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Mature stand developmental stage has ")
ceased to constitute the most suitable
habitat for the capercaillie in the Augustow
Forest, Poland
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Abstract

Background: Forest management affects the habitat conditions for many forest-dwelling species. Among them,
the capercaillie (Tetrao urogallus) is a rare forest grouse inhabiting old, mature forests. We compared the structure
of forest habitat among 9 active and 9 abandoned leks in the Augustéw Forest (North-Eastern Poland), within a
radius of 1 km of the leks, defined as the Key Areas for the capercaillie in lowland temperate forest. Habitat
measurements were conducted on 1779 circular plots. Assessments made on all plots related to 13 habitat variables
measured or noted in the field, including stand structure, canopy closure, stand developmental stage, percentage
of Scots pine (Pinus sylvestris), soil fertility and soil moisture, the share of undergrowth, the cover of shrubs, the
cover of bilberry (Vaccinium sp.), and the presence of certain habitat elements important to the capercaillie.

Results: To compare the still-occupied and the abandoned KAs for the capercaillie, a logistic regression model was
developed. The variables best explaining differences between these two categories were: the occurrence of
undergrowth layers, canopy closure in the second canopy layer, and stand age. According to the model, with the
increase of the shrub-layer cover as well as the density of trees, the probability of the presence of the capercaillie
decreased. The capercaillie in the area of the Augustow Forest occupy mainly dry and poor, middle-aged, pine-
dominated forests, with a moderate extent of stand canopy closure and only weakly-developed layers of undergrowth.

Conclusions: The filling-in of mature stands with sub-canopy trees and shrubs (the process which is stimulated by
climate change and site eutrophication) causes structural changes, which are unfavourable to the capercaillie. This
might explain why in the course of the recent decades the capercaillie has abandoned the oldest stands, distinguished
by the presence of bigger shares of undergrowth. The capercaillie has shifted to younger stands, which reveal a lesser
extent of canopy closure and a more limited development of understorey vegetation.
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Background

Forest management has a profound impact on forest
habitat conditions (Angelstam 1996; Battles et al. 2001).
It leads to forest fragmentation, the disappearance of a
forest’s natural structure, the shortening of the stand de-
velopmental cycle, and a reduction of the area of old-
growth stage (e.g. Angelstam et al. 2004; Lohmus et al.
2005; Zawadzka et al. 2016). Other effects include a re-
duction of the volume of dead wood as well as an elim-
ination of natural disturbance patterns and structures
(Linder and Ostlund 1998; Lindenmayer and McCarthy
2002; Bujoczek et al. 2018). Birds are an important
group of organisms affected by forest practices in many
different ways (Scheringer and Schumacher 2004; Basile
et al. 2019). The birds which are most sensitive to habi-
tat changes are highly-specialised species, especially
those connected with mature forests (Rosenvald and
Lohmus 2003; Roberge and Angelstam 2006; Czeszcze-
wik et al. 2014; Zawadzka et al. 2018). The maintenance
and conservation of forest biodiversity, including rare
bird species, is one of the significant challenges of mod-
ern forestry (Basile et al. 2016).

In Europe, one of the most endangered forest bird spe-
cies is the capercaillie Tetrao urogallus, which is consid-
ered an iconic species serving an “umbrella” role
(Pakkala et al. 2003; Lohmus et al. 2017). The capercail-
lie is a rare sedentary forest grouse species that lives in
the old, natural forest complexes of a larger size, occur-
ring in certain boreal and mountainous regions of
Europe (Storch 2001, 2007; Jahren et al. 2016). It has
proved to be among the birds which are most sensitive
to the anthropogenic changes of forest habitat, not least
due to a large amount of living space required by both
individuals and the whole populations of this species
(Rolstad and Wegge 1987; Angelstam 2004; Angelstam
et al. 2004; Wegge and Rolstad 2011). The global climate
warming can also have a negative impact on the grouse
population (Moss et al. 2001; Storch 2007; Poirazidis
et al. 2019). As a result of the anthropogenic pressure
related to habitat loss, forest management, and hunt-
ing, the last two centuries witnessed the species’ re-
treat from large parts of both Western and Central
Europe (Tomialoj¢ 2000).

Population declines among capercaillies have, in fact,
been observed in almost all European countries for some
time now. However, the process has been most rapid in the
central and southern parts of the species’ fragmented Euro-
pean range (Zawadzka and Zawadzki 2003; Storch 2007).
The capercaillie is listed in Annex 1 of the EU’s Birds
Directive, and is also Red-Listed as an endangered species
— and under strict protection — in 21 European countries,
including Poland (Glowacinski 2001; Storch 2007).

Capercaillie extinctions and population declines are
both associated with habitat loss and fragmentation, as
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well as intensified land-use by people (e.g. in sport, tour-
ism and recreation, and forest management) (Storch
2007, 2013; Thiel et al. 2011; Moss et al. 2014; Coppes
et al. 2017, 2018). The major reasons for changes in the
habitat of the species are considered to relate to the de-
velopment of commercial forestry, where large areas are
clear-felled (Saniga, 2003; Wegge and Rolstad, 2011;
Mikold$s et al, 2015; Kidmmerlea et al. 2020). The
remaining areas of old-growth forests are too small and
isolated, and extensive areas of young and middle-aged
stands are characterised by unsuitably high densities of
trees (Sirkid et al. 2011). In general, the negative influences
of forestry manifest mostly in the destruction of lekking
sites along with the surrounding territories occupied by
males, as well as, partly, in overall habitat loss and forest
fragmentation (Rolstad and Wegge 1987; Miettinen et al.
2010; Wegge and Rolstad 2011; Mikold$ et al. 2015).
Changes in the structure of forest landscape, induced by
forest management, affect the distribution of leks and the
area occupied by the capercaillie (Angelstam 2004; Zizas
et al. 2017). Besides the direct influences (such as clear-
cutting in lek areas), modern forestry has affected popula-
tions of the capercaillie also in an indirect manner, namely
through its tendency to cause change in forest structure,
age, and stand composition (Broome et al. 2014;
Braunisch et al. 2019). In forests which are managed,
natural disturbances — characteristic of unmanaged
old-growth forests that do favour the formation of a
forest structure suitable for the capercaillie — play
only a minor role (Mikold$ et al. 2017). The wide-
spread fencing of forest plantations results in grouse
collisions. Locally, it can represent an important cause
of mortality, as is the case in Scotland (Baines and
Summers 1997). Collisions with fences as a cause of
mortality of the capercaillie have also been docu-
mented in Poland (Zawadzka 2014).

In the Carpathian Mountains, selective logging at low
intensity was reported as affecting the population of the
local capercaillies in a positive way. In contrast, the pro-
portion of forest clear-cuts in an area as well as the in-
tensity of tourism are both seen to exert a significant
negative influence on the numbers of males present at
leks (Mikolas$ et al., 2015).

In recent decades, several studies have made it clear
that lekking is not at all confined to areas of a mature
forest (Rolstad et al. 2007). The occurrence of the caper-
caillie is seen to be conditioned not only by the specific
stand structure in the area of the lek, but also by the
quality of forest habitat analysed on the landscape scale
(Storch 2002; Sirkia et al. 2011; Brzeziecki et al. 2012;
Zizas et al. 2017).

The identification of habitat requirements of the cap-
ercaillie is a precondition for its effective conservation.
The same can be said about the co-existing species,
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whose needs are less demanding but which benefit from
the conservation measures adopted with regard to the
capercaillie, which makes it a recognised umbrella spe-
cies (Suter et al. 2002; Pakkala et al. 2003). Recently,
studies on forest grouse, mainly the capercaillie, has
focused on the ecological requirements, particularly
habitat preferences (Moss et al. 2010). Inadequate atten-
tion to the capercaillie’s habitat requirements is among
the reasons for failures to achieve an effective reintro-
duction of the species (Merta et al. 2015).

Studies of habitat preferences have been conducted in
order to determine the probability of the occurrence of
the capercaillie. Work has also been done on areas occu-
pied by still-relatively-large populations (Storch 2002;
Braunisch and Suchant 2007; Teuscher et al. 2011), as
well as by ones heading for extinction (Graf et al. 2005,
2007; Bollmann et al. 2011; Mikola$ et al., 2015). There
are two emerging approaches to the assessment of habi-
tat for capercaillies. In mountainous areas of Central
Europe, the main kind of work uses mathematical mod-
elling to identify habitat features associated with the
highest probabilities of the species being present (e.g.
Storch 2002; Bollmann et al. 2005, 2011; Braunisch and
Suchant 2007; Graf et al. 2005, 2006, 2007; Teuscher
et al. 2011). In Fennoscandia and the Baltic countries,
there have been analyses of the long-term influence of
structural change induced by forest management on the
distribution of leks and changes in numbers of the birds
(Gregersen and Gregersen 2008; Miettinen et al. 2010;
Sirkid et al. 2010, 2011; Wegge and Rolstad 2011; Leivitis
2014; Lohmus et al. 2017; Zizas et al. 2017).

In the work presented here, the emphasis has been put
on a detailed investigation of the habitat requirements of
the species, which has been assessed in relation to the
small and isolated natural population (of ca. 50-80 indi-
viduals) still living in the lowlands of North-Eastern
Poland, in the managed part of the Augustéw Forest.
Based on the long-term monitoring of the capercaillie
on the leks (Zawadzki and Zawadzka 2008, 2012), a total
of 18 leks (9 active and 9 abandoned) were selected for
field measurements. We investigated hierarchy and im-
portance among 13 variables characterising the forest
habitat within a 1-km radius of each of those 18 leks. At
the latter stage, we considered the absolute and relative
significances of each of the above variables, using a logis-
tic regression with regard to the current status of leks
within the managed forest as either abandoned or still
occupied.

We hypothesised that changes in habitat structure at the
stand scale were the key reason for the disappearance of
the capercaillie from some locations in the Augustéw
Forest. Our expectation was that the identification of the
importance of particular habitat features might prove to
be useful in formulating recommendations concerning the
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active protection of habitat suitable for the capercaillie in
the context of modern forestry. Moreover, the recognition
of the most important variables characterising stand struc-
ture would help to determine the probability of the occur-
rence of species in any particular part of the forest. Our
study would, therefore, offer indirect help with the assess-
ment of the impact of forest management and other fac-
tors on the capercaillie’s habitat conditions, at the same
time providing a basis for recommendations concerning
habitat management.

Materials and methods
Materials
The study area and data collection
The Augustéw Forest is the home of one of the coun-
try’s four isolated populations of the capercaillie. The
Polish part of the Augustéw Forest is located in the
north-eastern part of the country (at 23°15" E, 53°54" N,
Fig. 1) and extends over 1140 km>. The area is fairly flat,
with a range of elevations between 135 and 190 ma.s.l.
The climate is relatively cold, with a mean annual
temperature of 6.5°C, a 135-day growing season, and
snow cover typically present for around 100 days a year.
Forest cover here is of around 93%, while lakes account
for a further 6% of the area. Tree stands are dominated
by Scots pine (Pinus sylvestris) (78%), Norway spruce
(Picea abies) (8%), black alder (Alnus glutinosa) (9%), sil-
ver birch (Betula verrucosa) (5%), and pedunculate oak
(Quercus robur) (1%). The understorey is formed mainly
by spruce, while the bush layer consists mainly of young
spruces and common junipers (Juniperus communis),
with the cover of these varying from one stand to an-
other. The mean age of tree stands here is 65 years, with
stands older than 100 years accounting for about 15% of
the overall area of forest. The mesic pine forest site type,
distinguished by a big share of bilberry (Vaccinium myr-
tillus), accounts for almost 40% of the area, while 27% is
occupied by mesic mixed coniferous forest site type with
bilberry and bush-grass (Calamagrostis epigeios). Some
7% of the forest area is classified as a wet alder forest.
The Augustéw Forest is included in Europe’s Natura
2000 network as the Special Protection Area for Birds
PLB200002 “Puszcza Augustowska”. Most of the area
comprises managed stands supervised by six Forest Dis-
tricts of Poland’s State Forests National Forest Holding.
Over the past several hundred years, this forest has been
intensively managed with the use of a clear-cutting sys-
tem. Clear-cuts were regenerated by either natural seed-
ing (by leaving seed trees) or by direct seeding and/or
planting. The study area has not been impacted by major
natural disturbances, with these affecting small areas at
most (Reindl 1965; Sokotowski 2010).

Data on the locations of lekking sites within the
Augustéw Forest, history of each lek and number of
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Fig. 1 Study areas in the Augustéw Forest (North-Eastern Poland). Black points — active Key Areas around leks, open points — abandoned Key
Areas around leks. The area of the whole square is ca. 4 km?. The measurements were conducted on circular plots (r= 15 m radius, located across

a 200 m x 200 m grid)
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cocks attending, as well as on their present status (occu-
pied or abandoned) was taken from Zawadzki and
Zawadzka (2008, 2012). The spatial distribution of leks
and the number of displaying cocks were determined
during the 15-years-long monitoring. Every spring all
known leks were visited three times in order to deter-
mine the number of capercaillie males (Zawadzki and
Zawadzka 2008, 2012). The main fieldwork was carried
out in the area of 9 active leks as well as 9 abandoned by

the capercaillie over the last 25years (6 less than 10
years ago). The study plots covered key areas located
within a 1-km radius from the studied leks (Fig. 1). This
size of the key area was recognised as a territory of the
utmost importance for the proper functioning of the
capercaillie population (Wegge and Larsen 1987; Wegge
et al. 2013).

The assessment of the habitat was performed within
the Key Areas, on circular plots positioned across a 200
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m x 200 m grid (Fig. 1). Each plot had a radius of 15m
and thus covered 706 m> We established between 53
and 133 study plots in each Key Area (depending on the
local conditions, e.g. clear-cuts area, dense young planta-
tions, roads), with the average amounting to 98; the area
was spread over 4 km? We excluded areas of open water
and bogs. The nine Key Areas including active leks were
represented by a total of 1032 circular plots, while there
were 747 plots in the 9 Key Areas associated with aban-
doned leks.

Stand and site variables

Measurements or estimations made on all plots included
13 habitat features (variables) (Table 1). The description
of the tree stand involved a determination of its age
(ATS), tree stand structure (vertical layering) (TSS),
stand density (TN), and the percentage share of Scots
pine (PSP). Other recorded features included the canopy
(crown) closure of the upper stand layer (CCUL) and the
closure of the second stand layer (CCSL) as a measure
of the amount of light penetrating through to the forest
floor. The canopy closure was determined by the visual
estimation from the ground — summing up the crown
areas for all trees on a fixed plot area and dividing them
by the ground area. We used a 5-rank scale: Open (1; 0—
30% of ground covered by crowns), Loose (2; 31%—50%),
Discontinuous (3; 51%—70%), Moderate (4; 71%—90%),
Full (5; >91%). Other measured or assessed variables in-
cluded the classes of soil-moisture (SM) and soil fertility
(SF), the shrub cover (PCS), the bilberry cover (PCB),
the height of ground-vegetation (GVH), the distance
from roads used to transport timber (DFR), and the
presence of specific habitat elements (PHE). In the latter
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case, we considered the occurrence of: 1) large trees with
horizontal branches (good for perching); 2) dead fallen
trees; and 3) anthills. Values for the analysed features on
scales — as detailed in Table 1 — were estimated and
noted in the field, with the information contained in the
BDL forest data bank (available at https://www.bdl.lasy.
gov.pl/portal/mapy-en) also being used.

The values of some explanatory variables (the share of
Scots pine, tree stand structure, canopy closure, the
cover of shrub layer, the cover of bilberry, ground vege-
tation height, and distance from roads) obtained ranks
that increased with greater magnitudes of the given
feature (e.g., the greater the percentage of the cover of
bilberry, the higher the designated rank — Table 1). In
this way, the importance of a higher level of a given par-
ameter for the suitability of the habitat for the capercail-
lie was reflected. In the case of stand age, soil moisture,
and soil fertility, values were given to labels based on the
measured features of the stand that had been inventoried
in the sample plots. These were chosen in such a way as
to point to the characteristic habitat conditions associ-
ated with the phase of forest development (sapling, pole,
early mature, mature forest, late mature), as well as
trophic (oligo-, meso-, eutrophic) and moisture (dry,
fresh, wet, bog) conditions of the soil. Thus, for example,
stand aged between 1 and 10 years corresponded with
the developmental phases of a young plantation, while
an age over 100 represented a mature forest. There was,
therefore, a correspondence with the structure charac-
teristic of a given age-related developmental stage (Table
1). It was assumed that these variables would be nominal
in nature. The assignment of different values to labels
describing habitat features (variables) was based on

Table 1 Variables used to describe the capercaillie’s habitat in the Augustdw Forest

Parameter [Acronym]

Value (rank or label)

Age of tree stands (years) [ATS]
Tree stand structure [TSS]
Percentage share of Scots pine (%) [PSP]

Canopy closure of the upper layer [CCUL]

1-10 (1), 11-30 (2), 31-60 (3), 61-100 (4), > 100 (5)

One-layered (1), Two-layered (2), Multi-layered (3)

<20 (1), 2050 (2), 50—70 (3), 70-90 (4), > 90 (5)

Open (1; 0-30% of ground covered by crowns), Loose (2; 31%—50%), Discontinuous (3; 51%—70%),

Moderate (4; 71%—90%), Full (5; > 91%)

Canopy closure of the lower layer [CCLL]

Open (1; 0-30% of ground covered by crowns), Loose (2; 31%—50%), Discontinuous (3; 51%—70%),

Moderate (4; 71%—-90%), Full (5; > 91%)

Percentage cover of shrub layer (%) [PCS]
Ground vegetation height (cm) [GVH]
Percentage cover of bilberries (%) [PCB]
Soil moisture [SM]

Soil fertility [SF]

Distance from roads (m) [DFR]

Presence of habitat elements [PHE]

Number of trees with diameter of
7 cm(N/ha) [TN]

<10 (1), 1020 (2), 2040 (3), 40-60 (4), > 60 (5)

<10 (1), 10-20 (2), 20-30 (3), 3040 (4), 5060 (5), 6070 (7), 70-80 (8), > 80 (9)

Absence (1), 1-10 (2), 1020 (3), 20-30 (4), 3040 (5), > 40 (6)

Dry (1), Fresh (2), Wet (3), Bog (4)

Oligotrophic (1), Mesotrophic (2), Eutrophic (3)

<10 (1), 10-50 (2), 50-100 (3), 100—-150 (4), > 150 (5)

Absence (1), one element present (2), two elements present (3), three elements present (4)

Range from 0 to 16,000 trees per hectare
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information in the literature as well as on expert know-
ledge relating to the habitat requirements of the
capercaillie.

Methods

First, the distribution of sample plots in classes corre-
sponding with the occupied and abandoned Key Areas
was compared using the 2 test. Subsequently, the occu-
pied and abandoned Key Areas were compared by
means of logistic regression, with a binary dependent
variable taking on values O (area abandoned) or 1 (area
occupied). This method was used because of the fact
that logistic regression does not set out assumptions re-
garding the nature of explanatory variables (which can
be either ordinal or nominal). Moreover, the distribu-
tions of independent variables (assessed features of the
forest) do not have to conform to a normal distribution
(Kleinbaum et al. 1982; Hosmer and Lemeshow 1989).
Binary logistic regression is a common statistical method
used in conservation biology to estimate probabilities of
occurrence in relation to different predictors (Kleyer
et al. 1999; Cowley et al. 2000).

The general logistic regression model was:

Logit 6Yp]/4 p 1X1 p 2X2p p ka

where Y is the dependent variable, X; (i=1-k) are the
independent variables, is the intercept, and ; are the
coefficients.

In order to avoid a strong multicollinearity between
predictor variables, we studied the correlation matrix for
10 out of 13 predictors (after excluding the three nom-
inal variables: stand age, soil moisture, and soil fertility)
(Table 2). If there was a strong correlation between two
variables (Spearman rank correlation, |rs|>0.70), only
that parameter which is seemingly more important for
the species (in line with the literature and expert
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knowledge) was selected for further modelling (see
Hosmer Jr and Lemeshow, 1989). The first analysis used
all the non-co-linear explanatory variables. It was followed
by the identification of a subset of explanatory variables
characterised by the greatest predictive power, i.e., those
assessed features of forest which were differentiating be-
tween occupied and abandoned KAs in the most adequate
manner. We applied the Akaike Information Criterion to
the selection of variables (Akaike 1974; Burnham and An-
derson 2002), while general model performance was
assessed by calculating the area under a receiver operating
characteristic curve (AUC), as well as model sensitivity
and specificity (Hanley and McNeil 1982). We carried out
all statistical modelling with the R 3.6.1 packages stat and
Ime4, using a generalised linear model (GLM) for binary
response variable (R Core Team 2019).

Results

Habitat differences between active and abandoned leks
The distribution of sample plots for age classes shows
that in both categories of Key Areas stands over 30 years
old occurred most frequently (Fig. 2a). In the Key Areas
still occupied by the species, stands aged 30-60 years
were prevailing. In contrast, the abandoned Key Areas
were dominated by forest stands older than 60 years
( 2=23.95 p=0.002). In the studied Key Areas, single-
layered stands dominated, while two-layered stands were
limited (Fig. 2b). Stands in active and abandoned Key
Areas differed in terms of structure ( 2=27.05; p<
0.001), with the occupied ones dominated by single-
layered stands.

Occupied Key Areas showed bigger shares of stands
with more than 90% Scots pine ( 2-21.99; p=0.002)
(Fig. 2c). Canopy closure of the upper stand layer resem-
bled a normal distribution (Fig. 2d). Abandoned stands
have a higher canopy closure than occupied stands ( * =
28.57; p=0.001). Stands within active Key Areas have

Table 2 Spearman Rank correlation matrix for variables describing the capercaillie’s habitat (Relationships statistically significant at
=0.05 are indicated by the use of italics strong correlation (Spearman rank correlation, |r| > 0.70) between two variables is

indicated by the use of bold)

Description variables TSS PSP CCuL CCSL PCS GVH PCB DFR PSE N
TSS - 0.122 0.265 0.973 0.082 $0.015 0.075 0.052 0.066 0.023
PSP - 0032 0.105 0.145 0.123 0.080 0014 0012 0.029
ccuL - 0.254 0.153 0241 0295 $0.044 0.192 0436
CcsL - 0.088 $0.020 0.075 0.060 0.057 0038
PCS - 0272 0.308 0.113 0.097 0.176
GVH - 0323 0.042 0.158 0.262
PCB - $0.029 0.184 0310
DFR - 0.080 $0.014
PSE - 0.183

TN
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Fig. 2 Percentage shares of sample plots in still-occupied or abandoned refuges for variables (Table 1) describing Key Areas for the capercaillie

mainly a single-layered structure ( *=28.57; p = 0.001), The occurrence of shrub and ground-vegetation layers
while the share of stands with a well-developed second  was skewed to the left (Fig. 2f), meaning that under-
layer was bigger in the abandoned Key Areas ( >=34.58; growth was, most typically, only poorly-developed in the
p <0.001) (Figs. 2e, 3a, 3b). Key Areas. Areas with only a poorly-developed shrub
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