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Modellierung der Habitateignung für das Auerhuhn Tetrao urogallus für die Nationalparke Bayeri­
scher Wald und Sumava

Das Auerhuhn Tetrao urogallus hat eine starke Bindung an alte und strukturreiche Wälder. Diese 
engen Habitatpräferenzen und umfangreichen Raumansprüche bedingen, dass viele europäische 
Populationen dieses „Waldhuhns" aufgrund von Veränderungen in der Waldstruktur, aufgrund 
von Habitatverlust, aber auch aufgrund der Stressbelastung durch zunehmende Freizeitaktivitäten 
des Menschen stark rückläufig sind. Im Nationalpark Bayerischer Wald und dem Nationalpark 
Sumava wird das Auerhuhnvorkommen seit längerem erfasst. Ergebnisse der Kartierung der Auer- 
huhnpopulation in den Jahren 1972-1974 zeigten, dass die Populationsgröße im Nationalpark 
Bayerischer Wald seit 1945 von 250 Individuen auf lediglich 60 Individuen abgesunken war. In den 
Jahren 1984/1985 waren nur noch 16 Individuen nachweisbar. Zwischen 1985 und 2000 wurden 
daher zur Stabilisierung der Populationen 1,376 Individuen ausgewildert. Nach der Grenzöffnung 
wurden zwischen der Tschechischen Republik und Deutschland Grenzwege angelegt. Weitere
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grenzüberschreitende Wanderwege sind in Planung. Für die Planung dieser Wege werden räumlich 
hoch aufgelöste Karten der Habitateignung für das Auerhuhn benötigt, um eine Wegeführung mit 
möglichst geringen Auswirkungen auf die noch bestehenden Auerhuhnbestände sicherzustellen. 
Das Ziel der vorliegenden Studie war daher, die Habitateignung des Böhmerwaldes für das Auer­
huhn flächendeckend (Nationalparke Bayerischer Wald und Sumava) mit genügender Auflösung 
zu bestimmen. Dazu wurden die Auerhuhnnachweise von 2000 bis 2005 auf ein Rastersystem (50 ha 
Rasterfläche) zusammengefasst sowie die Habitateigenschaften dieser Raster aus einer Befliegung 
im Jahr 2003 ermittelt. Mittels einer neuen Methode für die Schätzung generalisierter additiver 
Modelle, konnten die Meereshöhe über NN, liegendes Totholz, Kahlschlagflächen und ein gewisser 
Anteil an jungem Nadelwald als wichtige Faktoren für das ganzjährige Vorkommen des Auerhuhns 
identifiziert werden. Im Winter (November bis März) sind Höhe über NN und liegendes Totholz mit 
Mischwaldverjüngung wichtig. Verschiedene Methoden zur Evaluierung der Modelle zeigen, dass 
das Vorkommen des Auerhuhns realistisch abgebildet wird. Dabei ist die aus den Habitatmodellen 
geschätzte Habitateignung für die meisten Raster im Winter geringer als für das gesamte Jahr. 
Erstaunlicherweise fallen bei einer Evaluierung mit unabhängigen Daten (Auerhuhnnachweise 
2006-2010; Habitateigenschaften Befliegung 2008) die Leistungswerte der Modelle besser aus, als 
bei einer Evaluierung mit den Daten, die für die Berechnung der Modelle verwendet wurden (Auer­
huhnnachweise 2000-2005; Befliegung 2003). Dieser Unterschied wird auf das Vorkommen ausge­
setzter Individuen in ungeeigneten Habitaten sowie eine vergleichsweise systematische Erfassung 
im zweiten Zeitabschnitt zurückgeführt. Die grenzüberschreitenden Karten für die Habitateignung 
bieten zum ersten Mal eine Grundlage für eine Besucherlenkung in beiden Nationalparks.

Key words: Habitat model, habitat suitability, boosting, Conservation, Tetraonidae.

Introduction

The Capercaillie has extensive spatial require- 
ments and needs specialized habitats (Rolstad 
1988, Storch 1995). Based on this specific habitat 
requirements it is regarded as an umbrella spe- 
cies and management decisions for improving 
the Situation of this species may also serve the 
needs for all other organisms living in its habi­
tats (Suter et al. 2002, Pakkala et al. 2003). In cen­
tral Europe and Scandinavia the species occurs 
in old coniferous or mixed forests. The interme- 
diate canopy cover of these forests allows for a 
rieh layer of ground Vegetation dominated by 
bilberry Vaccinium myrtillus, which is as a main 
food source in summer (Bollmann et al. 2005, 
Gjerde 1991, Storch 1993b, Rolstad 1988, Baines 
et al. 2004). Due to the increasing intensity of 
land use and forest management in central Eu­
rope, populations of the Capercaillie are now- 
adays small and only loosely connected or even 
completely isolated from each other (e.g. Rol­
stad & Wegge 1989, Klaus & Bergmann 1994, 
Kurki et al. 2000, Mollet et al. 2003). Conse- 
quently, populations of the Capercaillie are de- 
clining in most parts of central Europe.

The Capercaillie population in the Bavarian 
Forest National Park declined from -  250 indi- 
viduals around 1945 to 60 individuals between 
1972 and 1974 (Scherzinger 2003). In 1984/1985, 
only 16 birds remained. Due to this dramatic de- 
crease of population size, a release program was 
established: In the Bavarian National Park 1,376 
individuals were released between 1985 and 
2000 (Scherzinger 2003). Since the fall of the iron 
curtain between Germany and the Czech Re- 
public in the early 1990th, a number of trails 
Crossing the border have been established and 
further trails are planned. However, trails may 
direct visitors to the core areas of the Caper­
caillie distribution increasing the stress on the 
population of this bird species. The manage­
ment of both parks urgently needs information 
about the habitat suitability for Capercaillie cov­
ering both parks to direct the activities of visi­
tors but also other management activities with- 
out negative impacts on this endangered spe­
cies. Thus, the main objectives of our study 
were, firstly, to develop a map that visualizes 
habitat suitability for the Capercaillie across the 
Bavarian Forest and Sumava National Park with 
a grain that allows meaningful management
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scapes in Central Europe (93,407 ha). -  Lage des Untersuchungsgebiets in der Tschechischen Republik (dunkelgrün) und 
Deutschland (hellgrün). Auerhuhn-Nachweise aus den Jahren 2000 bis 2005 sind als schwarze Punkte dargestellt. Beide 
Nationalparke umfassen mit einer Gesamtfläche von 93,407 ha eines der größten Waldgebiete Zentraleuropas.

decisions. Secondly, we identified environmen­
tal variables that may affect the distribution of 
this species, and which may be used to predict 
the distribution in the future. To reach these two 
aims, we developed species distribution models 
covering the two national parks.

Material and Methods

Study area. The study was carried out in the 
Bohemian Forest within the area of the two 
national parks: the Bavarian Forest National 
Park, which is situated in south-eastern Ger­
many and the adjacent Sumava National Park in 
the Czech Republic (Fig. 1). The former covers 
an area of 24,368 ha, the latter 69,039 ha.

Elevations' ränge from 600 to 1,453 m a.s.l. 
On the Bavarian side, the total annual precipita- 
tion lies between 1,300 and 1,800 mm and the 
mean annual temperature ranges from 3.8°C to 
8.4°C (Bässler 2004). The high montane forest 
(above an elevation of 1,100 -  1,200 m a.s.l.) is 
dominated by Norway Spruce Picea abies, with 
a small proportion of European Beech Fagus 
sylvatica and Mountain Ash Sorbus aucuparia.

Below about 1,100 m spruce, beech and Silver 
Fir Abies alba prevail in the mixed montane for­
est (Walentowski et al. 2004). Snow cover is 
present at lower altitudes for about 100 days 
and at higher altitudes for almost 200 days of a 
year (Heurich & Neufanger 2005).

Habitat suitability models. To model habitat 
suitability we decided to use a grid system with 
a grid size of 50 ha. This grain is a compromise 
between the average home ränge size of the 
Capercaillie (550 ha, Storch 1995) and the spatial 
resolution needed for the park management. 
The grid was constructed on the basis of the 
Gauss-Krüger system. We used Capercaillie da­
ta from two time periods. Records from the 
years 2000-2005 for both national parks are non- 
systematic records of the presence of this spe­
cies. These records include visual and acoustic 
observations, as well as records of nests, drop- 
pings, tracks and feathers. Rangers and scien- 
tists reporting all signs of Capercaillie occur- 
rences are present year-round throughout the 
entire area of the national parks for various pur- 
poses (about 50 people on the German side).
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Tab. 1. List of predictor variables used to develop and evaluate the models year-round 2003 and winter 2003 with 
their abbreviations, units, ränge and mean. Solar radiation and altitude were calculated from a SRTM (Shuttle 
Radar Topography M ission) -  digital elevation model. All other environmental variables were derived from aeri- 
al photographs (see also Tab. 2). -  Umweltvariablen and deren Abkürzungen, Einheiten, Wertebereich sowie Mittelwert.

Variable Abbreviation Unit Range Mean

longitude X m 4587121 - 
4645811

4613901

latitude Y m 5399192 - 
5451518

5428502

solar radiation from April to October SoApOc kWh 951 -1293 1144

solar radiation from November to March SoNoMa kWh 120 -  354 236

build up area blb % 0 -2 0 0.3

clear cut area clc % 0 -3 3 1.2

coniferous stand - young cnf_y % 0 -6 2 1.9

coniferous stand - medium cnf_m % 0 -8 8 9.2

coniferous stand - old cnf_o % 0 -9 9 34.9

deciduous stand - young dcd_y % 0 -4 6 0.2

deciduous stand - medium dcd_m % 0 -5 1 1.0

deciduous stand - old dcd_o % 0 -9 6 7.1

lying dead wood ldw % 0 -9 8 4.8

lying dead wood with coniferous regeneration ldw_c % 0 -7 9 0.7

lying dead wood with deciduous regeneration ldw_d % 0 -3 4 0.2

lying dead wood with mixed regeneration ldw_m % 0 -7 4 0.8

meadows - cultivated mdw_c % 0 - 8 7 4.3

meadows - natural mdw_n % 0 -7 0 3.2

meadows - wetlands mdw_w % 0 -9 8 1.1

mixed stand - young mxd_y % 0 -3 3 0.4

mixed stand - medium mxd_m % 0 -7 1 1.3

mixed stand - old mxd_o % 0 -8 9 12.1

roads rds % 0-39 3.5

scrub pine scp % 0 -7 1 0.9

Standing dead wood sdw % 0 -9 4 0.7

transition stands between forest, meadows and Tr ns % 0 -9 3 1.4
line Vegetation 
water bodies wtr % 0 -7 9 1.1

altitude altitude m 595 -1348 964

length of all marked hiking and biking trails path length m 0 -  7473 667
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This coverage by observers justifies treating the 
data as presence-absence data. The data of the 
occurrence of Capercaillie from 2006-2010 are 
based on non-systematic records but also on a 
systematic sampling of droppings. For record- 
ing droppings, a team of 20 people covered the 
whole area of Capercaillie distribution in both 
national parks (2009-2010) and all 50 ha grids 
within the potential distribution of the species 
were visited during at least one excursion. For 
all records exact coordinates were available.

The total of 852 records between 2000 and
2005 and 1006 records between 2006 and 2010 
were assigned to all 2,070 grid cells covering 
both parks. If there was at least one record of the 
species in a grid cell, the status of the cell was 
defined as "presence", otherwise as "absence". 
In a second step, only Capercaillie records from 
the winter (November-March, 325 in 2000-2005, 
429 in 2006-2010) were assigned to the grid 
cells.

Environmental data were derived from a 
habitat map based on aerial photographs made 
during 2003 and 2008 (see Tab. 1). The map was 
intersected with the 50 ha grid system and cov­
erage for each habitat type within each grid cell 
were calculated (in %). Mean values of elevation 
as well as solar radiation (for the periods from 
April to October and from November to March) 
were derived from a SRTM (Shuttle Radar Topo- 
graphy Mission) digital elevation model. Ad- 
ditionally, the lengths of marked hiking and bik- 
ing trails for each grid cell were included in the 
set of variables. All in all, a set of 29 potential 
predictor variables was obtained for 2003 and 
2008 (Tab. 1).

Two models were developed, one including 
the Capercaillie records throughout the year 
(model xjear-round) and one including only ob- 
servations from winter (model winter, see also 
Tab. 2). For these models we used the data from 
2000 to 2005 and within the text, figures and 
tables we refer to these models as year-round 
2003 and winter 2003. For constructing the mod­
els and selecting variables, a new procedure 
described by Hothorn et al. (2011) was used. 
This procedure implements a component-wise 
functional gradient descent boosting algorithm 
for fitting a logistic additivfe model (Bühlmann
& Hothorn 2007). The algorithm minimizes the 
negative log-likelihood function. The procedure 
starts with a constant model, computes residu- 
als and then finds the regression model that best

describes the residuals. This procedure is repeated. 
The stopping rule of iterations is determined via 
cross-validation (Bühlmann & Hothorn 2007). 
The final model is as complex as necessary but 
as parsimonious as possible (Hothorn et al. 
2011). Subsequently, a stability selection proce­
dure was performed (Meinshausen & Bühl­
mann 2010) and the variables that had a selec­
tion probability >50% in these calculations were 
regarded as being particular influential. In the 
present study we interpret the predicted proba­
bilities of the occurrence of the Capercaillie as a 
measure of habitat suitability. Note that with 
our grain of 50 ha, several grids cover the home 
ränge of an individual. Therefore the pres­
ence/absence data do not indicate population 
size but the habitat use of the population.

For the evaluation of the models we used 
two basic approaches. First, we compared the 
predictions of the models year-round 2003 and 
winter 2003 with the actual records for 2000 to 
2006 (internal evaluation; see Tab. 2). In a sec­
ond step (further on labelled as year-round 2008 
and winter 2008) we plugged into the models 
the environmental data from 2008 and com­
pared the predictions with the actual records 
from 2006 to 2010 (external evaluation; Tab. 2). 
These evaluations therefore use altogether inde­
pendent data, nevertheless from the same 
region. For a visual evaluation of the models we 
present maps showing the predicted probabili- 
ties and we compare these probabilities with the 
actual records. For a more quantitative evalua­
tion we inspected calibration plots (see Franklin 
2009). These graphs plot predicted probabilities 
versus observed probabilities and provide 
thereby information whether the models are a 
fair representation of the distribution of the 
species). For a quantitative comparison of the 
model performances we calculated several met- 
rics (Fielding & Bell 1997). Some of these metrics 
require transferring predicted probabilities into 
predicted presences and absences using a cer- 
tain threshold. Furthermore, these measures of 
performance also depend on the prevalence of a 
species in an area (Fielding & Bell 1997, Manel 
et al. 2001). The simplest measure is the percent- 
age of correctly classified cases (PCC). However, 
the costs of making an error in predicting the 
presence or absence of a species may be differ­
ent and therefore we also present the sensitivity 
(proportion of correctly classified true positives) 
and specificity (proportion of correctly classi-
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fied true negatives). We also give Cohen's kar, 
pa that describes the difference between the ob 
served agreement and the agreement expected 
by chance. We estimated the threshold by speci 
fymg that for the predicted presences “ h 
absences the sensitivity should equal specificitv

taTo09)Uand ^  P° SSMe (see Frank2.009) and one has to tailor the criterion for 
each particular purpose. Although the criterion 
where false positives equal false negatives leads 
to inflated maps when transferring probabilities
th at ! f  p re sen ces and  a b se n ce s, it en su res 
th a t w e do n o t m iss im p o rta n t areas. A s a thresh  
o ld -m d e p e n d e n t m ea su re , th e  area fi
curve fATTP'i fU • under the
cu rv e  (A U L ) o f th e  re c e iv e r-o p e ra tin g  ch a ra r  
te n s tic  w a s u sed  ATTPxroi , cn arac-

i - i  , A U L. v a lu e s  v a ry  b e tw e e n  D 'S

and absences, the I d e l  w m ^ d t T h X  
score for the presences (Fielding & Bell 1 9 9 7 )

K vA2 1 2 « D  “ f yS6S —  “ - ‘ed ouTwith 
Grid ppH Development Core Team, 2010).
/p • i p S were corriputed with the 'RODBC'
20067  &,LapSley 201°)a"d  'shapefiles' (Stabler
2006) packages. Boosting was done u s L  the
m oost package (Bühlmann & Hothorn 2007 

Ho horn et al. 2010). Values for assessing model 
Performance were derived with the 'Presence 
Absence package (Freeman 2007).

Ornithol. Anz., 50, 2011

Results

Between 2000 and 2005 the Capercaillie was re­
corded within 750 grid cells (pfevaience 3 6 2%) 
and between 200 and 2010 ta 268 ^  cdls

i o f  n Wmter' the CaPercaillie was recorded
93% o/the st Hü00' 2005' WWch corresP°nds to

7  th  ̂ study area- In 2006-2010 the species 
was recorded during winter in only 127 cells

dec L s o l thUdy areaX THeSe ^ata indicate a aecrease of the area used by the Capercaillie
population in the two national parks and a much
more restncted distribution during winter

2000 2n n ?PeHCai  records of the lime interval 
vear I m  T  '  T ™ 01™ 01“  data for the
2003 (Tab 2)e ThUSI  ^  modeI 
t f  t  Uab' 2)' The b°osting procedure selected
18 environmental variables to predict occur
tTon? Capercaillie and their partial contribu-

ed a s " X en Whkh Can be ^ P r e t -ed as a difference in log-odds ratios. Six vari­
ables were selected by the stability selection 

hy of Ŝ DC‘10n.Probabilily >50%. The probabil- 
Capercaillie occurrence increased with 

altitude and with the amount of lyfng dead 
wood and lying dead wood with mixed regen 
eration, cleared areas as well as a small amount 
Of young comfers. The fact that longitudTalso 
was selected by the stability criterion in d la td

Aerial photographs 
2003

external validation Aerial photographs
year-round 2008 2008 urüörapns

Capercaillie records 
2000 to 2005
January to December (year-round)

Capercaillie records 
2006 to 2010
January to December (year-round)

winter 2003
Aerial photographs 
2003

~ o o f dati0n 2A0e0f  Photographs

Capercaillie records 
2000 to 2005
November to M arch (winter)

Capercaillie records 
2006 to 2010
November to M arch (winter)
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Fig. 2. Estimated partial effects of environmental variables (see Tab. 2) on Capercaillie presence/absence data col- 
lected from 2000 to 2 ° 05 in model year-round 2003. Variables selected by a stability selection with a selection pro- 
,a. 11 y > ^  ir* ,Partial effects can be interpreted as a difference in log-odds ratios. -  Geschätzte partielle Effekte 
ei mweltvanablen (siehe Tab. 2) au f Daten zum Vorkommen des Auerhuhns während des Zeitraums 2000-2005 im Modell 

„year-round 2003 . Umweltvanablen, die bei der Stabilitätsüberprüfung mit einer Wahrscheinlichkeit >50% ausgewählt 
wurden, stnd in Fettschrift dargestellt. 5

that some variance in the data cannot be ex- 
plained by the environmental variables at hand.

For predicting Capercaillie occurrence in 
winter with the model winter 2003 (see Tab. 2), 
fewer variables are necessary than for the pre-

diction of the bird's distribution in the model 
year-round 2003. The boosting procedure select­
ed 16 variables and the stability criterion select­
ed only three variables (partial contributions of 
the selected variables in Fig. 3). Capercaillie is
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predicted to occur at high elevations, in open 
areas with lying dead wood with mixed regen­
eration (Fig. 3). Longitude was also selected by 
the stability criterion. Interestingly in both mo­
dels the length of the trails in a grid had no in- 
fluences on the occurrences of the Capercaillie.

A visual comparison of maps presenting the 
predicted probabilities calculated from the mo­
dels and original records between indicated 
good performance of the models year-round 2003 
and winter 2003, although individuals were 
sometimes recorded in areas with low predicted 
probabilities (Fig. 4a, Fig. 5a). In all calibration

plots the predicted probabilities of presences 
were very similar to the observed probabilities, 
irrespective of the data sets used (Fig. 6). This 
shows that our maps of the habitat suitability 
are a good representation of the real occurrences 
(see also Fig. 4, 5).

All internal and external evaluations of the 
two models showed good performance judged 
by the AUC-metric (Tab. 3). The external evalu­
ations showed even a better performance than 
the internal evaluation, which is somewhat sur- 
prising. We estimated the threshold using the 
criterion sensitivity = specificity (Fig. 7) and
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Fie 4 Maps of habitat suitability for a) 2003 and b) 2008 as predicted by model year-ronnd 2003 and by pluggmg 
the environmental data from 2008 into that model. Black dots indicated the grids with field records of Capercaillie.
-  Habitateignungskarten im Jahr a) 2003 und b) 2008, basierend au f dem Modell „year-round 2003" sowie bei der Benutzung 
der Umweltdaten von 2008 mit Modell „year-round 2003". Quadranten mit einem Nachweis fü r das Vorkommen des Auer­
huhns sind durch schwarze Punkte g e k e n n z e i c h n e t . _________________________________________________
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Fig. 5. Maps of habitat suitability for a) 2003 and b) 2008 as predicted by model winter 2003 and by pluggmg the 
environmental data from 2008 into that model. Black dots indicated the grids with field records of Capeicai ie. 
Habitateignungskarten im Jahr a) 2003 und b) 2008, basierend au f dem Modell „winter 2003" sowie bei der Benut.™ni  *  
Umweltdaten von 2008 mit Modell „winter 2003". Quadranten mit einem Nachweis fü r das Vorkommen des Aueihuhns 

durch schwarze Punkte gekennzeichnet.

used this thresholds to calculate the metrics. In 
all cases the model showed good performances 
and similar to the AUC-metric the models per- 
formed better during the external evaluation 
than during the internal evaluation (Tab. 3).

Discussion

Both models, year-round 2003 and model winter 
2003, showed an acceptable performance (Hos-

mer & Lemeshow 2000) and calibration plots 
indicated that the predicted probabilities are a 
fair representation of the occurrence of the Ca­
percaillie across the two parks. The maps pre- 
sented in Fig. 4 and 5 are therefore a good rep­
resentation of the real habitat use in the field. 
Surprisingly, the external validation indicated a 
better performance than the internal evaluation. 
Indeed, between 2000 and 2005 Capercaillie dis­
tribution was much more widespread, with sev-
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Fig. 6. Calibration plot with predicted versus observed 
values for the models year-round 2003 and winter 2003 
as well as for evaluations of these models in year-round 
2008 and winter 2008 (see Tab. 2). Note the good agree­
ment between predicted and observed probabilities: all 
values scatter around the bisector. Above the symbols 
(with confidence interval) we present also the number 
of grids used to calculate the mean predicted and 
observed probabilities for each bin. — Kalibrierungs-Plot 
mit den vorhergesagten gegenüber den beobachteten 
Vorkommenswahrscheinlichkeiten fü r  die Modelle „year- 
round 2003 und „winter 2003" sowie den Evaluierungen 
dieser Modelle in „year-round 2008" und „winter 2008" 
(siehe Tabelle 2). Man beachte die gute Übereinstimmung 
zwischen beobachteten und geschätzten Wahrscheinlichkei­
ten: Alle Werte liegen um die l:l-L in ie. Die Werte über den 
Symbolen (mit Vertrauensbereich) geben die Zahl an Rastern 
an, die fü r jede Schätzung zusammengefasst wurden.

eral records at lower altitudes and in grids with 
low habitat suitabilities as predicted by our 
model (Fig. 4a). The Capercaillie was even 
recorded close to human settlements. In general 
one expects that the performance of models 
decreases when applied to an independent data 
set (see Graf et al. 2006). However, the data from 
the period 2006 to 2010 were still from the same 
area as the model was calibrated for and hence 
may not be regarded as "truly" independent. 
Furthermore, between 1985 and 2000 birds were 
released at lower altitudes in the hope that they 
would re-colonize these areas (Scherzinger 
2003). Since the end of the release program in 
2000, the number of records throughout the area 
decreased considerably (Fig. 8, Fig. 4 b, Bufka 
2011) and the occurrence of birds at lower alti­
tudes also decreased. However, Capercaillie 
was distributed down to the Danube River one

year-round - 2008 winter - 2008

Threshold

0.4 0.6 0.8 1

Threshold

Fig. 7. Relationships of several criteria to evaluate the 
models (Kappa, sensitivity and specificity) from the 
threshold. The vertical lines show the maximum of 
Kappa (blue) and the crossing-point of sensitivity and 
specifity (black). Note the different thresholds when 
using as a criterion Kappa or sensitivity and specifity. 
The plots for 2008 are independent (external) evalua­
tions of the models (see Tab. 2). — Abhängigkeit einiger 
Kriterien fü r Modellgüte vom Bruchpunkt, ab dem ein 
Raster als besetzt eingestuft wird. Man beachte, dass sich je  
nach Kriterium (Maximum Kappa oder bei Sensitivität = 
Spezifität) unterschiedliche Bruchpunkte ergeben (vertikale 
Linien: Maximum Kappa — blau; Sensitivität = Spezifität — 
schwarz). Die Diagramme fü r 2008 sind unabhängige 
Evaluierungen der M odelle (siehe auch Tab. 2).

hundred years ago (Scherzinger 2003). Obvious- 
ly, habitat has already changed in these areas 
before the release program. Finally, we want to 
note that the data of the occurrences of the bird 
used for the external evaluations in year-round 
2008 and winter 2008 are in part based on a sys- 
tematic sampling program leading to a more re- 
liable data basis.

The variables selected by model year-round 
2003 agree with the known habitat requirements 
of the Capercaillie. Altitude had the highest 
selection probability using the stability selection 
approach. In Europe, the Capercaillie is mainly 
restricted to forests of the upper slopes of 
mountain ranges. It occurs at an elevation above 
700 m in the Black Forest (Braunisch et al. 2008), 
1,000 - 2,200 m in the Alps (Graf et al. 2005), in 
Cantabria at 1,200 - 1,600 m and in the Pyrenees 
at 1,700 - 2,000 m a.s.l. (Storch 2001). In Central
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ly c la s s x n e d  cases, senbiuv / r  r  linder the receiver operatmg curve. The mter-
ly classified true negatives, Kappa -  Cohen s kappa,, f f f lC  -  .a rea  unde the re p e8valuation of PCC,

Standardfehler der Leistungswerte.

M odel 

year-round 2003 

year-round 2008  

w inter 2003 

W inter 2008

Evaluation Threshold PC C  Sensitivity  Specifity  K appa AUC

intern

extern

intern

extern

0.18

0.25

0.09

0.14

0.777 
(0.00915) 
0.838 
(0.00909) 
0.724 
(0.00983) 
0.853 
(0.00778)

0.768 
(0.0218) 
0.843 
(0 .0222) 
0.747 
(0.0312) 
0.866 
(0.0303)

0.778 
(0 .0101) 
0.837 
(0.00869) 
0.721 
(0.0104) 
0.852 
(0.00805)

0.421 
(0.0213) 
0.487 
(0.0230) 
0.224 
(0.0197) 
0.360 
(0.0267)

0.861
(0 .0102)
0.909
(0.00966)
0.835
(0.0154)
0.914
(0.0128)

Europe, the Capercaillie is regarded as a relict 
species, living "on the edge": Cold climatic con- 
ditions, large continuous forests, and low hu­
man disturbance are characteristics of its habi­
tat. In Central Europe these conditions are only 
found in mountainous regions (Braunisch et al. 
2008). Note that altitude does not only affect 
species distribution directly: Altitude is also a

Surrogate for temperature and rainfall that also 
influence distribution of species (Elith & Leath- 
wick 2009). But as noted above, Capercaillie 
occurred in the investigated regions also at low 
altitudes several decades ago. We offer two ex- 
planations for this. Firstly, populations at lower 
altitudes were sink populations which survived 
only due to dispersal from the core areas and

0 5 10 15 20

Hü:

Legend

A Aviaries 
•  Capercaillie data 

I | National parks

Fig. 8. Locations where Capercaillies were released f— ries ,n * e
period 2000-2005 (a) and 2006-2010 (b). After release birds (the j^ p p e a r e d  during the period
locations of the aviaries and the over.all distn ution was wi e s p .  ̂ Vergleich zu den Auerhuhn-

2006 to 2010. -  Lage m t Z f J J s u n g  this 2000* konnten Me Auerhükne,

^ Z Z m ! ^ s “ Z Z t e t  veräen  u n i die gesamte Verbreitung « ,  *  ausgedehnt, ln 2006-20*0 ist 

dieses Muster nicht mehr erkennbar.

© Ornithologische Gesellschaft Bayern, download unter www.biologiezentrum.at



108 Ornithol. Anz., 50, 2011

Fig. 9. A dense field-layer, lying dead wood and a small amount of young conifers are important habitat factors for 
the occurrence of the Capercaillie. -  Dichter Unterwuchs, Totholz und ein kleiner Anteil an jungen Koniferen sind wich­
tige Habitatcharakteristika fü r  das Vorkommen von Auerhühnern. Foto: Sascha Rösner

during that time the population in the core area 
was large enough to produce a sufficient num­
ber of dispersers. Secondly, habitat suitability of 
forests at lower altitudes has decreased due to 
forest management or other processes.

Contrary to the general believe that the Ca­
percaillie needs old forests, our models as well 
as published studies found that the species re- 
gularly uses small clear-cuts and patches of 
young successional stages of coniferous forests 
(Rolstad 1988, Storch 2001, Graf et al. 2007, Graf 
& Bollmann 2008). These young stages follow- 
ing the sapling phases seem to provide suffi­
cient amount of invertebrates as well as bilberry 
(Lakka & Kouki 2009). Bilberry is the summer 
food for adults (Storch 2001) as well as shelter 
from avian predators (Storch 1993a, Wegge et al. 
2005). Furthermore the amount of invertebrates 
is positively correlated with bilberry cover (Lak­
ka & Kouki 2009). These insects are an impor­
tant food source for chicks. Selas (2000) there­
fore found a positive relationship between bil­
berry production and winter survival. How- 
ever, dense stands of saplings have a low bio-

mass of epigaeic invertebrates, which are an im­
portant food for Capercaillie chicks (Wegge et 
al. 2005, Lakka & Kouki 2009). To conclude, our 
models show that even somewhat open areas 
provide suitable habitats for the Capercaillie 
(Fig. 9). Bark beetle infestation and the cyclone 
Cyril destroyed much of the mature coniferous 
forests along the mountain ridge on the Bava­
rian side of the study area (Fig. 9). On a long 
run, such disturbances may even promote the 
populations of the Capercaillie.

According to our models, the occurrence of 
Capercaillie increases with the amount of conif­
erous forest of middle age. Conifer needles are 
an important, nevertheless low-energy food 
source for the bird, especially in winter (Rolstad
1988, Scherzinger 2009). The amount of scrub 
pine Pinus mugo also positively influenced Ca­
percaillie occurrence. The nutritional value of 
pine species exceeds the nutritional value of 
spruce and fir by 20% (Thiel et al. 2011).

The harsh winter conditions in the Bavarian 
Forest and the Sumava National Park demand 
special adaptations of species surviving these
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0 .0  0 .2  0.4 0 .6  0 .8

Predicted - year-round 2003
Fie. 10. Plot of predicted habitat suitability for the mo­
del wmfer 2003 versus year-round 2003. Note that for 
almost all grids the habitat suitability is lower during 
winter compared during the estimates for the whole 
vear The line indicates the bisector. -  Das Diagramm 
z eist die geschätzte Habitateignung fü r das Modell „winter 
2003" im Vergleich zum Modell „year-round 2003 . Man 
beachte, dass die Habitateignung der meisten Raster im 
Winter geringer ist als fü r das gesamte Jahr.

winters. In winter, the major constraint is the 
lack of high-energy food and the Capercail ie 
has to rely on needles of conifers. Additionally, 
the time available for foraging is limited due to 
the short day. Therefore, in order to mamtam a 
positive energy budget, birds must mimmize 
their energy expenditure. We therefore expected 
that in winter the Capercaillie need to select dif­
ferent habitats than during year-round and 
therefore parameters selected by our models 
should have differed between the models year- 
round 2003 and winter 2003. However, the model 
for the winter distribution was much simpler 
and only few variables were selected by the sta- 
bility criterion. Plotting the habitat suitability o 
erids based on the model year-round 2003 versus 
the suitability during winter 2003 shows that 
both measures of habitat suitability are correlat- 
ed. Nevertheless the model winter 2003 predict­
ed for most grids much lower probabilities than 
the model year-round 2003 (Fig. 10). This indi­
cates that in general the areas of both national 
parks provide harsh conditions during winter 
also leading to a more restricted distribution du­
ring this season (compare also Fig. 4a and 5a as 
well as Fig. 4b and 5b). Thiel et al. (2007) report-

Fig. 11. Capercaillie mainly feed on conifer needles h e r .  Norway ^  
Auerhuhn ernährt sich im Winter überwiegend von Koniferennadeln, hier. ticM e
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ed that during winter the Capercaillie prefer to 
roost in large trees in open forest stands close to 
forest edges. Single trees in open areas provide 
a good overview of the area and allow to spot 
approaching predators. In the Bavarian Forest 
one finds such single standing trees also within 
areas with a large amount of lying dead wood. 
Moreover, logs of dead wood lying upon each 
other may establish favourable microclimatic 
conditions even for snow burrows (Scherzinger, 
personal communication). Furthermore, the 
bird species needs to seek for shelter from wind 
behind lying logs or root plates to prevent heat 
loss. On root plates, the Capercaillie also finds 
grit, which is needed to digest the conifer 
needles (Storch 2001, Fig. 11).

Finally, we want to comment on the finding 
that in our models the length of hiking trails are 
not important for modelling the habitat suitabil­
ity of the Capercaillie. However, existing trails 
are not necessarily a good proxy for the number 
of visitor. Most visitors concentrate on a few 
trails, many trails are only rarely used or even 
only seasonal open. Therefore, future investiga- 
tions have to include the number of people 
using the trails and, furthermore, one needs to 
investigate the actual stress on the bird popula­
tions (for an example using Capercaillie see 
Thiel et al. 2011). Recent methods to measure 
stress hormones may be a good indicator of the 
actual stress (for a review see Sheriff et al. 2011) 
and such investigations are presently under- 
way.

Our models provide reliable information of 
the predicted probabilities for the occurrences 
of the Capercaillie across the two national parks 
with a resolution of 50 ha. We interpret areas 
with a high predicted probability as core areas 
with suitable habitats for this enigmatic species. 
Furthermore, the interpretation of the variables 
selected by the model is consistent with the 
knowledge on habitat selection of the Caper­
caillie that accumulated during the last decades. 
These maps will form the basis for informed 
management decisions even across the borders 
between the two national parks.
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Abstract

The Capercaillie Tetrao urogallus relies on struc- 
turally rieh forests and therefore functions as an 
umbrella species for plants and animals asso- 
ciated with old-growth conifer forests. Popula­
tions in Central Europe are declining due to 
changes in forest structure, habitat loss and in- 
creased stress due to human outdoor activities. 
The aim of this study was to analyse habitat 
suitability for the Capercaillie in the Bohemian 
Forest (comprising the Bavarian Forest and the 
Sumava National Park). Using a new method to 
build generalized additive models, we identi- 
fied altitude, lying dead wood, clear cut areas 
and small amounts of young coniferous forest 
as important factors for the Capercaillie occur­
rence throughout the year. In winter, only alti­
tude and lying dead wood with mixed regener­
ation were important. Calibration plots indicat­
ed that the calculated occurrence probabilities 
are a good representation of actual occurrences. 
Furthermore, our models showed a good per­
formance when evaluated by the AUC-metric. 
Theses models provide for the first time detai- 
led cross-boundary maps for management de­
cisions (e.g. for new hiking trails), which are not 
in conflict with the Conservation of the Caper­
caillie.

Modelace pnhodnosti stanoviste tetreva hlusce 
Tetrao urogallus v Närodmch parclch Bayeri­
scher Wald a Sumava
Tetrev je kvüli sve silne vazbe k bohate struktur- 
ovanym lesüm povazovän za reprezentativnfho 
zästupee mnoha druhü starych a bohate struk- 
turovanych jehlicnatych lesü. Tyto üzke stano- 
vistnf preference a plosne rozsähle stanovistm 
näroky tohoto druha ptäka maji za düsledek 
vysokou zävislost na dynamice vyvoje lesa. 
Stredoevropske populace tohoto druhu se silne 
snizuji, a to zejmena diky zträte prihodnych sta- 
novisf, zmen v strukture lesa a zvysenemu 
stresovemu zatizeniv düsledku volnocasovych 
aktivit cloveka. V Närodmm parku Bavorsky les 
se systematicky mapuje vyskyt tetreva od roku 
1971. Vysledky tohoto mapoväm v letech 1972- 
1974 ukazuji, ze velikost populace se od roku 
1945 (-  250 jedincü) snfzila na pouhych 60 jed- 
ineü. V letech 1984/1985 zbylo jen 16 jedincü, 
pote byl zahäjen program aktivniho odehovu a 
vypoustem. Mezi lety 1985 a 2000 bylo v Närod­
mch parefeh Bavorsky les a Sumava vypusteno

© Ornithologische Gesellschaft Bayern, download unter www.biologiezentrum.at



do volne pnrody 1376 jedincü (Scherzinger, 
2003). V rämci oteviräm hranic mezi Ceskou re- 
publikou a Nemeckem byly otevfeny nove 
pfeshranicm turisticke stezky a otevreni dalsich 
je plänoväno. Proto je zapotrebi ziskat pros- 
torove informace o vysokem rozliseni tykajxci se 
vhodnosti stanoviste pro tetreva, aby bylo 
mozne usmernit pohyb nävstev zjistenl nikü za 
vylouceni negativniho vlivu na populaci tetreva. 
Cüem predklädane Studie proto bylo detailnl 
zjisteni prihodnosti stanovist’ pro tetreva na cele 
plose Närodnich parkü Bavorsky les a Sumava. 
Za timto ücelem byly shrnuty data o rozsireni 
tetreva do rastroveho systemu (velikost ctverce 
50 ha) a vlastnosti stanoviste v tomto systemu 
zjisteny z leteckeho snimkoväni z roku 2003. Po- 
mocl nove metody k odhadnuti aditivniho mod- 
elu GAM (generalized additiv boosting modell) 
byly identifikoväny nadmorskä vyska, lezici 
mrtve drevo, plochy holoseci a maly podil 
mladeho jehlicnateho lesa jako dülezite faktory 
pro celorocni vyskyt tetreva. V zime jsou rozho- 
dujicimi faktory nadmorskä vyska a lezici drevo 
s zmlazenim smiseneho lesa. Pfitom je vhodnost 
stanoviste v zime odhadovanä podle techto 
modelü pro vetsinu ctvercü v zäsade nizsi nez 
po cely zbytek roku. Prekvapive je, ze pri vyhod- 
noceni s nezävislymi soubory dat (pozoroväni 
tetrevü 2006-2010, vhodnost stanovist’ podle 
leteckeho snimkoväni 2008) jsou vysledky techto 
modelü lepsi, nez pri vyhodnoceni s soubory 
dat, ktere byly pro vypocet modelü pouzity 
(pozoroväni tetrevü 2000-2005, vhodnost stano- 
vist’ podle leteckeho snimkoväni 2003). Tento 
rozdil je mozne vysvetlit nähodnym vyskytem 
vysazenymi tetfevy v nevhodnych stanovistich 
stejne jako systematictejsim sberem dat v dru- 
hem obdobi sledoväni. Preshranicne vypocitane 
mapy vhodnosti stanovist’ tak poprve nabizeji 
podklad k usmerneni nävstevnikü v obou Nä­
rodnich parcich.
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