spring can
lead to earlier nesting, but this timing may no longer coincide with
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the optimal amount of insects available, which could lead to poorer
chick survival (Ludwig et al., 2006; Wegge et al., 2010). Another
scenario can also take place. High spring temperatures can
accelerate the development of invertebrate larvae, which presents
a threat to chicks by transforming their primary food source into an
imago (adult) before the chicks have had time to hatch. This leaves
them with insufficient basic food.

Another challenge for black grouse can be recurring high
summer temperatures. Prellwitz (2002) found that greater sage-
grouse (Centrocercus urophasianus) are less vigilant at high
temperatures (above 30°C) because they spend more time
and energy cooling down, which reduces their vigilance
against predators. There is also a risk of dehydration at high
temperatures, especially in chicks (Prellwitz, 2002). Similar
problems may be expected with black grouse. Black grouse
populations can respond to changes in climate both locally
and regionally, with these changes being more pronounced in
coastal areas than inland areas (Kvasnes et al., 2010; Viterbi
et al., 2015).

5.4 Adult mortality

In general, adult mortality has been adequately studied in the
past decades (e.g., Warren and Baines, 2002; Svobodova et al.,
2011a; Pekkola et al., 2014), and it is evident that adult mortality
plays a critical role in the black grouse population dynamics and the
current population decline. The black grouse survival probability
was predominately studied by radiotelemetry of tagged individuals
(Spidse et al., 1997; Warren and Baines, 2002; Bowker et al., 2007;
Svobodova et al,, 2011a; Pekkola et al., 2014), which also offers
acceptable solutions for evaluation of mortality causes.

Previously published studies have shown that the annual
survival rate varies from year to year, ranging from 0.53 to 0.72
(Warren and Baines, 2002; Pekkola et al., 2014), but some studies
have reported higher mortality rates, e.g., in Norway, 72% of radio-
tagged birds died during a 12-month monitoring period (Spidse
et al., 1997). Differences in mortality rates are caused by several
factors, including the age of birds, climatic conditions, the density of
the black grouse population, and the abundance of predators with
fluctuations between years. For example, Warren and Baines (2002)
estimated an annual survival rate for adult individuals of 0.72 (for
both sexes), but the survival rate of yearlings was significantly lower
(0.46) in the same conditions. The lower survival of young birds was
also confirmed by Pekkola et al. (2014) for the black grouse females
in Finland. Moreover, the survival probability between adults and
yearlings differs throughout the year. In winter (September-
February), the survival rate can be 0.54 for yearlings and 0.73 for
older individuals. In contrast, during the summer period (March-
August), it can be 0.95 for yearlings and 0.84 for older birds
(Warren and Baines, 2002). From the wider perspective, the
mortality of adult females is most challenging for the black
grouse population because this represents a high risk for the
reproduction process. Black grouse females mature at one year of
age and can have a potential lifespan of five to six years in the wild.
Unfortunately, female predation most often occurs during the
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spring mating and subsequent egg laying and incubation
(Willebrand, 1988; Pekkola et al, 2014), and again, there is a
clear difference between the survival of young and older females
(Pekkola et al., 2014).

Regarding the causes of black grouse mortality, predation is a
principal proximate mortality reason for adult black grouse
individuals (Tornberg et al., 2006; Pekkola et al., 2014; Sein and
Vili, 2024). According to previously published research, it is evident
that the proportion of avian and mammalian predators varies along
the black grouse distribution range according to predator species
composition and natural conditions. In a large study from Finland,
where 253 females were radio-tagged, predation was confirmed as
the primary cause of all-natural mortality. From the total
proportion, the avian predators were responsible for 51.8% of
caused mortality, and 26.7% was classified to mammals (Pelkola
et al,, 2014). This confirms the general assumption that raptors are
the main predators of adult grouse (Spidso et al., 1997; Warren and
Baines, 2002; Tornberg et al., 2012; Pekkola et al., 2014). However,
the exact determination of predator species involved can be
problematic in relation to the decomposition of the found carcass
of the monitored individual (Caro and Girling, 2006).

Nevertheless, more specific species composition of black grouse
predators has been published in several studies. In the study from
North Wales, raptors again played a crucial role in black grouse
predation when the goshawk (Accipiter gentilis) and peregrine
falcon (Falco peregrinus) were responsible for 64% of the
predation caused, followed by the red fox (Vulpes vulpes), which
was found to be a predator in the remaining 36% (Bowker et al,
2007). The goshawk was also identified as a primary predator in
Norway, where almost half (46%) of the radio-tagged birds were
killed by this predator, followed by pine marten (Martes martes;
23%), and the rest (31%) were killed by unknown predators (Spidso
et al,, 1997). Those findings are supported by the fact that forest
grouse generally represents the favorite prey species of the northern
goshawk (Valkama et al., 2005; Tornberg et al., 2006, 2012). For
example, in certain winters, female grouse are the optimal prey for
male goshawks (Tornberg, 2000; Tornberg and Colpaert, 2001). The
description of the main predators of black grouse is well-known in
the Scandinavian countries where it is possible to tag a sufficient
number of black grouse individuals, as was done in the studies
mentioned above (Spidse et al., 1997; Tornberg, 2000; Bowker et al.,
2007; Pekkola et al., 2014).

On the other hand, the data from radiotelemetry monitoring of
black grouse in Central Europe indicate that mammalian predators
are the primary cause of adult mortality (Svobodova et al., 2011a).
Data on causes of mortality are available, e.g., from the Czechia
(Svobodova et al., 2011a). The results confirmed an extremely low
survival rate of tagged male grouse. Only 21% of the male grouse
survived one year. Eight of the 12 tagged males were killed by
predators within one year (67%). Seven of these were killed by a
mammalian predator (88%) that could not be accurately identified.
These results suggest that the goshawk is not a significant threat to
adult grouse in the Ore Mountains (Krusne hory) study area in the
Czechia. On the contrary, the main predators were martens and
foxes, which can be controlled by hunting (Svobodova et al., 2011a).
Survival rates of 93 radio-tagged black grouse in two populations in
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the southern French Alps were higher for females than males and
tended to be higher for adults than juveniles. Most adult deaths
occurred in spring (females and males) or early summer (males).
The causes of mortality were as follows: raptors 51%, mammals
27%, unidentified predators 11%, and hunting 11% (Caizergues and
Ellison, 1997).

Black grouse populations have declined throughout most of
Europe (Caizergues and Ellison, 1997; TenDen and Niewold, 2001;
Jahren et al., 2016), making it difficult to capture and tag birds on
their breeding grounds. For example, in the Czechia, between 2000-
2003 when grouse telemetry was executed, the population in the
study area was relatively stable, with an abundance of 1.2-3 grouse/
100 ha (Svobodova et al., 2011a). However, due to a decline in the
local populations, it will no longer be possible to conduct further
adult telemetry studies in Central Europe. The populations are
already so weak that any threats, including adult trapping, can
significantly impact the local subpopulation, and therefore, cannot
be risked.

5.5 Breeding success and chick mortality

Large-scale population declines have been the result of low
levels of reproductive success (Ludwig et al., 2006; Jahren et al,
2016; Zbinden et al., 2022). A comprehensive study by Jahren et al.
(2016) showed a dramatic decline in grouse breeding success
between 1934 and 2014 in Fennoscandia and Central Europe.
Jahren et al. (2016) found that breeding success in Fennoscandia
declined from 0.9 to 0.55 for black grouse and from 0.89 to 0.35 for
capercaillie between 1934 and the present. In Central Europe, the
number of broods per female decreased for both species.
Conversely, in the British Isles, there were no significant changes
in black grouse brood frequencies between 1934 and 2002. These
results suggest that black grouse populations in Britain have been
more productive than elsewhere for some time (Jahren et al., 2016).
The breeding success of black grouse populations studied in
Switzerland was monitored from 1981 to 2020 (Zbinden et al,
2022). The results showed that the long-term average reproductive
rate was 2.0 chicks/hen in northern Ticino and did not show any
decline. However, reproductive rates in central/southern Ticino
declined in the early years of the study period and then stabilized at
the level of northern Ticino. Reproductive rates were highly variable
from year to year and were influenced by a combination of weather
and habitat parameters (Zbinden et al., 2022).

Successful reproduction is significantly affected by predation of
nests, which occurs in the first days after their establishment (Merta
et al., 2009). Martens, foxes and corvids, but also wild boars (Sus
scrofa), are the most common predators of nests (Svobodova et al.,
2004; Cukor et al,, 2021). Studies focused on grouse predation show
its high variability related to factors such as the number of
predators, the nature of habitats, the population density or
hunting management (Svobodova et al., 2004, 2011a; Merta et al.,
2009; Cukor et al., 2021). However, grouse eggs are not a principal
food source for predators but are only an alternative seasonal prey
item. The main prey of mammalian grouse predators in the boreal
zone are rodents, whose abundance fluctuates strongly between
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years (Hansson and Henttonen, 1989; Wegge and Storaas, 1990).
Thus, breeding success may vary depending on the abundance of
small mammals in a given area. If there are insufficient small
mammals, grouse nests and chicks become alternative prey for
mammalian predators (éélek et al., 2004). The reproductive success
of grouse is positively correlated with the abundance of the main
prey (rodents) and is well documented by data from Scandinavia
(Hansson and Henttonen, 1989; Kurki et al., 1997; Tornberg et al.,
2012), whereas clear evidence from Central Europe is lacking
(Jezkova et al., 2014; Matysek et al., 2020).

Many studies agree that post-hatch mortality of grouse is high,
especially during the first year of life, and that predation is the
primary cause of this mortality (Hannon and Martin, 2006; Park
et al., 2008). Predation explained 68% of total chick mortality
during the first month after hatching, with up to 90% of
predation by avian predators in Wales (Johnstone and Lindley,
2003). Also, in Finland, avian predators pose a threat to grouse
chicks, especially in years when rodents are scarce (Reif et al., 2001,
2004). During the breeding season, hawks predated about 6% of
grouse chicks there, while buzzards predated about 4% (Tornberg
et al,, 2012). Approximately 36% of females lost their chicks within
the first ten days after hatching, based on telemetric monitoring of
chicks from 81 successfully hatched nests in Finland (Ludwig et al.,
2010). However, the probability of chick survival, in this case, did
not depend on the local abundance of martens and foxes during the
previous winter, so the authors conclude that the chief cause of
chick mortality here was not predation risk. In this study, the
authors identify that the most salient predictor of chick survival is
the bilberry cover, which provides food for the chicks as well as safe
shelter from predators (Ludwig et al., 2010), and that food
availability for chicks is particularly important during the post-
hatching period (Wegge et al., 2022). Other limiting factors for
black grouse chicks are unfavorable weather conditions, especially
sudden temperature changes, low temperatures or snowfall during
the critical post-hatching period, which have a major impact on
their survival rate and therefore impact to whole reproduction
process (Rotelli et al., 2021).

5.6 Parasites and diseases

Parasites are another reason for the decline in the number of
black grouse. Although they do not cause pronounced and sudden
population declines, they have shown to affect population dynamics
and the survivability of grouse (Isomursu et al., 2017). A higher
parasitic incidence is observed in artificially reared individuals
(Sokol and Pluta, 2022) compared to individuals in the wild
(Straufd et al., 2022), while the decreasing population density and
distribution of the grouse is characterized by a decrease in parasitic
diseases (Coates et al., 2017). For an individual, parasites can
increase the stress hormone level, as it affects the organism’s
resistance (Berto and Lopes, 2020). The most common group of
grouse parasites are coccidia, specifically protozoa from the genus
Eimera (Jankovska et al., 2012; Sokol and Galecki, 2018; Sokol and
Koziatek-Sadlowska, 2020; Tizzani et al., 2021; Sokol and Pluta,
2022; Strauf’ et al., 2022) and the coccidia Cryptosporidium baileyi,
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first recorded in England in 2010 (Coldwell et al.,, 2012). There are
also nematodes in grouse, e.g., the species Capillaria caudinflata
(Formenti et al., 2013; Fanelli et al., 2020; Tizzani et al., 2021; Sokol
and Pluta, 2022), Trichostrongylus tenuis, Heterakis spp., and
Syngamus trachea (Jankovska et al., 2012; Straufl et al., 2022) and,
last but not least, flatworms and borers (Jankovska et al., 2012;
Tizzani et al., 2021).

5.7 Recreation pressure and
human disturbances

Disturbance caused by human outdoor recreation and tourism
activities is increasingly viewed as threatening to wildlife (Storch,
2013). An inescapable factor negatively affecting the distribution
and abundance of black grouse individuals is human activity,
associated, for example, with the construction of wind farms in
areas that may largely overlap with locations suitable for black
grouse (Zeiler and Griinschachner-Berger, 2009; Coppes et al.,
2020). These construction projects mainly cause a change in the
distribution and use of grouse leks in the given location. For
example, the construction of a wind power plant itself did not
affect the behavior of male black grouse in the lek sites in the
Austrian Alps, however, the number of lekking males in the
monitored lek site decreased from 12 recorded individuals before
the construction to zero two years after construction (Zeiler and
Griinschachner-Berger, 2009). A similar reduction of lekking males
was recorded in Scotland, when before and during the construction
of the wind farm, they recorded nine and eight males, respectively,
yet throughout the two years after the construction, during the
monitoring of the same lek site, only four females were found, but
no lekking males (Percival et al., 2018). On the other hand, Zwart
et al. (2015) did not record a significant decline in males after the
construction of a wind farm at seven lek sites in Scotland. The lek
sites were originally located within 500 m (n = 4, median distance =
250 m) of the wind farm but moved up to 803 m (median distance)
further from the wind turbines. In addition, this structure located
near the lek and breeding area can also directly cause the mortality
of black grouse individuals (Woss and Zeiler, 2003; Zeiler and
Griinschachner-Berger, 2009; Coppes et al., 2020). For example, in
Austria, within two years, mortality was recorded in five individuals,
which was most likely caused by a collision with the tower of the
wind power plant itself, not with the wind turbines, as this species
usually flies only up to approx. 27 m above the ground (Zeiler and
Griinschachner-Berger, 2009). However, it is still not clear whether
there is a higher number of collisions and thus increased mortality,
which could negatively affect the abundance of the local population
of this species (Coppes et al., 2020).

Human activities are also causing other significant land-use
changes. On the one hand, traditional grazing on forest pastures is
being abandoned, leading to the overgrowth of these habitats with
scrub and forest. On the other hand, outdoor winter recreation (as
well as summer recreation) is critically expanding. Ski infrastructure
is damaging fragile mountain habitats and snow sports causing
disturbance and stress to wildlife (Patthey et al., 2012; Storch, 2013)
which is, in case of black grouse, essential to minimize energy
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expenditures of overwintering birds. Negative impacts of human
disturbance have been documented on the reproduction success
(Ingold, 20055 Storch, 2013; Rutkowski et al., 2018) but also on the
distribution and survival of adult individuals of the black grouse.
These effects are resulting to the stress and energy expenditure
associated with tourism in the form of outdoor activities, skiing,
mountain biking, walking in nature, photography or gathering
forest fruits (Storch, 2000; Baltic et al., 2004; Arlettaz et al., 2007,
2013; Immitzer et al., 2014; Formenti et al., 2015; Jdger et al., 2020;
Tost et al,, 2020). In addition, every disturbance means the necessity
of unexpected movement of threaten individuals and therefore also
increased risk of crash to the iron fence used in forestry or other
obstacles in the terrain (Baines and Andrew, 2003). Long-term
tourism in a given location can also cause a change in the behavior
of males, who may, for this reason, switch to a solitary lekking
pattern (Zeitler, 2000). For example, Arlettaz et al. (2007) found
sustained increases in the stress hormone corticosterone over three
days of up to 60% in three captive individuals exposed to a single
daily disturbance during the experiment. Similar results were
obtained by Formenti et al. (2015), who found a higher level of
stress hormones in winter in locations that were more frequently
used by people for winter sports. Due to this, the black grouse can
exert more energy for thermoregulation after leaving their snow
burrows (igloos), but also for escape in wintering individual or
when searching for and creating new snow burrows. This activity, in
turn, increases the probability of detection by a predator (Arlettaz
et al,, 2007; Formenti et al., 2015). Additionally, Baltic et al. (2004)
found that disturbed birds increased their foraging duration by up
to 23% during the morning, while predation risk for these disturbed
individuals increased by up to 12%. Immitzer et al. (2014), in turn,
found that the presence of used hiking trails during the summer
reduced the probability of black grouse occurrence in potentially
suitable habitats within 50 m by up to 93%. Similar results were also
found in the study by Tost et al. (2020), who also noted the effect of
tourist routes on the distribution of black grouse. Marked
individuals avoided heavily used trails, and the use of these
habitats varied throughout the day, with the presence of marked
individuals near the trail mostly recorded at night and dawn, but
grouse avoided these habitats during the peak human activity phase
around midday and afternoon (Tost et al., 2020). As can be seen
from these studies, human activity can impose a significant effect on
the physiology, behavior, and demography of the black grouse,
causing, together with other factors, the reduction of the population
of this species throughout Europe.

6 Key actions to support black
grouse populations

6.1 Forest management
In times of ongoing climate change, carbon sequestration by

forests is a crucial factor for mitigation (Bellassen and Luyssaert,
2014; Cukor et al,, 2017; Vacek et al., 2023a). On the other hand,
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extensive afforestation (especially moorlands) harms black grouse
populations (Baines, 1996; Pearce-Higgins et al., 2007; White et al.,
2015). As grouse have adapted to dynamic environments with
changing mosaics of different successional stages, they are
sensitive to anthropogenically homogenized and human-disturbed
habitats (Angelstam, 2004; Ludwig et al., 2008; Immitzer et al., 2014;
Tost et al., 2020).

In terms of forest management and silvicultural practices, small-
scale management practices using shelterwood methods and
selection principles, preferably with natural regeneration, create a
mosaic structure of stands which is favored by grouse (Poleno et al.,
2009; Vacek et al., 2023b). The recommended measures include a
reduction in planting density (Baines et al., 2000; Scridel et al.,
2017), tree planting in smaller patches over a longer time period,
creation of small-scale heterogenous forest mosaics with the loose
stand canopy and locally open landscapes (Grant et al., 2009; Tost
etal., 2022; Mazziotta et al., 2024). It is also important to restore and
promote wet habitats, peat bogs, and waterlogged forest stands with
the specific tree species composition, including alders (Alnus
glutinosa, A. viridis) and willows (Salix caprea, S. cinerea, S.
aurita) (Ramanzin et al., 2000; White et al., 2015). Furthermore,
the reduction of tree natural regeneration and of young trees,
(pioneer vegetation), preservation of solitary trees, such as birches
(Betula pendula, B. pubescens), rowan (Sorbus aucuparia), pines
(Pinus sylvestris, P. cembra, P. uncinata), larch (Larix decidua), and
juniper (Juniperus communis) as food sources and shelter (Sim
etal,, 2008; Patthey et al., 2012; Bocca et al., 2014), thinning of forest
stand edges and creation of transition gradients over several
hundred meters (Sim et al., 2008), mixing pastures with habitat
elements, such as loose shrub formations for cover (Zeitler, 2003;
Signorell et al., 2010; Tost et al., 2022). Finally, reducing fencing in
the forest to protect regeneration from game damage to prevent
collisions leading to grouse mortality (Catt et al., 1994; Baines and
Andrew, 2003; Stevens et al, 2012) and improving habitat
connectivity (Andren, 1994).

The ensuing steps in local grouse research are focusing on
vegetation microhabitats by examining in detail the species
composition and evaluating management practices, e.g., heathland
burning and sheep grazing, which significantly affect forest
regeneration and its tree and shrub species composition (Wegge
and Kastdalen, 2008; Patthey et al., 2012). In addition, the overlap
between the grouse habitats and the habitats of the most common
predators is currently being investigated, thereby identifying
conflict zones (Signorell et al., 2010). Some isolated and very
small-scale forest planting on open ground may have a significant
effect for predator attractiveness. Paradoxically, the decline of
spruce stands over the last 20 years, particularly as a result of
storm damage and bark beetle outbreaks, may have helped black
grouse by accelerating the creation of clearings and the
transformation of conifer monocultures into mosaic stands that
suit them (Thorn et al., 2016). The current development of
unmanned aerial vehicles (UAVs), or simply ‘drones’, offers an
innovative way of efficiently mapping changes in black grouse
habitat, as drones can be used to monitor larger areas, including
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those that are difficult to access by humans, which can help us better
plan management measures (Han et al., 2017).

6.2 Game management

Game management includes several activities that can
significantly help the black grouse population conservation.
Primarily, the hunting of their main mammalian predators such
as red fox, beech marten (Martes foina) and pine marten, European
badger (Meles meles), but also occasional nest predators, such as
wild boar should be intensified in designated black grouse areas.
Invasive predator species, such as the raccoon dog (Nyctereutes
procyonoides) and raccoon (Procyon lotor), are also a significant
threat, and their numbers in grouse habitats are increasing every
year (Cove and O’Connell, 2022; Holopainen et al., 2024). Reducing
the abundance of these predators has a positive direct effect on black
grouse breeding success and adult survival (Grant et al., 2009).
However, it is imperative to focus on all mammalian predators on
the site, not only foxes, for example because compensatory
recruitment of unhunted predators would occur almost
immediately, as shown in the study by Smedshaug et al. (1999).
Hunting large ungulates also means leaving unnecessary entrails in
forest ecosystems, inadvertently encouraging scavengers and
predators to consume the remains and return to the area. In
addition, high concentrations of wild boar and deer (family
Cervidae) disturb black grouse and by grazing on bilberry
vegetation, they also negatively affect the availability of food
resources and safe cover for chicks. Thus, reducing high numbers
of wildlife not only contributes to improved black grouse survival
but also leads to a fundamental change in habitat suitability (Cole
et al., 2012).

Another very effective measure, often not applied in practice, is
a strict ban on feeding game animals in black grouse areas.
Overfeeding has a direct impact on the abundance of target
species, which are attracted to certain areas due to that. In upland
areas, wild boars are often overfed, which leads to a higher
predation rate of grouse nests in the feeding sites. This fact has
been demonstrated by experiments with artificial nests (Selva et al.,
2014; Oja et al., 2015; Cukor et al., 2021).

However, the primary risk of overfeeding is the potential
indirect impact on the populations of the grouse’s main predator
species. The food offered (even of plant origin) is also consumed by
rodents, which increases the likelihood of the main predators being
present in the area. This relationship was demonstrated in a study
carried out in Poland (Selva et al., 2014). The probability of
predation on artificial nests placed near feeding sites was 30%
higher than on randomly placed artificial nests in the forest. In
addition, artificial nests near feeding sites were found quickly by
predators. When comparing photo-trap records, it was also found
that feeding sites attracted more potential predators of grouse nests
(82% of records) than the target species (8%, the rest of the records
being other species). In this study, the authors confirmed evidence
of increased predation pressure on artificially laid nests within 1 km
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offeeding sites (Selva et al., 2014). The study by Oja et al. (2015) also
confirmed that the predation risk decreases with increasing distance
from the feeding site. In addition, the predation risk level is affected
after the end of the feeding period. In the case of the cessation of
feeding at the feeding site, the risk of predation was higher for
another four years. Therefore, it can be concluded that recently
abandoned feeding sites still pose an increased risk of predation on
black grouse nests and possibly chicks (Oja et al., 2015). The feeding
of game animals to reduce their numbers must, therefore, be carried
out in pre-selected places and to a limited extent. Otherwise, wild
boar, as well as deer and other animals, may be concentrated in
locations where they would not naturally appear (Jezek et al., 2013).
Therefore, the feeding of game animals should not be allowed in
core black grouse areas, especially during the breeding and
winter seasons.

6.3 Monitoring populations

Monitoring the distribution, abundance, density, and presence or
absence of the watched species are critical indicators describing how
populations respond to environmental changes (Williams et al., 2002;
Egwumah et al, 2017). Systematic and long-term monitoring of
changes and trends in populations can effectively help protect
declining or endangered species, document the effectiveness of
conservation measures, and also reveal negative impacts on
populations of monitored species associated with anthropogenic
activity (Goldsmith, 2012). That is why monitoring the abundance
and distribution of the black grouse has been—and still is—a vital tool
that contributes to the conservation of this species throughout Europe.

However, monitoring methods are diverse (Haider et al.,, 2024).
The most commonly used method is based on the visual and
acoustic recording of male grouse by a given observer in the field
(Hancock et al., 1999; Dumont et al., 2019; Policht et al., 2019).
Monitoring of lekking males is carried out two hours before and no
later than two hours after sunrise (Cayford and Walker, 1991;
Canonne et al., 2021) and in suitable weather conditions, to avoid
distortion or underestimation of the abundance of the monitored
population (Hancock et al., 1999; Canonne et al., 2021). Another
method, used mainly in northern regions, is counting grouse on pre-
marked linear transects with the help of trained dogs that
systematically search the surroundings on both sides of the
transect and with the help of a mobile application that
automatically recalculates the detected abundance for the entire
area of interest (e.g., Wegge and Rolstad, 2011; Cukor et al., 2020).
Among the non-invasive methods of monitoring black grouse is the
observing of local lek sites using camera traps. Compared to
traditional monitoring methods, large amounts of data can easily
be collected over a relatively long period. For example, Gregersen
and Gregersen (2014) found that black grouse males visit lek sites
most of the year, primarily searching for food, lekking, or simply
socializing. With the help of camera traps, it is relatively easy to
monitor populations of this species without increased disturbance by
nearby observers of lek habitats (Gregersen and Gregersen, 2014).
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Another non-invasive monitoring tool can be passive acoustic
monitoring using a recording device. This method can
significantly reduce the risk of overestimating the population and
lead to a more accurate determination of the abundance of the
monitored populations of black grouse (Hambalkova et al., 2021). A
more suitable signal for this method is a hissing call, which, unlike
rookooing, does not overlap each other and is easier to filter out in
acoustic software, as it is located at higher sound frequencies
(Hambalkova et al., 2021). Acoustic performance also has the
potential for distinguishing individual subpopulations of the black
grouse across its range (Hambalkova et al., 2023). One of the reasons
why the differentiation of acoustic performance can occur is the
isolation of subpopulations. Monitoring and evaluating acoustic
variability have the potential to non-invasively assess changes in
population across its distributional range.

7 Conclusions

According to our review analysis, it is clear that the status of
black grouse in Europe can be characterized by population declines
across almost the entire range. However, the main causes vary
according to the specific conditions in each country. Central Europe
is typically affected most by habitat loss, where black grouse still
occur mainly in mountainous habitats and moorlands. In addition,
published studies have highlighted increasing predation rates and
the impact of human activities, including tourism. Hunting
management is another aspect that needs revision in Central
European countries where supplementary feeding of wild boar
and other ungulates is a common and typical practice, e.g., in the
Czechia, attracting not only the target species but also predators
such as red fox or marten. In the case of the Scandinavian countries,
where black grouse is a commonly hunted species, the gradual
population decline can be attributed to decreasing breeding success
and increasing chick mortality, with less impact from habitat
changes and tourism.

Generally speaking, it is clear that the causes of black grouse
decline vary across Europe, with different environmental
conditions and human impacts on nature. The positive finding
is that many of the identified factors responsible for population
decline could be influenced by conservation measures. However, it
is important to stress that environmental protection should work
hand in hand with wildlife managers to improve these conditions.
It is essential that conservation efforts and research continue,
particularly in areas where black grouse are rapidly declining and
at risk of extinction.
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