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Shall We Go for Krkonose/Giant Mts. Black
Grouses with a Computer?

Jiti Flousek, Dusan Romportl & Vladimir Zyka

Yes, this is possible. Although computer modelling will not save
the Black grouse, its outputs can significantly help in plan-
ning various practical measures in the field, regulating tourists
at high-risk sites, and educating visitors. Habitat modelling,
which uses the possibilities of geo-information technologies,
remote sensing data, and advanced spatial analysis methods
(e.g. HirzeL & LE Lay 2008, ELitH & LEatHwick 2009), is applied
significantly in the study of ecological requirements of (not
only) animal species. These methods, technologies, and data
allow extensive analyses of the relationships between the

occurrence of species of interest and relevant environmental
factors (e.g. FrankuN 2010, Guisan et al. 2017). A common ap-
proach is to model the current or potential occurrence of species
(e.9. THUILLER et al. 2004, HirzeL et al. 2006, BasiLLE et al. 2008);
the aim is to determine the landscape potential for their perma-
nent or temporary occurrence and to evaluate the significance
of individual environmental factors for their spatial expansion.
Thus, habitat modelling is currently one of the most widely
used approaches in conservation biology (e.g. Huck et al. 2010,
BasiLLE et al. 2013, Guisan et al. 2013).

Black grouse (Tetrao tetrix). © Zdenék Patzelt
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Figure 2 Degree of fragmentation of the Krkono$e/Giant Mts. National Park and its buffer zone (the redder the colour,
the higher the fragmentation of the area). Source: ZYKA & ROMPORTL 2018
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Figure 3 Continuous habitat model of the Black grouse in the Krkono$e/Giant Mts. National Park (the greener the
colour, the more suitable the habitat). Source: ROMPORTL & ZYKA 2018

Some necessary
information to begin

The Krkono$e/Giant Mts. National Park (KRNAP,
East Bohemia) is a vulnerable protected area

with an extreme number of visitors (3.8 million
people, or 11.9 million visiting days, in 2018) and
a significant concentration of anthropogenic
activities of all types, which penetrate even
into areas with a predominance of natural and
semi-natural habitats. The current development
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of local landscape use and, in particular, the
intensity of recreational pressure on the area
cause a high degree of fragmentation by an-
thropogenic elements (Fig. 2); these create
significant barriers in terms of permeability and
usability of the landscape for wildlife.

The Black grouse (Tetrao tetrix) is a species
directly threatened by intensive human use of
the landscape and its fragmentation. Suitable
habitats for black grouses have still been there;
however, their occupancy is significantly limited
by disruptive effects of forestry or agriculture,
building development, tourist infrastructure, and
a dense road network.

The second largest population of the Black
grouse in the Czech Republic survives in the
Krkonose/Giant Mountains and the jlzerské hory/
Jizera Mountains (FLOUSEK 2019). However, with
80-100 lekking males in 2020, it is approach-
ing the survival limit. In the Krkonose/Giant Mts.
alone, their number has fallen by more than half
in the last 20 years. The main problem is not
the lack of suitable habitats, but especially the
area fragmentation and the negative impact of
recreational activities (e.g., PATTHEY et al. 2008,
ARLETTAZ et al. 2013, FORMENTI et al. 2015).

How did we proceed?

We used the MaxEnt method for habitat mod-
elling (PHILLIPS et al. 2006, MEROW et al. 2013).
The environmental variables included factors
describing the basic abiotic gradients of the en-
vironment (altitude, vertical heterogeneity of the
relief), habitat characteristics (derived from the
Consolidated Layer of Ecosystems of the Nature
Conservation Agency of the Czech Republic and
the CzechGlobe — Global Change Research
Institute of the Czech Academy of Sciences —
see HONIGOVA & CHOBOT 2014), and anthropo-
genic disturbance factors expressed by distance
from built-up areas, ski resorts (cable cars, lifts,
ski slopes), and the road network. In addition,
all roads were divided into three categories ac-
cording to the intensity of traffic of pedestrians,
cyclists, and motor vehicles — low, medium, and
intensively used (for classification, data from au-
tomatic field counters and expert estimates of the
KRNAP Administration field workers were used).

To model the connectivity of black grouse hab-
itats, we chose the so-called least cost path
(BEIER & NOss 2008). Its principle presupposes
at least a basic knowledge of the environment
in which the organism moves. Simply put, the
method seeks the easiest way to the objective,
i.e. the connection of predefined core areas or
stepping stones. The Circuitscape programme
(MCRAE & SHAH 2011) and Linkage Mapper tool
(MCRAE & KAVANAGH 2011) were used for the
calculations.
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Data from the area mapping of lekking black
grouse throughout the KRNAP area during
the spring of 1998-2017 served as the input
basis for all evaluations (mapping accord-
ing to the standard methodology, mostly at
three-year intervals; a total of 1,480 records).
The data gathered in this way show us the
preference of males when choosing a lek, but
they only partially indicate the nesting envi-
ronment. Here we have been helped by pub-
lished studies which show that black grouse
nests are found and young are raised within
a radius of 100-1500 m from the lek (e.g.,
CAYFORD et al. 1989, ZAWADSKA et al. 2015,
SCRIDEL et al. 2017). With regard to the high
fragmentation of the natural environment in
the Krkono$e/Giant Mountains, we worked
with the lower limit of this range, and in the
preparation of the habitat model we evaluated
habitats from a circle with a radius of 500 m
from each lekking male.

Published data were again used to evalu-
ate the sensitivity of black grouse to various
types of disruption. Various sources indicate
the flight initiation distance/alert distance of
the Black grouse in a range from 30 to 1000
m (most often 50-500 m), depending on the
season (the biggest mainly during lekking, the
smallest during egg incubation, often different
individual reactions during raising the young or
wintering), on previous experience of disturbed
birds, or on the type and factor of disruption
(e.g. CURRIE & ELLIOTT 1997, ZEITLER 2000,
RUDDOCK & WHITFIELD 2007, TOST et al. 2020).
The impacts of the disruptive effect of the road
network were therefore assessed in stages —
low-used roads were given an escape distance
of 50 m, medium-used roads 200 m, and for
intensively-used roads, two alternatives were
used — 200 or 500 m.

When assessing the connectivity of black
grouse subpopulations, we counted on the av-
erage movements of adult males and females
up to 1km, or 5 km (e.g. CAIZERGUES & ELLISON
2002, WAREN & BAINES 2002, MARJAKANGAS
& KIVINIEMI 2005), and on the stated audibility
of black grouse lekking to a distance of 3 km
(HJORTH 1970).

Habitat model

The habitat model shows the association of the
Black grouse in the KrkonoSe/Giant Mountains
to the ridges of the mountains on the tree line
and above it (subalpine and alpine grasslands
with scattered dwarf mountain pine growths),
open or non-stratified forest stands with clear-
ings, to montane and subarctic peat-bogs and
other natural and secondary treeless areas
(Fig. 3). Based on the outputs of the habitat mod-
el, the core areas of black grouse occurrence
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Figure 4 Core areas of suitable black grouse habitats without the disturbing effect of road network and ski resorts
(so-called grouse centres, which the KRNAP Administration created in the autumn of 2018 to increase the supply and
interconnection of grouse habitats, are marked in red; in 2020, black grouse were lekking on seven of them, but their
occurrence has already been proven in all of them). Source: ROMPORTL & ZYKA 2018
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Figure 5 Core areas of suitable black grouse habitats (occupied/unoccupied in 2017) taking into account the influence
of road network and ski resorts (real variant: graded disturbing effect of low-medium-intensively used roads up to
a distance of 50-200-200 m from them). Source: ROMPORTL & ZYKA 2018

were defined according to their occupancy dur-
ing mapping in 2017 (Fig. 4).

However, the model thus prepared evaluates the
real impact of various human activities in a very
limited way — movement of people on hiking and

skiing trails and bike paths, operation of ski re-
sorts and cable cars, and year-round movement of
service vehicles on roads. In particular, the dense
road network is an essential element that limits
the occurrence of the Black grouse on potential-
ly suitable areas. Therefore, other models were
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Table

Table 1 Changes in the area and spatial structure of the core areas of Krkonose/Giant Mts. Black
grouse suitable habitat at different intensities of the influence of anthropogenic activities and ele-
ments. Source: ROMPORTL & ZYKA 2018

The scope of the core area Total area Number Average size
(in hectares) of patches of a patch

(in hectares)
Overall supply of suitable habitats 6,616 133 497
Realistic supply (variant 50-200-200 m) 2,214 72 30.7
Pessimistic supply (variant 50-200-500 m) 1,089 46 23.6
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Figure 6 Pessimistic variant of Figure 5 (disturbing effect of low-medium-intensively used roads up to a distance of
50-200-500 m from them). Source: ROMPORTL & ZYKA 2018
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Figure 7 Core areas of suitable grouse habitats in various zones of their availability (real variant of influence of road
network 50-200-200 m according to Figure 5; availability zones 1-3-5 km). Source: ROMPORTL & ZYKA 2018
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prepared according to the expected disturbing in-
fluence of low-medium-intensively used roads —in
variants of 50-200-200 m for individual categories
of intensity (realistic variant) and of 50-200-500 m
(pessimistic variant) (Fig. 5 and 6).

The availability of a suitable habitat is not limited
only by its isolation or degree of fragmentation
by barriers of various types, but also by the dis-
persive abilities of the Black grouse. Therefore,
an analysis of the availability of suitable habitat
fragments at distances of 1, 3, and 5 km was also
performed. Further “fragmentation” of core are-
as according to this criterion showed only a very
limited supply of functional habitats (Fig. 7).

The analysis shows that black grouse (with av-
erage movements of up to 1km) in the western,
central, and eastern Krkonose/Giant Mountains
can already be isolated from each other. The sit-
uation could be more optimistic for females (with
average movements of up to 5 km), where there
has been still a realistic chance of their move-
ments, at least along the Czech-Polish state
border, within the entire mountain range. The
audible range of black grouse lekking (3 km),
especially important for female flights between
leks, is not bad either; however, given the level
of noise pollution in the area and the sensitivity
of the Black grouse to noise, the actual audibility
distance is likely to be significantly lower.

When quantifying the impact of different degrees
of the above-mentioned disturbing influences
on the size and character of the core areas dis-
tribution, we find a fundamental degradation
of suitable habitats. Of their total area of over
6,600 hectares, two-thirds are negatively af-
fected by the anthropogenic structures in their
vicinity. In the case of the pessimistic variant,
where the maximum range of disturbing effects
of 500 m from intensively used roads is consid-
ered, the total area of a suitable environment is
reduced to less than 1,100 hectares. The spa-
tial structure of isolated patches of core areas
is similarly significantly affected; their number
is declining and the average patch size is also
decreasing (Tab. 1). This increases the migra-
tion distances for the necessary movement of
black grouses between suitable sites, and thus
reduces the overall connectivity of habitats and
subpopulations. In addition, the average patch
size of 24 hectares has already been close to the
minimum size of a continuous suitable habitat
needed for black grouse nesting, which is stated
to be around 20 ha (e.g. DECOUT & SIGNER 2010,
PATTHEY et al. 2012).

Interconnection of core areas

The steps described above subsequently made
it possible to model the connectivity of black
grouse habitats — where optimal black grouse
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routes can lead so that they can move at least
between adjacent patches of the core areas.

The connectivity model was developed in two
variants, which reflect the current state and the
potential for possible interconnection of suitable
habitat sites. The model of the current state of
connectivity (Fig. 8) represents a possible in-
terconnection of patches that were occupied
by black grouses during mapping in 2017. It
captures the current state of the population,
fragmented into several larger or smaller sub-
populations, which are in many cases more than
3 km apart. The proposed movement corridors
describe the most probable lines of intercon-
nection of core areas; however, without a de-
tailed field investigation it is not possible to de-
termine their real permeability for black grouse.

The potential connectivity model (Fig. 9) is based
on all core areas of a suitable black grouse hab-
itat (see Fig. 4). Its output shows a more positive
picture of the degree of potentially suitable habitat
interconnection, where a significant part of move-
ment corridors does not exceed 1km in length and
only a few are longer than 3 km. Again, itis neces-
sary to take into account the real permeability of
the corridors, which can be fundamentally affected
by numerous disruptive activities in the area.

In any case, both models suggest that the Black
grouse is a species very sensitive to a decrease in
connectivity in the area (and an increase in its de-
gree of fragmentation), and therefore is a suitable
umbrella species to protect the interconnected-
ness of natural elements in areas of its occurrence
(cf e.g. KURKI et al. 2000, GEARY et al. 2015).

Conclusion

The Krkono$e/Giant Mts. National Park is not
the only place in our country where a similar ap-
proach is used to protect the Black grouse. Habitat
models for all grouse species are processed for
Sumava/Bohemian Forest Mts. National Park;
according to the Krkonose/Giant Mts. experi-
ence, data from Jizerské hory/Jizera Mountains
Protected Landscape Area are evaluated as well.
As a result, we should have the entire territory of
the Krkonose/Giant Mts.-Jizerské hory/Jizera Mts.
black grouse population covered, including the
Polish part of both mountain ranges.

The resulting recommendation of Krkonose/
Giant Mts. modelling is clear and just trivial
for a well-functional national park: To main-
tain a viable black grouse population in the
Krkonose/Giant and the Jizerské hory/Jizera
Mountains, it is sufficient to consistently pro-
tect the interconnection of areas with habitats
suitable for this species and not allow further
fragmentation of the area by disruptive struc-
tures and activities. However, it is necessary

Research, Surveys and Data Management ——— 55

Legenda
©  vyskyttetfivka v r. 2017 osy koridorii
@ ctiivei centra migraéni vzdélenost
- Jadrova dzemi aktudlniho vyskytu tetfivka  “"\_ do 1 km
konektivita habitati 1-3km
ek N vic 3km
-

vysokd

Figure 8 Model of connectivity of suitable black grouse habitat core areas — current state (as of 2017). Source:

ROMPORTL 2018
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Figure 9 Model of connectivity of suitable black grouse habitat core areas — potential state. Source: ROMPORTL 2018

to realize that the mere movement of people
off the marked paths into the places where the
Black grouse has still been living is a disruptive
activity that devalues suitable habitats.

(Models of fragmentation, habitats, and con-
nectivity for the KRNAP territory were pre-
pared within the project MaGICLandscapes —
Managing Green Infrastructure in Central
European Landscapes, Reg. No. CE 897) u

The list of references is attached to
the online version of the article at
Www.casopis.ochranaprirody.cz.
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