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Abstract

The Western capercaillie is a large galliform bird whose populations are declining in Europe.
By the middle of the 20th century it was present on six massifs of the Dinaric Alps in Croatia. In
the meantime, the capercaillie has disappeared from two massifs and lek numbers have fallen
by 77 %. The only area where lek numbers have increased is the Licka PljeSivica, a massif on
the border with Bosnia and Herzegovina. In this study we applied ENFA analysis to evaluate the
habitat suitability for capercaillie on the Li¢ka PljeSivica massif. The habitat analysis showed that
the capercaillie prefers steeper terrain and ridges, forest roads as well as forest associations
with higher basal areas, and it avoids grasslands. The capercaillie in general prefers areas with
a cold and humid climate. However, compared to the boreal region, the Alps and the Carpathian
Mountains, the capercaillie shows a certain habitat preference for the Dinaric Alps. In conclusion,
the high suitability of the habitat and its connection to the Bosnia-and-Herzegovinian capercaillie
population are probably the causes underlying the increase in the capercaillie population on the
Licka PljeSivica massif.

Key words: avian habitat suitability, Balkan forest dwelling bird species, Croatia, leks, range
decline.

Introduction

Since the middle of the 20th century a
population decline has been observed of
various species of forest grouse all over
the Eurasian area. Currently, two main
Eurasian metapopulations of Western

capercaillie (Tetrao urogallus Linnaeus,
1758) are: boreal (inhabiting the area of
northern Europe and Siberia, from Scan-
dinavia to the River Yenisei) and alpine
(inhabiting the Central European area)
(Segelbacher et al. 2003). Boreal area
is non-fragmented habitat with estimated
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capercaillie population of about 1,000,000
birds. Differently, alpine population is es-
timated at only 30,000 birds that live in a
highly fragmented area, frequently lack-
ing corridors that should connect different
populations. Alpine population is therefore
divided into small, sometimes isolated,
local populations (subpopulations) rang-
ing from 100 to 1000 birds. Beside these
areas, capercaillie can also be found on
smaller areas of northern Scotland, Can-
tabria, Ardennes, Jura Mountains, Dinaric
Alps, Rhodope Mountains, Rila Moun-
tain, Pirin Mountain and Carpathian area.
Though species distribution and still pre-
served large populations in Scandinavia
and Russia prevents it to be declared as
highly endangered, its populations in oth-
er (out boreal) European habitats are rap-
idly decreasing (Klaus et al. 1997, Storch
2007).

A similar trend was also observed in
the Dinaric Alps. In the middle of the 20th
century, the Western capercaillie (Tetrao
urogallus) was present in the six main
massifs in Croatia (Risnjak, Velika Kape-
la, Mala Kapela, Velebit, Li¢ko sredogorje
and the LiCka PljeSivica) and almost all
the leks were found above 1000 m alti-
tude. The maijority of leks were on Risnjak
massif (112), while only one was found on
Licko sredogorje massif (Table 1, Fig. 1,
Frani¢ 1910, Rucner 1954, Turkalj 1956,
Car 1970, LukaC¢ 2004, Frkovi¢ 2012)
mostly in silver fir-beech or sub-mountain
beech forests. On most Croatian part of
Dinaric Alps populations of the species
are composed of boreal lineage and be-
long to subspecies Tetrao urogallus major
(Bajc et al. 2011), but some areas are not
included in the analysis.

One of the factors behind the popula-
tion decline is habitat changes. According

to Sachot (2002), the decline or even local
disappearance of this species has been
observed in the following habitat types:
a) highly cultivated areas of Western and
Central Europe where capercaillie have
only survived in smaller, protected areas
such as National Parks, b) areas with in-
tensive coniferous production in the Scan-
dinavian region; c) highly-managed forest
areas between the River Volga and the
Ural Mountains; and d) well-preserved
mountain forests on the southern border
of its distribution (i.e. the Balkan Peninsu-
la and some parts of the Alps).

In general, the capercaillie prefers
habitats that include original spruce-
beech-fir stands and a spruce vegetation
area (Storch 1993, Saniga 2004). Howev-
er, the relatively large and dispersed area
inhabited by capercaillie has led to the
development of certain peculiarities in its
habitat preferences. For example, in the
Scandinavian area the capercaillie inhab-
its mostly coniferous forests, while in the
Cantabrian region (Spain) it can also be
found in predominantly beech (Fagus syl-
vatica L.) forests with few conifers (Rod-
riguez and Obeso 2000). This suggests
that the traditional understanding of the
capercaillie’s habitat is frequently influ-
enced by the bird’s habits, the season,
food availability and the bird’s sex (Storch
1993, 1994; Miettinen et al. 2008, 2010).

The aim of this study was to give bal-
ance of former and recent number of ca-
percaillie leks and to analyse habitat qual-
ity from the model of Li¢ka PljeSivica, the
only massif with an increasing capercaillie
population in Croatia, as a prerequisite for
the creation of guidelines for preservation
of the Dinaric population, and its connec-
tion with the population in Bosnia and Her-
zegovina.
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Material and Methods
Capercaillie monitoring

The presence of the capercaillie all over
the massif was recorded by direct moni-
toring and by identified signs of their ac-
tivities (tracks, faeces) tracking during
the mating season (March — May), and
searching for feathers during the moulting
period (summer). Since these traditional
methods can have negative impacts on
capercaillie, expressed as disturbance
during the mating season, or lead to con-
sumption of energy in harsh environmen-
tal conditions (flight), we also used 45
camera traps as a non-invasive form of
monitoring. The animals were monitored
from April 2009 to May 2018. The local-
ities where the presence of capercaillie
was confirmed (observed birds, faeces,
footprints, feathers, images on cameras)
were recorded by GPS (Fujitsu Siemens
PDA 560 S coupled with a Navman B-10
antenna magnifier).

Habitat evaluation on the Licka
PljeSivica massif

The Li¢ka PljeSivica massif is the second
largest massif in Croatia, partly located in
the neighbouring Bosnia and Herzegovi-
na. The area above 1000 m altitude cov-
ers a surface of 42,700 m2. Due to its frag-
mentation, we have only analysed habitat
characteristics in the uninterrupted part
that covers a total of 24,205 m? (Fig. 1).
On this part of the massif the capercaillie
is a resident species. According to Koppen
climate classification (Segota and Filip&ié
2003), the area belongs to the Df climate
type (boreal climate). The mean annual
temperature varies from 2 to 8 °C, and
mean July temperature from 10 to 17 °C.
Annual precipitation is 1377-2458 mm
(Zaninovi¢ 2008). The forests are man-

aged. According to stand form the most
dominant are European beech (64 %) and
mixed silver fir (Abies alba Mill.) and Eu-
ropean beech (33 %) forest stands. The
rest of the stands (3 %) belong to man-
agement class of oaks (Quercus petraea
(Matt.) Liebl., Quercus pubescens Will.
and Quercus cerris L.), black pine (Pinus
nigra J.F. Arnold) and Norvegian spruce
(Picea abies (L.) H. Karst.). Mixed silver
fir-European beech forests are managed
in way of selective stand form, while other
management class stands are managed
as uneven-aged stand forma resident
species.

Until now, several habitat suitability
models (HSM) frameworks are developed
and they can be divided in different tech-
niques (Hirzel and Le Lay 2008), but for
wildlife are relatively often in use Habitat
Suitability/Selection Models (Guisan and
Zimmermann 2000, Ottaviani et al. 2004,
Graf et al. 2006, Braunisch and Suchant
2007, Bollmann et al. 2011). The models
can use presence/absence or only pres-
ence data of focal species. However,
when working with rare species, data are
often scarce and choosing a wrong ab-
sence could significantly reduce the qual-
ity of a model. Namely, absence data in
particular are often difficult to obtain accu-
rately. A given location may be classified
in the ‘absence’ set because the species
could not be detected even though it was
present. This problem can exist is situa-
tions where absence data are not availa-
ble (many data banks), when are unrelia-
ble (most cryptic or rare species), or they
are meaningless (invaders). That's why, in
the paper a method was used based only
on presence data (Braunisch et al. 2008)
— Ecological niche factor analysis (ENFA,
Hirzel et al. 2002).

ENFA computes suitability functions by
comparing the species distribution in the
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Fig. 1. Current distribution of capercaillie leks with respect to elevations.
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ecogeographical space with that of the
whole set of cells. The study area is divid-
ed in a lattice of adjacent cells (quadrats),
each being characterized by a series of N
ecogeographical variables (EGV). Thus,
EGVs and species distribution are repre-
sented as set of raster maps.

Hirzel et al. (2002) created raster maps
in 1x1 km (100 ha) lattice of cells. How-
ever, the Dinaric massifs in Croatia with
altitude of 1000 m a.s.l. are so narrow that
usually, neighbouring cells of 100 ha do
not enter the researched area. For these
reasons, the analysed area was divided
into a network of smaller squares, meas-
uring 100x100 m (1 ha). The capercaillie
presence map was made in a way that
capercaillie observation was recorded
by GPS, which represented the centre
of their presence (life range). Additional-
ly, the quadrants located within a radius
of 500 m from the GPS point were also
included in the area. If the quadrants were
further from the border of the 1000 m a.s.|.
area, they were not considered. With this,
the raster network proposed by Hirzel et
al. (2002) was partly adjusted. EGVs were
calculated for each square. In total, we
used 22 EGVs of three categories of data:

a) Topographic (3 EGVs): elevation
(01_tu_elev), inclination (02_tu_slope),
topographic index (03_tu_topo).

b) Climate (15 EGVs): mean annual
number of days with precipitation of at
least 1 mm (04 _tu_mnd_primm), mean
annual number of days with snowfalls
above 1 cm (05 tu mnd_sn1), mean
annual number of cold days —t < 0 °C
(06_tu_mancd), mean annual precipita-
tion (07_tu_maprec), mean precipitation
in spring (08 _tu_manprec_spr), sum-
mer (09 _tu_meanprec_summ), autumn
(10_tu_manprec_aut) and winter (11_tu_
meeanprec_wint), mean precipitation in
vegetation period — 1st May to 31st Oc-

tober (12_tu_meanprec_veget), mean
annual air temperature (13_tu_mean_an-
nairtemp), mean air temperature in April
(14_tu_meantemp_apr) and July (15 _tu_
meantemp_july), mean sun exposition
per year (16_tu_mean_sunexpos), mean
annual humidity (17_tu_mean_humid);
and seasonal precipitation amounts, in
percentages of multiannual average (in
percentiles) in summer (18 tu_percpre-
cip_summ).

c) Landscape variables (4 EGVs): per-
cent of forest area (19 _tu_perc_forest),
distance of cell to roads (20_tu_dist_road,
only forest roads are present in the study
area), distance of cell to grasslands (21_
tu_dist_grass) and basal area (22_tu_ba-
sal_area), Basal area is the common term
used to describe the average amount of
an area occupied by tree stems (m?). It is
defined as the total cross-sectional area
of all stems in a stand measured at breast
height (1.3 m), and expressed as per unit
of land area — m?-ha"' (Sgerm and Praniji¢
1987).

Topographic variables were ob-
tained from digitalized topographic maps
(1:25,000) and transferred into a digital el-
evation model (DEM). A topographic index
is a variable described by Guisan et al.
(1999) and Weiss (2001). The Topograph-
ic Position Index (TPI) compares the ele-
vation of each cell in a DEM to the mean
elevation of a specified neighbourhood
around that cell. Positive TPI values rep-
resent locations that are higher than the
average of their surroundings, as defined
by the neighbourhood (ridges). Negative
TPl values represent locations that are
lower than their surroundings (valleys).
TPI values near zero are either flat are-
as (where the slope is near zero) or areas
of constant slope (where the slope of the
point is significantly greater than zero).
According to TPI cells were classified in
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six categories: valleys (1), lower slopes
(2), gentle slopes (3), steep slopes (4),
upper slopes (5) and ridges.

For TPl we used ‘Land Facet Corridor
Designer’ program for ArcGIS 9.3 (Jen-
ness et al. 2013).

Climate variables were derived by
scanning and geocoding meteorological
maps (raster maps in 100 ha resolution)
(Zaninovi¢ 2008). Percentile discrepan-
cies were obtained from the Croatian
Meteorological and Hydrological Service,
and evaluated using a modified form of
Conrad-Chapman’s method. Land usage
was taken from a map of habitat types in
Croatia (Bioportal 2019) and the digital-
ized forest database (CROATIAN FOR-
ESTS 2022) of Croatian Forests Ltd.

Maps were prepared using the ArcGIS
9.3 and Idrisi Selva 17.00 software pack-
ages. Prior to the analysis, data were
standardized due to the different measur-
ing units.

Data and aerial analysis and prepa-
ration of the habitat suitability map were
made in the Biomapper 4.0 program
(Hirzel et al. 2004), according to following
procedure:

1. Testing on discrepancies of EGVs
maps.

2. Box-Cox transformation (Box and
Cox 1982) and standardisation of EGVs
by retrieving means and dividing by stand-
ard deviations.

3. Calculation of correlations, making
of global correlation tree and calculation
of Standardised Levins’ niche breadth in-
dex (B,,, Krebs 1989). As Standardised
Levins’ niche breadth index is lower, the
focal species are closer to habitat special-
ist. From this point of view HSM analysis
was performed on EGVs with the lowest
breadth index in each of three types of
data — in total on the basis of 11 EGVs.

4. Calculation of marginality and spe-

cialisation. Both of them can be particular
(for each EGV) and global (for all EGVs).
Marginality represents the absolute differ-
ence between global mean and species
mean, divided by 1.96 standard devia-
tions of the global distribution. A large val-
ue (close to one) means that the species
lives in a very particular habitat relative to
the reference set. Specialisation repre-
sents the ratio of the standard deviation of
the global distribution to that of the focal
species. Specialization coefficients range
from -1 to +1, but only their absolute val-
ue is meaningful. A high value indicates a
narrow niche breadth in comparison with
the available conditions. Global speciali-
zation coefficients range from 1 to infini-
ty, but it is important for calculating global
tolerance. For ease of interpretation, the
global tolerance coefficient is defined as
the inverse of the global specialisation
and it ranges from 0 to 1. A high tolerance
value indicates that within a given study
area, the species occupies a relatively
wide niche, and vice versa.

5. Calculation of habitat suitability (HS)
map and it validation. Validation is per-
formed by comparing the habitat suitabili-
ty value of a validation subset (cross-vali-
dation procedure, FAQ 2005). The model
quality was quantified using the contin-
uous Boyce index (B, Hirzel et al.
2006), a threshold independent modifi-
cation of the Boyce index (Boyce et al.
2002), which quantifies the relationship
between the observed and expected num-
ber of validation points for different values
of the habitat suitability index (HIS). This
index varies from -1 to 1. Positive values
indicate a model which predictions are
consistent with the presences distribution
in the evaluation dataset, values close to
zero mean that the model is not different
from a chance model, negative values in-
dicate an incorrect model, which predicts
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poor quality areas where presences are
more frequent.

According to ENFA habitat suitability
map was developed in a way that area
is divided into five categories: a) 0 % of
area in net cell is suitable for capercaillie,
b) 1-25 % suitability, c) 26—50 % suitability,
d) 51-75 %, and e) 76—100 % suitability.

Results

In contrast to other massifs in Croatia,
the trend in the capercaillie population on
the Licka PljeSivica massif shows a 36 %
increase in lek numbers. From the previ-
ously recorded 11 leks, in this study we
found 4 new leks, which gives a total of 15
leks (Table 1). Data for lek numbers of all
six massifs in the middle of the 20" cen-
tury were obtained from literature (Franic¢
1910, Rucner 1954, Turkalj 1956, Car
1970, Lukac 2004, Frkovi¢ 2012), game
management plans and forest manage-
ment plans and our direct observations.
The habitat suitability map based on 11
EGV explains 60 % of total variance with
the two first factors (marginality and first
factor of specialisation, Table 2, Fig. 2).
Overall marginality is relatively high, very
close to 1 (0.904). It means that capercail-

lie lives in a very particular habitat rela-
tive to the reference set. Positive scores
in bold indicate capercaillie preference
for microlocalities with higher value than
average, while negative scores indicate
capercaillie preference for microlocalities
with lower value than average in the area.

According to the scores habitat suitabil-
ity (HS) for capercaillie is most influenced
by climatic EGVs. More precisely, HS
largely increases with seasonal precipita-
tion in summer (score 0.453), low mean
air temperature in July (score -0.391), and
during the year (score -0.388), relative air
humidity (score 0.374), mean air temper-
ature in April (score -0.367) and mean an-
nual number of days with snowfalls above
1 cm (score 0.031). It means that, caper-
caillie prefers areas with above average
rainfall during summer in regards to long
term mean and in general colder microlo-
calities with more snow days.

The most important land-use variables
are distance to roads (score -0.232) and
slopes (score 0.189), distance to pas-
ture (score 0.129) and basal area (score
0.121). Negative impact of road distance
to capercaillie presence, in fact means
that capercaillie prefers microlocalities
closer to roads and other EGVs indicate
preference of steeper terrains and ridges,

Table 1. Number of capercaillie leks according to the massifs in Croatia.

Numbers Percentage of
Area above Area above of leksin Current recent leks in
Massif 1000 m a.s.l., 900 to 1000 m the middle number relation to the
ha a.s.l, ha of the 20th  of leks middle of the
century 20th century, %
Risnjak 23,232 11,269 112 5 4
Velika Kapela 27,719 19,376 54 14 2
Mala Kapela 6243 13,016 9 0 0
Velebit 65,347 19,038 60 24 40
Li¢ko sredogorje 6237 11,976 1 0 0
_Licka Pljesivica 42,697 17,111 11 15 136
Total 171,475 91,787 247 58 23
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Table 2. Values of the first four ENFA factors for capercaillie on the Licka PljeSivica

massif.
Marginality Specialization factors
Parameter factor Spec. 1 Spec. 2 Spec. 3
25 % 35% 9 % 6 %
05_tu_mnd_sn1 0.310 -0.045 0.453 -0.656
14_tu_meantemp_apr -0.367 -0.047 0.276 -0.557
15_tu_meantemp_july -0.391 -0.724 -0.441 0.119
22 tu_basal_area 0.121 -0.008 0.164 0.133
21_tu_dist_past 0.129 -0.018 0.188 0.200
20_tu_dist_road -0.232 -0.006 -0.107 -0.155
13_tu_mean_annairtemp -0.388 0.685 0.153 0.143
17_tu_mean_humid 0.374 -0.032 -0.645 0.310
18 tu_percprecip_summ 0.453 -0.017 0.076 -0.208
02_tu_slope 0.189 0.002 -0.072 0.013
03_tu_topo -0.016 0.001 -0.005 0.056

Note: Numbers in bold indicate statistical significance the level of p<0.05. Percentages refer

to explained marginality and specialization.

microlocalities more distant to grasslands
and, finally, forest stands of thicker trunks
of trees. Topographic index doesn’t have
significant impact on capercaillie pres-
ence.

Eigenvalue attributed to this first fac-
tor is relatively low (26.854). It means that
randomly chosen cells in LiCka PljeSivica
are about 30 times more dispersed on this
axis than are the cells were capercaillie
was recorded. In other words, at the Licka
PljeSivica locality Capercaillie are not very
much sensitive to shifts from their optimal
conditions on this axis. In addition to that
is specialization factor score.

Specialization factor is moderate
1.562 (global tolerance is 0.64). Accord-
ing to the values, capercaillie shows slight
tendency toward habitat generalist. It is
normally, because we performed analy-
sis of relatively specific area (part of the
Licka PljeSivica Mountain over 1000 m
a.s.l.) which, in sensu lato, belong to ‘ca-
percaillie areas’. Specialisation scores in
bold (Table 2) mean the capercaillie was

found occupying a narrower range of val-
ues than available. First factor of speciali-
sation explains 35 % of total variance, but
only two EGVs significant explain — mean
air temperature in July (score 0.724)
and mean annual air temperature (score
0.685). Scores of specialisation should be
interpreted as unsigned values.

If the suitable area (HS) is divided into
the five qualitative classes, then based
on the analysis and calibration, the final
map of habitat suitability for the capercail-
lie (Fig. 2) has a relatively high reliability
index (B, = 0.95 +0.092).

Based on the habitat suitability map,
Licka PljeSivica can be divided into two
main zones: northern and middle part, and
southern part of the massif. Unsuitable ar-
eas (0 %, Table 3) are mostly situated in
the southern part of the Li¢ka PljeSivica,
with relatively low portion (2.49 %). Low
suitable areas (1 to 25 %) are situated
also in the southern part of the massif and
they comprise more than one third of the
mountain (37.68 %). Moderate suitable ar-
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Fig. 2. Relief (left) and habitat suitability map for capercaillie on the Licka PljeSivica
massif (right).
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Table 3. Classes of suitable areas for capercaillie at studied area of the Licka Pljesivica
massif over 1000 m a.s.l.

Classes of suitable areas Description Area, ha Share in study area, %
0% Unsuitable 603 2
1t025 % Low suitable 9121 38
26 to 50 % Moderate suitable 4125 17
511075 % Suitable 5246 22
_______________ 7610100 % Very suitable 5110 21
Total 24,205 100

eas occupied middle part of the mountain
with portion of 17.04 %. They surround
better capercaillie habitats but some
leks are located on this part of the Licka
PlieSivica. Moderate suitable areas are
also placed in the middle part of the study
area with some lower share (21.67 %).
In this area are also present some leks.
Finally, very suitable areas have share of
21.11 %. High quality habitats are locat-
ed on the ridge of the PljeSivica Mountain
(Fig. 2), mostly in the northern part of the
massif, and less in the midle part. Gener-
ally, quality of capercaillie habitats shows
some decreasing gradient from north to
the south of study area.

Discussion

As capercaillie out from boreal area in-
habits high mountains with harsh terrain
and is a rather shy species, near-accurate
estimation of its population size is relat-
ed to many difficulties, especially if using
classic monitoring methods. Our results
support the theses, because capercail-
lie was present in colder microlocalites,
steeper terrain and on the ridges of Licka
PljeSivica.

Due to the habitat preferences already
mentioned, the easiest way of assessing
population size is to monitor lek activity.

This however complicates habitat evalu-
ation, since males and females have dif-
ferent habitat preferences. For example,
while during summer and autumn females
use old tree stands and forest clearings
(Storch 1993), males only use old tree
stands. Saniga (2004) reports that in
the Carpathian Mountains males can be
found on spruce-beech-fir stands (54 %)
after the mating season, while during the
summer and autumn they inhabit spruce
forests (45 % and 60 % respectively).
Similar habitat types, mostly dominated
by conifers, prefers the Balkan capercail-
lie (Tetrao urogallus rudolfi Dombrowski,
1912) in Bulgaria (Plachiyski et al. 2018,
2019). This is understandable if known
that capercaillie prefers stands where
blueberry dominates on the ground floor
(Storch 1995), which are strongly relat-
ed to conifer forests. In our study area
patches with blueberry are very rare, but
nevertheless capercaillie prefers forest
patches with relatively high basal area.
More precisely, the patches are presented
by groups of old trees in common beech
forest stands. Except beech stands, some
leks are placed in beech-fir stands. These
stands officially have selective structure,
but during visiting of leks it seems the
stand structure is more uneven-age then
selective, which will be more deeply stud-
ied in the future.
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In our research, capercaillie leks were
not strictly associated with coniferous for-
est stands but mixed silver fir and beech
or pure sub-mountain beech stands. This
indicates the adaptation of the capercail-
lie to the forest stand composition. Sim-
ilar findings were recorded in Cantabria
(Spain) where the capercaillie inhabits
beech forests with a very small ratio of co-
nifers (Rodriguez and Obeso 2000). Fur-
thermore, forest stands in the analysed
part of the Dinaric Alps are of uneven age
(sub-mountain beech forests), or are se-
lective (beech-fir forests). This makes it dif-
ficult to find a relationship between caper-
caillie presence and forest characteristics
on the Dinaric Alps in comparison to the
boreal region (Miettinen 2009). ENFA
analysis did not confirm any relationship
between capercaillie presence and the ra-
tio of coniferous trees, but did confirm a
correlation with the size of the trees. This
finding confirms previous statements that
capercaillie prefer older forests. Another
habitat peculiarity is represented by the
special type of forest zonality of the West-
ern and Central Dinaric Alps. There the
vegetation zones on hilly and mountain
areas are initially sessile oak forests and
continue with hilly beech forests — beech-
fir forests, and end with sub-mountain
beech forests (Horvat 1949). This rep-
resents the so-called ‘Dinaric type of ver-
tical distribution of tree community struc-
ture’, in which zones of spruce forests do
not follow the zones of beech-fir forests as
in Central Europe. Therefore, the caper-
caillie on Dinaric Alps mainly inhabits
mixed-aged sub-mountain beech forests.
Another important factor in lek establish-
ment is topography. Using the example of
the Western Carpathians, Saniga (2002)
reported that 27 out of 43 leks were lo-
cated in the upper half of convex, lateral
ridges, in a range of 30 to 300 m from the

main ridge. It was hypothesized that these
locations are easier to find in conditions of
dust and foggy weather. Our results indi-
cate that the capercaillie chooses steeper
slopes and ridges (if other habitat require-
ments are met). Braunisch and Suchant
(2007) hypothesize that the capercail-
lie prefers areas with snow deeper than
10 cm. According to them these areas:
i) are more susceptible to the creation of
clearances, with the consequent creation
of a variety of living conditions, ii) have
fewer predators and iii) allow birds to rest
in the snow and reduce their energy loss.
In our research, marginality analysis has
shown similar results, with very high mar-
ginality score between capercaillie pres-
ence and number of days with snow cover
over 1 cm. However, if the analysis goes
slightly deeper, it is clear that the caper-
caillie avoids temperature extremes, both
between seasons and years. In general,
the capercaillie prefers a colder and hu-
mid climate.

Results of analysing capercaillie habi-
tats in Switzerland (Sachot 2002) showed
most potential disturbance factors didn’t
have negative impact on the capercaillie
presence. For example, wild boar hunt-
ing has a very low influence. But, in Di-
naric Alps all three big carnivore species
(Brown bear — Ursus arctos Linnaeus,
1758, Grey wolf — Canis lupus Linnaeus,
1758, Eurasian lynx — Lynx lynx Linnae-
us, 1758) were present and that's why big
game species (Northern chamois — Rupi-
capra rupicapra Linnaeus, 1758; Red deer
— Cervus elaphus Linnaeus, 1758; Roe
deer — Capreolus capreolus Linnaeus,
1758; and Wild boar — Sus scrofa Linnae-
us, 1758) are not abundant. Small game
hunting is not present in the study area.
Thus, hunting activity is present, but at
low level. Moreover, capercaillie tend to
be closer to narrow forest roads with soft
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cover and nordic ski trails (Sachot 2002).
In our study, capercaillie presence is more
likely close to the roads. Possible expla-
nation lays in the fact that the massif is
very depopulated, relatively isolated and
human visiting is very rare (foresters and,
occassionaly, a few hunters or mountain-
eers). The situation is the same in most
of Croatian part of Dinaric Alps. But, the
road network size of study area in the pa-
per is 14.26 m-ha'. Road network density
in out boreal part of the capercaillie distri-
bution area varies from 4 to 5 m-ha' (Alps
respective Jura, Switzerland, Brandli et al.
2016), 6.6 to 6.7 m-ha’' (West Carpathi-
an, Poland, Kroczak et al. 2016), 26.53
m-ha' (Rhodope and Rila mountains, Bul-
garia, Krumov 2019) to 48.6 m-ha" (Alps,
Austria, Toscani et al. 2020). According to
these data, it seems forest road network in
our study area is moderate and still doesn't
show detrimental effect for capercaillie.
The reasons for the population decline
in Croatia are still debated, but it seems
that the geomorphology of the Dinaric
Alps is one of the potential factors. The
mountain line from Risnjak massif contin-
ues without interruptions via Velika and
Mala Kapela massifs to Licka PljeSivica,
and further to Bosnia, Serbia and Mon-
tenegro. This relief enables the spread
of capercaillie from Bosnia, where the
population is still quite stable (Adamic¢ et
al. 2006), to Licka PljeSivica, but not fur-
ther to Mala Kapela massif. This lack of
communication with other populations
leads to isolation and the consequent lo-
cal decline. Previous research stated that
on Mala Kapela massif the capercaillie
inhabits areas from 800 to 1400 m a.s.l.
(Turkalj 1934). However, loss of connec-
tion with other populations and potential
climate and habitat change have resulted
in the rapid decline of capercaillie popu-
lations on this massif. On the other hand,

to the south of the Velebit massif the al-
titudes are lower, and there are uninter-
rupted mountain habitats. Muller (1974)
claims that the leks are positioned on
higher ground as they are usually used
as flying corridors for females during the
mating season. New leks can be estab-
lished in areas with a high density of fe-
males, or areas where subadult males are
visiting females. If they manage to keep
them until the mating season, a new lek is
established (Gjerde et al. 2000).

From all we observed it is clear that on
the Licka PljeSivica massif only 6 % of the
area above 1000 m a.s.l. is unsuitable for
capercaillie, while 31 % is characterized
as highly suitable. This, in combination
with the connection to the Bosnian caper-
caillie population, has probably resulted in
the gradual population increase.

Conclusions

Over the last 60 years, capercaillie pop-
ulations in Croatia have exhibited a 77 %
decline. The highest decline was ob-
served on Risnjak massif, were lek num-
bers dropped from 112 in the middle of the
20th century to the present five. Interest-
ingly, a slight increase in lek numbers was
observed on the Li¢ka PljeSivica massif
(from 11 to 15). The ENFA analysis applied
showed that the capercaillie prefers cold-
er areas, steeper terrains and ridges and
areas closer to roads where forest stands
are comprised with groups of older trees.
On the other hand, the capercaillie avoids
grasslands (open areas). Compared to
boreal areas, the Alps and the Carpathian
Mountains, the capercaillie shows certain
habitat preferences in the Dinaric Alps. In
other words, the ENFA analysis did not
confirm a relationship between the pres-
ence of capercaillie and the ratio of conif-
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erous trees. This is in accordance with the
different zonality of forest vegetation in
the Western and Middle Dinaric Alps. The
so-called Dinaric type of vertical distribu-
tion of tree community structure, in which
zones of beech-fir forests are followed
again by beech forests, results in the fact
that the capercaillie in the Dinaric Alps in-
habits mainly uneven-age sub-mountain
beech forests. In conclusion, the high suit-
ability of Li¢ka PljeSivica as the capercail-
lie’s habitat and its connection to the Bos-
nian capercaillie population are probably
the reasons for the population increase
observed on Li¢ka PljeSivica.
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