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Distribution of Bechstein’s bat, Myotis bechsteinii
(Kuhl, 1817) in Austria

ABSTRACT

Bechstein’s bat (M. bechsteinii) is listed in the
Annex II and IV of the EU habitat directive. In this
paper, we documented and analysed all currently
available records of M. bechsteinii in Austria. As
its distribution is poorly documented in Austria,
a habitat model could further improve the know-
ledge of the species. M. bechsteinii is a thermophi-
le species and its occurrence is often coupled with
the presence of oak trees (Quercus spp.). In order
to build an adequate habitat model, we need to dis-
cern which of these two factors, either temperature
or the presence of oak, is of higher significance.
We therefore compared 139 records of Bechstein’s
bat from across Austria (199 sites from 1980 -2001)
with data of oak distribution (Austrian Forest In-
ventory data, 1994) and mean monthly temperature
(project HISTALP, aggregation period 1971-2000).
We were able to prove that both Bechstein’s bat
and oaks prefer locations with high average sum-
mer temperatures, with a mean of 15.1°C. Summer
records (May-September) of M. bechsteinii were
mainly located around the periphery of the Alps
as well as in some inner alpine valleys; their altitu-
dinal distribution reached up to 8oo m a.s.l.. The
winter records (October-April), in contrast, show-
ed a higher concentration within the Alps, with al-
titudinal preferences between 200-400 m a.s.l. and
600-800 m a.s.l.. Generally, we support the recei-
ved knowledge about the distribution of this species
in Austria but additionally we detected M. bechstei-
nii in two new regions — central Upper Austria and
Vorarlberg. Furthermore, we can show that the dis-
tribution of oak in Austria is a significant factor for
the distribution of the Bechstein’s bat. The absence

of recent records in some regions requires further
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investigation. However, we failed to discriminate
the influence of oak stand characteristics from that
of temperature due to the great spatial distances bet-
ween the records of Bechstein’s bat and the closest
oak inventory sites. The distances were mostly in
the range of several kilometers and therefore too
large to allow an ecologically-relevant correlation.
Proximate causes of Bechstein’s bat association with
oak forests may be twofold. On the one hand the
very high average biomass and biodiversity of arth-
ropods found in these forests provide optimal food
resources. On the other hand the highest breeding
densities of woodpeckers (above all Great Spotted
and Middle Spotted Woodpecker Dendrocopos ma-
jor, D. medius) are found in oak forests, and there-
fore higher numbers of tree cavities. The numerous
tree holes meet the demands of M. bechsteinii for a

high number of maternity roosts.

INTRODUCTION

Bechstein’s bat (M. bechsteinii) is listed under An-
nexes II and IV of the EU Habitats Directive and is
therefore a species of special conservation concern.
Conservation measures such as the designation of
protected areas (Natura 2000 sites) and the monito-
ring of populations and their habitats are required.
The distribution of this species in Austria is poorly
documented, dated and probably biased towards
winter records (see Spitzenberger & Bauer 2001).

To bridge the gap between scarce knowledge and
conservation demands, habitat models may be a re-
asonable solution. They enable the prediction of the
likely occurrence of a species at unsampled locations
from its habitat requirements (Guisan et al. 2006).
Naturally, the performance of a habitat model de-

pends on how well the habitat dimensions of the
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species under study can assessed and defined empi-
rically. Bechstein’s bat appears to be a good candida-
te for this type of modelling on first impression. It is
generally considered to be a species of mild climates
as it has been shown to prefer the warmer regions
of Europe (Dietz et al. 2007). Furthermore, its oc-
currence seems to be coupled with the presence of
old deciduous tree stands, especially those of oak
(Quercus spp.). To build a habitat model, we need to
discern which of these two (and potentially other)
factors are of higher significance, as well as estab-
lishing if either of the factors is important at all. As
with the Bechstein’s bat, the distribution of oak is
linked to mild, lowland and sub-Mediterranean cli-
mate (Mayer 1984). Thus, the frequent association
of M. bechsteinii, oaks and warm temperatures may
be another example of collinearity, that is, the high
correlation of explanatory (= predictor) variables in
a statistical analysis (Quinn & Keough 2002).
Collinearity is likely to be ignored by biologists
who model habitat requirements and distribution of
species using a multiple regression (or related) ap-
proach, since complete absence of the phenomenon
is improbable in many ecological data. However,
high levels of collinearity may strongly affect the
confidence of regression parameters (inflation of
standard errors of estimated regression slopes) and
may even show fake significant regression results
when there are none (see Quinn & Keough 2002, for
a thorough discussion). We intended to use the data
set of this study to assess the importance of warm
climate versus oak presence for the distribution
of M. bechsteinii in Austria. In this paper, we have
documented and analysed all currently available
records of M. bechsteinii in Austria. We found that
both M. bechsteinii and Quercus spp. were restricted
to the warm eastern lowlands of the country. Whilst
we found strong indications of collinearity, we were
unable to demonstrate it conclusively as the inven-

tory data turned out to be insufficient.

MATERIAL AND METHODS

Austria is situated in central Europe and covers
83,879 km’. The Alps cover about 60% of the coun-
try. North of the River Danube are hill lands and
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there are extended lowlands in the eastern and
south-eastern parts of Austria. The climate ranges
from alpine to the warm and dry continental “pan-
nonic” climate in the eastern parts of the country.
Approximately 47% of Austria is covered by forests:
coniferous forests (62%), mixed forests (26%) and
broadleaved forests (12%). Oak trees could be found
in approximately 11% of all plots with woodland
surveyed in the Austrian Forest Inventory (Scha-

dauer 1994).

Data sources

All available records of M. bechsteinii in Austria
were summarised for this study. Data originated
from various sources including own projects, data
from colleagues and museum material, as well as
literature data (Tab. 1). Hence, the data set used in

this study is very heterogeneous.

Recording of echolocation calls

For this study only recordings of bat calls from au-
tomated ultrasound recording units of the same type
(“batcorder”, ecoObs, Nuremberg, Germany, http://
www.ecoobs.de) were used. This batcorder device
digitally records ultrasonic signals in real time (500
kHz, 16 bit, sensitivity range 16 -150 kHz) and uses
a built-in, realtime filter to distinguish between bat
calls and ultrasound signals from other origins (e.g.
bush crickets). This system was originally designed
for studies on microhabitat use by bats in forests
(Runkel 2008). Devices were calibrated and con-
figured by ecoObs. No further adjustments of the
settings were made (default settings: quality = 20,
4ooms post trigger, -27 dB threshold level, critical
frequency 16 kHz). Bat calls recorded were automa-
tically stored and measured with the software bcAd-
min 2.06 (ecoObs Nuremberg). Subsequently mea-
surements were analysed with the software batIdent
1.02 (ecoObs Nuremberg). This software compares
unknown bat calls with reference calls based on a
statistical approach using Random Forest analyses
and Support Vector Machines, programmed in R (R
Development Core Team 2011). For the purpose of
this study we only used recordings of M. bechsteinii

with a probability of correct classification higher
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than 75%. Furthermore, after the automated classifi-
cation, each sequence was manually checked using
bcAnalyze 1.11 (ecoObs Nuremberg) and published
descriptions for bat calls of M. bechsteinii (Russo &

Jones 2002, Obrist et al. 2004, Hammer et al. 2009).

Temperature and forest stand data
To assess the importance of temperature and the
presence of oak trees for the summer occurrence

of Myotis bechsteinii in Austria, we eliminated nine

potential outliers from the data set (sampling date
< 1980, height above sea level > 1100 m; resulting n
= 139 records). Monthly mean temperatures of the
recording sites were retrieved from the HISTALP
project that provides gridded climate data for the
larger region of the Alps, based on quality-impro-
ved, long-term weather station records (B6hm et
al. 2009, http://www.zamg.ac.at/histalp/). We used
data from the aggregation period 1971-2000 in a 5x5

minutes grid.

Tab. 1. Data sources used for the distribution maps and further analysis.

Tab.1. Datengrundlage fiir die Erstellung der Verbreitungskarte und vertiefende Analysen.

Reference

Amon et al. (1993)

Artenschutzprojekt Fledermause Kdrnten 2010-2013, unpubl. data

Artenschutzprojekt Flederméuse Oberdsterreich 2009-2011, unpubl. data

Artenschutzprojekt Fledermause Steiermark 2010-2011, unpubl. data

Baar & Polz (2002)

Bauer & Walter (1977)

Blumenschein (2007)

Bruckner A., unpubl. data

Biirger K., unpubl. data

Ecotone (2010)

Freitag (1991)

Freitag & Kepka (1993)

Freitag & Freitag (1996)

Fritsch G., unpubl. data

GrofSmann M., pers. comm.

Hiittmeir et al. (2010)

Hiittmeir & Reiter (2010a)

Hiittmeir & Reiter (2010b)

Kaltenbock A., unpubl. data

Koordinationsstelle fiir Fledermausschutz und -forschung in Osterreich (KFFQ), unpubl. data

Kubista C., unpubl. data

Mayer A., in Hiittmeir & Reiter (2010)

Natural History Museum Vienna

Okoteam, Komposch B., unpubl. data

Pollheimer M., Miiller A. & Thurner B., unpubl. data

Pysarczuk & Reiter (2010)

Pysarczuk S., unpubl. data

Reiter et al. (2009)

Spitzenberger & Bauer (2001)

Spitzenberger (2007)

Wegleitner S., unpubl. data

Wieser D., Krainer K., Mixanig H. & Reiter G., unpubl. data
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For each bat record, the HISTALP grid data tem-
perature value was corrected for height above sea
level according to:

temprecord = tempgrid cell - ((heightrecord —

heigthgrid cel1) * 0.0065))
assuming an average temperature change of 6.5°C
per 1000 m altitude difference.

The average temperature of the summer months
(May to September) is closely and linearly correla-
ted to the yearly average (Pearson’s r = 0.98), so we
present only the former here. Oak stand data were
retrieved from the Austrian Forest Inventory (Scha-
dauer 1994). The approximately 5,600 survey units
of this program (quadratic ,tracts®, each of 200 x
200 m size) were on the intersections of a 3.89 km?
grid covering the Austrian territory. Stand characte-
ristics were assessed in four 30om? circular plots on
the corners of each tract (Hauk & Schadauer 2009).
Our oak data set comprised all 2,423 plots nationwi-
de where Quercus spp. were present with a diameter
at breast height > 50 cm (the three dominant oak
species of Austria, Quercus robur, Q. petraea, and
Q. cerris, were not differentiated in the inventory).
These data were compared to a random sample of
inventory plots from all over Austria (n = 250 plots).
Altitude data from the inventory were only available
with a resolution of 100 m a.s.l.. We improved the-
se figures using the digital elevation model of the
Shuttle Radar Topography Mission (SRTM; http://
wwwz.jpl.nasa.gov/srtm/). Then temperature data
were calculated for each forest stand in the data set
as given above.For each record of M. bechsteinii,
the linear distances between the closest inventory
plot and the centre of the nearest HISTALP grid cell
were calculated in ESRI ArcGIS 9.3, using the func-

tion “Near_analysis” with “search_radius 25,00om”.

RESULTS

A total of 279 records of M. bechsteinii from 218
sites were included in the subsequent analysis. Ne-
arly 50% of the recordings were from since 2001 and
over 75% since 1976 (Fig. 1). The records include
findings of roosts (35%), bats captured in mist nets
(18%), and recordings of echolocation calls (28%) as
well as other types (19%).
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Summer distribution

Recordings of M. bechsteinii during the summer
season, from May to September, are mainly located
around the periphery of the Alps with only a limi-
ted number of records from inner alpine valleys
(Fig.2). No difference in the spatial distribution of
the different recording methods could be noticed.
Local concentrations of recordings are in almost all
cases the result of an increased sampling effort in
these areas, for example in the course of inventory
studies.

The majority of records (67%) originate from fo-
raging areas made either by mist netting or recor-
ding of bat calls. Only a small number of records
represent roosts — maternity roosts (8%) or roosts of
solitary individuals (11%). Other types of recordings
or unknown situations account for 14%.The altitu-
dinal distribution of the summer records is heavily
biased towards areas from 200-600 m a.s.l. (Fig.3).
Also, since the one record above 1000 m a.s.l. is a
finding in a cave, we conclude that the recent sum-
mer distribution in Austria reaches up to 8oom

a.s.l.

Winter distribution

From October to April, more records are found
in the Alps as compared to the summer distribution
(Fig. 4), but there are still many records around the
periphery of the Alps. The majority of the records
originate from caves (52%), with much fewer from
galleries (12%) and wine cellars and boiler rooms
(10%). Other records are from bat or birds boxes
(6%) or of unknown origin.

The more-alpine distribution of the winter re-
cords is reflected in their altitudinal distribution,
with records up to 1,400 m a.s.l. (Fig. 5). However,
the altitudinal belts between 200-400 m a.s.l. and
600-800 m a.s.l. are disproportionally more used

compared to the area in Austria.

Distribution of M. bechsteinii and Quercus spp.
in Austria

When plotted on a map, the distribution of oak
trees and the summer records of Bechstein’s bat
overlapped to a very large extent (Fig. 6). We assu-



Guido Reiter, Alexander Bruckner, Georg Fritsch, Claudia Kubista, Martin Pollheimer and Ulrich Hiittmeir

140 +

120 -

100 +

80 -

B0 -

number of recards

40 -

20 +

unknown before 1200 1800-1950 1950-1975 1876-2000 since 2001

Fig. 1. Temporal distribution of records of M. bechsteinii in Austria (n = 279).
ADbb. 1. Zeitliche Verteilung der Nachweise von M. bechsteinii in Osterreich (n = 279).

Fig. 2. Locations with records of M. bechsteinii in Austria from May to September (n = 148).

Abb. 2. Sommernachweise von M. bechsteinii in Osterreich (Mai bis September) (n = 148).
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Fig. 3. Altitudinal distribution of M. bechsteinii from May to September, including maternity roosts, summer
roosts, foraging areas and probably some transitory roosts.

AbDb. 3. Hohenverteilung der Nachweise (Wochenstuben, Sommerquartiere, Jagdgebiete und Zwischenquar-
tiere) von M. bechsteinii in den Monaten Mai bis September.

Fig. 4. Locations with records of M. bechsteinii in Austria from October to April (n = 70).

Abb. 4. Winternachweise von M. bechsteinii in Osterreich (Oktober-April) (n = 70).
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Fig. 5. Altitudinal distribution of M. bechsteinii from October to April, including hibernation roosts, swar-

ming sites and transitory roosts.

AbD. 5. Hohenverteilung der Nachweise (Winterquartiere, Schwéirmquartiere und Zwischenquartiere) von M.

bechsteinii in den Monaten Oktober bis April.

me that their ranges were in fact identical, as the
difference to total match might just be an effect of
inadequate sampling of Bechstein’s bat. Both taxa
covered the lowland regions of the country, i.e.
(clockwise from N to S) the Miihlviertel, Waldvier-
tel, Weinviertel, Vienna Basin, Burgenland, and
south-eastern Styra, and several warmer, inner-al-
pine valleys in Carinthia and Vorarlberg.
Accordingly, Bechstein’s bats were only found at
locations with high average summer temperatures,
with a mean of 15.1°C (Fig. 7). The same was true for
the stands of Quercus spp., that exhibited an ave-
rage summer temperature markedly above that of a
random collection of forest inventory plots from all
over Austria (14.6 and 11.7°C, respectively; Fig. 8).
Thus, there is substantial evidence for collinearity
between the potential predicting factors — tempe-
rature and oak presence — in governing the distri-
bution of Bechstein’s bat. We failed, however, to
discern the influence of oak stand characteristics
versus temperature influence, because the distances
between the records of M. bechsteinii and the closest
oak inventory sites were mostly in the range of se-
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veral kilometers and therefore too large to allow an
ecologically relevant correlation (Fig. 9). Informa-
tion on the recording sites themselves (apart from
geographic coordinates, altitude, and temperature)

was not available.

DISCUSSION

Records of Bechstein’s bat in Austria date back to
the early Pleistocene (Spitzenberger & Bauer 2001)
and are well documented from several caves in Bad
Deutsch Altenburg (eastern Austria) by Rabeder
(1973). The post-glacial recolonisation is assumed
for the early Holocene. Overall, Holocene records
in Austria are mainly located in the eastern Alps,
concentrated in the northern and southern limes-
tone Alps and the Styrian carstic region (Spitzen-
berger & Bauer 2001). The restriction of Holocene
records to the eastern Alps seems to reflect the re-
cords in natural caves. Since there are rarely any na-
tural caves outside the Alps, the recent distribution
of hibernacula is very likely a consequence of the
availability of man-made underground sites. The

distribution map published in Spitzenberger & Bau-
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Fig. 6. Distribution of oak (Quercus spp.) and summer records of M. bechsteinii in Austria. B = high,
W = medium, I = low stand dominance of oak, M = woodland, ® = records of M. bechsteinii.

Abb. 6. Eichennachweise (Quercus spp.) und Sommernachweise von M. bechsteinii in Osterreich. Ml = hohe,
W = mittlere, " = niedere Eichendominanz am Standort, M = Waldgebiet, ® = M. bechsteinii Nachweise.

25 - Fig. 7. Frequency distribution of ave-
rage monthly temperatures of sum-
mer records (May to September) of M.
bechsteinii in Austria.
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Fig. 8. Frequency distributions random stands oak stands

of summer temperatures (May
to September) of a random coll-
ection (n = 250) and of all plots
containing oak trees (n = 2423)
of the Austrian Forest Invento-
ry. 30 ~
Abb. 8. Hiufigkeitsverteilung
der Sommertemperaturen ei-
ner Zufallsauswahl von Wald-
standorten (n = 250) und von
Eichenstandorten (n = 2423)
der Osterreichischen Waldin-
ventur.

number of inventory plots [%]

I I I I I I I I I I I I
B 8 10 12 14 16 6 8 10 12 14 16
average summer temperature [°C]

Fig. 9. Frequency distribution
of the distance of M. bechsteinii
records to the closest inventory
site of the Austrian Forest In-
ventory.

Abb. 9. Haufigkeitsverteilung
der Entfernungen zwischen M.
bechsteinii-Fundorten und dem
nédchstgelegenen Punkt der Os-
terreichischen Waldinventur.

number of records [%)]

T I 1 I
0 1000 2000 3000 4000 5000
distance [m]
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er (2001) shows that Bechstein’s bat occurs mainly
in the lowlands of eastern Austria. Few records are
located in inner-alpine valleys of the Southern Alps
(Spitzenberger & Bauer 2001). Thus, the additional
findings presented here support the received know-
ledge of the distribution of this species in Austria.
However, because of the increased sample size and
new methods, such as the recording of ultrasound
calls, a more confident and detailed picture could
be obtained. Furthermore, M. bechsteinii was me-
anwhile found in new regions of Austria, including
central Upper Austria and in Vorarlberg (Fig. 2).
Bechstein’s bat is mainly a European species with
only a few records outside Europe (Dietz et al.
2007).

The distribution of this species in neighbouring
countries shows similar patterns to those in Aust-
ria. However, for some countries the distribution
patterns may reflect the search effort rather than
the actual distribution of this species. In southern
Germany (Bavaria) only a few records exist from
the alpine region adjacent to the border with Aust-
ria. The main distribution is in the northern part of
the country and only a few records are known from
the region south of the River Danube (Rudolph et
al. 2004). In Switzerland, higher latitudes are also
avoided, with records distributed north of the Alps
and in low alpine valleys (Zuchuat & Keller 1995)

In the Czech Republic and Slovakia, Bechstein’s
bat has a mosaic distribution, but is more abundant
in warmer, wooded and hilly landscapes (Handk
et al. 2010). The same distribution pattern seems
to occur in Hungary where it is more common in
the northern and southwestern parts of the country
(Estok & Szatyor 2007). South of the Alps, this spe-
cies seems to be rare. In Slovenia, the species is very
rare and most records are from swarming sites. No
maternity roosts have yet been found, but reprodu-
cing populations are assumed to occur in the sou-
thern parts of Slovenia (Koselj 2009). So far there
is only one record of a nursery roost from Southern
Tyrol (Niederfriniger & Drescher 2001). We found
a very close correlation between the occurrence of
Bechstein’s bat and oak trees, very much as in other

areas like Luxemburg (Dietz & Pir 2009) and Spain
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(Napal et al. 2010). Furthermore, a link with oak
trees was found at different geographical scales,
such as the home ranges of individuals (Dietz &
Pir 2009, Napal et al. 2010, Giittinger & Burkhard
2013) or the distribution pattern in larger areas as
in Luxembourg (Dietz & Pir 2009). However, the
possibility that oak forests and mild climate are so-
lely ultimate causes of the occurrence of Bechstein’s
bat must be envisaged. Possible proximate causes of
Bechstein’s bat association with oak forests may be
twofold. On the one hand the far above average bio-
mass and biodiversity of arthropods found in these
forest types (e.g. Pasinelli & Hegelbach 1997, Sou-
thwood et al. 2004) provide optimal food resources.

Even more important may be the fact that matu-
re oak forests hold the highest breeding densities of
woodpeckers (above all Great Spotted and Middle
Spotted Woodpecker Dendrocopos major, D. medi-
us) compared to other European forest communi-
ties (Glutz von Blotzheim & Bauer 1994). Feeding
mainly on surface-dwelling arthropods the Middle
Spotted Woodpecker strongly depends on mature
fissured barked oaks (Pasinelli & Hegelbach 1997,
Kosinski & Winiecki 2005, Kosinski 2006). These
two Woodpecker species provide a huge amount of
tree cavities which meets the demands of Bechstein’s
bat for a high number of roosts (Napal et al. 2009,
Dietz 2010, Dietz & Pir 2011).

However, there are indications that at least some
populations of M. bechsteinii do neither depend on
oak trees nor on deciduous trees at all (Steinhauser
2002, Albrecht et al. 2002). The question therefo-
re remains unsolved as to whether there is a cau-
sal link between the bat and the trees, or whether
their closely-matching distribution patterns are due
to the preference of both taxa for regions of mild
climate. Further research into this subject is nee-
ded and any modelling approach must be based on
more appropriate environmental data than were
available to us. Like many other similar databases,
the Austrian Forest Inventory was never intended
to be used for habitat-modelling of endangered ani-
mals, and it is not possible to clarify complex cor-
relations with data of that kind. This is especially

true for species’ records that come from random
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findings and unsystematic sampling, as has been
demonstrated with the M. bechsteinii data in this
study. Even if the occurrence of Quercus spp. is not
causal for the summer records of Bechstein’s bat, the
distribution of the tree in Austria indicates where
the presence of M. bechsteinii is clearly to be expec-
ted, but recent records are missing. Therefore, it will
be necessary to check these areas for the presence
of M. bechsteinii in order to get a complete picture
of the distribution of this species in Austria. This is
very important for the conservation of this species
in Austria as well as for monitoring purposes.
Plank et al. (2012) pointed out that M. bechsteinii
often forages in the canopy stratum of the woods.
Therefore, canopy sampling should be undertaken
when aiming to monitor such species for conserva-
tion purposes. Populations of M. bechsteinii will be
underestimated, and maybe missed completely, by

ground sampling alone (Plank et al. 2012).

Conclusions and implications for the conservati-
on of M. bechsteinii in Austria

The following issues summarise the important
goals for the conservation and management of this

species in Austria:

. Completion of the knowledge about the actual
distribution of this species in Austria, especially
searching for M. bechsteinii in areas with a high
probability of occurrence but where records are
lacking.

. Research about the autecology of this species in
Austria is also called for, primarily on the habi-
tat use in areas with sparse woodland or in areas
with mainly coniferous woodland.

. Production of guidelines for the conservation of
this species in protected areas.

. Production of guidelines for owners of working
forests for the conservation of this species.

. Establish a monitoring program for this species.

We strongly suggest that these points should imme-
diately be put into action in order to promote this
species in Austria and fulfil the obligations derived
from the EU Habitats Directive.
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VERBREITUNG DER BECHSTEINFLEDER-
MAUS IN OSTERREICH

Die Bechsteinfledermaus (Myotis bechsteinii)
wird in Anhang II und IV der FFH-Richtlinie der
EU aufgelistet und ist daher eine Art mit hoher na-
turschutzfachlicher Relevanz. Uber die Verbreitung
dieser Art in Osterreich ist wenig bekannt und die
bestehenden Verbreitungskarten weisen vermut-
lich eine Verzerrung aufgrund der Durchmischung
von Sommer- und Winteraufnahmen auf.

Um fiir den Aufbau eines addquaten Schutzkon-
zepts die bestehenden Wissensliicken ausreichend
fillen zu konnen bieten sich Habitatmodelle an.
Mit deren Hilfe kann, sofern die Anspriiche einer
Art an ihr Habitat bekannt sind, die Vorkommens-
wahrscheinlichkeit der jeweiligen Art in einem zu-
vor nicht untersuchten Gebiet geschitzt werden.

So ist etwa bekannt, dass die Bechsteinfleder-
maus ein Bewohner milder Klimate ist. Sie be-
vorzugt die wiarmeren Regionen Europas und ihr
Auftreten scheint sich mit dem Vorhandensein von
alten Laubwaldbestinden, im Besonderen dem
von Eichen (Quercus spp.), zu decken. Da jedoch
auch die Verbreitung von Eichen mit milden Kli-
maten gekoppelt ist, kdnnte die enge Assoziation
der Bechsteinfledermaus mit Eichen und warmen
Temperaturen eine Kollinearitit darstellen. Um ein
geeignetes Habitatmodell erstellen zu konnen muss
daher im Vorfeld geklart werden, welcher Faktor
die Vorkommenswahrscheinlichkeit der Bechstein-
fledermaus besser vorhersagt oder ob eventuell kei-
ner der gewiahlten Faktoren von Relevanz ist.

Mit der vorliegenden Untersuchung sollte somit
gezeigt werden, ob warmes Klima oder Eichenbe-
stand eine bessere Abschdtzung der Verbreitung
von M. bechsteinii in Osterreich erméglicht. Der
fiir die Untersuchung verwendete Datensatz fiir
den Nachweis der Bechsteinfledermaus in Oster-
reich setzt sich aus einer Vielzahl verschiedener
Quellen zusammen. Beinhaltet sind darin Daten
aus eigenen Projekten, Museumsmaterial und Li-
teratur sowie zur Verfiigung gestellte Daten von
Kollegen. Die Nachweise wurden in zwei Gruppen,
Sommer (Mai bis September) und Winter (Oktober
bis April), aufgeteilt.
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Die Temperaturdaten wurden aus dem Daten-
satz des Projektes HISTALP entnommen. Dieser
liefert monatlich gemittelte Messungen, welche in
einem Raster fiir die grofleren Regionen der Alpen
mittels Langzeit-Messstationen erhoben wurden.
Die fiir unsere Standorte verwendeten Tempera-
turdaten liegen in einem 5x5 Minuten Raster vor
und stammen aus der Periode 1971-2000. Um
die Temperaturwerte fiir die jeweiligen Hohen-
lagen der vorliegenden M. bechsteinii Fundorte
bestmoglich anzupassen, wurden die bestehenden
HISTALP Daten von uns adaptiert. Da weiter die
durchschnittlichen Temperaturen der Sommer-
monate Mai bis September eng mit den jahrlichen
Durchschnittstemperaturen korrelierten, erfolgten
alle weiteren Berechnungen nur mit letzteren.

Die Verbreitungsdaten der Eichen (Quercus spp.)
stammen aus der Osterreichischen Waldinventur.
Die Datenqualitdt beziiglich der gemessenen See-
héhen wurde unter Verwendung des digitalen Ho-
henmodells STRM fiir unsere Zwecke optimiert.
Ebenfalls wurde, wie auch fiir die Nachweise der
Bechsteinfledermaus, der jeweilige Temperatur-
wert fiir die Eichenstandorte berechnet. Durch
Ermittlung des néchstgelegenen Eichenstandortes
(Luftlinie) und des néchstgelegenen Zentrums ei-
nes HISTALP Aufnahmequadrats, konnte nun die
Umgebung der einzelnen M. bechsteinii Fundorte
genauer charakterisiert werden.

Anhand der vorliegenden Daten konnte gezeigt
werden, dass das Sommer-Verbreitungsgebiet von
M. bechsteinii in Osterreich vorwiegend am Al-
penrand, mit Ausnahme von einigen inneralpinen
Tilern liegt (Fig.2) und die Art bis in eine Héhe
von 8oom Seehéhe vorkommt (Fig. 3). Dabei konn-
te kein Unterschied in der raumlichen Verteilung
zwischen den verschiedenen Nachweisquellen fest-
gestellt werden.

Verglichen mit den Sommeraufnahmen, lagen
hingegen die Winternachweise (Oktober-April)
vermehrt im Gebiet der Alpen (Fig. 4). Die hochst-
gelegenen Nachweise erfolgten in einer Seehdéhe
von 1400m, wobei jedoch Hoéhenlagen zwischen
200-400m und 600-8oom iiber dem Meeresspie-

gel bevorzugt wurden (Fig. 5).
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Durch das Verschneiden der Eichenstandorte
mit den Sommernachweisen der Bechsteinfleder-
maus, konnte weiter gezeigt werden, dass diese sich
stark decken (Fig. 6). Beide lagen in Regionen mit
einer durchschnittlichen Sommertemperatur von
15.1°C, wodurch eine starke Kollinearitit nachge-
wiesen werden konnte. Leider gelang es uns nicht
herauszufinden, welcher der beiden Pradiktoren
(Eichenbestand oder Temperatur) eine bessere
Abschitzung der Verbreitung von M. bechsteinii
in Osterreich ermoglicht. Wir gehen davon aus,
dass der fiir unsere Zwecke grobe Mafistab der
Waldinventurdaten der Grund hierfiir ist. Oftmals
lagen mehrere Kilometer zwischen einem M. bech-
steinii-Nachweispunkt und dem néchstgelegenen
dokumentierten Eichenstandort. Aufgrund dieser
groflen Distanzen war eine biologisch relevante
Korrelation nicht méglich (Fig. 9). Uber die jewei-
ligen Nachweispunkte selbst lag abgesehen von den
geografischen Koordinaten, der Hoéhenlage und
der Temperatur keine detaillierte Information vor.
Die unmittelbaren Ursachen fiir die enge Bindung
der Bechsteinfledermaus an Eichenwilder kénnen
folgende sein: Zum Einen gilt die Biodiversitit und
Biomasse von Arthropoden in Eichenwildern als
die hochste aller europdischen Waldgesellschaften;
dadurch sind die Nahrungsressourcen in diesem
Waldtyp tiberdurchschnittlich hoch. Zum anderen
sind in Eichenwildern die Siedlungsdichten von
Spechten (v.a. Bunt- und Mittelspecht Dendrocopos
major, D. medius) und damit auch das Angebot an
Spechthohlen als Wochenstubenquartiere hoher als
in allen anderen europdischen Waldgesellschaften.

Der fiir unsere Studie verwendete Datensatz
stiitzt somit die bisherigen Verbreitungskarten,
welche ein Vorkommen der Bechsteinfledermaus
im Tiefland von Ost-Osterreich und einige wenige
Vorkommen in den inneralpinen Tidlern der Siidal-
pen zeigen. Durch die erhebliche hinzugekommene
Datenmenge und das Einbringen neuer Untersu-
chungsmethoden, wie der Aufzeichnung von Fle-
dermausrufen durch sogenannte Batcorder, kann
iiberdies ein detaillierteres und sichereres Bild zur
Verbreitung dieser Art gezeichnet werden. Zusitz-

lich konnte erstmals die Bechsteinfledermaus in
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weiteren Regionen Osterreichs (z.B. Teile Oberds-
terreichs und Vorarlberg) nachgewiesen werden
(Fig.2). Da M. bechsteinii historisch betrachtet
Hohlen als Winterquartiere nutzt und diese au-
Berhalb des Alpenraumes selten vorzufinden sind,
erklédren sich die rezenten Winternachweise durch
menschliche Bauten welche als Ersatzquartiere an-
genommen wurden.

Die Bechsteinfledermaus gilt als vorwiegend eu-
ropdische Art, da nur wenige Nachweise auflerhalb
Europas bekannt sind. Vergleicht man ihr Vorkom-
men in Osterreich mit dem in benachbarten Lin-
dern, so zeigen sich dhnliche Verbreitungsmuster.

In Deutschland findet man die Bechsteinfleder-
maus hauptsichlich im mittleren Teil des Landes.
Nur wenige Nachweise stammen in Bayern aus
Regionen siidlich der Donau. Auch in der Schweiz
werden hoher liegende Regionen gemieden. Die
Nachweise hier stammen vorwiegend aus dem
nordlichen Gebiet der Alpen sowie niederalpinen
Tdlern. In Tschechien, der Slowakei und Ungarn
zeigt M. bechsteinii eine eher fragmentarische Ver-
breitung, wobei jedoch wirmere, bewaldete und
hiigelige Regionen bevorzugt werden.Stidlich der
Alpen scheint diese Art weniger haufig vorzukom-
men. So ist sie beispielsweise in Slowenien sehr
selten. Der Grof3teil der Nachweise stammt von
wenigen Schwarmquartieren. Obwohl keine Wo-
chenstuben bekannt sind, vermutet man jedoch
das Vorkommen solcher im Siiden des Landes.
Der einzige Nachweis aus Siidtirol stammt aus ei-
ner Wochenstube.Weiter konnte eine Korrelation
zwischen dem Vorkommen von Eichen und der
Bechsteinfledermaus auch in Luxemburg und Spa-
nien nachgewiesen werden. Trotz der Kollinearitat
zwischen dem Sommer-Verbreitungsgebiet von M.
bechsteinii und dem Vorkommen von Eichen, zeigt
die resultierende Karte Regionen in Osterreich in
denen mit der Art zwar gerechnet werden muss,
gesicherte Nachweise bislang jedoch fehlen. Um
daher ein vollstindiges Bild der Verbreitung dieser
Fledermausart in Osterreich zeichnen zu kénnen,
ist es auflerst wichtig die betreffenden Regionen auf
Vorkommen hin zu untersuchen. Da diese Fleder-

mausart oftmals im Kronenbereich der Baume jagt
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sollte dies bei der Nachweismethode beriicksichtigt

werden. Bodennahe Aufnahmen allein fithren mit-

unter zu unterrepréasentierten oder gar fehlenden

Daten.

Um in Zukunft die Bechsteinfledermaus in Os-
terreich gezielt schiitzen und férdern zu konnen,
empfehlen wir das Hauptaugenmerk auf folgende
Forschungsschwerpunkte zu legen:

1. Erstellen einer weiter aktualisierten Verbrei-
tungskarte fiir Osterreich mit Hilfe der vorlie-
genden M. bechsteinii- und der Eichenbestand-
Verbreitungskarten.

. Gezielte Forschung im Bereich der Autdkologie
dieser Art, mit besonderem Fokus auf die Habi-
tatnutzung in waldarmen und Nadelholz domi-
nierten Waldgebieten.

. Erstellung von Richtlinien zum Schutz von M.
bechsteinii in Schutzgebieten.

. Erstellung von Richtlinien zum Schutz von M.
bechsteinii in forstwirtschaftlich genutzten Wald-

gebieten.

5. Erstellung eines umfassenden Monitoring Pro-
gramms zur Populationsentwicklung von M.
bechsteinii.
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