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Preface

Bats live a secret life. For those species seeking their refuges close to humans, such a
lifestyle has advantages and disadvantages. As there are still householders who will not tol-
erate these four-legged lodgers because they fear bats will bring dirt and other inconve-
niences, it is to the bats’ advantage that they stay out of sight. However, they are in danger
when buildings are renovated, and noone knows that bats are thereby disturbed, driven away
or even locked in. This has been the fate of many bats over the last decades, some popula-
tions being thus extinguished.

For these reasons a project of testing and development (T&D) was initiated in the mid-
1990s, to test effective measures to aid house-dwelling bats. Towards this aim, practical mea-
sures to conserve and construct roosts for house-dwelling bats were developed and tested
within a main project, while a parallel scientific project analyzed the success of these mea-
sures, and investigated the life and ecological demands of these animals in a more detailed
way. Both these projects have now been concluded.

The accompanying scientific investigation, whose results are presented here, has brought
many new insights into the biology and ecology of bats within the area of human settlements
which can be applied on a practical level, Already in the first year of the project the hypoth-
esis could be proved that a colony of bats not only has one roost, but uses a roost assemblage,
and changes or switches frequently between these different hiding places. The mystery of bat
invasions could also be explained.

The results vielded valuable clues that can be applied to the protection of these secret
lodgers. Amongst them, for example, is the insight that bat conservation in the area of settle-
ment requires intensive public relations work, as each element of a roost assemblage can only
be conserved if as many householders as possible tolerate their nocturnally active guests,

The T&D Project could not have been carried out so successfully if it had not been for the
support of many people. The Department of Animal Ecology at the Philipps University of
Marburg and the Wildlife Biology Study-Group at the Justus Liebig University in GieBen
took on the responsibility of carrying out the project. The ambitious aims of the accompany-
ing scientific investigation could only be met because of the great number of enthusiastic stu-
dents from the Universtiy of Marburg, who contributed their time and effort as part of their
coursework or undergraduate theses. Finally, the T&D Project found much support in the
state of Hesse, particularly in the Marburg-Biedenkopf district and in the city of Marburg.
Special thanks should go to the authors of this report, on whom lay the burden of responsi-
bility for the accompanying scientific investigation. They have contributed much to the pro-
tection of bats in settled areas.

This report was published first in German as volume 76 of this series. The English version
was produced to improve the distribution of the research results in Europe, especially within
the community of the EUROBATS Agreement. Translation works were kindly supported by
Simon & Widdig Consultancies (Marburg).

We hope that the results from the project find a wide audience, that they be taken into
account wherever conservation is practised and that they contribute to improving the current
critical situation of house-dwelling bats.

Federal Agency for Nature Conservation
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1 Introduction

The idea of a federal T&D project with the aim of “Creating a network of roost sites for
bat species inhabiting human settlements” was developed at the beginning of the 1990s, After
many years of decreasing bat populations in Germany, there was an increasing willingness in
the public to support the survival of these fascinating mammals by specific conservation mea-
sures. At the same time, alarming news arrived from the new German federal states, where
broad programs of restauration were underway which threatened the previously advanta-
geous living conditions for bats that had existed in the former GDR. Thus, it was of nation-
wide interest to investigate the requirements and possibilities for the conservation of bats and
their habitats in human settlement (compare BOYE 2002). In order to cover a sufficient sam-
ple of the native bat fauna, a relatively vast T&D project area was chosen, namely the admin-
istration district of Marburg-Biedenkopf in central Germany (DIETZ & SIMON 1999).

The project started out with two assumptions: firstly, we were convinced of the fact that in
principle it is possible to combine bat protection with modern building and living. Secondly,
we supposed that bat colonies in a village or area of a town will be distributed among vari-
ous roosts, and that the groups could be bigger if they had a larger number of roosts at their
disposal. The main goal within the testing and development project was therefore to secure
as many existing bat roosts as possible, and to create new ones. The participation of house-
holders had to be gained via targeted public relations work. The results and experiences of
the main project, and the practical knowledge thereby gained, have already been processed
and published by DIETZ & WEBER (2002).

At the fore of the scientific part of the T&D project was the testing of the hypothesis that
bats use numerous roosts combined into a roost assemblage and that a targeted increase of
potential roosts in urban areas leads to a long-term enlargement of bat stocks. At the time the
project was planned, very little was known about the dynamics of the use of maternity roosts
by bat species, That was why the roost requirements of each different species had to be inves-
tigated in more detail. In addition, it was the duty of the scientific project part to provide
advice to those working on the T&D project part which implemented the building measures
necessary for the construction of roosts. The investigations that are reported here had the fol-
lowing aims:

» The development and application of new methods to record and observe bats.

» The identification of roost requirements of house-dwelling bats,

« An adequate quantitative recording of bat stocks within large parts of the investigation area.

» Research into the special behaviour of bats (o search for and scout roosts.

» The supervision of new potential roosts built in houses.

+ An evaluation of the new roosts in buildings and of other possibilities for bat conservation
within human settlements.

+ The systematic investigation of roost switching behaviour whereby bats move from one
roost to another.

During the course of the project many more specific questions were raised which were
deepened as much as possible. Genetic relationships between bats were analyzed in order to
prove the exchange of specimens amongst colonies. Furthermore, ecological aspects of land-
scape ecology were also taken into account for the analysis, that is to say, the surroundings
of the settlements. To achieve this aim, numerous bats were investigated by telemetry. Dur-
ing the years 1997 to 2001, a great number of post-graduate theses were written or encour-
aged at the Philipps-University Marburg (within the T&D project) which dealt with bats and
had special aspects or parts of the T&D project as their content. They are tagged with a (%)
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in the literaturelist. They formed an important part of the current investigations. A project
group of about 6 to 10 people could thus collect and evaluate extensive data continously over
several years. The amount of data gained exceeded all expectations, so that some details have
not yet been analyzed satisfactorily. A very good example for the far-reaching possibilities of
evaluating the data gained in the project was supplied by SENDOR (2002), who completed his
doctorate thesis on the ecology of the population of common pipistrelles at the Marburg Cas-
tle. Various post-graduate works also form a central technical basis for applied conservation:
thus, a Natura 2000 site of about 10,000 ha could be proposed to protect the Barbastelle bat
within the project area.



2 Area of Investigation

The area of investigation is situated in central Hesse in the Marburg-Biedenkopf district. It
has a total area of 1,262 km? (see Figure 1). This area is divided into 9 municipalities and 13
rural shires. The rural shires contain a total 161 villages and hamlets. The human population
density of the district in the year 2000 was 198 inhabitants per km?. The largest settlements
are the university city of Marburg (approx. 77,400 inhabitants) and the town Stadtallendorf
with approx. 21,600 inhabitants.

The largest percentage of productive land is taken up by agriculture at 45 %. Around 40 %
is covered by forest, and 12 % is taken up by farm yards, buildings, roads, lanes and other
open areas. The percentage of water surface area is 0.9 % of the total area (KREISAUSSCHUSS
DES LANDKREISES MARBURG-BIEDENKOPF 1996). The largest river in the district is the
Lahn, which has many branches. The major tributaries of the Lahn are the Ohn, Wetschaft,
Wohra, Perf and Klein rivers.

=

Figure 1: Location of the area of investigation: the Marburg-Biedenkopf district in Hesse.




2.1 Landform of the Marburg-Biedenkopf district

The district has a landscape designated “hill and basin”. Natural features divide the district
into three areas: to the west are the high Rhein Slate Mountains which progress to the east
into the West Hesse hill and valley country and then to the foothills of the East Hesse Ranges
(from KLAUSING 1988). The highest peak in the district is the “Sackpfeife”, 674 m above sea
level, situated in the foothills of the Sauer Highlands, on the district’s north-western border,
The “Sackpfeife” is situated between the river valleys of the upper Lahn (approx. 280 m) and
the upper Eder (approx. 340 m).

Positioned approximately in the middle of the eastern slopes of the Marburg Ridge is the
old city of Marburg, and in it the Marburg Castle (290 m a.s.1.).

2.2 Climate

Hesse is given the climatic designation sub-oceanic, cool temperate forest (PLETSCH
1989). The regional climate is designated mild, warm-temperate wet. The mean annual tem-
perature in the hinterland (Gladenbach Ranges) is 6-7 °C and in the Marburg area (Lahn and
Ohm river valleys, Ebsdorf valley) is 8-9°C (see figure 2). The mean annual precipitation
also bands the difference in climate between the hinterland and that in the Marburg area, with
850-1,000 mm in the former and 600-700 mm in the latter (KREISAUSSCHUSS DES LAND-
KREISES MARBURG-BIEDENKOPF 1996),

B-9°C |_?-E‘C 6" - k |

— =t 13 54 Sim |

Figure 2: Mean annual temperature (schematised according to the Hesse Climate Atlas, MOTHES-WAG-
NER 1992),
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2.3 Landuse

The largest tract of unfragmented forest is the Brilcker Forest in the north of the district
(see figure 3). To the east, beyond the forested Lahn Ridge, is the open country of the
Améneurg Basin, which is largely agricultural. This is adjoined further to the south by the
Ebsdorf Valley, also characterised by open country. Both these areas of open country are used
for grazing and cropping. The western part of the district is characterised by a high percent-
age of forested area which is, however, highly fragmented forest.

[ o Ft-:::-F'n.A

Figure 3: Distribution of forest in the Marburg-Biedenkopf district.




3 Methods — aims, description and evaluation

31 Introduction

Investigations of bats have numerous methodological problems. This is not only due to the
nocturnal activity and ultrasound orientation of these animals, but also due to their way of
moving: the quick flight. Observations during the day are made more difficult by the fact that
the animals retire mostly into the tightest crevices and hiding places high up in roofs or facades.

For a long time now few methods and materials have been available for systematic inves-
ligations of bats outside the roost. For the success of the investigations within the project, it
was necessary to apply the well-known and tested methods systematically, and to develop
and test additional new methods or procedures.

The methodological section is divided thematically into recording methods, methods to
observe behaviour, methods of automatic surveillance of roosts and methods to measure the
roost temperature. Additionally, a population genetics study was carried out. Furthermore, a
geographical information system (GIS) was employed to analyze bats’ use of landscape strue-
tures.

3.1.1 Acoustic detection

Aims:
* Recording of bat numbers
* Locating roosts

Materials:
+ Ultra sound detector
+ Maps

Procedure and Evaluation

One of the prerequisites for the evaluation of animal populations or partial populations is
knowledge about their size.

With bats as other animal groups, there is a low level of knowledge about their natural and
local occurrance and population density. The level of mapping within the different regions
normally depends on the activity of regional bat experts To evaluate our results and espe-
cially to evaluate the significance and efficiency of newly created potential roosts for bats,
we first had to know the existing bat numbers. The size of the project area, however, made a
complete quantitative recording impossible. For this reason, the aim was to map bat stocks
in as many towns and villages as possible, and thus to get representative results for the whole
district. At the same time, it was also important to record as many roosts of the various
colonies as possible, in order to get an overview of the number of roosts required by a bat
colony. Up to now, detector surveys to map bat activities have taken place almost exclusively
in the countryside (hunting grounds; landscape elements which can serve as guiding struc-
tures; different habitats) (e. g. WALSH & MAYLE 1991, VERBOOM & HUITEMA 1997, ROCHE
& ELLIOT 2000). Detector surveys in towns are poorly described in the literature (GAISLER
et al. 1998), and was carried out selectively in the green areas of a town (parks; old wood
lots), in which the existence of bats was suspected (JANSEN 1993).

To record the house-dwelling bat species within the project area, 345 detector surveys were
carried out in 110 villages. To this purpose, a distinction was made between evening, night
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and morning mapping. Evening mapping can record all bat species emerging from their roost,
ever though they leave their roosts at different times. Morning mapping makes it possible to
find animals swarming at the roost, shortly before flying in {e. g. SWIFT 1980). Depending
on the size of the colony, the swarming procedure can last longer than half an hour. The com-
bination of evening and moming mapping in one village makes sense because in the morn-
ing it is possible to search in a more concentrated way in those areas in which an evening
activity has already been detected. The efficiency of night mapping is especially high during
the lactation period, as the adult females return at night to the roost to suckle. They can be
observed swarming at the roost already from midnight onwards. Additionally, the social
noises made by the young not yet able to fly are heard coming from the roost.

The evening and morming mapping started about half an hour before sunset or sunrise,
respectively, and lasted about one and a half hours. The number of mappers was between two
to eight people, depending on the size and layout of the town or village (see figure 4). As a
rule, the number of people required increased with the size of the area of the village, but its
layout was also significant. Each person was assigned certain sireets in the village, which
were walked several times systematically with a bat detector.

Evening mapping was the most appropriate for recording the roosts of the serotine bat,
because this bat species leaves in the evening, usually when it is still light, then flies rela-
tively high and straight, often in groups, into its hunting grounds. Also, serotine bats are heard
clearly in the detector, because of their loud calls. Morning swarming is not a common phe-
nomenon of the serotine bat, but only takes place sporadically (see chapter 6.6.3 and chapter
7.2.2). For this reason, moming mapping, which has been reliable for other species, is not
appropriate for mapping seroting bats. However, night mapping makes sense at the time when
the young leave the roost (from the beginning of July), as the young mostly stay in close prox-
imity to their roosts, and swarm there to scout, During this time, the night recording of roosts
of this species is very efficient. For the other species, which have their roosts mainly in build-
ings (common pipistrelle, whiskered bat, grey long-eared bat, greater mouse-eared bat, Nat-
terer’s bat), a morning mapping during time of swarming at the roosts is the most advanta-
geous method. Species like Nathusius® pipistrelle and Kuhl's pipistrelle or the Natterer™s bat,
which have very guiet calls, can only be recorded well in the moming by employing addi-
tional visual observations.

For the recording of Natterer's bats, it is advisable to carry out targeted, nocturnal searches
in the cattle sheds of villages (see chapter 4.4.1). On the one hand, these bats use the sheds
as hunting grounds. On the other hand, there are also maternity roosts in the hollow spaces
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Figure 4: Average number of people mapping bats in each town or village, in relation to the size of vil-
lage.
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in walls or ceilings in the sheds. Natterer's bats have not been detected yet in pig stalls. How-
ever, these sheds are seldom accessible to bats from outside. Before mapping, it is advisable
to obtain the permission of the local farmers (an open window to the street, through which
the detector can be held, is often adequate). This targeted method allows several villages to
be mapped one after another in one night, depending on the density of the sheds. The live-
stock sheds in which nocturnal hunting activity has been detected, should be visited then once
more at dawn, Thus, possible roosts can be found. If the bats have their roost somewhere else,
the animals may be able to be followed in the direction of their roost. This method promises
more success of discovering further roosts.

3.1.2 Emergence ohservation

Aims:

= Estimation of colony size

* Determination of species

= Determining time and duration of emergence
= Signs of roost switching

Material:
* Ultrasound detector

Procedure and evaluation:

In general, the observation of bats emerging from their roost can be carried out by one per-
son. Nonetheless, complex emergence openings of bigger colonies may require more people.
The use of a detector is very important, as otherwise animals can be overlooked, especially
at dusk. Depending on the bat species and size of colony, it takes generally up to about an
hour to count how many bats emerge after sunset (table 1). Common pipistrelle and serotine
bats belong to the species that emerge early, while whiskered bats, Natterer's bats, grey long-
eared bats, barbastelle bats and greater mouse-eared bats emerge later.

Table 1: Information concerning the time of emergence for several bat species.

Species Time of emergence
P. pipistrefius mean time of emergence at 24.5 min after sunset
E. serofinus mvean lime of emergence between 13.3 min and 30.6 min after sunset
P. auritus, P, austiacus, between 12 and 44 min after sunset,
B. barbastelius mean tme of emergence at 32 +1- 8 min after sunsat
M. myofiz between 23 and 45 min,
mean time of emergence al 67.2 +- 17 min after sunset

3.1.3 Capture and banding of bats

Aims:

= Determination of species

= Determining sizes of colony and population

* Proof and investigation of summer roost switching
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+ Ascertainment of spatial correlation between roosts (summer and winter) over large dis-
tances

» Proof of connection between summer monitoring of hibernacula and hibernation

+ Establishment of ecological parameters which concern the population (e. g. survival index,

age)

Material:

Mist nets, 70D, 16 mm, 25 mx T mor25x 12 m

Extendable poles, 6 m or 9 m long

Hinges for extendable poles

Specially made funnel traps and dip nets (see below)

Catching container with a cotton bag (with a wide plastic edge)

Ladder

Arm clips of the sizes “H”, “M" and “X" supplied by a bat banding centre
Suitable metal rod to pre-bend the arm clips before attatching

Procedure:

Trapping
Basically, there are two suitable methods for capturing bats, depending on the questions

wanting to be answered and on the composition of the roost.

= Catching with a net: Capture of single bats, e. g. to determine the species, or capture at
roosts with big emergence openings, or those with numerous, hard to determine openings
{e. g. gallery or slate wall).

* Catching with funnel trap/dip net (based on TUTTLE 1974, COTTERILL & FERGUSSON
1993): capture of a great number of bats, which are given armclips to distinguish them, and
which are to be recaptured regularly.

As, in order to investigate the roost compound and the behaviour of roost switching, there
were 1o be as many animals captured as possible, the bats were captured almost exclusively
with funnel traps and dip nets (see figure 6) in front of their roosts when emerging (see fig-
ure 5). When manufacturing the dip nets, the highest possible catching efficiency must be
combined with a low danger of injury for the animals. The trapping equipment was designed
according to already known funnel traps and dip nets (TUTTLE 1974, COTTERILL & FER-
GUSSON 1993). The basic form for both types of trapping instruments is a box-shaped metal
frame made of high-grade steel or aluminium tubing.

The sides of the frame were spanned with fishing line at intervals of one centimeter, or lined
with plastic film. A cotton bag was fixed under the metal frame, to catch and retain the ani-
mals. At least half a meter of film was fixed as smoothly as possible between bag and frame,
to prevent the bats climbing up. Some of the dip nets had a plastic film “cuff” at the top of
the bag to serve as additional climbing barrier,

As the emergence openings are often at great heights, all the catching equipment must have
connections for extendable poles. In this way, bats can also be capture in roosts which are in
heights of up to 10 m. As the extendable poles have a limited weight-capacity, the frame of
some of the trapping equipment was made of aluminium. This material is less stable; which
is why additional dip nets made of angled high-grade steel brackets (with padded edges) were
used. Nevertheless, it was almost impossible to use them at heights of more than 7 meters,
Additionally, the wind impact at heights of 8 to 10 meters puts the equipment under great
strain, so that its wind sensitivity must be reduced. This can be done for example by using
narrowly spanned threads instead of plastic film.
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Figure 5:

Trapping at a 10 m high emergence
gap of a common pipistrelle mater-
nity roost, behind slate shingle pan-
elling.

Funnel traps and dip neis make use of the principle that bats let themselves fall out of the
emergence gap when leaving the roost. Thus they fall directly into the trapping equipment
which is positioned in front of the emergence hole. The two types of trapping equipment can
be distinguished in terms of the way they work: funnel traps have an opening at the front
and are put in front of the emergence hole. This way, animals that lose only little height also
can be captured. This type has turned out to be useful especially for vertical gaps. Dip nets
have an opening on the upper side, and are rested against a place just below the emergence
hole.

Bat species differ in the ease with which they can be captured. While common pipistrelles
can be captured very easily with plastic dip nets, serotine bats react in a very sensitive way
to rustling films. They feel disturbed by such noises and only leave their roosts with delay or
not at all. Bat species like the whiskered bat or Natterer’s bat are very agile when flying,
and thus able to escape from voluminous funnel traps or dip nets. That is why the diameter
of the catching equipment’s opening should not exceed half a meter.

The catching equipment was generally removed after about half an hour to one hour. The
animals were retained in plastic boxes, lined with a cotton bag with film border (as climbing
barrier). Some funnel traps with a long cotton hose were employed, which made it possible
for the animals to go directly into the retaining box.
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Figure &: Basic type of dip net, spanned with fishing line. Below the metal frame is a plastic lining and
fixed wo this a cotton bag with a plastic cuff,

Banding

An individual identification of the captured bats was made possible with aluminium arm
clips, which were numbered consecutively. These arm clips, often termed “rings”, were sup-
plied by the bat banding centre at the Koenig Museum in Bonn. For common pipistrelles,
clips of the sizes “H" and “M" with a diameter of 2.9 mm can be used. Greater mouse-eared
bats and serotine bats were banded with “X"-clips, which have a diameter of 5.2 mm. Nei-
ther injured bats nor underweight bats were banded. The arm clips are put on the bat’s fore-
arm and the ends are pressed together above the wing membrane. Between wing membrane
and elip, a gap of about 1 mm is left open, so that the mobility of the clip fixed to the forearm
is assured. When doing so, the gap may not be too big, otherwise the arm clip could slip over
the elbow or the fingers could be trapped within the arm clip when the wings are folded close
to the body. The ends of the arm clips are bent slightly outwards, so that they do not leave a
sharp edge lying on the wing membrane. The arm clips were pre-bent with a metal rod of a
corresponding diameter to assure that they kept their symmetry when pressed together,

Evaluation:

* high recapture rates can be reached within targeted banding projects (up to 90.5 %); aver-
age recaplure rate at summer roosts of the commeon pipistrelle 35.2 % (compare chapter 4).

+ Capture and banding of bats led neither to more roost switchings, nor to expulsions from
the roost,
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* All three bat species that were banded (common pipistrelle, serotine bat, greater mouse-
eared bat) present a very low injury rate (< 1 %), due to the method employed. Quality con-
trol and pre-treatment of arm clips is essential for the minimalization of injuries.

3.1.4 Data compilation of captured bats

Aims:

+ Evaluation of recaptures (e, g. roost switching, roost fidelity, limits of roost compound, spa-
tial correlations between hibernaculum and summer roost ete.; compare chapter T)

+ Composition of a maternity roost { proportion of subadult females, males, young)

+ Determination of a colony's reproductivity

* Individual weight development

= Eelation between sexes amongst the young

Material:
+ Set of scales

Procedure:

The following parameters of the captured bats were determined:

+ Clip number of banded bats

* Sex

* Reproduction status (state of nipples or testes and epididymis, modified according to
RACEY 1974):

The state of the female’s nipples is evaluated as follows:

"A"= minimally developed, with hairs corresponding to the fur’s colour; a sign for the fact
that it has not suckled before.

"B"= moderately developed, with a bare area surrounding the nipple; mostly with short,
light hairs; the bat has suckled already.

“C”= well developed, with a big bare area surrounding the nipple, a sign for being in the
period of lactation.

For the males, the development of the testes was registered within two categories:

“+"= the testes are enlarged

“~"= the testes are not enlarged

The epididymis were classified as follows:

“~1"= black pigmentation (only valid for P. pipistrellis)

“0"= not enlarged

“+1"= filled and enlarged

The category “~1" signals that the bat has not reached sexual maturity, After the epididymis
has swollen up, the black pigmentation bands are macroscopically not visible anymore,
Due to the swelling up of the testicles, the tissue expands so much, that a separation of the
melanocytes takes place. This separation generally continues even after a discharge of the
epididymis, so that the black pigmentation is a relatively reliable indication of sexual
immaturity in males (RACEY 1974).

* Degree of ossification of the epiphyseal plates. The endings of the vertebrate’s hollow bone
are called pineal glands. The finger joints of juveniles are tapered and the epiphyseal plates
are visible with the aid of a flashlight illuminating the wing (JUNQUEIERA & CARNEIRO
1986, RACEY 1974, SCHOBER & GRIMMBERGER 1998).

0 = nobby and opaque, adult
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| = tapered and epiphyseal plates are visible, juvenile
= Weight
* Injuries, also ones already healed

Evaluation:

* For population ecological analyses age specific differentiation is of importance. To this
aim, methods should be employed that are sufficiently comprehensible and objective. Age
classification according to for colour f.e. is an inadequate method.

s An exact evaluation of the degree of ossification of the epiphyseal plates of the young can
take place a maximum two and a half months after birth, and thus constitutes a reliable
characteristic for the distinction between adults and young.

* The distinction between subadult females, that is, those that have never suckled (nipple-
category “A") and adults, those that have suckled at least once (nipple-category “B"), is
especially difficult to make with common pipistrelles late in the pregnancy in spring. Dur-
ing this period, the nipples of all females swell up, so that some females known to be sub-
adult are classified as adults (nipple-category “B").

3.1.5 Radio-tracking

Aims:

= Detection of roosts

= Proof of roost switching

» Observation of use of roosts (also at night)

* Detection of hunting grounds

* Determination of home range

+ Determination of flying routes

= Proof of spatial correlation between summer roosts and the swarming at mass hibercula
during one night (long distance radio-tracking; see chapter 6.3)

Material:

* mini transmitter, between 0.46 and 1.5 g with battery life of 10 days to 9 weeks, range from
100 m to 6 km depending on the terrain

* mini transmitter with special functions {position transmitter, temperature transmitter)

= skin bond cement, plastic collar

telemetry receiver, H antenna

compass

ultrasound detector

topographical maps and road atlas

2-way radios

& & & & =

Procedure:

The radio-tracking was mainly useful to investigate the behaviour of roost switching or of
roost compound respectively. Furthermore, the spatial correlation between summer roosts and
hibernacula during the summer months could be ascertained by radio-tracking of single com-
mon pipistrelles (see chapter 7.5.1). The common pipistrelle, serotine bat and greater
mouse-eared bat were examined telemetrically. The radio-tracking of other species like the
barbastelle bat, whiskered bat and grey long-eared bat, was carried out less intensely, or spo-
radically. The selection of the transmitters depended on the respective weight of the bat.
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According to the literature, the weight of the transmitter should not exceed 10 % of the body's
weight (compare KALLASCH 1994), For the big bat species (serotine bat and greater mouse-
eared bat), transmitters of about 0.8 to 1.5 g with a battery duration of three to nine weeks
were employed. For the other, smaller species, transmitters of up to 0.5 g and a duration of 10
to 21 days were used. They were attached to the upper mid back, between the animal’s shoul-
der blades, so that a least possible influence could be supposed. Some of the serotine bats were
equipped with collar-transmitters to check the usefulness of an additional fixing method,
Especially for greater mouse-eared bats, the use of a position transmitter turned out to be of
great advantage. These transmitters change the distances between the different signals,
according to the bat's position (whether vertical or horizontal). By judging by the different
signal frequences, it could be ascertained whether the bats were flying or for example hang-
ing in a tree hollow, as can be observed frequently with the greater mouse-eared bat.

The transmitters, in the worst cases, did not last longer than one night in the bat's fur, The
longest period of time was 18 days. A reuse of the transmitters was mostly not possible, as
they often fell off in inaccessible roosts (especially a problem at crevice roosts or tree hol-
lows).

At the beginning of each unit of radio-tracking, generally two teams were formed, each
consisting of two people with a car. Communication among the teams was assured by 2-way
radio. The teams were positioned at advantageous places determined by the topography and
infrastructure of the investigation area. These places apt for telemetry are highly exposed, in
range of the signal and have access to a road. Two teams can determine the whereabouts of
the bats, using cross bearings, and thus follow the quick movement of the bats. Due to the
difficult terrain and the bat's high mobility, three teams were emploved regularly during the
first three nights to follow the greater mouse-eared bat. Once the bat's hunting grounds were
known, one team was generally sufficient to pursue the animals.

The exact hunting grounds were generally located by cross bearings, and mapped.

The following specific questions were treated:

* Radio-tracking the whiskered bat tested the hypothesis that the animal orientates itself to
landscape structures on its way to the hunting grounds,

= To carry out the so-called long distance radio-tracking, common pipistrelles, that had been
captured and banded with an arm-clip before at a maternity roost in the district while
swarming, were equipped with a transmitter (see chapter 6.3.9). Four telemetry teams were
formed, one of which pursued the bat directly. The other teams were positioned on higher
places of terrain, which lay in a bee-line between mass hibernaculum and the village where
the bat had been banded before, Depending on the landscape structure, one telemetry team
covered the area of potential connecting lines (e, g. Lahn valley) between hibernaculum
and possible destination. Acccording to need, these teams also participated in the direct

pursuit of the bat (see chapter 6.3).

Evaluation:

* The transmitters should be fixed with skin glue, rather than with a collar, as only this
method assures that the transmitters fall off again within a few weeks. Nonetheless, trans-
mitters that are glued to the animal can fall off after only a few days, which is a problem.
Especially transmitters glued to crevice inhabiting bats get often lost in their inaccessible
roosts.

* Because the glueing method only allows short units of radio-telemetry per animal, many
bats in one colony must be attached with transmitiers to establish that colony's hunting
grounds and habitat requirements.
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* The use of eollar-transmitters with predetermined breaking point is advisable only for spe-
cific long-term studies. Even so, collars are not apt for all bat species. The biggest problem
consists in the fact that the transmitters have to be removed again, as a predetermined break-
ing point cannot be relied on. While greater mouse-eared bats mostly hang freely in the
roost and thus are relatively easy to catch, the catching of serotine bats, equipped with
transmitiers, has turned out to be extremely difficult. Serotine bats learn very fast; they real-
ize when nets or funnel traps are put up in front of the roost, and avoid them! Therefore
collars are not suitable for serotine bats, for example.

* Radio-tracking is very successful for the specific determination of hunting habitats of all
bat species equipped with transmitters, Though the animals could not always be pursued
uninterruptedly, it was still possible to radio-track them for the major part of the night.
Especially highly mobile species, like the serotine bat and the greater mouse-eared bat eas-
ily get out of the receptor’s range as they change hunting grounds.

» Telemetry makes it partly possible to observe the pursued bats directly within the hunting
dred.

» Potential disturbance from the transmitters could not be detected in those bats equipped
with transmilters.

» Telemetry is difficult to carry out in the forest, due to the low range of the transmitters
(some 100 m only).

+ The high personnel expense can increase with the very mobile species. For the greater
mouse-eared bat, for example, often at least two teams have to be employed.

3.1.6. Nocturnal observations of behaviour at the roost
Alims:

« Mocturnal activity at the roost

» MNocturnal use of roosts

* Roost switching

+ Reconnoitre of roosts

Material;

* Ultrasound detector

= Might vision glasses

* Video camera with infrared light

Procedure:

In order to obtain detailed information on the nocturnal activity at roosts, and roost switch-
ing behaviour in particular (see chapter 7.2), the maternity roosts of the common pipistrelle
and the serotine bat were observed systematically during the whole night.

Eight rounds of 45 minutes each were carried out every night in a village with numerous
maternity roosts of the common pipistrelle. Five maternity roosts lay along the route of each
round. During the inspections, the bats’ activities were recorded at every roost for five min-
utes. Thus, the total period of observation was 40 min per night at each roost. In addition, the
flying activities at two other roosts were recorded with a video camera (infrared light).

For the investigation on the nightly activity of the serotine bat, a building complex was cho-
sen with a total 123 wall crevices altogether (5-15 cm high, 1 m wide) on three sides (east, south,
and west exposure) above the windows. These are already known and potential roosts. Obser-
vations over a whole night were carried out by three people at once at this location.
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The observations started about half an hour before sunset, and endured until the end of
dawn the next morning. When bat activity was detected, red-light floodlights were used to
shine on the relevant part of the building, and the behaviour (overflight, approach, entering
the roost, emerging from the roost, swarming) was written down or spoken onto a dictation
machine. The use of night vision glasses was very helpful here.

Evaluation:

* Rounds encompassing various roosts are only partly apt for species like the common pip-
istrelle, which changes its roost frequently and uses up to 16 roosts in the course of one
maternity period (compare chapter 7.2.1). A correspondingly high number of roosts would
have 1o be observed in parallel.

* Observations during a whole night at a roost complex, like the one of the serotine bat, are
adequate to observe exactly the behaviour of the bats during nights of roost switching (com-
pare chapter 7.2.2),

* Application of automatic video observation systems is limited for watching roost com-
plexes.

= All methods require much time and personnel.

3.1.7 Use of chemiluminescent light sticks

Aims:

* Direct observation of various individuals at the same time

* Investigation of flying behaviour (e. g. use of flying routes)

* Observation of specific use of foraging areas

* Further observations of behaviour like reconnoitre of mass hibernaculum

Material:

* Miniature chemiluminescent light sticks (synthetic) taken from fishing equipment (2PCS
Mini, colours: yellow, red, blue; non-toxic; 2.3 cm long)

+ Skin bond cement

Procedure:

The luminiscent miniature light sticks were glued to the animal’s back. The least possible
glue was used for this, to assure that the sticks fall off quickly. To determine the use of for-
aging areas or of flying routes, 10 animals in each case (common pipistrelles from two vil-
lages, serotine bats from one village) were banded on one evening with the light sticks. At
least 10 people were positioned at potential flying routes or known hunting grounds of the
colony.

For the investigation of the reconnoitre behaviour of the common pipistrelle at mass hiber-
nacula, adult females, adult males and young were equipped partly in parallel with miniature
light sticks of different colours. Their behaviour in the hibermaculum, as well as the time of
leaving the roost, were at the centre of interest.

Evaluation:

* Miniature light sticks make it possible to observe bats very efficiently, while the expense
is low.

* The miniature light sticks have proved worthwhile for common pipistrelles and sero-
tine bats, for the determination of flying routes and exact hunting grounds, as well as
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for the investigation of common pipistrelle reconnoitre behaviour in the mass hiber-
naculum (see chapter 11.3 and chapter 6.2.3). When only one colour is used, yellow is
the most advisable, as red and blue shine less strongly and are seen over much shorter
distances,

3.1.8 Automatic roost surveillance

Automatic roost surveillance was carried out with ultrasound sensors, photo-glectric beam
light barriers, and video surveillance with infrared lighting.

Aims:

* Determination of colony size

» Observation of roost switching, searching and reconnoitre behaviour, and activity at the
1roost

= Determination of time of flying in and out

= Checking of method (light barrier / ultrasound sensor and video camera)

Material:

+ Ultrasound sensors

light barrier with 4 double rays

datalogger

Video camera black and white

charge-coupled device camera

WHS long-term recorder (with 24 hours of recording time and time slot in)
screen

Infrared constant light or stroboscope floodlights

Procedure:

Light barriers were primarily installed at roosts which only had one possibility for the
bats to fly in or out. In addition, the distance of the transmitting and receiving diodes has to
be between 5 em and 80 em, and the emergence gap must not be wider than about 8 cm. The
light barriers were connected to a datalogger (storage of 129,000 time-coded data sets), which
at the same time had connecting possibilities for two ultrasound sensors, one external tem-
perature sensor and one humidity sensor. The equipment can be run from net current or bat-
teries. Light barriers were used at the roosts of common pipistrelles, serotine bats and
greater mouse-cared hats,

Video surveillance can be employed at almost all roosts. Depending on the question the
surveillance is to answer, there is the possibility of adjusting recording speeds on the video
recorder (time modi: real time, 6 h mode, 12 h mode and 24 h mode). While the time of fly-
ing out was recorded in real time, for example, the complete night observations at roosts were
generally carried out in time-lapse (6 h mode, or 12 h mode). The recording mode of the video
recorder can be controlled additionally by ultrasound sensors (when there is a flying or ultra-
sound activity, the recording speed switches from time-lapsed to real time modus). Video sur-
veillanee with infrared floodlights was installed to observe the roosts of common pipistrelle,
greater mouse-eared and serotine bats. Additionally, the functionality of light barriers was
checked, using video recordings.

Ultrasound sensors record the relative activity of echolocation calls of the bats. They gen-
erally were installed parallely to the other observation units, in order to control the video
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observation or check the method. In addition, the systematic arrangement of ultrasound sen-
sors was useful for the investigation of search and monitoring behaviour of the common pip-
istrelle (compare chapter 6.6).

Evaluation

Longer databases can only be gained at chosen roosts, which are used with a relative con-

tinuity. Thus, the employment of a light barrier at a frequently used serotine bat roost, has

turned out to be as adequate as the light barrier at the entrance and emergence opening of

a common pipistrelle’s mass hibernaculum. Using three installed light barriers at a mater-

nity roost of greater mouse-eared bats, patterns of nightly activity could be recorded suc-

cessfully.

During the employment of automatic roost observation, no spoilage of the animals could

be detected.

* The mobile video observation was especially useful at roosts of the common pipistrelle, as
it can be put up and removed again very fast.

* The different observation methods partly completed each other well or were useful for
mutual checking. Thus, the functionality of the light barriers could be checked by video
camera,

* The use of automatic observation systems turmed out to require a very intensive care. The
functionality of these systems need to be checked especially at the beginning of the period
of validity, leaving only small periods of time in between. Nevertheless, the checking must
be carried out continously as well, in order to get reliable data. Otherwise, numerous data
gaps can partly turn up.

= Bat species that change their roosts frequently, are almost impossible to investigate by auto-
matic observation systems. The commeon pipistrelle uses up to 16 maternity roosts a year,
while up to 29 maternity roosts of one colony have been detected within the period of 3
years, in one place.

* Light barriers are only adequate for small emergence gaps, due to their limited range
between transmitter and receiver diode.

-

3.1.9 Temperature measurement in roosts

Aims:
* Determination of the temperature regime in bat roosts
* Investigations of the factor temperature in relation to roost switching

Material:
* Temperature sensors, connected to datalogger

Procedure:

To measure the temperature, a temperature logger was used, to which a maximum 15 tem-
perature sensors can be connected. Efforts were made to errect the sensors at the bats* hang-
ing places or at least near them, so that the real roost temperature could be determined. The
recorded data were read via computer.

Evaluation:
* The rough spectrum of the roost temperature can be well determined with temperature sen-
SOTS,
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» It is generally very difficult o take the temperature in crevice roosts. In most cases, only
the emergence opening of the roost is visible (and accessible), and the changing hanging
places of the bats can only seldomly be located.

* The interpretation of temperature data is difficult due to the bats’ thermo-regulatory
adaptibility, which makes it possible for them to fall into a torpor, or else to keep a higher
body temperature (social thermo-regulation).

3.1.10 Genetic Investigations of bats

Mitochondrial sequences were used as genetic marker to investigate the relationship within
and among pipistrelle nursery colonies,

Aim:

* Determination of genetic composition of a colony

= Evaluation of females’ fidelity to place of birth (natal philopatry)
» Estimation of the exchange of individuals between colonies

Material:

+ Biopsy punch to extract skin samples

* Alcohol to disinfect the biopsy punch and to store the skin samples
« Laboratory methods see chapter 8

Procedure:

The bats were captured at maternity roosts, and the tissue was taken and placed in alcohol.
The samples were frozen at —20°C until further processing, Mo samples were taken from
bats that already had holes in their wing membranes, e. g. caused by mites or injuries at the
roost,

Evaluation:

= Non-lethal method to get samples for a genetic study

= Samples can also be taken from dead animals (though degenerated DNA may cause prob-
lems).

» Allows statements about genetic composition and the genetic exchange among populations
(here maternity roosts).

* Time consuming and expensive lab work.

3.1.11 Use of Geographical Information Systems (GIS) to analyse the habitat of
different hat species

Aims:

= Description and analysis of foraging areas, using known structure parameters

= Analysis of the habitat of one colony, using ecological landscape parameters

Material:

= Data of occurrence and spacing of bats

= Digital topographic maps (scale | : 25,000)

= Digital “Ortho-photos™ (ground resolution: 2 m)

= Computer program ArcView® Version 3.1 (ESRI Inc., Redlands, California, USA)
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Procedure:

Depending on the database, structures of known foraging sites can be determined and quan-
tified by means of aerial photos and topographic maps. The data gained here can be compared
with randomly chosen areas, so that it is possible to determine whether foraging areas of one
species or population have a species-specific character. If the foraging sites are not known,
the potential habitats (summer homeranges) of colonies can be compared with each other and
compared with areas in which these bats do not oceur.

Evaluation:

= The GIS-supported habitat analysis makes it possible to identify habitat requirements of bats,

* A good to very good knowledge of the occurrence and the foraging sites of the species is
necessary. A detailed pre-investigation into the terrain is an important prerequisite in gain-
ing this information.

3.2 Balancing of expense of the recording methods

Of the 585 bat roosts found in the Marburg-Biedenkopf district since commencement of
the project, more than half (336 roosts) were recorded via detector mapping (see figure 7).

Private people reported 150 additional roosts. These reports of roosts are largely due to
public relations work, which was essential for roost recording, especially during the first year
of investigation (1997: 41 % of the summer roosts) (see figure 8). The number of reported
findings decreased steadily in the years thereafter (2000: 12 % of summer roosts). Roosts
reported by honorary environmentalists were also mostly reported at the beginning of the pro-
Ject. An accurate, systematic and guantitative roost recording can only occur via direct
recording of the bats, that is, via mapping and telemetry.

Success and effectiveness of recording the bats and their roosts

The effectiveness of mapping in settlements depends on numerous factors, such as the
density of buildings, the method of construction and building structures, Since it would be
almost impossible to quantify all these factors, the following simplified picture emerges:
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Figure T: Recording methods and sources of all roosts known sinee the beginning of the project (n = 585).
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Figure 8: Relative proportion of each recording method and source of all roosts during the years 1997 to
2000,

The number of bat roosts recorded via mapping depends directly on the number of the
inspections made on foot per village in the evening and in the morning (see figure 9). With
an increasing number of mappings per village the number of bat roosts found also increased.
At least three mappings per village were necessary to guarantee the discovery of a bat roost.
Sometimes no roost could be detected in villages where only one or two inspections were car-
ried out. On average, however, one inspection was sufficient to detect two roosts. As maxi-
mum value, 46 roosts were found during 70 inspections in one village (about 2,000 inhabi-
tants) over 4 years. This number of roosts reflects the roost switching behaviour of the
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Figure 9: Number of roosts found via detector mapping, in dependence of the number of mappings per
village.
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different bat species. One colony will use a great number of different roosts in one village
within a year and over several years (compare chapter 7.2).

The rectangles mark 1st and 3rd quartile, the perpendicular bands the complete range of
values. The median is marked and entered by a horizontal line.

If the success of mapping is to be judged on the number of different bat species found, then
it is noticeable that hardly any or no roosts of the barbastelle bat or Natterer’s bat are
reported (see figure 10). Proof of the presence of barbastelle bats in Hesse is limited to a few
winter discoveries over the last decades. Summer roosts of this species have not been known
in Hesse for more than 40 years (KOCK & ALTMANN 1994). Maternity roosts of the bar-
bastelle bat are not yet known at all. Long-eared bats often roost in attics or hunt there,
Excrement or single individuals are therefore found more often by chance than in the case of
the Natterer's bat, and for this reason also reported more often. As Natterer's bats call louder
than long-eared bats, they are easier to map. Moreover, they can often be found in cowsheds
hunting, so that it is generally easy to prove the presence of this species in a village, and thus
a further, targeted search for the roost is often successful. That is why most of the known
roosts of the Natterer’s bat are found via mapping; the percentage of reports is very low,

Maternity roosts of five bat species could be recorded by telemetry (see figure 11). This
method especially helped to locate the individual roosts of serotine bats and common pip-
istrelles, which are otherwise difficult to find. Mapping finds individual roosts only by
chance, as swarming behaviour there is not intense, is of short duration or not present at all,
Reports of individual roosts are also rare. It is usually only possible to find them via teleme-
try. Night roosts are exclusively recordable using telemetry,
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Figure10: Relative proportion of recording method or sources of roosts, divided according to bat species
(n = 530). The roosts where the species could not be determined with certainty (n = 58) were
nol taken into account.
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Figure 11: Mumber of roosts of the different bat species that have been detected via telemeiry (n = 42).

Total expense of bat recording

During the years 1997 to 2001, a total 13,432 hours (corresponds to 1,679 working days,
of 8 h each) were employed to record data of bats (see table 2). The public relations work,
from which many roost reports resulted indirectly, especially in the first year of investiga-
tions, is not considered here, as its expense was not possible to balance. The most time inten-
sive method was telemetry. The main reason for this is that both roost switching and the noc-
turnal activity of the bats were investigated by means of this method.

Table 2: Recording methods of bat data during the years 1997-2001 and the respective expense in work-

ing days.

Method Labour time [h]

Emergence obsarvation 1,218

Acoustic detection 2,075

Radio-telamtry 8,184

Capture 1,400

Observation the whole night 555

total 13,432
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4 State of the registration of bat population numbers before and after the project

A fundamental prerequisite to understanding insights gained in the project is to explain the
present state of the registration of house-dwelling bats in the project area and the related
investigation effort. This chapter therefore is dedicated to the results of bat stock-taking in
this for the most part rural area of more than 1,200 square kilometres containing over 170
towns and villages. In accordance with the feasibility and aims of the investigation, three typ-
ical and widespread species of house-dwelling bats were in the foreground of the investiga-
tion: the commaon pipistrelle, the greater mouse-eared bat and the serotine bat. Less frequent
and difficult to record species such as the whiskered bat and the grey long-eared were to play
a less important role,

In the framework of the project, mainly from 1997 to 2000, 543 new registrations were made
of bat summer roosts in buildings. These consist of 331 maternity roosts, 197 individual roosts
and 15 other summer roosts (compare table 3} of 12 different species of bats. Two further species
could only be discovered in winter on facades of buildings (noctule bat, party-coloured bat).
Therefore it can be assumed that nearly all local species in the investigated area — with the excep-
tion of the Daubenton’s bat — use above-ground housing as roosts. As was to be expected, the
common pipistrelle dominates. Many roosts of the serotine bat could also be found. Significantly
less roosts of other species were recorded, which is also related to the difficulty of locating them.
Some species, for example Bechstein's bat and Leisler's bat, can usually only be found on build-
ings in exceptional cases, whereas the colony of Leisler's bats in Marburg has been observed
annually in the same known creviced buildings over the last 10 years.

In spite of the apparent discrepancy between the number of proven roosts and colonies of
the common pipistrelle (in 80 locations) and the other species, the proven existence of 17
maternity roosts and 14 colonies of the whiskered bat in the project area represent a signifi-
cant number when compared to other regions (see next chapter).

The banding of bats not only provides knowledge about the number and status of summer
roosts in the investigated villages, but is also important in answering questions of population
ecology. Before the project, the “ringing” of bats in the Marburg-Biedenkopf district took
place only sporadically and predominantly unsystematically. Meither data nor results of this
“ringing” has been published so far.

At the beginning of the investigation the common pipistrelle, the serotine bat and the
greater mouse-eared bat were banded. 27,471 captures of bats with 20,382 bandings could
be made of these three species during the project (see table 4). On the basis of the individu-
alisation of these bats and the numerous, targeted recaptures, much information could be
gained about the population ecology and spatio-functional aspects of bats (see next chapter,
and chapters 6 and 7).

The first systematic banding in the district began in 1996 in the mass hibernaculum of the
common pipistrelle (45 kHz) in the cellar of Marburg Castle (compare SENDOR & SIMON
2000). These investigations were continued and enlarged in the project. In this way the com-
mon pipistrelle became, with 24,884 captures of 18,957 individuals (= banding) and 5,927
recaptures, the most frequently captured and banded bat at that time in Europe.

The first captures and the recaptures of the greater mouse-eared bat nearly counterbalanced
each other, but the number of recaptures increased clearly over the course of the investiga-
tion and in 2000 exceeded the number of the first captures (see figure 12).

1,113 bats of another 12 species were captured without banding (compare table ). The
aims of these captures were diverse: determining the species, proof of reproduction, teleme-
try, taking of skin samples and so on {compare chapter 3).
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Table 3: All records of bat presence over summer in the project area {Marburg-BiedenkopE district), mak-
ing distinctions according 1o the species and “before the project” and “during the project”. ® Sum-
mer records not for all species.
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212|E(a|a|E[8|8]|E|8|¢8
project 253 149 402
Pipistrelius pipistrelius before project | 34 | & 38
total 287|154 sl 441
project 0| 28 2115 75
Eptesicus serolinus beforeproject | 7 | 4 1 12
total 37 | 32 2|13 84
Myolis nattereri project 11 2 24 41| a7 a7
project 18] 6 3 27
Myotis mystacinus before project | 3 | 1 4
total 211 7 3 N
project N Z| 5| 2|6 25
Myalis myotis before project | 3 3
total 419 2185|286 28
project g 4| 8 20
Pigcolus auritus before project | 2 1 3
total 10 5] 8 23
project 711 213 13
Plecolus austriacus before project | 4 4 8
tedal 11 1 6 | 3 21
project 3 4| 3 10
Flgcotus spec. before project | 1 1 2
total 1] 4 4] 3 12
Barbastella barbastellus project 2 F 4 4
Myolis bechstelini project 1 1 2 2
project 1 1
Nyctalus leisleri before project | 1 1
total 2
Plpistreilus nathusi project 1 1 1
Myotis brandtii project 1] 1 z 2
Total 331)197] 3 [ 15|65 2 | 6 | 41 | 619 72 | 688
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Table 4: Overview of numbers of Pipistreling pipistrellus, Myotis myotis and Eptesicus seratinus captured,
banded and recaptured in the project.

Species Site Mark Recapture Total
. pipistrelius Summer roosts 3,950 1,391 5,341
Foraging sitﬂ:sm 8 3 21
Invasion site 1,218 72 - 1,201
Mass hibernacula 13,744 4,448 1_8182_
Other hibernacula 36 3 39
Total 18,957 5927 | 24874 |
(M. myotis Summer roosts 1,065 918 1,983
Hibernacula 0 | o 10
Total 1,075 918 1,993
E. serofinus Summer roosts 346 254 600
Hibernaculumfinvasion site “ 1] 4
Total 350 254 604
Total 20,382 7,099 27,471
500
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Figure 12: Number of first captures and recaptures of the greater mouse-eared bat over the course of the
investigation,
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Table 5: Overview of the number of bats of other species captured in the project but not banded.

i&pe-clue Locality of capture Number of bats
. mystacinus summer roosts ]
rd hibernacula
hal. bechsteinii hibernacula
. daubeantonii hibernacula

lM foraging sites 1

M. nattereri summer roosts 21
hibernacula

IP. auritus summer roosts 9
hibernacula 16

F. austriacus SUMMEr roosts &

8. barbastellus summer roosts 40
hibernacula 4
invasion site 1

N, leislari summer roosts 3

. noctula invasion site 1

V. murinus hibernacula 1

IP. nathusii summer roosts 1
hibernacula 1 ]

. pipistrefius mass hibermacula outside
project area 918

12 species total 1,113

4.1 Common pipistrelle (Pipistrellus pipistrellus [Schreber, 1774]) - 45 kHz-type

4.1.1 Distribution and abundance within the project area

The common pipistrelle is, by far, the most often recorded bat species in Hesse. Common
pipistrelles could be observed in every mapped village in the project area (observations of
bats flying). Individual or maternity roosts — altogether 441 — were recorded in about 95 %
of the villages and towns. No maternity roosts were recorded in only 5 (= 7 %) of 70 mapped
villages. Altogether 253 new maternity roosts could be recorded. By means of intensive map-
ping in several villages, up to 27 maternity roosts of a particular colony could be discovered
in one single village (compare figurel3).

Less individual and male roosts (n = 149) than maternity roosts were found. The latter are
more highly frequented and thus easier to locate. Only 20 individual roosts were located in
4 years in frequently mapped villages like Wittelsberg (see figure 14). This species does not
appear to be distributed evenly over the whole project area. There are indications that it
prefers villages near to aquatic habitats (compare chapter 11.2).
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Figurel3: Villages containing proven maternity roosts of the common pipistrelle { Pipistrelius pipisireilus
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Figure 14; Villages with evidence of individual roosts of the common pipistrelle (Pipiserelius pipistreiius
45 kHz) within the project area (n = 149).
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Estimation of common pipistrelle stocks
Size of a maternity colony

All data recorded on adult female common pipistrelles until October 1999 serve
as the basis of this estimate. Juvenile common pipistrelles in their first year were not taken
into consideration, because of the high mortality rate in that year (compare THOMPSON
1987, SENDOR & SIMON 2000). The average number of all adult females in one village
was recorded as another basis of the calculation. Only villages were used, where a deter-
mination of the size of the colony was sufficiently ensured. Colonies where the count of
several emergences and/or captures in one or several maternity roosts was not available,
had to be disregarded. Therefore the colonies of 26 villages of the Marburg-Biedenkopf
district were used, where between 45 and 185 adult female common pipistrelles could be
recorded according to different methods. It follows from these facts that the average size
of a maternity roost is about 88 (S.D. = 39) female common pipistrelles per village and
colony. Usable results for comparison are rare in literature. The reason is that the com-
mon pipistrelle was largely regarded as one species up to the mid-1990's. Since then it
was known that there were actually two cryptical species (compare BARRAT et al. 1997,
JONES & VAN PARIS 1993). Therefore there is only one value for comparison, by
BARLOW & JONES (1999), where the two species, P pipistrellus (45 kHz) and P. pyg-
maeus (55 kHz), are treated separately. They found out that the number of the 45 kHz type
bats (median 76 animals, 33 roosts) per roost was evidently lower than the number of the
55 kHz type bats (median 203 animals, 40 roosts). Older statements concerning the size
of colonies, as from THOMPSON (1990) are not comparable, because obviously both types
(species) were investigated as one. The findings of SPEAKMAN et al. (1991) (18.2 Pip-
istrellus pipistrellus per km2) also should be evaluated in this context. They found mater-
nity roosts with more than 1,000 individuals (typical for the 55 kHz type) and also could
not distinguish between the two different species of common pipistrelles.

GRIMMEBERGER (1983) determined 64 adult females per maternity roost (n = 35) on aver-
age for eastern Germany. The problem of the differentiation between the “45 and 55 kHz -
common pipistrelle” also existed for this area.

The statement of “88 female commen pipistrelles per village in the project area” does
not take into account that there is sometimes more than one maternity roost in large vil-
lages, whereas there is sometimes none in little or middle-sized villages (see chapter
7.2.1). The mapping results show that nearly 8 % of all the investigated villages had no
maternity roosts (view chapter 4.1.1). Our investigations were able to show that even in
larger villages, there can be more than one colony or that big colonies develop, which split
up into smaller colonies (see chapter 7.2.1.1). A differentiation of the size was not made
when investigating the number of villages. Because “larger villages” where one can expect
to find more than one common pipistrelle colony make up approximately 10 % of total
localites, the simplified calculation of one colony per village may be considered accurate
enough.

Papulation density of common pipistrelles

The mass hibernaculum in Marburg Castle in Central Hesse can be regarded as an impor-
tant “headquarter” of the common pipistrelle (see chapter 6.2.1). About 5,000 individuals
winter there, and 20,000-30,000 animals reconnoitre this roost during the summer months
(compare SIMON & KUGELSCHAFTER 1999, SENDOR & SIMON 2000). The spatial relation-
ships between summer roosts and the hibernaculum could be ascertained from examining the
armclips of banded common pipistrelles (see figure 16 and compare chapter 7.5). Common
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Figure 15: View of Marburg Castle. Up to 5,000 common pipistrelles hibemate here in an above-ground
cellar.

pipistrelles come from a radius of at least 40 km to spend the winter in the mass hibernacu-
lum or to reconnoitre the roost during the summer months. These spatial relationships prove
the special and central status of Marburg Castle as hibermaculum and summer swarming place
(see chapter 6.2).

Deviding the project area into concentric rings around the mass hibernaculum (figure 17)
— justified by the central role of the site — enables the verification of a population estimate
based on “ringing” data. The surroundings of the castle were divided into rings of 5 km dis-
tance from the castle and then the number of towns and villages in each ring section was
defined. The number of females could then be estimated for each ring area (see table 7). In
a radius of 40 km around Marburg Castle containing 667 villages multiplied by an average
of 88 females per colony per village, 58,696 female, adult common pipistrelles can be
calculated for this area. Therefore about 117,500 adult common pipistrelles (females and
males, with a theoretical ratio of 1:1) and 180,000 adult and juvenile common pipistrelles
{with one young per adult female) are estimated to be in a total area of 502,600 ha. This
corresponds to a population density of (.24 and 0.36 respectively per ha, or about 24 and
36 individuals respectively per km2,
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Figure 16: The spatial relationships of common pipistrelles in the project area, which could be ascertained
from banding. The mass hibernaculum is situated in the centre of these relationships.

Figure 17: Schematic sketch of the division of the project area into rings (ring areas) as the basis of the
calculation of the population size of the anea.
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Testing of the population estimate calculation

The plausibility of this calculation or population estimate can be tested by results of the
simultaneous investigations at the hibernaculum and the maternity roosts. The link of the spa-
tial and functional relationships between the maternity roosts and the mass hibernaculum can
only be accurately assessed if the quantitative relationships are also sufficiently known. This
means that a sufficient number of animals captured and banded in the hibernaculum had to
be recaptured from the surrounding maternity roosts, The following calculations include only
the recaptures of maternity roost females which were banded in the cellar of Marburg Cas-
tle.

To illustrate the connection between the hibernaculum and the summer roost, one can chart
the common pipistrelles which were recaptured in maternity roosts away from the castle (n
= 268), showing the distance from the castle. The further the maternity roost is situated from
the hibernaculum, the lower is the exchange rate, that is the share of the recaptures decreases
(see fgure 18). This connection is all in all somewhat weak (R2 = 0.29), and the mean vari-
ation is rather wide. 51 data sets with 268 village switches from 1997 to 1999 from 33 vil-
lages (see table 6) served as a basis. Here, some villages were included several times in dif-
ferent years. The regression curve, which sums up this connection, allows one to read the
percentage of recaptured bats already banded or captured in the castle.

To test the estimation, the relative percentage of the common pipistrelles (banded at the
castle) recaptured in each ring area around the mass hibernaculum was read from the
regression curve. From this calculation arose the number of individuals per distance clas-
sification, These two values enable one to calculate the hypothetical number of bats that
would have to be banded at Marburg Castle to reach a similar result. This means that at
least 2,301 female common pipistrelles would have had to be banded in the castle in order
to achieve 268 recaptures among the total 58,696 females (assuming that the spatial distri-
bution corresponds to the regression). In fact, however, approximately 4,900 female, adult
common pipistrelles were banded in the castle - that is to say, twice as many. The estima-
tion of 58,700 bats is undoubtedly too low. According to the present results first projection
must be readjusted to the order of 60,000-100,000 adult females within the radius of
40 kem,

Table 6: Data underpinning the representation of the connection between recapture rate of adult, female
common pipistrelles banded in the hibernaculum (Marburg Castle) and the distance from castle
to maternity roosis.

A = number of villages and colonies, where bats were captured at maternity roosts.
B — captures of all adult females within one village and vear.
C — recaptures of adult females which had been captured in the castle any time previously.

Year 1997 1998 1999 Total
A — Number of villages 13 22 16 33

B — Captures of females 1120 1386 922 3428
C - Recaptures 69 93 106 268
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Figure 18: Regression curve showing the percentage of adult, female common pipistrelles banded at Mar-
burg Castle and recaptured in matemnity roosts, in correlation to their distance from the castle,
This is based on 51 calculations from 268 recaptures in 33 villages (compare table 6).

Table 7: Number of villages/colonies and individuals of common pipistrelles in each distance classifica-
tion around Marburg Castle, giving the percentage of recaptured bats from the castle.

distance classification: designation given to each circular arca radiating from the hiber-
naculum in Marburg Castle
villages/fcolonies: number of villages in the sector
individuals: result from villages x 88
percentage of castle animals: average value per ring area from the regression line
castle animals: number of common pipistrelles calculated from individuals and
percentage of bats from the castle
[Diulann»a Villages/colonies in |Individuals in |Pumantaua of Castle
classification distance distance castle animals [%] |animals
classification classification (individuals)
< 5,000 m 11 968 14 136
5,000=<=x=10,000 a6 4,048 10 405
10,000==x=<15,000 58 5,104 T 358
15,000==x=20,000 71 6,248 5 312
20,000==x=25,000 a7 7,656 4 303
25,000<=x=30,000 106 9,328 3 280
30,000==x<35,000 140 12,320 2 245
35,000==x=40,000 148 13,024 2 261
Total G6ET 58,696 2,301
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4.1.2 Regional and national distribution and abundance

Due to the splitting up of the species Pipistrellus pipistrellus into P. pipistrellus (common
pipistrelle — 45 kHz type) and P. pygmeaus (soprano pipistrelle — 55 kHz type), nearly all
previous information about the density and frequency of the common pipistrelle can no
longer be used, because it is not known which species were investigated. Both species have
obviously lived sympatrically for a long time, for example in Great Britain (BARLOW &
JONES 1999),

Meanwhile the soprano pipistrelle has been discovered in Hesse (AGFH 2002) but overall
it seems that the common pipistrelle clearly predominates. Prior to 1996 at least 20 villages
in the Marburg-Biedenkopf district were known to have maternity roosts (unpublished data),
There had been only occasional counts and no population estimates and so it is impossible to
compare current numbers with those known before the project.

Estimations are lacking about the absolute frequency of the common pipistrelle in Hesse.
The relative frequency of the “probably most frequent species of bats in Hesse” is men-
tioned (AGFH 1994). Even in other German regions, information about the population den-
sity is mostly lacking (for example TRESS 1994, HECKENROTH et al. 1988). MULLER
(1993) mentions a total 1,000 animals over the area of 16 standard topographic survey maps
in Baden-Wuerttemberg, which would be about 0.5 individuals per km2, a factor of 50 less
than in the project area. Information about the density and spread of P pipistrellus in Ger-
many is still lacking. BOYE et al. (1999) describe the common pipistrelle as “the most fre-
quent bat species in Germany™. According to our results, experience and the literature,
everything points to the fact that the common pipistrelle (P, pipistrellus 45 kHz) really is
the most frequent species of bats in Germany. In other European countries, there is only
little information available for comparison (GAISLER 1979, SPEAKMAN et al, 1991,
THOMPSON 1990),

Population density estimates of the two Pipistrellus species combined (see above) are
approximately one adult common pipistrelle per 10.7 ha (1 ha) (which is 10 common pip-
istrelles per kme2, THOMPSON 1990) and 18.2 (female) individuals per km? (SPEAKMAN et al.
1991). Only GAISLER (1979) counted considerably higher densities of bats (possibly both
species of bats taken together) with more than 300 individuals per km? for an area in Roma-
niia. When these statistics are examined more closely, however, they concern only visually
ascertained densities in hunting grounds (activity densities) in an arca of about 40 ha, which
can hardly be compared with general population densities.

4.2 Serotine hat (Eptesicus serotinus [Schreber, 1774])

4.2.1 Distribution and abundance within the project area

Maternity roosts of the serotine bat have been found in 8 villages in the area of investiga-
tiom up to now. Five of them are new colonies found during the term of the project (compare
figure 19). The number of maternity roosts which have been found up until now is about 37,
of which 7 were known at the beginning of the project. This is by no means a final number,
because not all roosts could be searched for and discovered. Additionally, 32 individual roosts
or male roosts of this species of bats were recorded (4 of them already before the project).
Flight observations and indications of individual roosts could be made in a further 14 vil-
lages. Winter finds of serotine bats were very rare — no more than one individual was ever
found at any one village. Except for two traditionally used hibernacula (known since 1990),
single animals are found now and again in winter during renovations to walls or roofs.
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Figure 19: Localites within the project area showing occurrence of the serotine bat (Eptesicus serofinis).

Figure 20: Serotine bat.



gle roosts of female greater mouse-eared bats were found on buildings (n = 9). Furthermore,
several mating roosts could be found in different positions on buildings (compare table 3).
These are mostly crevice roosts, of which a great number are outside, but some are also on
the inside of the buildings’ walls. The latter are only discovered by exception, mostly with
the help of telemetry studies (compare AUDET 1990). The importance of roosts in buildings
is probably generally underestimated for the greater mouse-eared bat. A percentage of these
roosts are mating roosts. Mating roosts are often found in attics and so they are estimated to
be frequent (GUTTINGER et al. 2001). Usually, only a dozen males or male roosts will be
found in an area holding several thousand females. It is obvious that only a small fraction of
the actual number of mating roosts are discovered, despite a supposedly relatively balanced
ratio of the sexes (as can be ascentained in hibernacula) (for example ZAHN 1995). The real
distribution of mating roosts and male roosts seems to have been investigated insufficiently,
the choice of roosts by males and individual animals is not known.

The estimation of the significance of tree-hollows for the greater mouse-eared bat is
Just as difficult as for single roosts on buildings. Because of a lack of observations, the
significance is as a rule classified to be lower (MESCHEDE & HELLER 2000). During our
telemetry studies, 9 of 14 radio-tracked females stayed one or several nights in tree-hol-
lows in the forest (compare chapter 7.3.3). It was not always possible to invest the tech-
nical effort necessary to locate the roost exactly. In many cases emergence observations
were carried out or favourably placed tree-hollows were inspected with a torch and
s0 a direct proof of roosts in hollows could be made (beeches and one oak tree), The
radio-tracked bats were captured several times at their tree-hollows, In one case in early
autumn 2000 a radio-tracked young bat was caught at a tree-hollow in a beech forest one
kilometre away from the maternity roost, Apart from the radio-tracked animal, two other
greater mouse-cared bats left the tree-hollow. In another case five female adults
could be caught in front of a tree-hollow at the beginning of J uly (compare chapter 7.2.3).
Another animal escaped, so that at least 6 greater mouse-cared bats spent the day together
in this roost. The day before, another radio-tracked animal had been located in this
hollow, so that a proven 7 greater mouse-eared bats used this tree-hollow on these two
days.

The light barrier and video observation of the colony in Gladenbach shows that
the females did not retum to their roosts on bad-weather nights. Nearly the whole group of
about 300 animals assumedly stayed in their huntin g grounds, namely to the most part in tree-
hollows (see telemetry results above). Even though these roosts are only used
sporadically, they have to be available quantitatively for all animals of the colony. Therefore,
tree-hollows also play an important role for greater mouse-eared bats.

The number of proven female greater mouse-eared bats in the investigation area is about
300 individuals. The arithmetic density is about 0.42 females per km? (that corresponds to
0.84 females and males per km?), thus on a similar scale as the common pipistrelle and the
serotine bat. The results for the greater mouse-eared bat are more “reliable”, because those
for the common pipistrelle and the serotine bat could be higher due to their lower recording
degree (see figure 11, chapter 3.2),

4.3.2 Regional and national distribution and abundance

On the basis of the data of SCHAFER (1998) and SYRING (2000) there is an average den-
sity in Hesse of about (.33 adult females per km? (that corresponds to about 0,66 individuals
per kmZ). ZAHN (1995) mentions 1.4 individuals per km? for Bavaria. According to
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MESCHEDE & HELLER (20(M)) there are .95 animals per km?, In Baden-Wuerttemberg 0.58
individuals were calculated by MULLER (1993). Corresponding to the northern distribution
border (compare STEBBINGS & GRIFFITH 1986), the greater mouse-eared bat clearly gets
rarer the further north in Germany one goes (compare HIEBSCH & HEIDECKE 1987,
BORKENHAGEN 1993), Of the 20 colonies in Lower Saxony, the majority are situated in the
south of this state (BOYE et al. 1999, HECKENROTH et al. 1988).

The population density of 0.84 greater mouse-eared bats per km? is a little bit higher than
the average in Hesse and is comparable with the figures for the south of Germany. The pop-
ulation density is clearly higher in eastern Europe, for example in central Bohemia, where 2
to 3.5 individuals per km? were caleulated (HORACEK 1985).

4.4 Natterer’s bat (Myotis nattereri [Kuhl, 1817])

4.4.1 Distribution and abundance within the project area

One of the greatest misjudgements of bat stocks was brought to light by the proven exis-
tence of the Natterer’s bat in the project area. At the beginning of the investigation there was
no matemity roost known in the Marburg-Biedenkopf district. According to this and other
knowledge concerning the frequency and occurrence of this species in Hesse (for example
KALLASCH & LEHNERT 1994b), the Natterer's bat was not considered in the original con-
ception of the “house-dwelling bat project”.

The first maternity roost (on a building) was found in the second year of the investigation
(1998), The specific search in villages for the occurrence and roosts of the Natterer's bat
began in from summer 1999, Because of the multiple sightings of Natterer’s bats hunting in
cowsheds, a new search pattern could be developed. Many villages (n = 78) were specifically
investigated to find Natterer’s bats or bats hunting in cowsheds. This species of bat could be
recorded in nearly half of the villages (37 villages). Maternity roosts were found in 11 vil-
lages (compare figure 22), mostly thanks to intensive searching. The recorded abundance of
the Matterer's bat in the investigated area was clearly higher than that of the serotine bat
{about 20 detections in villages, § maternity roosts). In principle the roosts of the Natterer’s
bat are more difficult to find in villages. Because of their guieter call and mainly low flight,
they are not so conspicuous as the serotine bat or the common pipistrelle. In nearly all vil-
lages where roosts were searched for intensively on the basis of flight observations, these
roosts could be found (also by means of telemetry). No more searching was carried out in
more than 20 villages. However, it can be expected that roosts of the Natterer's bat can be
found in nearly all villages in which they were observed hunting. Projecting for the whole
investigated area, Matterer's bats should occur in at least 70 villages out of 150. It can be sup-
posed that the presence of maternity roost colonies could be recorded in 30-50 villages.

Because of the frequent roost switching of this species, it is hardly possible to give details
for average sizes of the maternity colonies. A determination of the number of bats requires
costly investigations (banding, in particular). In the administrative district, the size of the
colonies varies between 11 and 49 adult females. On average, 23 individuals can be found in
one colony (compare figure 29), Therefore the total number of the counted female Natterer’s
bats is only about 186 (counts on 8 maternity roosts) until now. Given 30-50 (hypothetical)
maternity roosts, 690-1,130 females would be present. The actual measured density of 0.16
female Natterer's bats per km? would rise to one female per km?, which is more likely to tally
with the real numbers in the investigation area.

In winter Natterer’s bats are found mostly individually in galleries or caves. Only few indi-
viduals can be recorded in the area.
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Figure 22: Villages where the Natterer's bat (Myotis nattereri) exists in the project area. In contrast to the
other distribution maps, “zero villages™ are the villages where Natterer’s bats were especially
searched for but not found. The summer records are as a rule records of the Natterer's bat in
cowsheds. The hibenacula are not marked on this map. However they are the same hibernac-
ula as for the greater mouse-eared bat (compare figure 21),

Figure 23: Matterer's bat in a cowshed.
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The phenomena of bats favouring certain sections of the total project area is especially clear
in the case of the Natterer’s bat. Numerous occurrences were found in the westemn part of the
project area, with no evidence of this species in the eastern part. A regional, ecological analy-
sis could demonstrate that the presence of heavily forested arcas and streams influence the
distribution of this species (compare chapter 11.2.2).

4.4.2 Regional and national distribution and abundance

For a long time information about the spread and the frequency of the Natterer’s bat have
been reconstructed by means of winter finds (compare TOPAL 2001). The winter visual con-
trols could not reflect the true numbers at any time, because Natterers bats hide excellently
in their hibernaculum and a large percentage are withdrawn from human observation. The
records of maternity roosts clearly turned out to be even more difficult: Up until 1993 only
three maternity roosts were known in the approximately 21,000 km? vast area of Hesse, one
in a building, the others in nest-boxes, The Matterer’s bat was in general estimated to be rare
and “on no account frequent” (compare KALLASCH & LEHNERT 1994b, KOCK &
KUGELSCHAFTER 1996). In the whole of the GDR only five summer roosts were known
until 1987 (one of them a certain maternity roost) (HIEBSCH & HEIDECKE 1987) and in
Bavaria until 1977 only two maternity roosts (ISSEL et al. 1977). Meanwhile in Saxony, 22
maternity roosts are known {since 1985) (POCHA 1999). In Lower-Saxony 10 summer roosts
(four of them maternity roosts) were reported up until 1988 (HECKENROTH et al. 1988), in
Baden-Wuerttemberg 6 (MULLER 1993) and in Thuringia 12 maternity roosts (WEIDNER
1994).

The Matterer’s bat was or is repeatedly described as “forest bat” or as a species mainly to
be found in tree-hollows (for example BOYE et al. 1999, FRANKE & DIETZ 1999). GEBHARD
(1997), ISSEL et al. (1977), NATUSCHKE (1960) and SCHOBER & GRIMMBERGER (1998)
could not prove the presence of any Natterer's bat in villages. The current increasing obser-
vation of this species in areas of human settlement leads to differentiated designations
(“house-dwelling bat”, ILLI 1999) or to no exact classification (compare MESCHEDE &
HELLER 20000,

ﬁ.ccnrdmg to our present results, we must mention the Natterer’s bat as second most fre-
quent species of bat in villages and housing estates. More frequent is only the common pip-
istrelle, whose presence is considerably easier to prove,

By means of intensive investigations, hibernacula of Natterer's bats with some thousand
winter sleepers could be found in Bad Segeberg and in Berlin and have gained recognition as
mass hibernacula (SCHOBER & GRIMMBERGER 1998). These hibernacula give first indica-
tions of the actual frequency of the Natterer's bat in the surrounding area.

According to our biased scarch for bats — only in areas of human settlement and not in the
forest — the Natterer's bat has to be classified as a typical and frequent “house bat”. During
other investigations in the Marburg-Biedenkopf district, which were carried out in forests
{SIMON, unpublished), Natterer’s bats were found nearly every time where bats were cap-
tured with a net or surveyed with a detector. We can proceed from the assumption that this
species of bats can be present in high numbers in the forest and in areas of human settlement.
TRAPPMANN & CLEMEN (2000/2001) call the Natterer's bat “forest bat"”. They found roosts
of this species not only in tree-hollows but also in bat boxes, attics and in cowsheds in their
telemetry investigations.
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4.5 Whiskered bat (Myotis mystacinus [Kuhl, 1817])

4.5.1 Distribution and abundance within the project area

At the beginning of the investigation there were only few clues concerning distribution and
abundance of the whiskered bat. The occurrence of this species could be roughly derived only
from regular winter controls. Four summer roosts had been known until 1999, amongst them
three maternity roosts (compare KALLASCH & LEHNERT 1994¢ und see table 3). During the
project, a further 24 roosts were mapped in buildings in 13 villages, as well as two roosts in
avillage where a maternity roost was already known. Ten new matermnity colonies were found.
The records of this species are distributed over the whole investigation area (see figure 24).
The colony sizes lie between 69 and 112 individuals — the true number could anly be deter-
mined as an exception. Whiskered bats are found in most of the galleries and caves of the pro-
ject area, which are usually appropriate for use as hibernacula. In most cases, only single ani-
mals are found. Larger numbers (> 50 animals) are known in galleries of neighbouring
administrative districts.

Roosts of the whiskered bat in areas of human settlement are clearly more difficult to map
than roosts of the common pipistrelle or serotine bat. Colonies which left or switched their
roosts during maternity period were not found again despite an intensive search (it cannot be
discounted that some colonies found roosts in tree-hollows in the forest). It can be supposed
that only a small percentage of the roosts have been detected up to now, similar to the case
of the Natterer's bat. The maximum sum of all counted adult females of 10 colonies is 582,
which means that on average 58 adult females are found per colony. Based on these figures,

@ Mumbar of mastemity roosts JFL  Hibemaousam
(1} Mumber of individual roosts 52 Summer prood # 1% 34 Sem

Figure 24: Villages within the project arca where the whiskered bat (Myoris mystacinis) was found.
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a minimum average density of the whiskered bat can be calculated for the investigation area,
namely about (.49 females per km?,

4.5.2 Regional and national distribution and abundance

Until the middle of the 1980’s, only few maternity roosts of the whiskered bat were known
{about 10). In the following years the number of records in Central Europe increased conti-
nously (TUPINIER & AELLEN 2001). In Hesse, 7 maternity roosts (or proof of reproduction)
were known until the year 1994 (KALLASCH & LEHNERT 1994¢). In Thuringia there were
22 maternity roosis (WELSCH 1994), in Saxony 15 (ZOPHEL & WILHELM 1999), in Lower
Saxony two (HECKENROTH et al. 1988), in Schleswig-Holstein none (BORKENHAGEN 1993)
and in Baden-Wuerttemberg 8 (MULLER 1993). In almost all regions of Germany the winter
records predominate over to the summer ones (compare KIEFER et al. 1996, KALLASCH &
LEHNERT 1994¢). This highlights a deficit in summer investigations which require a greater
effort to be carried out.

In Europe, the whiskered bat was predominantly classified as rare (e. g. STEBBINGS &
GRIFFITH 1986), for Central Europe a decrease in numbers was supposed (RICHARZ & LIM-
BRUNNER 1999). Meanwhile, regional increases in numbers are proven in Germany, based
on controls of hibernacula (compare KIEFER et al. 1996).

4.6 Common long-eared bat (Plecotus auritus [Linnaeus, 1758])

4.6,1 Distribution and abundance within the project area

The presence of common long-eared bats of the genus Plecotus can be proven in almost
all big and accessible church attics in the project area by means of their guano. Also in other
spacious attics with infrequent use and good access for bats, traces of long-eared bats were
found in many villages. A determination of species, however, is not possible to carry out
from the excrement. In the project area — as in most German regions- the trend was a pre-
dominance of grey long-eared bats over common long-eared bats in building roosts (see
below ),

Common long-eared bats are distributed over the whole project area (see figure 25).
Their precense was proven in most of the known hibernacula (galleries, cellars, bunkers
ete.), while grey long-eared bats are only found in very few hibernacula. Common long-
eared bats are also regularly found in nesting boxes in the forest, whereas grey long-cared
bats are not.

Despite the wide distribution of common long-eared bats, their maternity roosts on build-
ings are rarely found. Here, methodological reasons, which are partly responsible for this
fact, must be considered: most maternity colonies only have low numbers of individuals and
are therefore inconspicuous in small building roosts, e. g. behind wall cladding or in crevices
in half-timbering. Hence, they are difficult to map systematically.

At the beginning of the project two matemnity roosts of the common long-cared bat within
the project area were already known, but not in buildings. During our investigations, we
detected five new colony villages with 8 roosts in buildings (compare table 3). For two of the
colonies the number of adult females could be determined: five and 16 individuals,
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Figure 25; Villages within the project area where the common long-eared bat (Pleconis auritis) was found.

4.6.2 Regional and national distribution and abundance

The common long-eared bat which is widely spread in Central Europe is often found in
heavily forested areas (SCHOBER & GRIMMBERGER 1998, ENTWISTLE et al. 1997). While
the roosts of this species that are in buildings are most often in attics in Great Britain
(ENTWISTLE et al. 1997), this classification is more difficult to establish for Germany, where
the common long-eared bat is frequently classified as forest bat (e. 2. FUHRMANN & GOD-
MANN 1994, KULZER 1989). In Thuringia, however, most of the maternity roosts were
detected in buildings (FISCHER 1994a).

It is especially difficult to obtain population numbers for adaptable bat species like the
common long-eared bat, which oceur in areas of human settlement as well as in the forest,
As our investigations regarding roosts were limited to areas of human seltlement, statements
about densities for a species whose population lives to a considerable extent in the forest must
be excluded. For a general estimation of possible densities, 1.6 common long-eared bats per
km? in Great Britain can be mentioned (SPEAKMAN et al, 1991),

4.7 Grey long-eared bat (Plecotus austriacus [J. B. Fischer, 1829])

4.7.1 Distribution and abundance within the project area

Concerning the possibility of locating roosts in buildings, the same conditions apply to the
grey long-eared bat as for the common long-eared bat (see chapter 4.6.1). At the beginning
of the project, four proven maternity roosts were known in the project area.
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The exact location of the roosts in the buildings was only determined for two of the
colonies, Within the framework of our investigations, 6 further matemity roosts (villages)
with 7 roosts in or on buildings were found (compare table 3).

While the common long-eared bat is for the most part distributed evenly over the pro-
ject area, the grey long-eared bat is evidently lacking in the west (see figure 26). This cor-
responds with the knowledge concerning the spread of this species. It favours lower, that
is, warmer locations (see below). Especially conspicuous is rare occurrence of the grey
lang-eared bat in the “usual” hibernacula. In contrast to the common long-eared bal, grey
long-eared bats are rarely seen in winter, and then mostly as single individuals. Further-
more the winter finds of the grey long-eared bats are almost exclusively in close prox-
imity to their summer occurrences. Here, their subterranean roosts (e. g. galleries or cel-
lars) are usually remarkably dry. The requirements of the grey long-eared bat, the
common pipistrelle and the serotine bat seem to be quite similar in this regard: of about
70 known, regular hibernating sites in the project area, there are two roosts
which are exclusively used by grey long-eared bats (quite dry cellars) and two further
hibernacula, which are the only ones used regularly by common pipistrelles. Single sero-
tine bats that had not been seen in any other hibernacula, were also recorded regularly in
these two roosts. Over recent years, several findings of single hibernating grey long-eared
bats (four) near the facades or intermediate roofs of residential buildings were reported.
Apparently, roosts in buildings are also important for this species during winter.
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Figure 26: Villages within the project area where the grey long-eared bat (Plecotus austriacus) was found.
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4.7.2 Regional and national distribution and abundance

While the common long-eared bat occurs in northern Europe, the grey long-eared bat,
which favours warmth, reaches its distribution limit along the 53« latitude (compare
MITCHELL-JONES et al. 1999, SCHOBER & GRIMMBERGER 1998, STEBBINGS & GRIFFITH
1986).

The records of occurrence of grey long-eared bats in Hesse can be described as rather
scanty. Until the year 1994 only about 9 matemity roosis were known (FUHRMANN 1994),
Winter findings were even rarer. A similar picture is shown by MULLER (1993) for Baden-
Wuerttemberg, while there do exist considerably more proofs of their occurrence in
Thuringia, especially in the south of the state (FISCHER 1994b). The data on the occurrence
of this bat species in Saxony evidently indicates that areas of higher altitute (e. g. low moun-
tain ranges) are avoided (SCHOBER 1999). It is not possible to give statistics on the nation-
wide frequency and population growth trends, due to insufficient data on the population size
{(compare BOYE et al. 1999),

Due to the synanthropic way of life of the grey long-eared bat and the insufficient knowl-
edge about its numbers, it can be safely assume that this species was and is seriously threat-
ened by restauration work and renovations of buildings.

4.8 Barbastelle bat (Barbastella barbastellus [Schreber, 1774])

4.8.1 Distribution and abundance within the project area

In the year 1998, the first maternity colony in Hesse was detected in the project area dur-
ing a survey exercise. With approximately 40 adult females, this colony is among the biggest
in Central Europe. Their roost is located in a big half-timbered house with quite old slate-
cladded walls in need of renovation, behind which the animals eonceal themselves. A further
roost was discovered behind the wall-cladding of a neighbouring building. In the known
hibernacula in proximity to the summer roosts, up to 20 individuals can be counted during
the winter months. So far the summer and winter findings of this species limit themselves to
150-200 km? in the northwest of the project area.

4.8.2 Regional and national distribution and abundance

The barbastelle bat can be found over large parts of Central Europe and reaches its north-
ern limit in southern Norway, however has not been found in large parts of northern Germany.
After dramatic stock decreases between the 1950's and 1970's in large parts of Germany (and
of Central Europe) the barbastelle bat has become very rare over the last decades and has
completely disappeared in some regions (2. B. FELTEN & KOCK 1979, ISSEL et al., KULZER
et al. 1987),

From beginning to end of the 1950's, there were still known mass occurrences (hibernac-
ula) with hundreds of animals in some regions of Germany (e. g. FRANK 1960; HOEHL 1960).
However, these have completely or to the most part disappeared (compare FRANK 1971;
PIEFER 1971). Only in Bavaria (5-10 colonies), Thuringia (14 colonies) and Brandenburg
have apparently quite big populations been preserved (compare BOYE et al. 1999). In Hesse,
until the 1990°s this species was supposed to have almost died out (compare KOCK & ALT-
MANN 1994). Comparative GIS-investigations at maternity roosts in Bavaria, Thuringia and
Hesse (one colony) led to the conclusion that apparently traffic and density of human settle-
ment influence the spread of this species (see chapter 11.2.4).
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4.9 Conservation status of investigated bat species according to Red Lists

The Red Lists of the federal government and the federal states cannot be casily compared
with each other. The valid versions were published at different times and some of these pub-
lications are many years old. As the knowledge about occurrence and ecology of bats has been
increasing rapidly in recent years, the evaluation basis of older Red Lists concerning endan-
gered mammals is much narrower than that of more current new versions. Furthermore, the
categories of the Red Lists, their definitions and criteria have been changed time and again,
so that for individual cases the original publications of the Red Lists must be consulted.

BOYE et al. (1999) have summarized the threat categories of bat species according to the
Red Lists in Germany. Some of the federal states have worked out new versions, which are
compiled in the German National Report 2000-2003 for the EUROBATS-Agreement
{httpzffwww.eurobats.org).

Amongst the house-dwelling species, the common pipistrelle is the only one not cur-
rently endangered nationwide (see table 8, BOYE et al. 1999). This classification was based
on its national distribution, its numerous, not rare occurrence, also in areas of human settle-
ment, as well as on indications to a stable or even in some regions increasing stock. This
estimation still applies for this species. No other bat species has revealed so many mass
hibernacula in almost all parts of Germany up to now, namely Demmin (“Bartholomaei
church™), Hamburg (“Parking garage™), Heidelberg (“castle”), Hildburghausen (“Veste
Heldburg™), Korbach {*“factory™), Marburg (“castle™), Mayen (“basalt gallery”), Freiburg
(“cathedral”y und Osterode (“lime gallery™). In all these roosts common pipistrelles were
captured and examined within the project’s framework, so that it could be guaranteed that
they were indeed common pipistrelles, and not possibly soprano pipistrelles. Apart from
this, the common pipistrelle is a strikingly adaptable species, which settles in different build-

‘Table §: The investigated bat species and their Red-List-status in Germany (modified according 1o BOYE
et al. 1999, http.fwww.curobats.org) D = Germany, BW = Baden-Wuenttemberg, BY = Bavaria,
BE = Berlin, BB = Brandenburg, HH = Hamburg, HE = Hesse, MV = Mecklenburg-Western
Pomerania, NUHB = Lower Saxony and Bremen, NW = North Rhine-Westphalia, SL = Saarland,
RP = Rhincland-Palatinate, SN = Saxony, ST = Saxony-Anhalt, SH = Schleswig-Holstein, TH =
Thuringia, 0 = extinet, 1 = in danger of extinction, 2 = seriously endangered. 3 = endangered,
R = extremely rare species and species with geographical restriction, G = threat can be supposed,
but status unknown, 48 = stock risk due to decrease, V = near threatened, LI und BG = endan-
gered migrating species, visitors, n = currently not endangered, 7 = oceurence in this state is not
assured, — = no regular occurrence proved.

Federal state
Bat species sH | HH | Nime | nw | HE | RP | sL | ew | ey B |8 | Mv | TH | ST |sn|D
o ppistreius | 3 | 2| 3 | n|3|3|v]|a|w[a[v]|a|[a]z]v]n
. serotinus v 3| 2 |al2[1]3|z|2|2|3|3|z2]|z2]|3]|v
M. myotis 1 11| 2 |zl21z211]z2123[1[1|z2[3a][1]z2]3
M. nattereri 3 7| 2 |alzal1l1|2lz[2]2|33|z2]|2]s
M. mystacinus | G 2 |alz2lz|1|3la|1|1]|1|3[1]2]s
P, suritus 32| 2 |sl2l|2|1|3|R[2|3|4|n|2]|V]v
P, austriacus =1 2 I®mlzlzlalsl=latizl- [2]2]2 |3
B.bavasteis | - | - | 1 |1 |1 |1]-[1]1]oe[1[+]2]1]1]

]
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ing roosts and can be called euryoecious, also with regard to its hunting habitats. The clas-
sification into the category “2 — endangered” on the Red List in Hesse corresponds to the
state of knowledge at the beginning 1990°s and would have to be changed into “not endan-
gered” for a new edition.

The serotine bat has a national standing of Red List category “V™ (near threatened),
however, in 7 federal states it is classed “endangered” or “critically endangered”. For the
national classification it was decisive that the species is not rare in the northwest of Ger-
many and oceurs commonly in the village-strewn rural areas and also towns of that region.
In the rest of Germany it is less frequent, but still occurs nationwide. The stocks were esti-
mated as being mostly stable, though there were indications of serious decreases of stock
due to inconsiderate building renovations. This was also the reason for listing the species
is as near threatened. In Hesse itself, the serotine bat has been classified “endangered” on
the Red List up to now. The more intensive search within the project’s framework revealed
clearly higher densities for this species than is known in other villages in Hesse. Similar
densities must be supposed for further areas of the state. Due to this, the current classifi-
cation of the serotine bat in the Red List of Hesse must be revised.

The greater mouse-eared bat is “vulnerable” nationwide. This is a lower category of
threat than is the case in the majority of federal states (in six federal states the species is even
“critically endangered™). The estimation of the federal government was based on the bat’s
wide distribution in Germany and the fact that the greater mouse-eared bat is not rare in sev-
eral of the federal states, in contrast to other bat species. Mevertheless, the mouse-eared bat
stocks decreased strongly in the 1950's to 1970's, showing, however, a recovery in the mean-
time — also in the project area (comp. AGFH 2002). The formation of big to very big mater-
nity colonies, mostly situated visibly in attics, presents a special risk factor for this species.
Al the same time this behaviour also allows a quite good observation of the stock develop-
ment with a relatively low expenditure, while other house-dwelling species often cannot be
recorded due to methodological reasons (see above), and false estimations concerning threat
classification can possibly result from this. A close-knit and good network of assistants, who
regularly control mouse-eared bats” maternity roosts and give advice or help in the case of
problems, has considerably contributed to the positive stock development of this bat species.
Therefore, the classification in the Red List of Hesse should now be modified from “endan-
gered” to “vulnerable”.

Presumably the classification of the Natterer’s bat requires revision as well — not only in
Hesse, but also in some other federal states, as the recording of this species probably has con-
siderable gaps in many villages. Possibly just a targeted survey in cowsheds, using spot
checks (see chapter 3.1.1), could notably improve the current data on the distribution and
abundance of this species. The classification into the category “vulnerable” by the federal
government, was based on the estimation of a wide distribution without special ties to spe-
cific types of habitats. After decreases in the 1950%s to 1970's the stocks have stabilized again
or even increased slightly. A risk factor for the species is apparently given due to the prefer-
ence of certain hibernacula, in which the animals from a big catchment area concentrate (e.
g. Spandau Fortress and Segeberg cave).

The Red Lists are still an important instrument towards conservation: they describe the
state of biodiversity, provide a standard for the evaluation of landscape elements and habi-
tats, aid public awareness work for conservation and inform experts and politicians on the
necessary measures to reach a sustainable use of nature. A well-founded, up-to-date data base
is necessary for a Red List. The results of the systematic compilations within the project’s
framework allow the conclusion that the spread, stock sizes and stock developments of
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house-dwelling bats in large parts of Germany are insufficiently known or even falsely esti-
mated. For those bat species roosting in forests the gap in knowledge is even greater. There-
fore, large programs to record the actually occurring bat populations, their habitats and
migration need to be developed and realized (compare e. g. LIMPENS & ROSCHEN 1996,
DIETZ & SIMON 2002). Towards this aim, it is important to strive for a standardized proce-
dure for gathering data (choice of methods, intensity of compilation etc.) and evaluating bat
stocks at national level or in all states. In this way, the Red Lists can continue to fulfil their
function. In addition, the Red Lists should be further developed and optimized, which
includes a standardization of categories and criteria (comp. SCHNITTLER et al. 1994, BINGT-
HAFKE et al. 2000),

4.10 Summary

Established frequency of bats in areas of human settlement

* The numerous surveys and investigations were carried out with a huge recording effort of
more than 13,000 working hours. An extended public awareness campaign leads to numer-
ous roost reports which, however, relatively soon become less and less, Most roosts and bat
occurrences are found through a targeted search. The success of detector surveys does not
only depend on the number of participating assesors, but also on the frequency of inspec-
tions: repeated surveys help to find further roosts.

* In the villages of the project area, 534 bat summer roosts of 12 bat species were detected
at buildings, within the framework of the investigations. With the exception of the Dauben-
ton's bat all occurring species used buildings above-ground.

= At least 28,584 bais were captured during the investigations between 1997 and 2001, Here,
20,382 individuals were banded with arm-clips.

« The determination of occurrence and abundance of bats in a certain area is considerably
characterized by the methodological procedure. Hence, the most frequently found summer
roosts are those of the species which behave as follows:

* call loudest (serotine bat, common pipistrelle); or

* form big and very big colonies (greater mouse-eared bat); or

* leave their roost carly in the evening and are thereby conspicuous (serotine bat, common
pipistrelle); or
swarm serikingly at the roost (common pipistrelle); or
are found in attics (greater mouse-cared bat, long-cared bats); or
present a striking behaviour, as for example to hunt in cowsheds (Natterer’s bat); or
are mainly present in areas of human settlement (grey long-eared bat, serotine bat, com-
mon pipistrelle, greater mouse-eared bat, whiskered bat).

Nearly all statements about distribution and abundance are therefore dependent on meth-
ods (see figure 27) and it turns out to be difficult to compare species or regions, [t has been
known for a long time that maps showing the distribution of animal species are at the same
time maps showing the presence of surveying people. The methodological deficits in the
maps are neither comprehensible nor correctable. As the Red Lists and diverse methods of
protection are based on these figures and data bases, their comprehensive improvement and
standardisation is to be called for. For bats, this has already been explained in detail by
LIMPENS & ROSCHEN (1996). With a further standardisation of the employed methods and
a more intensive application, some of the distribution maps and the Red Lists would have 1o
be modified.
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Figure 27: Methods best applied to establish frequency of house-dwelling bats. The greater mouse-eared

bat can be recorded systematically very well, because of iis conspicuous maternity roosts.
Common pipistrelles, in contrast, behave more strikingly and have quite loud echo location at
their disposal. For this reason, they are quite casy to map. The hatching indicates that the appro-
priate survey method is more efficient in Natterer's bat in many villages (where there are cow-
sheds which can be checked).

Bat stocks = regional and national occurrence

The common pipistrelle is clearly the most frequent bat species in the project area and in
all Hesse. Average densities of 25 common pipistrelles per 10 ha can be expected in most
of the regions in Hesse. The number of more than 440 roosts in the project area indicates
how many bat roosts can principally be expected in villages. In principle, in the central part
of Hesse common pipistrelles can be detected in every village. Maternity roosts exist in
approximately 90 % of the villages.

It is probable that there is an average of 50 more or less current summer roosts in every vil-
lage which has a common pipistrelle colony (maternity and individual roosts). This num-
ber increases accordingly in bigger villages. This means that a hypothetical administrative
district with for example 100 small and medium-sized villages has about 5,000 summer
roosts of the common pipistrelle! For the other species a similar number must be expected,
s0 that altogether 10,000 bat summer roosts can be supposed to exist — only at buildings —
in one single administrative district (with an area of about 1,000 km2).

The occurrence of most of the house-dwelling bats within the project area was consider-
ably more frequent than could be expected for this region of Hesse, according to the for-
merly existing data. This applies especially to the Natterer's bat which has been classified
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as rare until now, and now must be regarded as one of the most frequent species in the vil-
lages of northern and central Hesse. Probably the Natterer's bat is the second most frequent
species in Hesse, The calculated density values for the MNatterer’s bat clearly lie below the
actual numbers, as only a fraction of the roosts could be recorded (furthermore, numerous
roosts can be supposed to be located in tree-hollows).

« In principle, a similarly big population of the whiskered bai can be expected in central Hesse.
The summer roosts of the whiskered bat could be found more easily in the villages than those
of the Natterer’s bat {compare figure 27). Through a targeted search in cowsheds and neigh-
bouring buildings, the presence of roosts of the Natterer®s bat is now easier to establish. The
whiskered and Brandt's bat partly form quite big maternity colonies, which are on average
considerably bigger than the ones of the Natterer's bat. Thus, greater densities are calculated
for them, despite them being found less frequently in the villages (compare figure 28).

« The greater mouse-eared bat and serotine bat occur in relatively high densities, if one com-
pares the values from the project area with the average values from the main areas of occur-
rence in Germany.

* The number of adult females per maternity colony in the project area lies between 10 {long-
eared bats) and 170 (greater mouse-cared bats) (see figure 29) for each bat species.

# It must be considered that individual roosts also (often crevice roosts) play an important
role for greater mouse-eared bat. Due to the methodological difficulties inherent in the
recording of individual roosts, tree-hollows as summer roosts are apparently underesti-
mated to a considerable extent. The forest habitat is generally regarded just as a foraging
site for the greater mouse-eared bat. However, after the dissolvement of the maternity
roosts the mouse-eared bats retire quantitatively to so-called “intermediate roosts”. During
the nights, nonetheless, the animals are still found in the forest. Foraging areas are pre-
ferredly sitwated in beech forests or similarly structured mixed woodland (with older for-
est stands). At the same time these forests offer tree-hollows as roosts.

= It is especially difficult to estimate the frequency of the long-eared bats. These quite sofily
calling and late emerging bats are the ones most frequently “overlooked” during detector
surveys, Added to this, long-eared bats often form small maternity roosts which are there-

100,00 4.0
E 10,00 +— v Ty
lation densit
& 1,00 = i .-...ﬂ.ﬁ—ﬂr‘,—u_ PO _]r_ R
]
E 01
£ 0,40 +— = — p2
35
2 001 {— B . "
0,00 - T T - .
P. pipistrefius E. serolinus M. M. myotis M. nalfereri P, ausirigcus
mystacinus

Figure 28: Average minimum population densities of adult female bats per km? within the project area,
Those species which the data shows to be comparatively highly represented, are marked with a
grey area. The densities for the rest of the species are clearly too low, as there are not sufficiently
complete recordings. The stated density of the Natterer's bat is an estimate only (see chapter 4.4).
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Figure 29: Average sizes of maternity colonies within the project area (including the 95 % confidence

interval).

fore more difficult to find. Nevertheless, occurrences of the grey long-eared bat are proven
more frequently in the villages of the project area, due to its preference for roosting in
buildings. Often, one has the impression that the common long-eared bat occurs in Hesse
in greater numbers than the grey long-eared bat (compare FUHRMANN & GODMANN
1994). This impression is strengthened by the fact that the common long-eared bat — in con-
trast to the grey long-eared bat — regularly or often appears in nest-boxes or bat-boxes, and
is thus easier to record. Also in the hibernacula, the common long-eared bats can be found
frequently and almost everywhere. Grey long-eared bats, in contrast, seem to have other
demands concerning hibernacula (cold and dry) and are not found in the typical galleries
and caves, used by numerous bats.

Notable are the winter records and reports of grey long-eared bats (4), common pipistrelles
(10) and serotine bats (4) in the area of house facades or intermediate roofs, which prove
that these species pick up hibernation places at buildings above the ground. A quantifica-
tion of these roosts is not possible at the moment. The meaning of these hibernacula located
on or in buildings has apparently been underestimated up to now,

With regard to the occurrance of the house-dwelling species found in the area, it can be
indicated that just as with the grey long-eared bat, the Natterer's bat and serotine bat also
are more or less clearly dependent on landscape or climatic factors. Concerning their
respective habitat requirements, the latter two species seem to be mutually exclusive within
the project area (see chapter 11.2.2 and chapter 11.2.3). Only in one village do both species
occur together.
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5 Requirements of summer roosts for bats

5.1 Introduction

In order to create new roosts for bats, it is important to know what roost characteristics are
essential for house-dwelling bats. For this reason, certain structural parameters like type of
roost, its exposition, and the state of the building were recorded (see table 9). These parame-
ters were evaluated species-specifically, and compared with data from the literature.

Furthermore, in those bat roosts where it was possible to fix a temperature sensor, the tem-
perature was recorded with the help of datalogger. The aim was to include a wide range of
typical roosts, and also roosts of each bat species in the investigation.

Table 9: Overview of the recorded structural parameters of bat roosts.

S_tmcmmi parameters Dnscrl-prliun Cross reference
Detailed description of the roost (e.g. slate siding, | - table 11
jre 08 tocel intermediate roof, shuthers etc.) s, figure 31
Possibly several types of roost together (e.g. 5. fabla 11
Category of roost cladding, crevices + hollow spaces in tha
cladding) 5. figure 30
Exposition of roost Using a compass &. figure 49 upto figure 53
Height of roost openings
above ground level In meiras s. figure 54 + figure 55
Location of roosts in town | Location in relation to the old village cenlre 5. figura 56 + figure 57
Age of bulldings Using age-categories 5. figure G0
&m:u ition of the | & iiings with or without damaged structures | 5. figure 61
Hight of buildings Using the number of levels 5. figure 62
Material of landing area ;gﬁ:ghmm plastering, wood in half-imbering 5. figure 63

5.2 Roost types and categories

Different bat species sometimes use very different types of roosts. The choice, apart from
the general offer, depends on the structural quality and function of the roosts. Bats gener-
ally show a high adaptability, though this can vary depending on the species (BRIGHAM
1991), An overview of the categories of roosts used by the different bat species in summer
and in winter (which covers various roost types, compare table 11), is provided in table 10.
Amongst the house-dwelling bat species, there are on the one hand those hanging freely in
attics (greater mouse-eared bats, horseshoe bats), and on the other hand the species that
only inhabit crevices (common pipistrelle, Brandt’s bat, whiskered bat, serotine bat) (for
remaining species see table 10). The freely hanging species, nonetheless, are also found
regularly in crevices or hollow spaces. Thus, a colony of greater mouse-cared bats, for
example, can be found hanging freely in a church attic, as well as in a hollow space in a
wall,

In attics, there are hanging possibilities on roof battens, timbering, beaming and roof tiles.
Hollow spaces in attics are for example in non-grouted areas of walls, hollow concrete blocks,
wall crevices and larger hollow spaces in peg holes or behind wainscoting._
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Table 10: Overview of bat species occurrences within the different summer roosts (s) and hibernacula (w),
(x) = only few occurrences,

= E =
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The crevice roosts at buildings are often hollow spaces no bigger than 1.5 to 2 cm, so that
the bat's belly and back are in direct contact with the wall’s material. Buildings with cladded
exteriors offer a hollow space between house wall and cladding (wood, slate, asbestos cement,
metal, synthetic material, tarboard, cormugated iron, sheet metal), which is used by the bats. A
frequently used type of roost is the intermediate roof. This is the hollow space between roof
tiles and binding beams. Crevice roosts are also found in hollow concrete blocks, behind flat
roof cladding, in crevices in half-timbering, in external blind cases, or behind shutters,

Openings into the crevice roosts are served by edges of the wall cladding, damaged places
in facades and crevices in doors and window frames. Furthermore, rough materials (rough-
cast plastering, rough timber) are important as landing areas, from which the animals can
crawl into the roost.

The bat species which roost in attics can enter through open windows, but can also get into
the attic by crawling through gaps, at the ridge beam, for example.

5.2.1 Common pipistrelle

Eight roost categories were formed for 378 roosts of the common pipistrelle (see table 11),
according to the roost's characteristics. On the highest level are ‘roof” (flat roof and inter-
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mediate roof), ‘facade’ and a transitory group (intermediate roof + bordering structures) ‘roof
+ fagade’. The transitory group was characterized by the fact that the roost could not be
assigned clearly and exclusively to either intermediate roof or fagade or hollow concrete
blocks. The group ‘facade’ is dominated by the category ‘cladding’, but also includes the
mixed category ‘gaps + hollow spaces in the facade’ and the category ‘external blind case’,
‘bargeboard’ and *shutter’.

The three bat species which roost in crevices, common pipistrelle, serotine bat and
whiskered bat, partly use the same type of roost. But they clearly show species-specific dif-
ferences concerning the use of certain roosts (see figure 30). The serotine bat was principally
found in the intermediate roof of buildings, and otherwise used the attic area first and fore-
most. The roosts of the whiskered bat almost exclusively lay behind wall cladding and other

Table 11; Categories of roost types of common pipistrelle roosts.

5 gl |,
- Hl
[
g g %2 E
e 3 & |5 g
g flat roof | | 24 [fiat roof 24
intermediate roof Il | 78 |intermediate roof 7B
intermediate roof + | 34 |intermediate rooffhollow concrete blocks | 21
+ o bordering structures intermediate rooflasbestos cement B
E 'g intermediate reofislate 4
£ intermediate roofibargeboard 3
claddings IV | 149|slate cladding 74
asbestos cement cladding 34
shingle cladding 3
tarboard cladding 6
sheet metal cladding 2
synthetic matrial ¢ladding 1
corrugated iron cladding 1
gaps + hollow spaces W | 75 |hollow block 24
w in the facade half-timbering/wooden beam 22
% concrete gap 10
= at a window frame ]
knothole (half-timbaring) 5
between house wall + wooden beam 3
at a door frame 2
behind matal boxes 1
behind nest boxes 1
wall crevice 1
external blind case Wi | 11 |external blind case 11
_bargeboard Vil] 4 |bargeboard 4
shutters Vill| 3 |shutters 3
Total 378




facades, or in crevices in the walls. The common pipistrelle used a wider range of roosts,
which had their main emphasis in the building’s claddin g (see figure 32), but were also found
frequently in the attic (see figure 30, figure 31 and table 11). One of the common pipistrelle’s
roosts was situated in an expansion joint of a flat roof and could be seen from below (see fig-
ure 33). It was striking that commeon pipistrelles were found relatively often in hollow con-
crete blocks of non-plastered walls. (For the most frequent roost type in the roost category:
‘crevices and hollow spaces in the facade’ see table 11.) In one case, a matemity roost colony
even moved into stored hollow concrete blocks, which later on were integrated into the build-
ing in such a way that the common pipistrelle could enter and emerge through a gap. This
roost has since then been selected every year by common pipistrelles.

Additionally, the potential roost offer in the project area was checked by comparing those
buildings having roosts (roost buildings) with randomly selected buildings in selected vil-
lages. To this aim, a survey of the randomly selected buildings and roost buildings was car-
ried out to investigate the character of maternity roosts of the common pipistrelle. The biggest
towns (Marburg, Biedenkopf, Gladenbach, Wetter, Kirchhain, Stadtallendorf, Neusiadi and
Bad Endbach) were not considered in the selection. Twenty-two villages were randomly
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Figure 30: Comparison of the roost types of common pipistrelle, serotine bat and whiskered bat, of roosts
known within the project, according to 8 roost categories.
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Figure 31: Distribution of categories of higher order for roost types for common pipistrelle roosts.

66



Figure 32: Materity roost of the common pipistrelle behind an asbestos cement cladding. The entrance
gap is situated below the window sill.

Figure 33: Matemity roost of the common pipistrelle in a concrete gap (expansion gap) of a flat roof,

selected from the remaining villages in the district. In these villages 30 % of buildings were
randomly selected using a CD-ROM phone directory. For these randomly selected buildings,
the corresponding structural parameters were recorded if possible (see table 9). More of the
random buildings had external wall-cladding (approximately 60 %) and less flat roofs, inter-
mediate roofs or any other crevices in the facade than the houses with roosts (see figure 34).
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Figure 34: Comparison between roosts of the common pipistrelle and potential roosts at randomly selected
buildings (for roost categories compare table 11).

JENKINS et al. (1998) compared 21 roosts of soprano pipistrelles (55 kHz type) and their sur-
roundings, with 17 randomly selected houses in the northeast of Scotland (zize of the inves-
tigation area 300 km?). The roost houses and randomly selected houses did not differ siginif-
icantly concerning structure (e. g. roof-material, age of house, heating capacity, wall-material,
etc.). A difference could be detected only in the buildings® surroundings. In a study on the
common long-eared bat by ENTWISTE et al. (1997), however, a difference between roost
buildings and randomly selected buildings was found. The roost buildings were older, had
divided attics, and were made of rough timber.

Bibliographical references

The largest percentage of the common pipistrelle roosts described in the literature was
located behind house wall-cladding and in the facade (50 %) or in the intermediate roof
(39 %) (see figure 35). The roosts found in the project area, have an even more clear empha-
sis on house wall-cladding or in hollow spaces of the facade (60 %), as half-timbered houses
with slate facades are dominant in the project area.
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Figure 35: Literature describing roosts of the common pipistrelle (for bibliography see table 12).

‘Table 12: Bibliographical

references to roosts of the common pipistrelle.

Source Maternity roosts

EICHSTADT & Bassus the majority in the village or in bat roosting-boxes; fow tree roosts (crevices in
(1905) dead, damaged or very old trees

GoOMANN (1994) behind exterior wall cladding and in external blind cases in new and old

buildings: undar tin roofing on fiat roofs

GoDMANN (1996)

in crevices and niches in building facades; exterior wall cladding (slates, timber,
sheet metal); external blind cases, loose plaster; in small rooms made of non-
plastered hollow concrete blocks

GRIMMBERGER & BORK
{1978)

behind timber panelling, in crevices in the exterior wall above windows, in attics
behind timber panelling, behind external timber sheathing

HagnisEL (1992)

raols, external blind cases, in hollow walls, inlermediate cedlings, door pannels

HERMANNS & POMMERANT
{19949)

on buildings made of concrele slabs; under window sills

HIEBSCH (1883) behind timber panelling; in crevices in brickwork; between timber planks (in
half-timbered houses); in nesting boxes for birds and bals, ree hollows

HuR, (1966) maternity colonies above window frames, behind two coat of arms mounted on
the wall

JaMSEN (1903) behind wall imbering or ormamental edging; in cracks in old buildings; in the
apexes of facades; hollow spaces under concrale

LaBES & KOHLER (1987} | behind cladding, in the hollow spaces between walls
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Tah. 12: Continuation

Source Maternity roosts

Lang (1996) between roafing tiles and on window framas

MuER (1992) eaves of a brick house, behind a company name-plate

MameER (1991) axternal blind cases; intermediate roof (between slate and inner roof sheeting

on gable; between boards and roofing fabric), behind lime plastaring; in hollow
concrete blocks on chimney

MNATUSCHKE (1960)

behind window shutters, in brick hollow wall, narrow crevices under cardboard
roafls, under attic flooring

OHLENDORF (1983)

behind timber planking, entrance slit between window blind and timber
sheathing, timber-cladded wall pillars, slate hanging

Racxow (1994) in intermediate roals (of glass wool with tar roofing paper on top, tar reofing
paper only or imber sheating with tar roofing paper)
ScHMIDT (1980) shed roofs, window boxes, house atfics, house roofs, bat roosting-boxes

STuTZ & HAFFMER (1985)

crevice reosts in and on bulldings, malnly hollow spaces in intermediate roof
(n = 107, 42 %) and behind wall shesting (n = 107, 41 %)

GRMMBERGER (1998)

SwirT (1980) attics and haollow spaces in walls

UniruH (2001) behind wood lagging, behind window shutters, under roof ridge

WacnER (1987) slate cladding; window shutbers; timber sheating; panelled area under eaves,
hallow concrate blocks
Individual roosts

SCHOBER & common pipistrelle rogsts in crevices with access from outside, behind timbar

sheating, wall cladding, window shulters, on half-timbered houses, also in
narrow bat boxes. Individual bats in tiny wall crevices, behind company
name plates, also occupy suitable new bulldings

Male roosts

GERELL & LUNDBERG
(1985), Goomann (1094)

bat boxes

HERMAMNNS & POMMERAMZ
(1999)

in buildings made of concrete slabs: under window sills, behind timber sheeting

LagEs & KOHLER (1987)

behind hymn number display baards in churches, tree hollows

NATUSCHKE (1960)

solitary males behind bark, window shutiers, imber company signs

OHLENDORF (1983)

behind window shutters

WaAGHER (1987)

window shutters: intermediate ceiling of an old callar
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5.2.2 Seroting bat

The serotine bat mainly uses roosts in the attic area, while 45 % of the roosts are situated
in the intermediate roof, 7 % below flat roofs, 7 % in panelling under ease and a further 12
% in intermediate roofs and adjacent structures (see figure 30). Figure 36 shows a typical
maternity roost of the serotine bat in the intermediate roof of a house. House cladding (13 %)
and crevices in facades (7 %) are used for roosts much less. Compared to all other roost types,
serotine bats were found behind shutters strikingly often (10 %).

Figure 36: Typical maternity roost of the serotine bat in an intermediate roof,

Bibliographical references

According to the literature, the serotine bat clearly prefers attics for roosting (32 %), fol-
lowed by shutters with 13 % of the roosts (see figure 37). Intermediate roofs seem to play a
subordinate role.

Category of roost

Flat roof c:lﬂq:fdingi
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Figure 37: Literature describing roosts of the serotine bat (for bibliography see table 13).
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Table 13: Bibliographical references to roosts of the serotine bat,

Source

Maternity roosts

CaTTe et al, (1996)

in attics, in hollow walls

DiEHL (1994), SCHMIDT
(1980), GLas (1981)

attics

HAENSEL (1994), HAENSEL
(1982)

5 of 7 roosts in attics — babween the two upper reaf baltens and the
strongly arched roof ridge tiles, two behind wall panelling and in the
timbar-panalled area under eaves of an overhanging roof, In the wide
timbar-panelied eaves of a slate tiled roof

HavErosT (1960)

attics, preferably those under tiled roofs — here under the arched ridge
roofing tiles on the upper roof ballens; in the connections baetween rafters,
gable hollow wall

[Hilgaﬂ?;ﬂ & HEIDECKE spacicus, warm attics of old buildings, behind window shutters, under

HoRACEK (1981) @xterior blind casas

DEGN (1983) under the roof, behind timber wall sheathing

GOTTSCHALK (2000) attic, eracks in a wall, intermediate wall, cladding, roosting boxes, window
shutters

LABES (1890) in the (roof) ridge end tile near or above the end of the ridge beam

ManER (19891) between the inner roof framework and the roofing tiles; false floors

MESCHEDE & HELLER

trees play only a minor role as roosts for colonies, but could play a

{2000) greater role as roosts for solitary males
MaTuzcHKE (1980) :ndnagr the roof ridge tiles, between timber sheathing and shest metal
il

STRATMANN {1979) in attics (84 %) or behind window shutters (9.5 %)

STRATMANN (1980) in the: channels/grooves of the roof ridge, under thin roof lining or behind
window shutters

WacsnER (1987) attics, under roofing tiles over the gable of an exterior house wall; the
panelled area under the eaves of a housse; window shutters

WEIDNER (1895) roosts on the beams of a dormer window, hanging freely on the wall
under a dormer window
Individual and male roosts

HavexosTt (1960) in attics, in a role of roofing felt outside, behind window shutters

Heise (1983) roosts in bat roosting boxes

MNATUSCHKE (1960) behind window shutters
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£.2.3 Greater mouse-eared bat

Three matemity roosts of the greater mouse-eared bat, located in attics, were already
known. The animals were hanging freely from the roof beams, sitting in peg holes or were
found between inner wainscoting and the attic. One peculiarity was a big hollow space in a
wall of a church attic, into which the whole colony disappeared at times. Outside the project
area, a new maternity roost was found in a nest box.

Bibliographical references
Nearly 60 % of the Greater mouse-eared bat roosts are situated in attics, according to lit-
erature (see figure 38 and figure 39). All other roost Lypes are less significant.

Category of roost
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Figure 38: Literature describing roosts of the greater mouse-cared bat (for bibliography see table 14).

Figure 39: The matermnity roost of greater mouse-cared bats in an attic.
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Table 14: Bibliographical references to roosts of the greater mouse-cared bat,

Source Maternity roosts

ALBRECHT & BEKKER in @ large hall in a gap between cement blocks and exterior wall

(2001)

BiLo (1990) roof truss, hanging places batween rafters, fire places, peak of dormer
window on roof terrace doonvay

GEBHARD & OTT (1985) altic

GEBHARD (1997) matemity reost of greater mouse-eared bats in a heated cellar room
(Baden-Wirttemberg)

HaeEMSEL (1974) attics, in a shaft where heating pipes ran along the upper end

HEDDERGOTT (1992) attics, occasionally also in the panelled area under the eaves and In faise
fleors, behind timber framework on inner gable wall

HEDDERGOTT (1994) attics, in the space between two connected houses (emergence via
ventilation pipe), in a bricked-up, disused circular staircase (emergence

via hole in the attic and from here to oulside), behind the timber sheathing
on a half-timbered wall, in false fioor of a large, unused sheet metal
cladded warehouse

HEN®EL ot al. (1982)

attics, hollow space in an attic wall

HIEBSCH & HEIDECKE
(1887)

spacious attics of tall buildings, church attics, in a favoured cellar

MATUSCHKE (1960)

domes of church onion towers, spacious attics, deep hole in wall of
church tower

OLDEMBURG & HACKETHAL
(159B49)

church atlics (hanging places: roof ridge of the chancel, tower wall inside
the roof space of the nave, hollow spaces in beam heads, roof ridge of
na-.re}

Roer (1988)

preferance is for draught-free slate attics

ROGEE & LEHMANN (1994)

attics, tree hollows, bat roosting boxes, galleries and motorway bridges

RUDOLPH & LIEGL (1990)

94.4 % (n = 128) of roosts free in roof trusses, these often spacious;
frequently in small, narmow sectioned off areas or extensions of larger roof
trusses; if the colonies are situated in church towers then frequently in the
top of onion domed fowers or domed towers cavered with black slate tiles
or with dark, oxidized copper; three cases in which small colonies were
found in crevice roosts between two walls or between roofing tiles and the
inner reaf lining; unusual matermity roost types are shads (in walls,
hanging free under the roof), in the abutments of a motorway bridge (in
spacious, hall-like concrete chambers), in a factory hall {on the cemant
ceiling and under a hollow concrete block wall), a tower made of
sandstone block in a castie ruin

SCHOBER & GREMMBERGER
(1998)

in the north in warm attics, church towers. Temperatures up to 45 *C,
raraly in warm sublerraneous rooms; in the south in caves
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Tah. 14: Continuation

Source Maternity roosts
ScHULZE (1992) attics, under the roof lining and between chimneys
STRATMANN (1979) 94 % in attics, 0.2 % (one find) in exterior blind case

ZAHN & HEMATSCH (1998) | open hanging places e.g. on roof beams, directly in the roof ridge

ZAaHN (1999) roof trusses, tops of church towers, hales in church tower walls, hollow
spacaes in @ concrete bridge

Individual, male and intermediate roosts

HuensEL (1874) in the callar of a former beer warehouse
Heck & Barz (2000) hanglng places in the abutment chambers in crevices in transitional
constructions (between bridge and abutment, 40 cm high interconnected
apening), in bat boxes, in abutments (hollow concrete

constructions) free hanging places and inside round vapour seal venis
insartad inte the ceiling (diameter 10-12 cm)

HEDDERGOTT (1904) pradominantly in attics, but also wall panelling, false floors, hollow
concrete blocks
HiEBSCH & HEIDECKE sandstona caves, spacious cellars, lime kilns, stone bridges, attics,
(1987) exterior blind cases, window shutters, bird boxes and bat
boxes
KOETTHITZ & HEUSER roosts in 18 motorway bridges (pre-stressed concrete box girder
(1994) eonstruction)

MaceL & NAGEL (1588) bat boxes

MATUSCHKE (1960) individuals in beam holes in aftics, in crevices in the stonework under
bridges, in gateways and stone quarries

RuDOLPH & LiEGL (1990) | for the most part crevice roosts (beam grooves, crevices in roof ridge elc)
in attics, more rarely in wall niches, in hollow concrete blocks of sheds or
in crevices in the rock of nalural caves

SreHOBER & GRIMMBERGER | individual bats also in nest boxes and tree hollows
(1998)

5.2.4 Natterer’s bat

Of eleven Matterer's bat roosts located in the project area, six were found in hollow con-
crete blocks (see table 15). Natierer's bats could be observed hanging in the hollow space in
a cowshed’s ceiling (see figure 40), The spatial proximity to cowsheds was remarkable: six
of the roosts were located in or in close proximity to a cowshed.
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Table 15: Matemity roosts of the Natterer's bat within the project area,

Roost type Spatial proximity to cowshed
Slate cladding of a dwelling house | Mext to cowshed
Timber fra_ming oulside Mo cowshed close-by o
.HDIIQW concrete block in a bam Abowvi cnwsﬁed
Intermediate roof Mo cowshed clnse-by_ |
Haollew concrete block outside Mo cowshed close-by

_Ellt:rw concrete block Dulsivdé- | At a sty = ]
Haollow cum:re"t& cailing (pipa) I!nsi-u:lér a cowshed

-i-.killnw concrete ceiling Inside a cowshed -
Hollow concrede block outside An:;,ianl barn

_F%dg; beam of a church attic Mext to mw'snéa R
Intermediate  roeolfpanelling  under | Mext to cowshed i
sase

Figure 40: Cowshed which is permanently occupied by cows, with a big maternity roost of the Natterer's
bat located in the pumice stone ceiling.

Bibliographical references

According to the literature, 34 % of the Natterer’s bat roosts were found in the woods, fol-
lowed by 32 % in attics (see figure 41). Crevices and hollow spaces in the facade only count
for 20 %, However, in the project area, all roosts except one could be found in hollow spaces
(though not only on facades) (see table 15).
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Myotis nattereri (n = 35)
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Figure 41: Literature describing roosts of the Natterer's bat (for bibliography see table 16).

Tahle 16: Bibliographical references to roosts of the Natterer’s bat.

Source

Maternity roosts

BOHME & NATUSCHKE (1967)

narrow, approx. 4 m long hollow spaces under the cladding on a
horizontal ceiling beam in the attic storay

BUCHEN (1991)

lightly plastared side of gable, holes and crevices in pumice stone
hollow concrate bricks; remained intact even after application of slate
hamging

CERVENY & HORAZEK (1981)

roosts in tree hollows, caves, crevices in interior walls of buildings,
cracks in timber in atlics; matemity roosts: branch cavity of a chestnut
tress, hole in the wall of a church attic (both alzo hibermacula)

GEISLER & DIETZ (1999)

peg holes in the (attic) beaming

HIEBSCH & HEIDECKE (1987)

bbird nesting boxes, ree hollows, spaces in half-timbering, bahind
timber sheeting in an attic

JANSEN (1993)

hollow space in a building made of basalt

Jomes et al. (1996)

maternity reosts almost always in buildings, individual bats in bat
boxes

KONIG & KOMIG (1995), LARES
& KOHLER (1987), PARK el al.
(1998)

bat boxes

LiPENS & BoNGERS (1991)

in woodpacker holes

SIEMERS et al. (1999)

nest baxes, branch cavity of a beach

SWIFT (1997)

inn a bridge, atties - all in erevices with the exception of one (in roof
ridge, mormally between stones or between stone walls and roof
baams)

Intermediate and individual roosts

CERVENYT & HORACEK (1981)

solitary roosts only in sublerranean locations
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Tah. 16: Continuation

Intermediate and individual roosts

HIEBSCH & HEIDECKE (1987) |intermediate rocsts in rock crevices and cracks, also holes in walls
above and below ground

SCHOBER & GRIMMEERGER summer rosts in tree hollows and bat roosting boxes in the forest,
(1588) also in cravices in and on buildings (roof truss, more rarely in roof
ridge), individual bats also under bridges, bahind windaw shutlers

5.2.5 Whiskered bat

The whiskered bat mainly uses house sidings (63 %, 19 of 30 roosts) as roosts (see table
17). The greatest proportion of facade sidings have slate cladding, namely 14 out of 19 roosts
(see figure 42),

Table 17: Roost types of the whiskered bat within the project area.

|Roost type Number
| ntermediate roof 2
|Siate cladding 14
Asbestos cement cladding 2
Shingle cladding 2
Sheat metal cladding 1
Timber framing/wooden beam| 4
|Km:|l_hnla {timber framing) 1
|Holiow block 2
[Behind junction box 1
Shutters 1
Total 0

Biblingraphical references

According to our findings, many of the whiskered bat roosts were situated behind house
sidings. Nevertheless, many roosts were also found in crevices in the facade and in attics (see
figure 44). But there might also be intermediate roosts included in the classification “attic”,
as some of the references did not distinguish these features clearly.
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Figure 42:
Matemnity roost of the whiskered bat behind

a slate siding,

Figure 43: Maternity roost of the whiskered bat behind a shingle siding.
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Figure 44: Literature describing roosts of the whiskered bat (for bibliography see table 18).

Tahble 18: Bibliographical references to roosts of the whiskered bat.

Source

Maternity roosts

FRANKE (1997)

up o 80 % in man-made structures: external part of buildings (limber
framing in walls of attics above blocks of flats, behind comer boards, in
timber framing in walls behind window boards, behind exterior wall
cladding, between wall beams and timber sheeting, outlet, cormners of
roof beaming, between stone wall and beams, in attics (between roof
beams and roof, matal covered chimney, batween roof rafters and roof),
in crevice-type spaces between insulation (30 — 60 em thick) and house
wall, in flat bat boxes

HiEBsCcH & HEIDECKE (1987)

exclusively in and on buildings, behind window shutters, flat gaps behind
company name plates and timber sheathing, occasionally in attics

HOLZHAIDER & ZAHN (2001)

cracks and crevices, crevices bahind roof beams and behind window
shutters

JOMES et al. (1996)

matemity roosts almost always in buildings, individual bats in bat
roosting boxes

MaiveR (1991), OHLENDORF | behind window shutters

(1982)

MATUSCHKE (1960), KRAUS | behind window shutters

& GauckLER (1972)

RINDLE & ZaHn (1997) roosts In roof truss — between roofing sheet metal and the boards
beneath it, behind wind boards of house gables of two residential
buildings situated one behind the other

ScHMmioT (1980) window shutters, timber sheathing, bat roosting boxes

Tasxe (1984) slale cladding, 7 attics, 2 under plastic edging on a garage roof

THOMPSON (1879)

in a hollow stone wall, behind a large wooden sign (cladding)
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Tab. 18: Continuation

Individual Roosts

RICHARE (1994) crevice dwellers in and on buildings, in tree hollows and tree crevices,
also bat boxes
ScHoper & GREMMBERGER | roosis mostly in bulldings in narrow crevices with outside accass,
(1958) betwean beams and masonry, behind window shutters, rarely in
nest boxes

5.2.6 Common long-eared bat

Within the project area four maternity roosts of the common long-eared bat were found in
attics, one in a hollow concrete block and a further one in the intermediate roof of a building.

Bibliographical references

According to the literature, more than half of the roosts of the common long-eared bat are
located in the forest and 22 % of the roosts are found in attics (see figure 45).

Category of roost
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Figure 45: Literature describing roosts of the common long-eared bat (for bibliography see table 19).
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Table 19: Bibliographical references to roosts of the commaon long-eared hat

Source

Maternity roost

BaTTERSEY (1989)

in old buildings, predominantly in the apex of roofs

BovD & STEBBINGS (1989),
DieTERICH (1988), HEISE &
ScHMIDT (1988), PARK et al.
(1998), SCHWARTING (1994)

bat boxes

EnTwisTLE et al. (1997),
SPEAKMAN et al. (1991)

attics (in the apex of the attic space)

FUHRMANN & GODMANN 16 tree roosts (pine, beech, oak) under roofing felt of a (timber) shelter

(1994)

HAENSEL (1992) spacious atlic, in rdge between upper connecting roof laths and
terminating roof tile

HIEBSCH (1983) large attics (hanging places hidden in roof imbers and batween

planking), behind exterior wall cladding

JONES &t al, (1996)

almost exclusively in buildings, single specimen in bat boxes

LABES & KOHLER (1987)

in bat boxas, im church towers

LiPENS & BowGERS (1991)

in woodpecker holes, in houses

MuneR (1991)

bat boxes, in attic space hanging freely on beams or in bung

holes, between beams and masonry, stairs to attic space, behind a
beam, between slate and inner roof sheeting, behind external wood
lagging, in hollow bricks

NATUSCHKE (1960)

in attics

RicHARZ (1994) tree hollows, bird boxes, crevices in and on buildings
WacnER (1987) attics, roof iruss

Individual and male roosts
MATUSCHKE (1960) solitary males in attics and in bird boxes

SCHOBER & GRIMMBERGER
(1998)

summer roosts:! in tree hollows, bat boxes and bird
boxes, in attics, Individual bats also in rock caves, behind window
shutters, crevices on buildings

Many different authors wera
citedin:
MESCHEDE & HELLER (2000)

regularly in attics of churches or sheds (behind beams, niches in beam

grooves and peg holes; between roofing tiles and behind timber
sheeting, seldom free hanging), natural roosts in tree hollows,

sometimes behind loose bark; evidence in forests mostly in boxes, also

tree hollows and tree crevices
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5.2.7 Grey long-eared hat

In the project area were found 6 crevice roosts (three behind a siding, two in an intermedi-
ate roof and another crevice roost), and four roosts in attics.

Bibliographical references

According to the literature, the roosts of the grey long-cared bat are most frequently situ-
ated in attics (46 % of the roosts) (see figure 46).

Category of roost

Flat roof cladding ]
Intermediate roof |

Attic
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Figure 46: Literature describing roosts of the grey long-eared bat (for bibliography see table 200).

Table 20; Bibliographical references to roosts of the grey long-eared bat.

Source

Maternity roosts

FuHrmMann & GODMANN [1904)

roosts exclusivaly in attics

HANDTKE (1967)

connection fissure of a central piltar in the nave
afttic of a church; between roof ridge and a
covering board

HiEBsCH & HEIDECKE (1987)

spacious attics; hanging places hidden under the
roof ridge tiles, between planking, in hollow
spaces in tha roof timbers, often near the
chimney; prefer to fly in through larger entrances
such as windows and skylights

KIEFER & VEITH (1998)

attic (hanging freely in roaf ridge or above apse,
occasionally in hidden places

LIMPENS & BONGERS (1991)

in woodpecker holes in old trees, in houses

PIECHOCK! (1966), WAGNER (1987)

altic

SCHOBER & GRIMMBERGER (1908)

in buildings, sometimes hanging freety in roof
ridge, sometimes hidden in beam grooves
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Tah. 20: Continuation

Many different authors were cited in: MescHEDE & | maternity roosts exclusively In bulldings (mostly in

HELLER (2000) ridge of roof truss; beam grooves, hollow spaces
in walls

Individual roosts

SCHOBER & GRIMMBERGER (1598) individual bats also in caves

5.2.8 Barbastelle bat

In the project area, the barbastelle bats use a slate siding with some tiles missing of a big
residential building (see figure 47). In addition, parts of the colony could from time to time
be found behind a metal siding of a neighbouring building.

Figure 47:
Maternity roost of the barbasiells bat
behind a slate facade.
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Bibliographical references

According to the literature, roosts of the barbastelle bat are mostly in the forest (75 %) (see

figure 48).
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Figure 48: Literature describing roosts of the barbastelle bat (for bibliography see table 21).

Table 21: Bibliographical references to roosts of the barbastelle bat.

Source Maternity roosts

HEDDERGOTT (1992a) behind the timber sheeting of a house

MNATUSCHKE {1960), TRESS | behind shulters

et al. (1988), HiEBSCH &

HEIDECKE (1987},

SPITZENBERGER (1983)

PobaNy (1895) in trese hollows

RicHaRz (1889) hollow space between wind board and roof; evidence almost exclusively
in crevice-type hiding places on buildings, matemity colonies almost
always bahind window shutters

RicHaRZ (1994) roosts in and on buildings and in tree hollows:

SPITZENBERGER (1593)

behind wooden border of a timber shed (n = 10), behind wooden border on
roaf (n = 1), in bat rocsting boxes (n = 3), in hollow bricks (n = 1)

STEINHAUSER (2002)

29 of 32 roosts behind loose bark (pines, robinias, oaks)

Individual and male roosts

HEDDERGOTT (1982a) cracks in wall

ScHOBER & GRIMMBERGER | roosts in crevices on buildings, frequantly behind window shutters, tree
{1998) hollows, nesting boxes or cave entrances
SIERRD (1999) shelier in crevices in rocks of in trees

SPITZENBERGER [1993)

open underground train station

roosts in buildings (roof truss, fire place or on external wall), wall above
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5.3 Exposition

The roost’s exposition is of prime importance for the temperature in the roost. Especially
for pregnant and suckling females which have a high metabolism, and seldom fall into tor-
por during the day, an optimal ambient temperature is important (compare RACEY 1969,
RACEY 1973¢),

Common pipistrelle

Maost of the common pipistrelle roosts (18.2 %) had a southerly exposure (see figure 49).
However, the directions west, southwest and east were also preferred expositions and counted
for 56.5 % of all roosts.

T.B%
Harih
T.3% 10.4%
W NE
15.1% Wast O East 14.2%
5w BE
14.2% 13.0%
16.2% Figure 49:
' ro0sts N =212 | percenmual distribution of expositions of 212
common pipistrelle roosts in the project area,

HERMANNS & POMMERANZ (1999) examined different common pipistrelle roosts in Ros-
tock (in buildings made with precast conerete slabs, in slab crevices, below window sills, in
a roof with air insulation, and behind a timber framework). Their results revealed an even
more evident preference for southerly-exposed roosts, namely 50 %. A further 35 % of the
roosts had a westerly exposure. THOMFPSON (1977) investigated common pipistrelle roosts in
England (45 kHz and 55 kHz types), which favoured roosts facing south, southeast, and
southwest (see figure 50).

19%
0% i 0%
NW ME
'
6% West Eas! 0%
W SE
13% 25%
Soulh Figure 50:
38% Percentual distribution of exposition of common
roosts n = 16 pipistrelle roosts (45 kHz and 55 kHz types), in an
investigation by THOMPSON (1977} in England,
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Newly created potential common pipistrelle roosts

The crevice roosts created within the project’s framework, potentially suitable for common
pipistrelles, had mainly south and southeast expositions (see figure 51). However, especially
for common pipistrelles, which switch their roosts frequently (compare chapter 7.2.) it can
be assumed that a wide range of directions is important.

5.8%
B.7% 10.1%
NW NE
8.7% West O East 17.4%
W SE
17.4% 10.1%
South
21.7% Figure 51:
roosts n = 69 Percentual distribution of exposition of created
crevice roosts within the project’s framework.

Serotine bat

The serotine bats in the project area used more southerly exposed roosts (33.3 %) than the
common pipistrelles (see figure 52). In addition, they used westerly exposed (16.7 %), south-
westerly and south-easterly exposed roosts (both 11 %). 12.2 % of the roosts had a northerly
Exposure.

12.2%
Morth
2.2% 6.7%
MW ME
16.7% West East 6.7%
W SE
11.1% 11.1%
Soulh
33.3% Figure 52:
foosts n = 45 | Percentual distribution of exposition of 45 sero-
tine bat roosts in the project area.

Example of a reost assemblage of serotine bats at the psychology-building in Marburg
Fifty-five of the 123 window gaps on the western, southern, and eastern sides of the build-
ing were used as summer roosts by serotine bats in 1999. Of these, 31 were used as mater-
nity roosts (n = 2 individuals) and 24 as individual roosts.
There were clear differences in the use of three of the sides of the building (see table 22).
The maternity roosts are almost exclusively situated on the southern side (45.2 %) and west-
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ern side (41.9 %) of the building. In contrast, most of the individual roosts were located on
the eastern side (54.2 %). In the matemity period, the females used the roosts with the high-
est lemperatures.,

Table 22: Number and proportion, on a percentage basis, of maternity roosts and individual roosts of the
serotine bat, on the western, southern and eastern sides of the paychology-building in Marburg.

Number Western side Southern side Eastern side Total {100%)
Windows 38 29.3% &0 48.8% | 27 21.9% 123
Roosts 16 29.1% 22 40% 17 30.9% 55
Maternity rocsts 13 41.9% 14 45.2% 4 12.8% 3
Individual reosts 3 12.5% B 33.3% | 13 54.2% 24

BATTERSBY (1999) examined roosts of the serotine bat in Sussex. 40 % (n = 6) of the
maternity roosts had a southerly or south-westerly exposure; only 135 (n = 2) had a northerly
exposure. The temperature in the roost, during the bats’ presence was 39.3 °C, the daily aver-
age lemperature was 24.7 °C.

Whiskered bat
The whiskered bat reveals the clearest preference for southerly (28.6 %), south-westerly
(21.4 %) and south-easterly (21.3 %) exposed roosts (see figure 53). The northern and north-

easterly exposed roosts are avoided completely. NYHOLM (1965) also designated this species
as one that likes warmth.

0%
7.1% et 0%
MW MNE
T1% w East 14.3%
W SE
214
o 21.4%
28 6% Figure 53:
roosts n=28 | Percentual distribution of roost expositions of the
whiskered bat in the project area.

5.4 Roost openings
Common pipistrelle

A large part of the common pipistrelle’s emergence gaps (n = 24) are situated 5 m to 7
m above ground-level (see figure 54). Possibly, the greatest number of potential roosts is
found at this height. Additionally, the common pipistrelles need a minimum height while

emerging, as they let themselves fall out of the roost (compare chapter 3.1.3 and chapter
6.5.4).
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Serotine bat
The greater part of the serotine bat’s roost openings (40 %) in the project area are 10 m to
12 m above ground-level, thus situated clearly higher than those of the common pipistrelle

(see figure 54). Serotine bats prefer roosts near the roof (intermediate roof, flat roof), which
are found at this height.

50 -
45 - = OF. pipistrefius (n = 258)
40 4 —= O E. serotinus (n = 46)
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Hight of roost opening above ground level [m]

MNumber of roosts

Figure 54: Comparison of the roost opening heights of the common pipistrelle and the serotine bat.

Comparing the height of roosts in the low mountain ranges (of the area of investigation)
with roosts in the north of Germany (LOTHAR BACH, written statement), it is rebandable that
the proportion of higher situated roosts increases with a greater offer of the same. In the low
mountain range, 56 % of the roost openings are situated at 9 m or higher, whereas in the north
of Germany roosts at this height account for 75 % (see figure 55).
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400 - i O Low mountain range (n = 46)
= 35 O North of Germany (n = 26)
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igure 55: Height of seroting bat roost openings ahove ground level in the investigation area (low moun-
g
tain range) and in the north of Germany.
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5.5 Location of roosts in town

The 27 known maternity roosts of the common pipistrelle, as well as the four maternity
roosts of the serotine bat, and two roosts of the grey long-eared bat in Kleinseelheim, are
nearly all located in the old village centre (see figure 56). The 10 summer roosts of the sero-
tine bat and two common pipistrelle roosts in Grofiseelheim are distributed in the same way
(see figure 57).

To get an idea of how many buildings of a locality are used by bats, the number of build-
ings in individual villages was determined by means of aerial photographs and compared to
the number of roost buildings.

The proportion of buildings with bat roosts in the villages which had been mapped several
times varied between 3.2 % and 17,25 %(see figure 58). In those villages that were investi-
gated intensively over several years, namely Gonnern, Wittelsberg und Kleinseelheim, the
proportion of roost buildings was between 7.1 % and 17.2 %. These roosts were principally
common pipistrelle roosts. As a tentative estimation, it can be supposed that in villages where
a bat colony is known, about 10 % of the buildings have a roost. According to a survey car-
ried out in a village in northern Scotland, bats were found in 23 % of the houses (PRITCHARD
& MURPHY 1988).

In addition, the number of buildings inside and outside the old village centre was
counted and compared to the respective number of roost buildings by means of aerial pho-
tographs. With one exception (Wittelsberg), most of the villages' roosts (80 %) are located
inside the old village centre (see figure 59). The preference of the village centre in Eck-
elshausen becomes especially clear, where the number of buildings outside the town cen-
tre is twice as high as inside. In Wittelsberg, which has many common pipistrelle roosts,
the distribution of roosts inside and outside the village centre corresponds to the offer of
buildings. Especially common pipistrelles that had frequently been found in non-plastered
hollow concrete block walls, are able to settle relatively quickly in new buildings as well.

() Summer roost serotine bat
O Summer roost common pipistrelle
@ Summer roost grey long-sared bat
= Borderline of the old village centre

e — —
0 100 ZﬂﬂmA

Figure 56: Location of summer roosts (mainly common pipistrelle) in Kleinseelheim.
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Figure 5T: Location of summer roosts (mainly serotine bat) in GroBseelheim in relation to the old village
centne,
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5.8 Height of buildings

The height of the buildings in which the common pipistrelles were located was determined
through the number of floors. The common pipistrelles used the lower buildings over-pro-
portionally, whereas the higher ones were mostly avoided (see figure 62).
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5.9 Material of landing area

The material of the landing areas of most common pipistrelle's roosts consisted of plaster
{mainly for intermediate roofs), followed by timber (sidings) and slate (sidings) (see figure
63). A rough material, which is the case with plaster, and also often with timber, is essential
for a bat’s landing area. Smooth slate, in comparison, is only adequate as landing area if it
consists of single, accessible tiles onto which the bats can hold when they are landing, and
then crawl into the roost,

5.10 Roost temperatures

A frequently mentioned feature for the choice of roosts by bats is the roost temperature
(HAMILTON & BARCLAY 1994, WINCHELL & KUNZ 1996). Various factors indicate that the
roost lemperature is important for bats, The duration of pregnancy is determined significantly
by the ambient temperature (AUDET & FENTON 1988, RACEY 1969, RACEY 1973¢; RACEY
& SWIFT 1981) and the development of the young also slows down with lower temperatures
(AUDET 1990, HOYING & KUNZ 1998, TUTTLE & STEVENSON 1982). It is supposed that
thermoregulatory advantages are responsible for the social behaviour of bats (KUNZ 1982)
and that the cost of thermo-regulation is reduced through behaviours such as the forming of
colonies and clusters, and the choice of roosts (TUTTLE 1975, cited in TUTTLE 1976 [Myotis
grisescens])

If the choice of roosts depends to a great extent on the temperature prevailing in the roost,
then a better knowledge of these temperatures is important in order to get a better under-
standing of roost requirements. A typical feature of bat roosts, also of crevice roosts, at build-
ings is that they are spacious. This allows the animals to pick areas within the roost which
have different temperatures. Furthermore, the crevice roosts are mostly difficult to access
from outside. These characteristics lead to the problem that a temperature measurement can
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Figure 63; Material of the landing arcas of common pipistrelle roosts (n= 129).

be carried out only insufficiently. In spite of this, the temperature of different roost types was
determined, in order to have examples to demonstrate the different specific properties con-
cerning the course of temperatures and heat capacity.

5.10.1 Hollow spaces in the facade and behind facade siding

Hollow spaces at or in facades and behind facade sidings constitute a frequently used roost
type for house-dwelling bat species.

Maternity roost of the common pipistrelle

The course of temperature in a maternity roost of the common pipisirelle behind an east-
erly exposed slate siding is represented in figure 64. The animals used the roost during the
represented year at the beginning of July, when the measured maximum roost temperature
wis between 25 and 35°C. On sunny days, the roost was heated intensively, and the nightly
temperature in the roost remained at 20 °C, despite lower outside temperatures (beginning of
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same commeon pipistrelle colony. This correlation could be proved by means of recaptures in
the years 1998 and 1999, For example, trapping in 1998 revealed that 68 % (34 out of 53) of
the animals proceeding from the roost behind the timber facade were recaptures from the
concrete crevice roost,

Both temperature curves showed clearly in which diverse ways the different materials
influence the roost characteristics. The timber cladding presents the same features as the
roosts behind sidings mentioned above: strong amplitudes between minimum and maximum
temperatures, and no distinet heat storing capacity. The minimum temperatures correspond
more or less to the outside temperatures.

A completely different temperature regime is present in the concrete crevice: the day-
time temperature is moderate, and in total the minimum and maximum temperatures vary
little. The properties of concrete — high heat capacity with a parallel low conducting capac-
ity — lead to a slower heating up, but at the same time also to a slower cooling down. Due
to this, a minimum temperature, buffered in relation to the outside temperature, results for
the animals. From the middle of May onwards, the roost has minimum temperatures of
13°C.

With regard to the use of roosts it is indicated that during the relatively cool time, when the
animals are underway at night and no young ones are left in the roost, they use the timber
cladding roost, due to its warmer temperatures during the day. On days with strong sunlight,
when the timber facade heats up to a great extent (> 45 °C), the animals favour the tempera-
tures in the concrete crevice roost, which is *more pleasant’ at this time.

A crevice roost in a wall made of hollow concrete blocks presented temperatures which
corresponded to the outside temperatures (figure 69). Due to its easterly exposure it did not
heat up very strongly by the sun’s radiation. However, it can be supposed that in deeper parts
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Figure 69: Temperatures in the concrete crevice in Kleinseelheim. Matemity roost of the common pip-
istrelle. The crevice has an easterly exposure.
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of the wall a stronger temperature buffering was given at least during the night. The exclu-
sive use of this roost at the beginning of July, when it was relatively warm, was not surpris-

ing.

5.10.2 Intermediate roof

Maternity roost of the common pipistrelle

Strong temperature changes within the course of the day and a relatively low storing capac-
ity of the materials are characteristic for intermediate roof roosts. Accordingly, these roosts,
depending on their exposition, can partly present high temperatures. Only small differences
were found between the three sample maternity roosts of the common pipistrelle (in the one
village) (see figures 70 to 72). The temperature course shown in figure 70 represents a roost
which was located in a roof with a NE/SW exposure. Here, temperatures up to 43°C were
reached. In the intermediate roof roost with east-west exposure (figure 71}, no such compa-
rably high values are reached. The reason for this might be the exposition, but also the dif-
ferent materials. The nightly temperatures represented in figure 71 show that there must be
better heat insulation here, as the temperatures did not decrease as much as in the roost which
was hotter during the day (figure 7(0).

The temperature course for further intermediate roof roosts represented in figure 72 shows
that direct sunlight does not influence the temperature, but that the outside temperature alone
is significant. However, the minimum temperatures remain clearly over the outside tempera-
ture, especially when the young stay in the roost at night.
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Figure 70: Temperatures in an intermediate roof roost of the common pipistrelle. The roof has NE/SW
exposure, The temperature sensor was erected in the opening of a hollow concrete block in the
wiall {with south-easterly exposure),
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Figure 71: Temperatures in an intermediate roof roost of the common pipistrelle. The roof has E/W expo-
surc.
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Figure 72: Temperatures in an intermediate roof roost of the common pipistrelle. The roof has NE/SW
EXPOSUDE,
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5.10.3 Hollow space in a breezeblock ceiling of a cowshed

Maternity roost of the MNatterer's bat

For the first time temperature data could be registered in a maternity roost of the Natterer's
bat. The roost is situated in a hollow space in a cowshed's breezeblock ceiling. Remarkable
are the very low variations in temperature according to time of day or season (see figure 73).
This roost has its own micro-climate, with temperatures between 16 °C and 28 °C, which is
due to the permanent keeping of cows in the shed. Due to these constantly high temperatures
the bats have excellent roosting conditions. A similar temperature course can be observed in
summery warm bat caves in southern Europe. PANDURSKA (1998), for example, reported on
natural, summery warm caves in Bulgaria, where there were maternity roosts of the greater
mouse-eared bat, and temperatures between 9.2 and 22 °C. CERVERNY & HORACEK (1981)
found maternity roosts of the Natterer's bat in the Czech Republic, which were situated in a
hollow of a chestrut tree and in a hole in the wall of a church attic with temperatures between
19°C and 35°C.
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Figure 73: Temperatures in a matemity roost of the Matterer's bat in the ceiling of a cowshed,

5.10.4 Gap between two walls made of hollow concrete blocks

Maternity roost of the serotine bat

This maternity roost which was frequently used in the course of the summer by a serotine
bat colony, also using five further roosts a few hundred meters away, was situated between
two external walls of a house made of hollow concrete blocks. Here, the animals very prob-
ably had the possibility to use hollow spaces in the upper stone row and also the intermedi-
ate roof. Thus they were able to switch to warmer areas in case of unfavourable minimum
temperatures. The roof had a south-westerly and north-easterly exposure. In the area where
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measurement was possible, the temperatures lay between 13 °C and 25 °C (see figure 74),
The roost was remarkably insulated from the outside temperature, Neither the higher nor the
lower outside temperatures were reached in the roost.
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Figure 74: Temperatures in a gap between twa hollow concrete block walls frequently used by a serotine
bat colony in the year 2000,

Maternity roost of the common pipistrelle

This maternity roost of the common pipistrelle, behind an asbestos cement aitica, heats up
extremely due to its southerly exposition (see figure 75). Top values of 50 °C in May and often
40°C or more in the course of July were reached. A low heat storing capacity of this roost
type was revealed by the minimum temperatures which basically corresponded with the out-
side temperatures. Accordingly, it was not surprising that the use of this roost was limited to
the early and late matemity period.

5005 Attic

Maternity roost of the greater mouse-eared hat

Maternity roosts of the greater mouse-eared bat are usually situated in attics, where the
animals hang freely and can react to their ambient temperature through their choice of hang-
ing place or through their social behaviour, Temperature measurements were carried out at
the hanging places of a colony in a big church attic, in order to investigate the correlation
between temperature and choice of hanging place. The first two hanging places in the ridge
of the roof (F1 and bell) were equipped with three temperature sensors each, One of the sen-
sors recorded the air temperature, and the other two were fixed to the timber on the north-
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Figure 75: Temperatures behind an asbestos cement attica (an intermediate roof would also be possible),
which was used as maternity roost by the common pipistrelle. The exposition was S5W.

ern and southemn sides. The two hanging places at the northern and southern sides of the bel-
fry were provided with two sensors each, which also here determined the air and timber tem-
peratures. Furthermore, the temperature was also determined in a hollow space in the wall
between nave and aisle, which also temporarily served as a roost. Here, three sensors were
installed, namely at the masonry in a non-occupied hollow space and in the air stream of the
wall opening. Care was taken with all sensors to exclude the possibility of body warmth rais-
ing the temperature.

The temperature measurements and a regular registration of the greater mouse-eared bats'
hanging places were carried out in the years 1999 and 2000,

The mouse-cared bats were mostly hanging closely packed in big groups on the uppermost
ridge beams. A peculiarity of this church attic is a side aisle which has a wall with a hollow
space used by the animals as a hanging place. Furthermore, the animals use the upper area of
this side aisle wall (termination edge), which borders on the roof and is somewhat protected.
These mass hanging places were not usually changed within one day. However, the hanging
places were changed several times within one season. The changes over the year 1999 is rep-
resented in figure 76 and subdivided into six phases:

I.  9.4-27.5.99 All animals were in the wall's hollow space.

II. 28, 5.~ 2.7.99 The hanging place is the easterly ridge of the roof (F1) above the apse.
The bats were usually hanging closely packed at the northern frame-
work planks between the roof rafters. Some animals separated out and
returned into the hollow space in the wall.

1. 3.7.-26.7.99 FI-F19 (ridge of the roof): The colony temporarily divided into several
big or small groups and frequently changed the hanging places within
a short time, by moving farther to the west.
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IV. 27.7.-17. 8.99 Most animals gathered in field F1 again, while only few of them spent
the day in the hollow space in the wall.

V. 18.8-28. 8.99 Only few bats were in the wall's hollow space, single animals on the
ridge of the roof; possibly there were day roosts outside the attic.

VL 29. 8.~ 6.9.99 About 50 young were at the hanging place at the northern side of the
belfry, where they were hanging in the angle of two intersecting beams,
while some were still staying in the hollow space in the wall.

In 1999, the greater mouse-eared bats sojourned in the hollow space in the wall from the
middle of April until the end of May (see figure 76). The maximum outside temperatures lay
almost constantly below 20°C during that time. Only when the temperatures increased to
more than 20 °C did the animals hang in the ridge area. When outside temperatures were low
the temperature in the hollow space in the wall was warmer than the ridge area, according to
higher heat capacity of the wall. In addition, the animals lost less body heat in the hollow
space. From the end of May onwards, the ridge area presented higher temperatures (see fig-
ure 77) and the animals sojourned mainly in the ridge area over the summer, Only single ani-
mals moved from time to time into the wall’s hollow space. In 2000 the outside temperatures
were clearly higher in May (between 20°C and 25°C) and the animals had already moved
from the hollow space in the wall into the ridge area at the beginning of May (see figure 76).

Air and timber temperatures of the roof ridge area (hanging place) were measured in an
attic which served as maternity roost to greater mouse-cared bats (see figure 78). While the
minimum temperatures were almost equally high, the maximum timber temperatures lay up
to 5°C above those of the air. This reflects the more favourable heat capacity of timber.
According to several statements in the literature, the greater mouse-eared bats leave a roost
when it has temperatures of more than 30 °C, or avoid such hanging places (BILO 1990, HEI-
DINGER et al. 1989, ROER 1988, ZAHN 1998). Hanging places were preferred in the western
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Figure 76: Choice of hanging places in the mouse-eared maternity colony in the church of Gladenbach in
the years 1999 and 2000, in relation to the respective outside temperature. * in the course of
June and end of July until the middle of August, there were also always bats in the hollow space
in the wall, ridge = fields of framework in the ridge area: bel = belfry; wall = hollow space in
a wall between side aisle and main room,

——r = r —




bl
:: wall E1 FLE® F1 wall

5

£

B

g

.

&

§

:

o o
PP

Figure 77: Average daily temperatures in a big maternity roost of the greater mouse-eared bat in Gladen-
bach in an attic with side aisle and belfry; wall = hollow space in a wall between main room
and side aisle.
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Figure 78: Temperatures in the maternity roost Seelbach. A frequently used hanging place of greater
mouse-eared bats was located in the ridge area, which was recorded. The air and timber tem-
peratures (sunny side) of this arca were measured.

part of the attic in July when the temperatures can lie between 15°C and 37 °C (GEBHARD
& OTT 1985). HAENSEL (1990) reports on a maternity roost in a shaft of a cellar (tempera-
ture 1.5 m above the ground: 13 *C~14.5"C) with an estimated hanging place temperature of
at least 25 *C. ZAHN (1999) determined maximum temperatures of 40.3 °C in a hollow space
in a conerete bridge (maternity roost) and minimum temperatures of 11.2°C with day-night
differences of up to more than 20°C.



5.11 What are the features of a potential roost?

The present results show that the different bat species have certain preferences in regard to
their roost. However, the optimal, potential roost for a specific bat species does not exist.
Instead, as an aid measure it is preferable to provide several slightly different roost types or
roosts with somewhat different properties situated in close proximity to each other (compare
chapter 7.2 and chapter 10.2). A potential bat roost should have southern or western expo-
sure. The roost opening should be situated at 7-10 m above the ground. The landing area
should be rough or it should have edges at the opening, which the bats can hold on to when
landing, to then crawl into the roost. It is favourable to place a potential roost in the village's
or town'’s old centre, as there the probability of bats flying by is greatest. The temperatures
in the roost should not exceed 35 °C. There are two main possibilities for ereating roosts. One
possibility is to create a roost with an adequate crevice or hollow space that can be erected
outside onto the building, for example a bat board. The other possibility, relevant when build-
ing new houses or carrying out renovations, is to integrate appropriate structures into build-
ings (compare chapter 10.2). In addition, just opening up an attic which is not being used
much can constitute a potential roost for attic-roosting bats. In the attic itself, there are in gen-
cral utilisable structures (planks, peg holes) and further hiding possibilities for bats can be
made accessible (see chapter 10.2).

5.12 Summary

Roost types

* The roosts of the serotine bat were situated mainly in the attic area of buildings (interme-
diate roof, flat roof). The roosts of the whiskered bat were found almost exclusively behind
house sidings (often slate). The common pipistrelle is more flexible in its choice of roosts,
and can be denominated a pioneer species, as it is quite often found in new potential roosts,
for example in the non-plastered hollow conrete block walls of new buildings.

* Although thought to be a “forest species” the Natterer’s bat actually also belongs to the
bat species which roost frequently in buildings. Six of the eleven Matterer’s bat roosts
within the project area were found in hollow concrete blocks, and two more roosts behind
house sidings. The Natterer’s bat could be seen regularly foraging in cowsheds and most
of the roosts also were situated in or in close proximity to a cowshed.

* The three maternity roosts of the greater mouse-eared bat were all located in attics; in
one of them the animals also used a hollow space in the wall. A further maternity roost was
detected in a roof case,

* The maternity roost mainly used by the barbastelle bat was situated behind a damaged,
old slate siding of a manor house. A further roost was found behind a metal siding.

*+ Most of the common long-eared bat’s roosts were found in attics. The grey long-eared
bat was found in six crevice roosts (siding and intermediate roof) and four times in attics.

Structural parameters of the roosts

* A large part of the bat roosts have southern or western exposure, but there are species-
specific differences. The common pipistrelle does not reveal many preferences, either con-
cerning roost type or the exposition of their roosts. It uses all directions, with the empha-
sis on west, south, and east. The serotine bat shows a clear preference for southerly and
westerly exposed roosts. The strongest preference is by the whiskered bat for southerly
exposed roosts. This bat species avoids the northerly exposed roosts,
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* A large part of the serotine bat’s roost emergence openings in the low mountain range are,
at a height of 10-12 m, clearly situated higher than the ones of the common pipistrelle (5
m=7 m).

* The grey long-eared bat, common pipistrelle and serotine bat prefer roosts in the old
centre of villages, whereas the peripheral areas and the new parts of the village are avoided
or populated less frequently.

+ According to a rough estimate, it can be supposed that in villages known to have a com-
mon pipistrelle colony, about 10 % of the locality’s buildings have a roost.

+ The buildings used by common pipistrelles for roosting are over-proportionally old, built
before 1945 or new buildings. This demonstrates the great adaptability of the common pip-
istrelle.

* The material of the landing areas of most of the common pipistrelle roosts was plaster
(mostly for intermediate roofs), followed by timber (siding) and slate (siding).

Temperatures in the roost

* Temperature measurements in different bat roosis revealed very different kinds of tem-
perature courses, in dependence on the capacity of heat storage and of the roost’s loca-
tion. Roosts behind sidings do not present a distinet capacity of heat storage and generally
present strong amplitudes between minimum and maximum temperatures, which roughly
correspond to the outside temperatures, However, the material is also important. Thus, slate
claddings which have an easterly exposure, heat up to temperatures of up to 35 °C and at
night might even present about 20°C. Common pipistrelles used this type of roost when
the maximum temperatures lay between 25°C and 33 °C. Timber-cladding can also heat
up strongly, but also has a low heat storing capacity and cools down again quickly. A south-
westerly exposed asbestos cement attic reached a top temperature of 50°C in May. Dur-
ing this time, no animals were present. Stone crevice roosts, on the contrary, are charac-
terized by a high capacity of heat storage (slow heating up, and also slower cooling down
of the roost) and as a consequence there were more moderate amplitudes in temperature
during the day, Temperature measurement of red sandstone blocks (serotine bat roosts)
revealed temperatures of about 15 °C at night, due to heat storage. This is especially sig-
nificant for the young which are left behind in the roost at night.

« In a westerly exposed roof case (panelling under ease) used by serotine bats (with
asbestos cement dladding) maximum temperatures of up to 42 °C could be measured, dur-
ing the animals® presences.

+ The common pipistrelle switched between two roost types (timber-cladding and concrete
crevice). While the timber-cladding can heat up to more than 40°C, the temperatures in
the concrete crevice reach a maximum of 31 °C. Especially in May, during pregnancy, the
common pipistrelles use the “warm"” roost. The minimum temperature in the concrete
crevice, which was also chosen as roost after the birth of the young, constantly exceeded
the minimum temperature behind the timber-cladding by 5°C.

* Roosts in the intermediate roof could heat up to temperatures of up to 43 "C. The roosts
cool down at night to different extents, depending on their exposition and also of the roof's
insulation,

= An unusual, but quite typical roost of the Natterer®s bat is the hollow space in the breeze-
block ceiling of a cowshed. The roost has its own micro-climate with stable temperatures
between 16 °C and 28 °C, due to the permanent presence of catile in the shed.

* The greater mouse-eared bat, which roosts in atties, changes its hanging places accord-
ing to the temperature of the roost. The animals hang up in the ridge area, only when the
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temperature has risen to more than 20°C. With lower outside temperatures, the hollow
space in the wall is warmer than the ridge area, as the former has a greater heat capacity,
and the latter cools down very quickly.

Potential bat roost

= A potential bat roost should have southem or western exposure, and the roost opening (with
a rough landing surface) should be situated in 7-10 m above the ground.

* Itis favourable to place a potential roost in the old centre of a village and to create several
roosts in the immediate vicinity (to allow roost switching).

* The temperatures in the roost should not exceed 35°C.

* Inorder to create a roost, additional structures, such as a bat board, can be fixed to the build-
ing, or else appropriate structures can be integrated into new buildings or included in ren-
ovations,

* The opening up of attics increases the number of potential roosts.



6 How do bats explore their roosts?

6.1 Introduction

The spatial orientation of bats has been poorly investigated, compared to that of birds, for
example. Knowledge concerning such questions generally requires a great expense in time and
money, due to the bat's hidden way of living, its echo-location and its nocturnal activity. In
contrast to birds, which orientate visually to a great extent, the physical properties of ultra-
sound for echolocation make bats quite “short-sighted”. This is especially important for the
use of space during the summer, in other words for the seasonal use of hunting grounds and
roosts. During their period of reproduction, female bats use vast areas that are much bigger
than the territories of song-birds during breeding time. From this rises the question of how bats
are able to explore such vast areas and to move securely within them. For the overcoming of
the sometimes great distances between summer roost and hibernaculum, other senses apart
from hearing and sight, seem to be significant (e. g. magnetic orientation, NEUWEILER 1993).
Concerning a new creation of potential bat roosts, the question rises whether house-dwelling
bats might use a certain searching pattern to find adequate roosts. As the females amongst the
native bat species gather in summer colonies, it is furthermore probable that these animals
inform each other about the location of roosts. Only such a communication would make it pos-
sible, for example, for serotine bais to use night roosts in groups and then leave them one by
one in the early morning to gather again in a day roost in a different location (chapter 6.6.3).

The physiological details of the senses, which concern social communication of bats, can
only be investigated in laboratory experiments. Within the framework of the present studies,
there were only ecological field investigations, which were not allowed to influence the bats’
natural behaviour. Nevertheless, we could investigate some aspects of the transmission of
information among bats. Our research concerning such questions was realized basically with
the common pipistrelle, swarming at the hibernaculum, at invasions and at maternity roosts.
The common pipistrelle was chosen for the following reasons: it is very abundant within the
project area, so that a sufficient database could be guaranteed; there are maternity roost
assemblages in almost all villages; mass hibernacula of the common pipistrelle are known,
where thousands of common pipistrelles have continously been observed or captured; and
invasions of common pipistrelles take place regularly in the very town centre of Marburg. The
common pipistrelle can therefore be adequately systematically recorded.

6.2 Swarming of the common pipistrelle at the hibernaculum

Investigations of hibernacula played a subordinate role in the framework of the T+D pro-
ject. An exception were the mass hibernacula of the common pipistrelle. Taking this species
as an example, the bats’ behaviour at the hibernaculum was planned to be observed during
the whole year. Summer investigations at hibernacula played a subordinate role for many
years in central European research on bats. Only in the last decades the investigations have
been intensified (e. g. GRIMMBERGER & BORK 1978a, GRIMMBERGER & BORK 1978b,
DEGN 1987, KALLASCH 1994, KIEFER et al. 1994, KUGELSCHAFTER et al. 1995, SIMON &
KUGELSCHAFTER 1999). The most recent studies have been encouraged amongst others by
the fast development of technical equipment, like video with infra-red lighting and other elec-
tronical surveillance techniques (compare KUGELSCHAFTER et al. 1995). But also common
methods like trapping and individual banding played an important role in the research
(KALLASCH 1994, SENDOR & SiMON 2000).
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Due to several reasons, in most of the studies the use of methods was or had to be limited
to those which did not allow an wholistic investigation into all aspects of bats, neither spa-
tio-functional, nor in phenology, or populationecology (e. g GRIMMBERGER 1979,
KALLASCH 1994, KIEFER et al. 1994, KUGELSCHAFTER & HARRJE 1996). Considering
these experiences, we tried to get a maximum of data and information about bats” summer
activity, taking a mass hibernaculum of the common pipistrelle as an example, and employ-
ing all possible methods. This meant in detail:

* Trapping over the whole year and individual banding of common pipistrelles in mass hiber-
nacula (approximately 18,182 captures and 13,744 bandings):

* Automatic registration of entries and emergences of all bats over the whole year (light bar-
rier);

* Automatic recording of activities (ultrasound registration) over the whole year;

* Automatic recording of climatic conditions (e, g. temperature, atmospheric humidity);

* Capturing and banding common pipistrelles at as many invasion sites as possible (about

1,291 captures and 1,219 bandings);

* Capturing and banding common pipistrelles at as many summer roosts as possible in the
area around the hibernaculum (about 5,341 captures and 3,950 bandings);
* Targeted recaptures over several years at the villages where trapping had already oceurred

(5,927 recaptures); and
* Experimental investigation into the behaviour of roost exploration.

6.2.1 Investigated hibernacula

At the beginning of the investigations, a mass hibernaculum of the common pipistrelle was
already known in the project area. This hibernaculum was in a vault under the knights’ hall
in the 700 year old Marburg Castle. The common pipistrelles hibernate there in deep wall
crevices (see figure 79). The hibernaculum was discovered in the mid-1980"s and has been
investigated more intensively since 1995 (SIMON & KUGELSCHAFTER 1096). Furthermore
only few hibernaculars of single pipistrelle bats are known.

In winter 1996/97 we were informed about numerous bats discoverd during roof renova-
tions at a factory in Korbach (in northern Hesse). This turned out to be a further mass hiber-
naculum of the common pipistrelle in the region (distance: Marburg — Korbach: about 53 km
bee-line). In contrast to the hibernaculum in the historic vault of the Marburg castle, this
hibernaculum was situated in the concrete circular attica of a factory about 20 years old.
Therefore, the hibernaculum, which was located at about 20 m height, was surprisingly young
and resembled very little the places commonly characterized as typical hibernacula of bats,

6.2,2 Seasonal phenology

Taking the entering and emerging activities at the mass hibernaculum of Marburg Castle
as an example, the use of hibernacula by common pipistrelles was recorded for the whole
year of 1997 (see figure 81 and figure 82). Here, light barriers can be used to count the num-
ber of animals in the hibernaculum by balancing the emergences with entries. This is espe-
cially valid for the period in the year when bats leave their hibernaculum in winter, from about
February to March. During this period, several hundred animals were proven to leave the
roost during a single night (compare figure 80). But also mass entries of several hundred com-
mon pipistrelles during single nights could be counted by means of light barrier balances dur-
ing the months November and December when bats move into their hibernaculum (figure 81).
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Figure 79:

Common pipistrelles, hibernating in
a crevice in the mass hibernaculum
of the Marburg Castle.

The relationship between the wintery outside temperature and the entries and emergences is
clearly visible in the diagrams.

In the summer months, the daily light barrier balances are largely levelled out, so that it can
be recognised that the bats, despite entering the hibernaculum at night, do not stay there dur-
ing the day (see figure 82). The greatest amount of entries and emergences was measured
especially in August during the warmest time of summer: up to more than 1,500 entries and
emergences (compare figure 82). The least activity in the hibernaculum was registered for the
months April and October,

The insights and results concerning the use of roosts at the mass hibernaculum in Marburg,
were planned to be checked by comparative investigations at the hibernaculum in Korbach.
Due to difficult access to the roost, as it was situated more 20 m above ground-level, the
entrance and emergence gaps couldn't be equipped quantitatively, but only representatively
in a section of the roost, with surveillance equipment.

The times and time periods of activity were almost identical. This was shown for example
when comparing the summer swarming during the months August to September {compare
figures 85 and 86). While the balances of the entries and emergences in the Marburg Castle’s
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Figure 80: Light barrier registrations during the late winter in mass hibernacula of the common pipistrelle,
in the vault in Marburg castle. While in January there are still bats entering the roost, the first
common pipistrelles already leave the mass hibernaculum in February,
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Figure 81: Light barrier registrations during the early winter in a mass hibernaculum of the commeon pip-
istrelle in the basement of the Marburg castle (daily balances = entries minus emergences),
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Figure 82: Light barrier registrations during the spring/summer in the mass hibernaculum in the basement
of the Marburg castle.

vault were almost levelled out, in Korbach conspicuous differences were recorded (more
emergences than entries). This difference, however, can be attributed to the incomplete sur-
veillance.

By accumulating light barrier balances during the winter months, it was possible to
count winter stocks in a sufficiently accurate way. Thus, up to 5,000 hibernating common
pipistrelles could be registered in the Marburg hibernaculum in the last years (compare fig-
ure 83), while in Korbach at least 1,500 animals were detected in a partial area of the roost
(see figure 84). The number of common pipistrelles taking part in summer swarming at
the Marburg Castle is about 20,000 to 30,000 (SENDOR & SIMON 2000). This was
calculated by banding and recapturing. In Korbach, no banding project was carried out,
s0 that it remains unknown how many common pipistrelles really take part in the swarm-
ing.

The seasonal use of the mass hibernaculum in the Marburg castle has been recorded for
seven years, and has not changed either remarkably or in any trend during this period of
time. The annual fluctuations in the swarming activity or roost use in winter are deter-
mined mainly by the weather. The direct comparison with the mass hibernaculum in the
factory hall in Korbach did not lead to other observations, so that the trends presented
here, can be viewed as typical and generally valid for large hibernacula of common pip-
istrelles.

Apart from the general manner of observing the seasonal incidents in the mass hibernacu-
lum, it was of special interest to see which animals take part in the swarming, This could only
be assured by captures and bandings in the hibernaculum. A comprehensive program of trap-
ping made it possible to accurately register the order of swarming in terms of the age and sex
of the common pipistrelles:
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Figure 83: Entrics of common pipistrelle into the mass hibernaculum in the vault of Marburg castle, The
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Figure 84: Entries of common pipistrelles into the hibernaculum in the factory in Korbach. The stock num-
ber resulted from cumulated daily balances of light barrier recordings.
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Figure 86: Light barrier registrations in summer in the common pipistrelle’s mass hibernaculum in the fac-




* In spring or early summer, from the middle/end of April to the beginning/middle of July,
almost exclusively adult males swarm at the hibernaculum. Sometimes some adult females
who are not reproducing that year take part.

* In July, more and more adult females inspect the hibernaculum. These females are those

which had been involved in reproduction.

By the end of July, often the first young of the year appear at the hibernaculum. At this time,

most of the old males have left. The swarming is dominated by old females.

In mid-August at the latest, the number of young continues to increase and old common

pipistrelles are rarely captured.

* By the end of August, practically only young bats are seen swarming.

The captures over the year 1997 in the hibernaculum of Marburg Castle constitute a prime
example for this seasonal order in terms of age and sex (see fi gure 87).

The order described above, of adult males first, followed by adult females and the young
bats last, is not a casual phenomenon, but takes place repeatedly every year. Nevertheless,
there is not any special order to observe during the immigration phase into the hibernaculum
in winter. A plausible and comprehensible explanation for the described phenomenon seems
to be the following one: the males have much more “free” time during early summer and sum-
mer, compared to the females. The reason for this is that the females become pregnant in
spring and therefore need to increase weight as soon as possible, so that they can give birth
at the right time. This means that females not only need enough food, but also should not fall
into a torpor, as otherwise the body temperature would not be constant enough to assure a
sufficient development of the foetus, The males, in comparison, having generally a lower
body weight, need less energy and can spend more time in torpor in cold weather situations,
Radio-tracking studies within the framework of our investigations showed that male common
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Figure §7: All captures of common pipistrelles during the summer of 1997 in the mass hibernaculum of
the Marburg Castle. The captures are distinguished here according 1o sex and age.
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pipistrelles cover shorter distances on their hunting flights than females. The different, sex-
specific energy need is especially drastic during the lactation phase. Then, the females still
have to suckle up to two young. It is surely due to energy-conserving reasons that the females
gather together in the maternity roosts, as by moving up tightly together, heat loss can be
reduced , especially for the young. Males and non-reproductive females, on the contrary, live
mostly individually, without the possibilities and need for social thermoregulation. Males
{and non-reproductive females, Ao) can therefore reconnoitre known hibernacula or also
track down new hibernation possibilities, without risking their energy reserves. The males
could therefore assume the role of messengers. The regular and remarkable swarming of the
males at hibernacula could entice the females to these places. After rearing the young, at the
beginning to middle of July, the females have to recover quite fast to accumulate enough
energy reserves for the coming winter. Added to this, the mating period begins in August, and
from the end of September onwards, colder night temperatures lead to less hunting success.
For this reason, it is an advantage for the females to be “shown™ hibernacula by the males’
swarming behaviour. At the same time, the females, for their part, have to show the hiber-
nacula to their offspring, as the young probably do not follow the males’ calls. Only this way
can it be explained that at one roost of the common pipistrelle, several thousand animals of
a region covering at least 2,000 km? arrive at the same hibernaculum within only a few days.

6.2.3 Swarming behaviour at and in the hibernaculum

The exact swarming behaviour of common pipistrelles at and in the hibernaculum is diffi-
cult to observe, as the amount of animals make it impossible to identify and follow an indi-
vidual over a long period. Especially in warm summer nights, several hundred individuals
swarm at the same time within a limited area. For the human observer, this “air traffic” looks
disordered to chaotic. Despite the high flying density, there are no mid-air collisions: the ani-
mals seem to dart to and fro. The spectacle starts from May/June at the latest, mostly after
sunset, but only by midnight in great numbers. It seems that the bats need a certain length of
time to get to the hibernaculum. It is also possible that hunting still takes place right up to the
sighting of the hibernaculum. Though the nightly activities in the hibernaculum can partly be
observed excellently with a video camera and infrared lighting, the individual behaviour
remains unrevealed. For this reason, single individuals were captured, and banded with
miniature chemiluminescent light sticks (see chapter 3.1.7), and could thus be observed very
well at night with the naked eye, due to the fluorescent shining lights. This way the individ-
ual swarming behaviour could be studied, distinguishing between adult males, adult females
and young. This led to the insight that young bats and reproducing females inspect the hiber-
naculum for a clearly longer time than adult males. The average time of stay was 6.3 minutes
for the adults (95 % confidence interval 3.2-9.3 min), and of 10.8 minutes for the young
(7.7-13.8 min). Reproducing females swarmed 10.4 minutes on average (7.9-12.9 min)
(SENDOR & SIMON 2002). By doing so, the animals disappear for some minutes into the gaps
and crevices of the hibernaculum. The exploration of the hibernaculum therefore means only
a quite short time of stay in the actual roost, including the exploration of specific hiding pos-
sibilities. The time of stay in the nearest surroundings of the hibernaculum can not be detected
with the described method. Nonetheless, the radio-tracking of ten individuals at the hiber-
naculum of Marburg revealed that the animals leave the area around the hibernaculum quite
quickly (within 1-5 minutes) (see following chapter).

When swarming at the hibernaculum, each individual is therefore involved only a short
time, and a real “coming and going” takes place. Simple counts or recordings of activities of
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any kind (e. g. via video/audio) during the swarming cannot provide a reliable indication of
the number of bats involved.

6.3 Spatiofunctional correlation between hibernaculum and summer roost
(radio-tracking)

Numerous spatial connections between colony villages and the hibernaculum in the Marburg
Castle’s vault could be proved by means of individually banded common pipistrelles and by
targeted recaptures (among 33 villages over 379 banded individuals, compare chapter 7.5.1).
The common pipistrelles come from a surrounding area in a radius of up to approximately 40
km. Until now few facts are known about the exact behaviour of bats in the late summer, Within
the annual life cycle of common pipistrelles, this is the phase when maternity roost communi-
ties dissolve relatively quickly, and the animals retire, individually or in small groups, to mostly
unknown roosts. At this time, the search for roosts of the common pipistrelle is almost always
unsuccessful in areas of human settlement — the animals seem to have disappeared. At the same
time — from the middle of July until the end of August - more and more common pipistrelles
are observed during the night at the hibernaculum. This mismatch — between the numbers of
(apparently) disappearing bats in villages and the increase of common pipistrelles at the hiber-
nacula —can lead to the supposition that in the vicinity of the hibernaculum there is not only a
change in the amount of activity but also that the animals settle there temporarily (in so-called
intermediate roosts). Furthermore, it is also probable that especially the males might search
their mating roosts close to the hibernacula, so that real “courtship centres™ are formed.

It was planned that the following questions which have to do with the spatial correlation
between summer roosts and hibernacula, or with the swarming at the hibernaculum during
the summer months, would be further examined:

* Do the common pipistrelles, swarming at the hibernaculum in late summer, use “interme-
diate roosts™ in their immediate surroundings?

* Do the swarming common pipistrelles spend the whole night at or in the hibernaculum?

* Do the common pipistrelles search for hunting grounds in near proximity to the hibernac-
ulum?

* Do the animals visit other hibernacula during their exploration phase?

* Do the common pipistrelles use certain structures or guiding elements (e. g. riverside veg-
etation, edge of the forest, etc.) to reach places which are further away?

To clarify these questions, ten common pipistrelles (1 juvenile female, 7 adult females, 2
adult males) were captured in the Marburg Castle and miniature transmitters glued to their
backs between the end of July and beginning of August of the years 1998 and 1999, The ani-
mals were set free at the only entry and emergence gap of the hibernaculum, about 1 hour
after the capture, mostly between 0:30 a.m. and 1:30 a.m. For this aim, only those common
pipistrelles were selected, which had already been banded with arm clips, and of whom the
village of the summer roosts were known, Therefore, a potential aim of the respective animal
was known. Common pipistrelles of unknown origin were not considered, as here a pursuit
of these animals would have been less successful. In order to select the right animals, during
a trapping session in the hibernaculum the band number of each recaptured bat was immedi-
ately checked, until an appropriate bat was found. For the search and pursuit of the animals,
four teams of two people were formed, each team having a car, All teams were equipped with
receivers and 2-way radios. The animal was set free by a team after the three other teams had
brought themselves into favourable positions (e. g. hills, lookout towers) where radio trans-
mission and the bearing of the animal were possible.

120



Results of the “long distance™ radio-tracking
The flying time and flying route could be sufficiently determined for seven out of ten radio-

tracked common pipistrelles (see table 23). With the exception of one common pipistrelle, all

animals flew immediately in the same night from the hibernaculum back to the already known
summer areas (radius of up to 5 km around the village of the “original” maternity roost). Dis-
tances of up to 22 km were covered this way. None of the animals was found again in a known
summer roost, but all in “new™ roosts, which were used individually by them. Six common
pipistrelles used roosts in villages near the maternity roost colonies, Only four individuals
flew directly back to the villages where their maternity roosts were known (by us!) to be
located. The animals flew with average velocities of up to 18.5 kmv/h from the hibernaculum
to the summer area. To calculate the velocity, the theoretically shortest distance (bee-line)
was assumed. Average flying velocities of 20.5 bis 22.7 kmv/'h for straight flights of commeon
pipistrelles have been determined by KALKO (1991), using photographic techniques, on dis-
tances of 5 m. The deviation of the determined velocities within a scale of about 10 %, are
quite low, and can be explained by the actual route taken: it can be assumed that the common
pipistrelles did not cover the long distances exactly in a bee-ling, but used smaller detours,
for example around mountain tops or especially wide open arcas. These detours from the
“jdeal line™ are low at 10 % and indicate indirectly that common pipistrelles do not have to
orientate themselves on a small scale to linear structures for the long-distance flight, The cov-
ered distances along clear-cut connecting lines would be at least about 2040 % longer (own
measurements on the basis of topographic maps), and the flight would be correspondingly
longer. The relatively high velocities of the common pipistrelles during the long-distance
flight brought about some difficulties for direct pursuit during radio-tracking, In difficult ter-
rain, especially in wooded areas, it was almost impossible to follow the animals. During their
flight, the bats with transmitters could rarely be observed with the naked eye, but the pursuit
by telemetry was almost a complete success. The common pipistrelles must have flown above
the treetops, as only thus the high velocity can be explained. The following evaluations are

of further interest (compare table 23):

 Five out of the ten radio-banded animals when first captured were adult. Four were juve-
nile and were only recaptured as adults in the following years. Among the original adult
animals only one changed its village (move to another village), four animals flew back to
the village where they had first been captured.

* For common pipistrelles which had been captured as juveniles at the first village of cap-
ture, there was a completely different picture: all four animals moved to another village;
the average distance from the village of first capture was 3,525 m.

= Apart from eight females, two males were also equipped with transmitters. The males, both
slightly older than one year, retumed to villages near by their natal village after swarming,

= The only young (female) to be equipped with a transmitter retumed to the colony’s village.

This animal was located for the second time already swarming at the hibernaculum,

although it was for sure only about three months old (compare table 23).

+ One of the females used a hunters’ lookout tower at a forest clearing over several days as
day roost, while all the other animals were found at building roosts.

Altogether, it was shown that common pipistrelles are extremely mobile, and presumably
fly from the summer areas to the hibernaculum and back within a single night. During the
nights, they only visit the hibernaculum for a short time, and do not spend the day in the
hibernaculum, nor in the near surroundings. Near the hibernacula, there are apparently no
collections of “intermediate” roosts or mating roosts, which are visited or reconnoitred in
the same night. The telemetry study indicates that the bats are underway purposefully, and
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Table 23: Overview of the common pipistrelles that were fitted with transmitters at the hibernaculum
(Marburg Castle) and could be followed by telemetry to the given destinations.

Mo.of |Sex juvS Mass Date Batfitted Locality of capture  Distance  Flying time
fing ad gl with and destination from castle
transmitter (distance loc, of capl.  castie  destination
destination [m])
13738 [ f juv. 48 280798 Wommelshausen
juv. 52 2000898 castle
juv. 49 010008 ® castle
01.09.98 Wommelshausen (0) 20 km 1.1h
116120 f ad. 6.3 290597 Lohra
6.0 28.07.96 castle
6.2 2007.87 castle
6.5 18.08.98 b casile
18.08.98 Kehna (2.600) 10 km i
120873 f  ad. 54 020996 casfle
53 260598 Lischeid
58 110898 X casfle
11.08 98 Lischeid (foraging) 21 km <15h
14.08.98 Lischeid (roost) (0)
1214368 f  Juv. 52 150887 castle
ad. 4.7 2000498 Kleinseselheim
54 16.0798 Kleinseelhaim
6.1 09.08.98 * castle
00.08. 08 7
10.08 98 Klginseelhaim (0) 8 km 77
124206 m juv. 46 130797 Momshausen
m ad. 53 190798 ® castle
19.07 98 Allendorf (3.100) 14 km ca 1h
124333 f  juv. 42 160797 Obereisenhausen
f ad. 54 260798 ® castle
26.07 98 Hommertshausen 18,5 km ca. 1h
{2,250
124564 | f  juv. 4.2 240797 Elmshausen
f ad. 6.2 19.07.98 X castle
19.07.98 Diedenshausen 11 km =1h
(4,500}
123559 f ad. 44 130598 Dreihausen
f ad. 6.2 20.07.99 » castle
Dreihausen (0) 10.5 km 0.75h
13566 | m juv. 39 220798 Albshausen
m ad. 53 250798 » castle
Schwarzenborn 11.5 km 0.75h
(4,250)
12236 [ f ad. 50 18.05.89 Gonnern
f ad 55 04,0899 ¥ caslle
05.08.99 Gonnemn (0) 22 km 7
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do not rove about in the area. All ten animals equipped with a transmitter flew back to their
summer areas in a targeted way (compare figure 88). These areas are also kept in late sum-
mer, after the maternity period. Presumably, the common pipistrelles are very loyal to their
village, although they regularly visit hibernacula at distances of more than 30 km. Nonethe-
less, the “migrations” into the hibernacula take place within only a few hours of a single
night, The hibernacula are presumably situated exclusively in the nocturnal homerange of
the common pipistrelles. It is not necessary for them to spend the day in “intermediate
roosts” to explore or reach a hibernaculum, and this would only occur as an exception, The
big hibernacula are not found casually, but are shown especially to the young (see above),

Only in spring, roost switchings beyond the local radius seem to oceur occasionally, as dur-
ing this time bats are discovered regularly at greater distances from the actual summer roosts
(compare chapter 7.4.1).

Furthermore, the exploration of the hibermaculum seems to occur in groups. Thus, in the
year 1996, up to three common pipistrelles of one maternity roost colony from Lohra (12.6
km from Marburg) could be captured each several times in one night (see figure 89). In the
summer of 1997, these bats could then by means of their arm-clips be identified together in
one maternity roost. During the same summer, five bats of the same colony explored the mass
hibernaculum in one night.

n Mlass hibermaculum

) Sumemer roostivillage of capture
@ Duestination white radio-tracking

-——_* Shortest distance

Figure 88: Minimal distances covered by common pipistrelles fitted with transmitters during the summer
swarming at the hibernaculum. The distances and flying times are given for two individuals.
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Figure 89; Example for the exploration in groups of the hibernaculum, taking as an cxample a common
pipistrelle maternity roost colony from Lohra (at a distance of 12,6 km from hibernaculum).

6.4 Experiments in and at the hibernaculum concerning the roost locating ability of
the common pipistrelle

In the hibernaculum of the Marburg castle, experiments were carried out concerning the
common pipistrelles’ roost exploration, behaviour. This place was chosen due to the fact that
it is extremely frequented by common pipistrelles, and was therefore expected to provide
enough observation data for evaluation, gained under natural circumstances. The intention
wias to investigate the roost exploration behaviour of the common pipistrelles as influenced
by the surface structure of the roost entrance, by using eight different panels, each of two
square meters in size (see figure 90). Four of the panels each had a smooth surface (syn-
thetically layered), and four panels a rough one (pressed shaving, untreated). In each group
(rough or smooth, respectively), there was a panel with a projection of 1.5 cm of depth, one
with a projection and an additional gap (20 x 1.5 cm), one only with a corresponding gap,
and one without any coarse structure {compare horizontal projection and profile in
figure 90).

Two infrared video-systems were installed, in order to supervise the panels, so that a
recording of the flight activities over several months was possible. The aim of this experi-
ment was to find out, by registration of the approaches to the different panels, whether com-
mon pipistrelles react in a stronger way to certain structures, investigating them more
intensely via frequent approaches. The results were to be considered for the new creation of
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Entrance

With
projection  Without

I Smooth surface

[:l Rough surface

—— Wall of cellar

Figure 90; Draft of the experimental design for the investigation at the mass hibernaculum of the common
pipistrelles’ exploration behaviour. Above: aspect of a section of the vault with the only entrance
possibility and the location of the panels. Below: dimensions and structure of the panels.

potential roosts, providing at the roost entrance the structures that are attractive for the bats,
thus enabling them to find the new roost,

Seven observation nights could be evaluated at the panels with rough surfaces (each 1 h).
In contrast, for the smooth panels there were only four observation nights. A total 355
approaches of common pipistrelles could be registered at the panels during this time. Both
panel types (smooth and rough) were approached by the common pipistrelles. A major result
was that there was a basic differentiation made between the smooth and rough panels: no dif-
ference in the approaching behaviour could be observed at the smooth panels, whereas at the
rough panels significant differences were ascertained (univariate variance analysis, p <
0,005). The rough panels with projections were approached with a clear preference, in com-
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was carried out only during certain phases in summer, due io the quite high expense in eval-
uating the video tapes. Apart from providing behaviour observation, the video surveillance
also tested the functionality of the ultrasound sensor, as such sensors can sometimes record
rain or similar disturbances.

The above-mentioned surveillance methods used at the invasion site “Steinweg"” proved
that bats had already explored the exterior facade of the invasion site in May/June. These bats
must have been adults. Therefore old animals show roost exploration behaviour at the inva-
sion sites, as they do at the mass hibernaculum. The activities reach a maximum in August
and September, and decrease drastically afterwards, so that in October, there is hardly any
activity. Only with the beginning of frost in November and December echolocation calls are
detectable at the invasion site again (see figure 92).

This seasonal phenology of the bats® activity at the invasion site clearly differs from the
phenology of invasion incidents, that is, from the seasonal distribution of immigrations
into living rooms, which occured mainly during the months August and September
(RACKOW & GODMANN 1996). Unwelcome immigrations into living rooms could only be
observed as an exception, sooner or later within the course of the year (compare RACKOW
2002). Therefore, the question rises why the immigrations into living rooms  and other
buildings take place mostly during the two above-mentioned months. Up to now, it has not
been known that commeon pipistrelles can already be observed in the early summer at the
invasion sites.

The density of activity at the invasion site corresponds highly with the activity at the mass
hibernaculum of Marburg Castle. A comparison between the echolocation activity or the cap-
tures at the invasion site, and the light barrier incidents at the hibernaculum proves this high
correlation (compare figures 92 and 93). Both swarming incidents are to a great extent depen-
dent on temperature. Thus, it is shown that a quite similar and synchroneous behaviour takes
place at both sites.

800 7

Number of entries and
emergences at hibernaculum
&
activity at invasion site

Relative activity of ultrazenic

800 L : — 0
Period of time 1.10.-31.12.97

Figure 92: Relative activity of ultrasonic signals of common pipistrelles at the invasion site “Steinweg™,
in comparison to the numbers of entries and emergences at the hibernaculum in the Marburg
Castle’s vault (from SMIT-VIERGUTZ & SIMON 20001,
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Figure 93: Number of captured common pipistrelles at the invasion site “Steinweg”, in comparison to the
numbers of entries and emergences at the hibemaculum in the Marburg Castle’s vault (from
SMIT-VIERGUTZ & SIMON 2000).

Composition of age and sex at invasions

Almost all invasion incidents by common pipistrelles are dominated by the young. Only in
exceptional cases — outside the typical time for invasion which is the beginning of August to
mid-September — are a greater amount of older animals to be observed. At the invasion site
“Steinweg”, the percentage of mature animals was relatively low (see figure 94). Otherwise, the
percentage of adult bats can be 11 % on average (further invasion incidents at other sites in Mar-
burg, with 550 individuals). Here, the percentage of adult animals decreases in the course of the
invasion phase (SMIT-VIERGUTZ & SIMON 2000). During the “invasion period”, the juvenile
common pipistrelles also clearly predominate in the mass hibemacula. This has been ascertained
in the Marburg Castle’s vault, as well as in the hibernaculum in Korbach (see figures 87 and 95).

On 2nd September 1997, 69 common pipistrelles were captured with a net at the invasion
site “Steinweg” (in a living room). Amongst them were 68 juvenile animals (43 females and
25 males), as well as one single adult male. During this season, almost exclusively juveniles
are captured, even in the mass hibernacula. Amongst the 69 individuals, there were four from
former invasions, which had been previously banded. Three of them, however, were banded
in “Steinweg”, which means that those animals appeared at least twice at the same invasion
site. Therefore, the recapture proportion concerning the animals captured in “Steinweg”
within one night was approximately 2 %.

When comparing all recaptures resulting from tube traps conducted in 1997 with the recap-
ture rate from the netting, the proportion of recaptures was with only 0.69 % much lower
(three recaptured individuals out of 433 bats).

Altogether, the recapture rate was therefore quite low and thus indicates a very high fluctu-
ation during exploration amongst the common pipistrelles, For this reason, it must be expected
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Figure 94: Age and sex of the common pipistrelles captured at the invasion site “Steinweg” (n = 433),
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Figure 95: Comparison of relation between sex and age of common pipistrelles at invasion sites with those
at the mass hibernacula of Marburg Casile and Korbach. The data were gathered in the months
August and September of 1997,

that only 1-2 % of the animals visit the same invasion site at the summit of the invasion period.
In this context, a further correspondence with the incidents at the mass hibernacula is evident,
as during this season, an equally high fluctuation of animals can be observed there.

The method of “net capture™ was employed only once at “Steinweg”, and therefore was not
selective, as the same conditions existed for already banded (captured with “tube trap™) or
non-captured individuals, The higher recapture proportion for “net captures™ could therefore
be expected, while for the be trap a certain “learning effect” took place, due to the fre-
quently repeated method. Animals which had got into the cotton bag, could learn that this is
an unattractive place (concerning roost function) and avoid the tube trap in future.

Every invasion incident consists of mainly "new animals™. Only few of them visit a second
time. In addition, sometimes several big invasion incidents occur at the same locality or in
the vicinity. This phenomenon indicates that there are big numbers of bats or big hibernac-
ula in the vicinity, as many “new” common pipistrelles can only find invasion sites when they
fly around within hearing of these sites. Equally high densities of common pipistrelles in
areas of human settlement can only be expected near mass hibernacula,
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6.5.2 MNocturnal phenology

The noctumnal explorations by bats at the invasion site generally start one or two hours after
sunset. This is proved by recordings with ultrasound sensors, as well as by trapping exercises.
The greatest flying activity was mostly registered after midnight. The explorations by com-
mon pipistrelles ended at dawn, at the latest.

6.5.3 Invasion sites are in hibernaculum towns and villages

The video recordings at the outside facade of the invasion site "Steinweg” led to essential
insights, because with these recordings it could be observed that the animals approached the
brick wall purposefully, sometimes landing, and then disappeared into crevices.

Approaches of common pipistrelles into open windows are generally not registered before
August, al the summit of exploration behaviour (see above). At“Steinweg”, the common pip-
istrelle flew mainly into the window, situated under the observed crevice roosts. But also
other rooms of the flat were frequently visited, if any windows were left open.

In 1998 and 1999, the windows of one room at the invasion site “Steinweg"”, were kept open
during the whole night in August and September. The common pipistrelles entered the room
numerously on warm nights, and circled around the room several times, More detailed obser-
vations by video camera showed that the animals especially inspected the upper part of the
room (see figure 96). This behaviour was used to capture the animals: a plastic tube, which
had a cotton bag at its lower part, was fixed about 30 cm under the ceiling of a frequently
approached comer (see figure 98). With this “trap” up to 51 individuals were captured in a

T
Ba< |
i |

Figure 96: Photos from the video recording showing the flying activity of two common pipistrelles at the
invasion site “Steinweg™.
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Figure 97: Location of common pipistrelle invasions sites in Marburg in 1997 (n = 20).

is not restricted 1o the hibernaculum, but that the animals search for adequate roosts in dif-
ferent villages. The extent of the summer exploration behaviour of the juvenile common pip-
istrelles becomes even more evident when the connections to the mass hibernaculum in the
Marburg Castle is included. In 1997 alone, among the 1,000 common pipistrelles from the
invasions were 63 individuals (see figures 102 and 103), which had been captured while
exploring the hibernaculum before or after the invasion (thus about 6.5 %). It is remarkable
that most of the bats were captured at the hibernaculum first and only afterwards recaptured
at the invasion sites (see figure 103). This leads to the conclusion that the big mass hiber-
nacula are explored earlier, and only afterwards in summer are the other smaller ones visited
in the proximity of invasion sites. This can be explained by the fact that the large hibemnac-
ula are clearly swarmed around in early summer more intensively than the rest of the hiber-
nacula, and therefore represent a greater attraction. In the further course of the summer as
many additional hibernacula as possible — also near the invasion sites — are explored.
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Figure 98: How the process of invasion was observed in a field experiment in the invasion site “Steinweg",
1. The eommon pipistrelles circle the room looking for places to hide and approach each cor-
ner, in this case a corner where a tube trap is erected. 2. The bat tries to land in the corner. 3. The
bat cannot find a foothold and lets itself fall in order to fly off again, but in doing so lands in
the tube trap because it cannot build up erough velocity in time.
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Figure 99: Plan of the room at invasion site “Steinweg™, 81 and 32 are the positions of the wbe traps.
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Figure 100:
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Figure 101: Switches between the invasion sites: recaptures of common pipistrelle individuals at different
invasion incidents.
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Figure 102; Switches between the invasion sites and the mass hibernaculum (Castle): recaptures of com-
mon pipisirelle individuals during swarming phase in the summer 1997 (July-September).
The number of individuals and the banding sites can be seen in figure 103,
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Figure 103: Quantitative representation of the summer switches between the invasion sites and the mass
hibernaculum (n = 635): recaptures of common pipistrelle individuals during the swarming
phase of summer 1997 (July-September). In addition, the number of banded common pip-
istrelles per invasion site is represented,
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Figure 104: Representation of the proved summer switching of common pipistrelle individuals from the
maternity roosts to the invasion sites in the year 1997 (exception: “switching™ from Fron-
hausen to the invasion site “Steinweg” in 1998).
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Figure 105: Representation of all proved switches of common pipistrelle individuals from the matemity
roasts o the invasion sites and viceversa, in the years 1997 to 2000,
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The number of recaptured animals at an invasion site evidently depends directly on the fre-
quency of captures made there (see figure 103). Therefore, there doesn’t seem to exist a pref-
erence for certain invasion sites and thus the commeon pipistrelles distribute themselves ran-
domly around the town.

6.6 Swarming at the summer roost

Swarming at the summer roost means on the one hand the morning swarming at the roost
before entering (2. g. SWIFT 1980). Thus, BOHME & NATUSCHKE (1967) report about “test
approaches” by Natterer’s bats and greater mouse-eared bats at the entrances and emergences
of a roost, NATUSCHKE (1960) has observed these test approaches in other species as well,
as for example the common pipistrelle, Daubenton's bat, whiskered bat and serotine bat.
Here, the animals approached the roost several times before entering or entered and emerged
repeatedly. According to observations during numerous detector surveys within the project’s
framework, the morning swarming of a bat seems to have a luring effect on other bats that
are passing by. This is especially important while the maternity colony is formating, around
April/May. Furthermore, this kind of “information transfer” seems to have a special mean-
ing for the bat species which switch roosts frequently. The question rose whether swarming
is limited to the time in the morning shortly before entering the roost, or if there is also a noc-
turnal swarming or flying activity at the roosts. Insights to answer this question could be
gained within the framework of the whole night-observations of the common pipistrelle and
serotine bat.

6.6.1 Nocturnal activity of the common pipistrelle at occupied maternity roosts

The nocturnal activity at maternity roosts of the common pipistrelle was observed by spot
checks at different roosts of one colony from May to July of one year.

At the beginning of the maternity period in May (pregnancy), only little activity could be
detected after the animals emerged at night. Shortly before flying in in the moming, the great-
est number of approaches could be registered within an interval of half an hour, with 478
approaches, although the roosts were occupied by 15 animals (see figure 106). Especially
while maternity roost assemblages are formed, the morning swarming activity at the roosts
is high, as the animals first need to “find” each other and gather together. During lactation in
June, the roost was used by 38 animals. The peaks of the nocturnal activity occurred three,
five and eight hours after sunset (see figure 107). The first two activity peaks indicated that
the animals returned to the roost to suckle the young. The third peak developed during morn-
ing swarming in front of the roost: a particularly high number of approaches by the animals
could be registered at the beginning of July, when the young were newly volant (see figure
108). The additional, equally high numbers of emergences indicated a frequent entering and
emerging of the young as a typical behaviour of exploration. Then, the activity decreased until
the dissolution of the maternity roosts (see figure 110).

6.6.2 Nocturnal activity of the common pipistrelle at unoccupied maternity roosts

Parallel to the observation of the nocturnal activity at occupied roosts, a maternity roost
which had been occupied by up to 61 bats in 1998 was continuously observed with a video
camera from May 12 to August 10, Here it was found that the roost was not occupied dur-
ing this time. Despite this fact, bat activity could be detected regularly at the roost, especially
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Figure 106: Nocturnal activity (approaches, entries and emergences) at a maternity roost of the common
pipistrelle at time of pregnancy (13. 5. 19997, The roost was occupied by 15 bats.
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Figure 107: Nocturnal activity (approaches, entries and emergences) at a maternity roost of the common
pipistrelle at time of lactation (19. 6. 1999). The roost was occupied by 38 bats.

in May, when matemity roost assemblages were being formed (see figure 111). This indi-
cated that the bats approach already known roosts at the beginning of the maternity period,
and check if there are any animals in the roost. Then they leave the roosts which are unoccu-
pied in order to choose one that is.
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Figure 108: Nocturnal activity (approaches, eniries and emergences) al a malemity roost of the common
pipistrelle when young are newly volant (5. 7. 1999), Due to the fact that bats entered and
emerged numerously and quickly one after another, the number of bats that spent the day in
the roost cannot be given.
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Figure 109: Noctumnal activity (approaches, entries and emergences) at a maternity roost of the common
pipistrelle at time of post-lactation {14. 7. 1999). The roost was occupied by 17 bats.

A similar pattern of search was also shown during time of pregnancy and lactation. The
peaks of activity at an unoccupied roost were more or less parallel in time to the activity in
occupied roosts (see figure 112). During the pregnancy period, the greatest activity could be
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Figure 110: Nocturnal activity (approaches, entries and emergences) at a maternity roost of the common
pipistrelle when the maternity colony was dissolving (19. 7. 1999). The roost was occupied
by & bats.

7 g e — 160
60 4 I approach —e— activity | + 140
50
40
30
20
10

0

= = i

Activity at roost

Mumber approaches

Figure 111: Mocturnal activity (= swarming and eireling) and approaches to & maternity roost of the com-
mon pipistrelle, which was unoccupied in 1999, between the 12% of May and the 10t of
August. The roost had been cccupied by up 1o 61 bats a year ago.

detected while the bats were entering the roost in the morning, regardless of whether the roosts
were occupied or not. However, at the unoccupied roosts, flying activity could be observed
also during the night. At the time of lactation the peaks of activity at both occupied and unoc-
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cupied roosts are between 2 h to 3 h after sunset and between 4 h and 5 h after sunset. (see
figures 107 and 112). During the post-lactation period of the maternity colony, activity could
be registered the whole night through (see figure 113). However, here the quantity of activity
was much lower at the unoccupied roosts than at the occupied ones (see figure 114},

100

80 4 O pregnancy O lactation

Activity at roost

S & S S

Half an hour interval after sunset [h]

Figure 112: Sum of nocturnal activity (circling) at an unoccupied maternity roost during time of preg-
nancy and lactation.

post lactation O dissolvation of maternity cu!onv_.r_l

Activity at roost
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Figure 113: Sum of the nocturnal activity (circling) at an unoccupied roost during time of post-lactation
and after the matermity colony has dissolved.
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Figure 114: Comparison of nocturnal activity (sums) between occupied maternity roosts and an unoccu-
pied common pipistrelle roost.

6.6.3 Nocturnal activity of the serotine bat at a roost complex

The nocturnal activity of the serotine bat was investigated at a building which has a roost
complex of 123 crevices above the windows (see chapters 3.1.6 and 7.2.2.1). Apart from
entries and emergences, also approaches, flights past the roosts and circling of the bats were
registered. In the course of the night there are three activity peaks (see figure 115). At the
beginning of the night mainly emergences, but also flights past the roost, took place. The sec-
ond peak was registered between 10:30 p.m. and 0:30 a.m. Here, flights past the roosts pre-
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25 B approaches DOentries
20 E emergences

Mumber of bats
o

Figure 115: Nightly activity of the serotine bat at a roost complex,
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dominated, followed by approaches. In addition, the first serotine bats were entering again.
The third peak was between 4:00 am. and 5:00 a.m., consisting of entries, but at the same
time also of numerous emergences. [n comparison to the common pipistrelle, which showed
a strong swarming behaviour at this point, only few approaches by serotine bats could be reg-
istered. Instead, for this species, entering and emerging in the early moring hours seemed to
play an important role in keeping the maternity roost assemblage together.

In one night, serotine bats used up to six different roost crevices (see figure 116). Half an
hour after emergence, a great number of animals entered the same roost again. Towards morn-
ing, animals could be observed emerging, which indicates a roost switch (compare chapter
1.2.2).
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Figure 116: Number of entering and emerging serotine bais at a roost complex. In one night, six difterent
roost crevices were used.

6.7 Summary

Swarming at the hibernaculum

= The common pipistrelle’s activity of entering and emerging in autumn, winter and spring,
as well as the swarming activity in summer is definitely dependent on the temperature.

« The results about the phenology of the common pipistrelle’s flight activity at the Marburg
hibernaculum could be proved at a further hibernaculum in Korbach.

= Through light barrier balances, 5,000 hibernating common pipistrelles could be determined
in the Marburg castle. However, the number of common pipistrelles taking part in the sum-
mer swarming, and which could be calculated by banded animals, was approximately
20,000-30,000.

+ During the summer swarming, a certain phenology concerning age and sex of the common
pipistrelles can be determined. From early summer to mid-July, almost exclusively adult
males, and some females not reproducing that year, swarm at the hibemaculum. In July,
more and more adult females from the maternity roosts appear. By the end of July the first
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young of the year can be observed in the hibernaculum. At this time, the old males have
mostly disappeared. By mid-August, the proportion of young ones increases more and
more, until there are only young animals left swarming,

The adult females seem to “show” the hibernaculum to the young.

The average time of stay while swarming at the Castle’s hibernaculum, was about 6 min-
utes for the old males and about 10 minutes for the young and the old females. During the
exploration, the animals purposefully approach crevices in the walls, partly disappear into
the crevices for a short time and then crawl out again.

By means of the individually banded commeon pipistrelles, numerous spatial relationships
between colony villages and the Marburg hibernaculum could be verified through targeted
recaptures. The common pipistrelles come from a surrounding radius of up to approxi-
mately 40 km,

The common pipistrelles return to their colony village immediately after exploring the
mass hibernaculum, and spend the day there. Distances of up to 22 km are thus covered.
Fresumably the animals fly to the hibernaculum and return to the colony village within one
night.

Through banded common pipistrelles, it could be shown that some animals from one mater-
nity colony explore the hibernaculum together in one night.

Common pipistrelles explore the roosts according to a certain search criteria. In an exper-
iment, common pipistrelles favoured rough surfaces with a small 1.5 cm high projection
for their approaches. This means that projections should be fixed above the roost openings
when new roosts are created.

Invasions

L

The localities where invasions oceur also hold hibernacula which are reconnoitred in sum-
IMET.

Exploration or swarming is already detectable from May onwards, which means that adults
also swarm al invasion sites,

However, invasion incidents only take place from August on, when inexperienced young
“have an accident™. As these animals attract other animals with their calls (proved by exper-
iment), a great number of common pipistrelles happen to accumulate at the invasion sites.
Mature animals presumably have much less “accidents”, due to their better knowledge of
the hibernacula, which they approach in a more purposeful way. Despite a high swarming
activity of adult females at the invasion sites, there are virtually no invasions in July,
Specific exploration behaviour provokes “accidents”,

When many animals “have accidents™ together, the invasions predominantly occur near
hibernacula.

By means of banded common pipistrelles, it could be proved that the mass hibernaculum
and also several invasion sites were explored over the same summer.

Those animals seen at invasion sites came from the neighbouring colony villages at dis-
tances of up to 35 km,

Swarming at the summer roost

Atdawn the common pipistrelles present the highest swarming activity in front of the roost.
Swarming behaviour endures over the whole summer, but reaches its summit during the
time maternity colonies are formed.

Serotine bats do not present the classical, moming swarming behaviour, but emerge the
roost repeatedly at dawn and enter the roost without cireling conspiciously.
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= During the lactation period, three activity peaks could be observed at occupied common

pipistrelle roosts.
= There was also a high activity during the summer at an unoccupied common pipistrelle
roost. The periods of maximum activity coincided with the ones at occupied roosts.
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7 Spatiofunctional relationships

7.1 Imtroduction

Bats have different relations to the spatial elements of their environment according to the
functions of these locations. They are assigned here to different levels. The first level (level
1) is the roost assemblage of the house-dwelling species. The next level is the relationship
between summer roosts and foraging sites. Apart from the distance between the maternity
roosts and the foraging sites, statements will be made here — where possible — about home
ranges, the use of foraging sites and other use of roosts. On the third level, the bats’ summer
switching of villages over larger distances will be analysed. This level includes specific
recaptures in maternity roosts and the results of radio-tracking bats. The longest distances are
analysed on the fourth level, namely the spatial relationship between the summer roosts and
the hibernacula. In addition to specific recaptures in both types of roosts, long-distance dis-
coveries (incidental discoveries) are also considered.

7.2 Summer roost assemblage (level 1)

LEWIS (1995) has evaluated statements concerning roost switching and the roost
fidelity of 43 species of bats from all over the world, among them the greater mouse-eared
bat as the only species from Germany. The basic hypothesis of LEWIS is that the roost
fidelity of one species depends on the type of roost. There are so-called durable, long-last-
ing roosts like caves and buildings which are rarely changed by their inhabitants, On the
other hand, short-lived, transitory roosts like tree-hollows, foliage and cracks in bark lead
to a frequent roost switching of the bat species. In all, 25 of the 43 species evaluated by
LEWIS (1995) belong to the frequent roost switching species. Fourteen species only
change their roosts rarely and 4 bat species show a certain variability within their species.
The greater mouse-eared bat is classified by LEWIS (1995) as a house-dwelling species
with a certain roost fidelity. The application of LEWIS® (1995) basic hypothesis to all
species of bats is questionable. Among the house-dwelling species in Germany can be
found both frequently roost switching bat species (common pipistrelle, serotine bat,
whiskered bat, barbastelle bat) and species which are more likely to change their hanging
place than their roost such as the greater mouse-eared bat and the lesser horseshoe bat
(Rhinolophus hipposideres),

LEWIS (1995) lists 8 possible functions or possible reasons for roost switching behaviour
presented by different authors;

1. Reaction to disturbance, e. g. by humans (KUNZ 1982);

2. Avoiding enemies (KUNZ 1982, WILKINSON 1985 in LEWIS 1995);

3. Proximity to the foraging site (FLEMMING 1988 in LEWIS 1995, KUNZ 1982);

4. Avoiding ectoparasites (FLEMMING 1988 in LEWIS 1995, LOHRL 1953 in LEWIS 1995,

WILKINSON 1985 in LEWIS 1995);

5. Avoiding bad microclimate or structural conditions in the roost (FLEMMING 1988 in

LEWIS 1995, KUNZ 1982);

6. Avoiding piles of excrements and associated pathogenes in the roost (STRATMANN 1978

in LEWIS 1993);

7. Transmission of knowledge about roosts and foraging sites to the juveniles that become
newly volant (WoOLZ 1986); and
8. Reduction of energy consumption on cold days in a suitable roost (AUDET 1990).
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The aim here is not to explain exhaustively the possible causes for roost switching behav-
iour. The intention is rather to explore this phenomenon in detail and quantitively for most
house-dwelling species, with emphasis on the following questions:

* Which bat species switch roosts?

= How often do they switch?

* How many roosts are used within one year?

+ How far is the next roost?

= Are there roosts which are used repeatedly every year?
= Do only certain individuals switch roosts?

7.2.1 Common pipistrelle

Investigations into the nursery colonies of the common pipistrelle are published frequently.
Many authors have examined the emergence behaviour at the maternity roost (e, g, AVERY
1986, BULLOCK et al. 1987, SPEAKMAN et al. 1992, SPEAKMAN 1993, SPEAKMAN et al.
1995, SPEAKMAN et al. 1999, WILHELM 1971). The previous approach was confined
throughout to the examination of particular roosts or to different separate nursery colonies.
In this way, THOMPSON (1992) has examined 26 nursery colonies over 11 years. However,
he has put the main emphasis on the changing of individuals between the colonies within the
study area of 500 km? and on the roost fidelity which was demonstrated in four intensively
examined colonies, There are no analyses of the roost switching behaviour of the common
pipistrelle. OHLENDORF (1983) reports on a continual change of common pipistrelles
between two roosts that were situated 40 m from each other which happened in mid-July on
successive evenings. NATUSCHKE (1960) reports on spontaneous roost switching shortly
before the time of birth. HURKA (1966} does not mention roost switching behaviour, but he
makes a distinction between a maternity roost (used from May until late in August) and an
intermediate roost (used in spring and autumn). LANG (1996) who examined four roosts of
the common pipistrelle in London, reports only indirectly on roost switching behaviour. The
common pipistrelles were temporarily not to be found in their roosts which meant that they
used at least one further unknown roost.

7.2.1.1 Spatial examination of the roost assemblage

During the years 19982000 a total 29 maternity roosts of the common pipistrelle could be
found in the village of Kleinseelheim (area: 0.2963 km?, 257 buildings). The roosts were
almost all siluated in the old centre. It can be demonstrated that the nursery colony of the
common pipistrelle in Kleinseelheim used at least 16 roosts per annum.,

Actotal 83 % (n = 435) of the adult female bats banded in 1998 in Kleinseelheim were recap-
tured during the investigation years 1998-2000. These 45 commaon pipistrelles carried out
120 cases of roost switching within 9 maternity roosts (see figure 117). Another three mater-
nity roosts were also temporarily used but not counted here due to methological reasons.

Twenty-five maternity roosts of the common pipistrelle were found during the years
19697-2000 in the larger village Wittelsberg (size: 0.6708 km2, 340 buildings). The roosts
were situated in two different areas of this long stretched-out location and not only in the
small older centre as in Kleinseelheim. In this location the common pipistrelles used up to at
least 14 roosts per annum.

69.3 % (n = 61) of the adult female bats banded in 1998 were recaptured during the years
19982000, The banded females made a total 108 roost switches within 12 maternity roosts
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Figure 117: Diagram of roost switching behaviour of the common pipistrelle banded in 1998, proven by
mark and recapture, during the years 1998-2000 in Kleinseelheim. The different colours of
arrows and numbers refer to the place of first capture (maternity roost [MR] with corre-
sponding colour) of the switching individual,

(see figure 118). It is notable that in Wiltelsberg the roosts are in two different areas of the
village (two groups of roosts). Additionally, the number of roost switches between the nearby
maternity roosts was much higher than between the distant roosts. If the female bats of the
two groups of roosts are allocated to so-called “sub-colonies”, then there were in all 172 cases
of roost switching within the sub-colonies and only 36 cases between the sub-colonies (see
figure 119). The roosts within these so-called sub-colonies are a maximum 158 m apart, In
contrast, the average distance between the roosts of the two sub-colonies is 533 m (see fig-
ure 120).

Spatial delimitation of the roost assemblage
Comparing the average distances between the maternity roosts in Kleinseelheim and Wit-
telsberg, it is obvious that the average distance of 157 m between the roosts in Kleinseelheim
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Figure 118: Diagram of roost switching behaviour of the common pipistrelles banded in 1998, proven by
mark and recapture, during the years 1998-2000 in Wittelsberg. The different colours of
ammows and numbers refer to the place of first capture (maternity roost [MR] with corre-
sponding colour) of the switching individual.
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Figure 119: Quaniity of roost switching within and between the two sub-colonies of the commaon pip-
istrelle in Wittelsberg during 194972000,
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Figure 120: Average distance between the maternity roosts (MR) of the common pipistrelle in Kleinseel-
heim and between the sub-colonies in Wittelsberg,

correspond with the average distance of the roosts within the sub-colonies in Wittelsberg (158
m and 144.8 m). Ignoring the classification into sub-colonies in Wittelsberg, the average dis-
tance there between the roosts is with its 330 m much higher than in Kleinseelheim. This
leads to the assumption that in Wittelsberg there exists not one large closed colony of the com-
mon pipistrelle, but two separate sub-colonies.

The roost switching behaviour of the common pipistrelle was also analysed in a third loca-
tion of the study area, a slightly larger village called Ginnern (area: 0.7632 km2, 515 build-
ings). During the years 1997-2000 a total 487 common pipistrelles were captured and 276
individuals banded. The recaptures of 126 individuals and the radio-tracking of 8 bats enabled
the regular roost switching behaviour to be studied intensively (see also chapter 7.2.1 and
FEYERABEND & SIMON 2000). The location of the 20 discovered roosts, the average distance
of 522.3 m between them and the distribution of the bats recaptured in different roosts, all
point to the existence of two sub-colonies at this location.

In order to find the spatial delimitation of a common pipistrell maternity roost assemblage
in principle, nursery colonies and maternity roosts of adjoining villages were examined. Even
villages or roosts within a distance of 1,000 m and 2,000 m showed only very limited
exchange of individuals. Roost switching behaviour seemed to be very rare in distances of
more than 2,000 m and such should be interpreted more as a summer change of village, which
has to be distinguished from the roost switching behaviour (see table 27, compare chapter
7.4.1). Between the villages Kembach (about 97 adult females) and Elmshausen (about 118
adult females), a considerable high exchange of 7 individuals could be observed in two roosts
which are 1,700 m apart, whereby there occured no exchange of individuals between two
locations 2,000 m apart (Kernbach and Caldern, about 133 adult females).

Several trapping operations took place at the different maternity roosts in the adjoining
villages of Niedereisenhausen and Obereisenhausen (minimum distance between the roosts
1,200) m), so that many recaptures were possible, but almost exclusively within the specific
village (see figure 121}, Only two individuals changed from one location to the other.
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Table 27: Numbers of commen pipistrelies gwilching between bwo locations in conjunction to the mini-
mum distances belwesn the matemmity roosts.

Distance [m] Number of villages Mumber of banded
switching bats adult females of
both villlages

1,200 2 Gbofﬂisanhausan-ﬁim&reisanhausan g1-84

1 .51]3_._ 2 Lischeid - Josbach B6 - 12

1,700 T Elmshausen - Kernbach 202 -17
2,000 0 Kernbach - Caldern 17 - 264
2,000 0 Gannern - Frechenhausen 230 - 67
2,400 1 Cappel - Marburg 116 - 127

To summarise, it can be said that the maternity roost assemblage of the commaon pipistrelle
in regard to its spatial delimitation is limited to one location and reaches its limits at larger
villages (more than 530 buildings, distances between the roosls more than about 500 m)
whereby the formation of sub-colonies is already possible here. With increasing distances
between the roosts (more than about 1,000 m), it is evident that independent colonies form.
An exchange of individuals between the different colonies {distances up 10 about 1,700 m)
is possible. At this point at the latest, the roost switching behaviour has its spatial limitation.
All spatial relations between the maternity roosts within larger distances arc judged to be
summer changes of village of single common pipistrelle bats (see chapter 7.4.1).
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Figure 121: Number of first capiore amd recaptures of common pipistrelles within and between the
villages of Niedereisenhausen and Obereisenhausen (distance: 1,200 m).
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Figure 125: Number of maternity roosts of the commaon pipistrefle in Wittelsberg, ysed only in one year
(black) or an least in two years {grey hatching).
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Figure 127; Number of simultaneously used roosts and number of bats per roost during pregnancy, lacta-
tion and post-lactation in the nursery eolony of the common pipistrelle in Kleinseelheim.

7.2.1.3 The chronological process of roost switching

The following is intended to show the chronological process of roost switching in the com-
mon pipistrelle nursery colony in Kleinseelheim (see figure 128). During the lactation period,
the common pipistrelles leave the roost within 30 minutes in nights without roost switching
(“emergence peak™) and they show regular activities (emergences, entries and approaches)
during the night at their roost (see figure 128, June 19, 1999). On the night selected for this
example, 30 bats entered their roost again during the last half-hour interval after sunset
(“entry peak™); the number of exits corresponds with the number of entries.

On a night with roost switching, the emergences occur during two half-hour intervals
after sunset (see figure 128, June 21, 1999). During the selected night, a relatively high
activity could be observed, even though only 14 bats were in the roost (in contrast to the
38 bats two days before). The number of bat emergences was higher than the number of
entries. Finally, all animals left the roost, The verification of this result clearly occurred on
the following night (first night after the roost switch). There were no more bat emergences
at sunset, but bats entered later in the night and exited very soon after. During the last half-
hour intervals before sunrise, there was no activity at all at the roost (see figure 128, June
22, 1999).

7.2.1.4 Frequency of roost switching by adult, subadult and juvenile bats in one year

Roost switching behaviour could be proved by inspecting the individual ring number of
sub-adult, adult and juvenile common pipistrelle bats. As soon as the juveniles become newly
volant, the maternity roost assemblage dissolves. Therefore there is only a very short period
of several days for the inguiry into the roost switching behaviour of juvenile bats, and a sys-
tematical study of the behaviour of the juveniles was not possible. The adults also switched
roosts with their non-volant juveniles. Mewly volant juveniles were recaptured in different
roosts. This shows that juveniles already get to know different roosts during their first weeks
of life.
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Figure 128: Number of entering, emerging and approaching bats within half-hour intervals at a common
pipistrelle maternity roost in Kleinseelheim (at a night without roost switching, at a night of
roost switching and the first night after a roost switch).
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Adults and sub-adults were captured likewise from the end of April until the end of the
maternity roost period. Both groups often switched roosts. The recapture rate of sub-adult
bats within one year (60.6 %) was distinctly higher than that of adult bats (43.6 %). The per-
centage of sub-adults recaptured two or three times was always higher than the percentage of
adults (see figure 129). Since the conditions of capture and roosis were identical for both
groups, one may conclude that sub-adults are easier to capture than adults because of their
lesser “life experience”. More probable, however, is another ecological-ethological explana-
tion: sub-adult females that more or less do not take part in reproduction have more time to
inspect “new” roosts and they know less roosts, so that they can be found more frequently in
different roosts, They are mostly not bound to an offspring with its needs and for their own
security have to get to know as many new roosts as possible.
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Figure 129: Percentage of adult and sub-adult individuals of the common pipistrelle not recaptured, recap-
tured once, twice or three times: in One year.

7.2.2 Serotine bat

CATTO et al. (1996) proved roost switching in southern England for five of 13 radio-tracked
females. The serotine bats switched temporarily between two roosts and sometimes several
times. The only two non-reproducing females switched to a roost which was at a distance of
5 km and 10 km, respectively. HORACEK (1981) investigated the general seasonal activity at
a maternity roost of the serotine bat in the Czech Republic. During the three years of research,
the first animals moved into the roost from the middle of May onwards, respectively. As the
serotine bats had left the roost up to three times during the maternity roost peried, the author
deduced the use of other roosts. NATUSCHEE (1960) reported spontaneous switches of sero-
tine bats, especially before the birth of the young, to another place within the roost. WAGNER
{1987) mentioned alternative serotine bat roosts to the maternity roosts, but did not explain
the correlation more explicitly.

In the Netherlands, GLAS (1981) could not observe any roost switch in the serotine bat
maternity colony. The number of bats increased there until the end of May, and the first bats
left the roost again from the beginning of August onwards,
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7.2.2.1 Spatial examination of the roost assemblage

In the village Grobseelheim, a serotine bat colony used at least 10 different roosts between
June 2% and August 9 1999 (see figure 130), Up to 39 emerging serotine bats were
counted. The ring numbers proved a roost switch by 7 individuals. Since on the one hand
serotine bats are difficult to capture due to their noise sensitivity and on the other hand their
roosts are barely accessible due to their height, relatively few captures took place at sero-
ting bat roosts,

The maternity roosts of one serotine bat colony were relatively close to each other. Thus,
the mean distance between the maternity roosts in Grofiseelheim was 110 m and in the
slightly bigger town Kirchhain 260 m (see figure 131),

. o ==
o 100 200m '] 100 200m A

P

@ Summer roost of seroting bat Summer roost of seroline bat where bats
{Max. number of bats) wera caplured
—L Order of roost switching 1w Number of individuals switching roosts

Figure 130: Roost switching of the serotine bat in GroBseelheim between June 29% and August 9t | 999;
on the left: proved through counts of emergences, on the right: proved through capture and
recapture at three maternity roosts.

Roost switching of the serotine bat at a building complex

Between 18® April and 15 July 1999, roost switching of the serotine bat at a big building
was investigated on three sides of the building (compare chapter 3.1.6). The animals used
gaps above the windows as roosts. A total 55 of the 123 window gaps on the western, south-
ern, and eastern sides of the building were used as summer roosts by serotine bats in 1999,
Thirty-one of these roosis were matemnity roosts and 24 were single roosts. It is worth point-
ing out that 15 of the maternity roosts were also used once or even more often as day roosts
by single animals. The frequency of use of the single crevices lay between one and six times
for 25 counts (see figure 132). The number of animals occupying crevices here, lay between
one and 37,

Some differences concerning the use of the three sides of the building were found {com-
pare chapter 5.3). While single animals preferred to use the crevice roosts on the eastern side
(54 %), the maternity roost colony especially favoured the windows of the southemn (45.2 %)
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Figure 132: Frequency of use of summer roosts by serotine bats at a large building complex (roost com-
plex “Psychology Building™) in the Marburg town centre (25 emergence counts between April
180 and July 15% 1999),

and western sides (41.9 9%). Judging by the counts of emergences (22 counts during the period
between May 20% and July 15% 1999), there was a very high rate of roost switching between
the window crevice roosts used as day roosts by the colony. Thus, the number of summer
roost switchings of the colony was at least 15 (see figure 133).
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Figure 133: Roost switching behaviour of the Marburg serotine bat colony from May 20 and July 15t
1999 in the roost assemblage inhabiting a large building complex in Marburg.

Nocturnal activity at the roost

The nocturnal activity patterns at the “Psychology Building” roost complex in Marburg
could be determined by means of observations over whole nights. There were different lev-
els of activity in a single night. After the first hunting phase, which lasted between one and
three hours, the animals usually entered a crevice roost at the building again after circling in
front of it, or after approaching it several times,

In figure 134 it becomes evident that, in one night of roost switching, the originally occu-
pied roost (grey) was approached again by the bats in the course of the night. The existence of
further roosts, not formerly known, was demonstrated by the fact that other serotine bats from
outside the roost complex joined in; they occupied an additional three new roosts (the sum of
all entries was clearly higher than that of all emergences). Figure 135 represents an example
of an incomplete roost switch on another night: the animals which emerged at evening from a
single crevice roost, divided themselves over three roosts when flying in next moming. In the
hour before dawn in both nights there was a frequent entering and emerging by the animals at
the crevice roosts. This behaviour could be observed regularly at further serotine bat roosts.

Spatial delimitation of the roost assemblage

Regular captures at serotine bat roosts were carried out in five villages in the project area
which are relatively close to each other. In all villages the bats used several roosts. Recap-
tures were always within the same village of first capture. A switch between the roosts of dif-
ferent villages was not ascertained. Also in other colonies of the project area, no serotine bats
from other villages were captured (with a total of more than 600 captures of serotine bats
within the project arca). Apparently the colonies are limited to certain villages and a roost
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Figure 134: Nocturnal activity of the serotine bat at the roost assemblage at the Psychology Building in
Marburg. The different hatchings band the different crevice roosts. The bats emerging from
one roost {grey) enter again at night by 1| a.m. Between 4 a.m. and 5 a.m. further bats enter
three other roosts.
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Figure 135: Nocturnal activity of the serotine bat at the roost assemblage at the Psychology Building in
Marburg. The different hatchings band the different roost gaps. The bats emerging from one
roost (grey) partly return to their original roost wwards morning and switch to two other
re0sls.
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switch between different colonies is so rare that it could not be observed. In contrast, moves
to single or mating roosts beyond the maternity roost village could be registered time and
again (compare chapter 7.4.2).

Mumber of captures

60
50
40
30
20
10

7.2.2.2 Temporal examination of roost switching

In Kirchhain the serotine bats used up to six different maternity roosts in one year (see fig-
ure 137), occupying up to four roosts at the same time, The size of the maternity colony was
up to 60 adult females (see figure 137). The real number of occupied maternity roosts is

Figure 136:

MNumber of banded individuals in neigh-
bouring villages with serotine bat mater-
nity colonies (grey) and recaptures within
the respective villages (black). No ex-
change of mdividuals could be proved
between villages,

Number of emerging bats

Figure 137; Number of emerging serotine bats at a maternity roost in Kirchhain in 1997.
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apparently higher, as rarely all animals were recorded in simultaneous counts at all known
roosts.

The serotine bats occupied any one roost on two to 26 successive days. Within one colony,
they switched their roost on average every six days (Kirchhain and Grobseelheim). At the
building complex in Marburg they visited another roost every three days on average. The
maternity roosts in the villages were used several times during a maternity period. Thus, so-
called main roosts which were occupied up to seven times within one season, can be distin-
guished from secondary roosts which were used once or twice during a maternity period. Fur-
thermore the temporal order of roost occupation was similar over several years (see figures
137 and 138). The roost labelled “pharmacy” which was used several times in 1997 was
destroyed in 1998, A replacement roost was created at the same building, which, however,
was not accepted by the serotine bats.
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Figure 138: Number of emerging serotine bats al six maternity roosts in Kirchhain in 1398 (there were no
counts at the roost labelled “convent”, but the ultrasound sensors registered some activity at
the beginning of August).

7.2.3 Greater mouse-eared bat

In contrast to species like the common pipistrelle or (in part) the serotine bat, greater mouse-
eared bats occupy each roost very conservatively over many years and rarely switch their
maternity roosts completely. Direct investigations on roost switches by the greater mouse-eared
bat are mostly lacking. Only ROER (1988) and NATUSCHKE (1960) could prove sufficiently in
their investigations that regular roost switches can be observed for this bat specics as well. In
some further, less systematical studies, single switches were proved repeatedly. HUM-
MITZSCHE (1960) could prove a roost switch of about 1,000 ringed animals of a colony in
Leipzig and further colonies in the surroundings to another maternity roost 27 km away (after
two years). Once, a roost switch of 12 individuals of a neighbouring colony could be proven.
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There are three maternity roosts of the greater mouse-eared bat in the project area (see table
28), as well as a further one just outside the border of the project area. A regular change of
hanging places, dependent on the temperature, could be determined within the attic-roosts of
the greater mouse-eared bat (see chapter 5.10.5). Nonetheless, the exchange of individuals
between maternity colonies, taking place regularly and at wide ranges within the project area,
is far more spectacular (see figure 139). Large distances of up to 16 km were covered here
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Figure 139: Overview of switching incidents (n = 62) between maternity roosts of the greater mouse-eared
bat in the years 1998-2000. The numbers in circles represent the number of switches. The
number of individuals involved is 37.
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time and again. During the period 1998 to 2000 there was a total 62 switches by 37 individ-
wals. In contrast to the common pipistrelle and serotine bat this is not a roost switch within a
colony (roost assemblage), but the regular summer change of location between different
colonies (“colony assemblage™).

The bats moving to another colony can be regarded from two points of view: on the one
hand from the perspective of the colony from which the bat departs (potential emigrants) and
on the other hand from the perspective of the colony where the strangers® arrive (potential
immigrants). Thus, the potential emigrants and immigrants in a maternity colony can be
determined as a percentage. The smallest colony in Seelbach (30 individuals) has by far the
greatest percentage of emigrants and immigrants. Nine emigrants (30 %) and 12 immigrants
(27.5 %) in Seelbach can be compared to the 25 emigrants (8.3 %) and 13 immigrants (4.3
%) of the biggest colony in Gladenbach (300 individuals).

Table 28 shows the percentages of potential emigrants and immigrants per year and colony.
The data show that the percentage of switching females is considerably higher in smaller
colonies like Erbenhausen and Seelbach than in the biggest colony in Gladenbach. There are
approximately 3-11 % greater mouse-eared batfemales (a trend of 8-11 % for big spot
checks) in the maternity colony in Gladenbach, which are in contact with other maternity
roosts in the surroundings. In Erbenhausen the percentage of switching animals is about 12
%15 % and therefore despite the low density of investigation in Erbenhausen, clearly higher
than in Gladenbach. However, the most striking fact is the extremely high percentage of
switching females in Seelbach: here, the percentage lies between 23 % and 66 % per year. A
quota of about 60 % was obtained through intense spot checks. The high percentage of
switching animals could be pointing to the fact that the smaller colony in Seelbach, which
was detected at the beginning of the 1990s, is still in the phase of establishment.

Table 28: Captures of all females switching roost during all years of investigations, in the maternity
colonies of the greater mouse-eared bat. Each individual is taken into account once a year, but
otherwise can be counted several times. The last column represents the calculated percentage of
switching individuals, proceeding from the total annual captures,

Switching bats
(Colony village  Year  Adult females [Ind.] [Ind.] [%]
[Erbenhausen 1997 7 1 14.3
1998
1999 85 13 15.3
2000 24 3 125
Gladenbach 1997 38 3 7.9
1598 225 24 10.7
1989 150 4 2.7
2000 273 24 a8
Seelbach 1987 13 3 231
1998 L 4 66.7
1999 26 13 50.0
2000 30 19 63.3
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Eleven of 14 radio-tracked bats from Gladenbach and Seelbach used at least one additional
day roost, apart from the attic. Four of those 19 day roosts were located in buildings and the
remainder were tree roosts. The day roosts of the greater mouse-eared bat lay in a distance
of 2.9 km to 12.8 km from the maternity roost. All day roosts lay in or close to hunting
grounds (compare chapter 7.3.3). There were almost exclusively single animals in the day
roosts. One tree hollow accommodated five greater mouse-eared bats during the maternity

period.

7.2.4 Whiskered bat

There is litle information in the literature about the roost switching behaviour of the
whiskered bat. FRANKE (1997) described this species as faithful to their location and
observed roost switching between two batboxes. NATUSCHKE (1960) reported roost switch-
ing in an almost completely self-contained colony. The bats switched between several roosis
behind the shutters of the same building or to those of a neighbouring building 850 m away.

By means of telemetry a repeated roost switch by an adult female between a slate-facade
roost at a building and a roost in the forest (hunter's lookout tower) was observed. The dis-
tance between these roosts was 1,250 m.

In addition, by means of emergence counts at maternity roosts of the whiskered bat, the use
of several roosts per season could be indirectly proved. Thus, at the beginning of June, for
example, 86 animals could be observed emerging at one maternity roost, the next day 91, and
three wecks later none at all. The number of adult females per roost lay between 69 and 112
animals in the different villages,

7.2.5 Natterer’s hat

BOHME & NATUSCHKE (1967) described the Natterer’s bat as a species which is very faith-
ful to its roost, using the same roost (a hollow space behind a roof beam panelling) even after
reconstruction works to their building. CERVENY & HORACEK (1981) observed roost
switches as well as changes of position within a roost by this species. In the forest, regular
and frequent roost switches between nest boxes were recorded (on average every one to four
days) (LABES & KOHLER 1987, LAUFENS 1973). SIEMERS et al. (1999) recorded 12 roost
switches of one colony in the forest within 11 weeks between nest boxes and a branch hol-
low. The roost switching of the Natterer's bat was not methodically investigated within the
project’s framework and can therefore only be regarded as anecdotal. The investigation of a
Natterer’s bat maternity colony in the ceiling of a cowshed within the project’s framework,
led to the conclusion that the animals switched repeatedly between two roosts within one
cowshed (hollow space in the breezeblock ceiling) and were continously present there from
the end of April to the end of July. On 30% June 1999, all animals left the roost and did not
return that year. The roost was used over several successive years (1999 to 2001) and was
known before as well. Other maternity roosts of the Natterer's bat that were discovered in the
course of the investigations were all occupied sporadically — none of them more than several
weeks. This is also the case for one more roost in a different cowshed.

7.2.6 Barbastelle bat

By means of telemetrical investigations of the barbastelle bat in the forest, STEINHAUSER
(2002) determined an almost daily switch of roosts (especially behind bark sticking out on
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trees) and also a daily change of the composition of the group in each roost (two to 12 adult
animals). The roosts were situated in an area of 800 m x 800 m. NATUSCHKE (1960) observed
roost switching by maternity colonies behind window shutters. However, sometimes just the
hanging places within a roost were changed.

In the year 2000 it was possible to demonstrate, by means of emergence counts at a mater-
nity roost of the barbastelle bat, that the animals stayed almost exclusively on one building.
The barbastelle bat used at least 13 different places behind the building's slate facade (see fig-
ure 140) between 17 April and 23+ August 2000, The colony consisted of 39 adult females
(emergence count); when the young were newly volant, a maximum 67 bats were counted (see
table 29). While the barbastelle bats switched crevice roosts at the buildings constantly until
the end of May, in June the bats stayed almost exclusively in one place behind the slate facade.
A maximum of four different crevice roosts were occupied simultaneously. At the beginning
of August all animals left the roost building for two weeks, and their whercabouts were
unknown. The building (an old manor-house) has apparently been serving as matemnity roost
for the barbastelle bat for a long time and has been used by the animals every year since its
discovery in 1998. In 1999, the temporary use was recorded of a further building in close prox-
imity to the known roost building. By means of telemetrical investigations it was shown that
one female switched to a tree roost from a roost in the building, the next day into another tree
roost, and the following day it returned to the original building. Both tree roosts were located
in one of the bat's hunting grounds. The maximum distance between the three roosts was 2,250
m.

Figure 140: Roost switch of the Barbastelle bat between 1 T# April and 23+ August 2000 at a building. The
roosts {1-13) are situated behind a slate panelling.
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Table 29: Mumber of emerging barbastelle bats at a building in 2000, The crevice roosts are situated behind
different parts of the slate panelling (roost 1-13). 7= unknown, * = roost is situated on the gable
side, all remaining roosts are situated at the back, compare figure 140,

Date Number of bats Roost
17.04.00 13 backside
26.04.00 17 1
03.05.00 39 2
08.05.00 ? ol
23.05.00 38 4
29.05.00 39 5
05.06.00 39 5
17.06.00 38 &
21.06.00 27 5.6,7.8
28.06.00 36 5
03.07.00 38 910
12.07.00 ar 3
19.07 .00 39 11
25.07.00 67 11
26.07.00 63 11
02.08.00 0 ?
06.08.00 0 ?
13.08.00 49 11,12
16.08.00 43 11,12
23.08.00 38 13

7.2.7 Grey long-eared bat

Girey long-eared bats are very faithful to their villages (FUHRMANN, 1994, HIEBSCH 1983).
Switches were recorded between different hanging places in the roost (KIEFER & VEITH
1998} and between neighbouring roosts (GAISLER & HANAK 1969, HIEBSCH 1983).

By means of telemetrical investigations within the projects framework, grey long-cared
bats in two villages could be observed to switch between roosts in a neighbouring building
(10 m and 50 m apart, respectively).

7.3 Uiilisation of foraging sites (level 2)

One possible reason for a specific choice of roost can be its proximity to foraging sites (see
KUNZ 1982). EICHSTADT & BASSUS (1995) demonstrated that common pipistrelles changed
their roost to be up to 2 km closer to their foraging site. The roost location chosen by com-
mon long-eared bats was shown to be related to the proximity of their foraging sites
(ENTWISTLE et al. 1997,
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7.3.1 Common pipistrelle

Most literature mentions riparian vegetation and inshore waters as foraging sites for the
common pipistrelle (DE JONG & AHLEN 1991, EICHSTADT & BASSUS 1995, JANSEN 1993,
OAKELEY & JONES 1998, RACEY & SWIFT 1985, RYDELL et al. 1994, SPEAKMAN et al.
1991, SPEAKMAN et al. 1995, STUTZ & HAFFNER 1985, TRAPPMANN 1996, VAUGHAN et
al. 1997, WALSH & HARRIS 1996a, WALSH & HARRIS 1996b). Additionally, the common
pipistrelle hunts on the edges of forests, in deciduous forests, mixed deciduous/coniferous
woodland, in hedges and orchards and also over open country, pastures and fields (EICH-
STADT & BASSUS 1995, DE JONG & AHLEN 1991, DE JONG 1993, JANSEN 1993, GODMANN
1996, TRAPPMANN 1996).

In investigations in Scotland the common pipistrelle (no distinction made between 45 kHz
and 55 kHz calling type) had a distance between roost and foraging sites of maximum 2.5 km
and 5.1 km during breeding season and maximum 2.5 km and 3.7 km during the lactation
period. The average distance lay between 1.0 km and 1.8 km before lactation and 1.0 km to
1.3 km during lactation (RACEY & SWIFT 1985). A further investigation in Scotland observ-
ing animals hunting on rivers showed the foraging site could be anywhere between 1 km and
50 m from the roost (SPEAKMAN et al. 1995). In Kassel (Hesse), JANSEN (1993) measured
distances between roost and foraging sites of under 2 km. EICHSTADT & BASsUS (1995)
found the shortest distances, namely 50 to 300 m,

The average distance between current maternity roost and foraging sites were ascertained
in this study via radio telemetry. A total of 8 common pipistrelles were radio-tracked over 24
nights between 14. 5. 97 and 1. 8. 97. Twenty-three different foraging sites could be distin-
guished. Twelve of these were forest clearings. Another five were on the forest edge or were
forest paths. In addition, the common pipistrelle used vegetation along a stream and orchards.
All foraging sites were in a maximum radius of 2 km from the maternity roost. The average
distance between maternity roost and foraging sites was 840 m (see figure 141). The rela-
tionship between the existence of a maternity roost in a particular location to its distance from
potential foraging sites will be discussed in chapter 11.2.1.
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Nocturnal sojourn in roost
Common pipistrelles spend an average 12 % of the night (40.3 minutes) in their roost (see
figure 142).

sajourn in the roost
12 %

other activities away
from the roost

16 % Figure 142:

Average divisions of time spent by
tracked common pipistrelles on hunting
activities, other activities away from the
hunting activity | roost (e g. flights, swarming near the
T2 % roost, non-hunting activities) and sojoumn
in the roost.

If one makes a distinction between the reproductive status of the tracked bats, the pregnant
females spend the longest period in their roosts and have by far the shortest average period
of activity (see table 30). The lactating females seem to need to make up for a greater energy
requirement and spend the longest percentage of time in their foraging sites (77 %).

Table 30: Divisions of time on a percentage basis spent by tracked common pipistrelles on hunting sctiv-
ities, other activities away from the roost (e. g. flights, swarming near the roost, non-hunting
activities) and sojourn in the roost, differentisted sccording to sex and reproductive status (all

adult),
productive Sex |Average period| Hunting | Sojourn in| Other | Study period | Mumber | Number
tatus of activity [min]| activity | roost [3&] |activity of bats | of nights
[%] [*]

Pragnant W 283.6 61 20 19 |14.5.-28.5.97| 2 7

Lactating W 361 Fid 4 19 | 28.7-1.8.97 2 8

Mot repraductive | w 420 74 13 13 |16.7.-19.7.97| 2 4

m 305 71 17 12 |03.6.-10.6. 97 2 5

7.3.2 Serotine bat

The foraging sites of the serotine bat are to be found in the parks, orchards and gardens
of populated areas (GLAS 1981, KLAWITTER 1986, WEIDNER 1995) and also on pastures,
the edges of forests, in timber stands, tree-lined avenues and hedges (CATTO et al. 1996,
DEGN 1983, LESINSKI et al. 2000). The distance between roost and foraging sites varies
between a short 100 m and a maximum 11.5 km (CATTO et al. 1996, DEGN 1983, DIEHL
1994, HAVEKOST 1960, PEREZ & IBANEZ 199 ] . ROBINSON & STEBBINGS 1997, WEIDNER
1995).

Details on the size of the home range vary considerably. They have been stated as = 2 km?
(DEGN 1983), 16 km? (DIEHL 1994), and 24-77 km? (core area 13-33 km?) (ROBINSON &
STEBBINGS 1997) per maternity roost. The home range of individually radio-tracked animals
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varies between 1.61 km? and 1705 km? (PEREZ & IBANEZ 1991) and 0.16 km? and 47.58
km? (ROBINSON & STEBRINGS 1997),

The 11 serotine bats tracked over 46 nights in 1998 for this project varied in their prefer-
ence for a certain type of foraging site over the maternity period (see figure 143). In May they
hunted predominantly on forest edges. In July the serotine bats used a total of 6 types of for-
aging site. In this month the animals were found hunting mainly over open country and in
gardens and less in forests or on forest edges (see chapter 11.2.3). In August, open county,
gardens and inshore waters were used in equal part. The serotine bat’s intensive preference
for grazed pasture (cattle, cows) is conspicuous. The presence of serotine bals in an area may
be more easily ascertained by searching for them hunting in pasture in the evening.

The average distance between maternity roost and foraging sites of the serotine bat was
1,250 m (= 700 m [95 % confidence interval]). The maximum distance from roost to a for-
aging site was 5,700 m.
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Figure 143: Percentage of landscape types of foraging sites used by serotine bats (11 individuals, 46 radio-
tracking nights) between May and August

7.3.3 Greater mouse-cared bat

According to the literature, the greater mouse-gared bat favours deciduous and mixed
forests as foraging sites (EICHSTADT 1995, GUTTINGER 1997, LIEGL & HELVERSEN 1987).
Some authors also name as potential foraging sites coniferous forests (AUDET 1990,
RUDOLPH & LIEGL 1990, ZAHN & KRUGER-BARVELS 1996) and freshly mown/grazed or
harvested agricultural land (ARLETTAZ 1996, GUTTINGER 1997, JANSEN 1993). According
to the literature, greater mouse-eared bats regularly cover distances of up to 10 km between
their maternity roost and their foraging sites (ARLETTAZ 1996, AUDET 1990, GUTTINGER
1997, LIEGL & HELVERSEN 1987}, and in individual cases they will travel up to 17 km or 25
km (GUTTINGER 1997, ARLETTAZ 1995),

Greater mouse-eared bats from two of the three known matemity roosts in the project area,
6.5 km apart, were investigated via radio telemetry. Seven animals from each colony were
radio-tracked. The bats from the larger colony in Gladenbach with up to 300 adult females had
a much larger homerange (155 km?) than those from the smaller colony in Seelbach with 30
adults (10 km?) (see figure 144). The two homeranges intersected in only one village 1 km? in
size. Ninety-five percent of the foraging sites were in forests, 4 % in open country. If one
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compares the type of foraging sites chosen to the potentially available in a grid of 100 ran-
domly selected reference areas in the total project area, the greater mouse-eared bat definitely
favoured deciduous and mixed forests — coniferous forests were avoided. The tracked bats
favoured forests with an average tree interval of 2 m to 4 m, with the lowest tree level being at
least 20 m high and with a ground surface at least 75 % clear. The distance between maternity
roost and foraging sites differed significantly between the two matemity colonies of the greater
mouse-eared bat in the study: whereas the foraging sites of the smaller maternity colony (Seel-
bach) were up to a maximum 3 km away from the maternity roost, the foraging sites of the
larger colony (Gladenbach, up to 300 animals) were up to 13.8 km to the north (see figure 144).
The foraging sites in a southerly direction were a maximum 5 km away and did not intersect
with the area of the Seelbach colony 6.5 km to the south, Eighty percent of the foraging sites
were located within a 7.5 km radius of the matemity roost in Gladenbach. Apart from their
maternity colony, the greater mouse-eared bat used a further 19 day roosts (15 in tree hollows,
four in buildings), which, with two exceptions (with five animals) were individual roosts. All
day roosts were situated in the foraging sites or close by to them.
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Figure 145; Average distance (including 95 % confidence interval) between maternity roost and foraging
sites in Gladenbach and Seelbach.

7.3.3 Whiskered bat

According to the literature the foraging sites of the whiskered bat are situated on the one
hand at forest edges, in hedges and in riparian vegetation along inshore waters (DE JONG 1995,
GODMANN 1995, RICHARY. 1994, TAAKE 1992, TRAPPMANN 1996, ZAHN & MAIER 1997).
On the other hand, animals were observed hunting in forests (NYHOLM 1965, LIMPENS &
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KAPTEYN 1991, GODMANN 1995). NYHOLM { 1965) ascertained that the preference for a cer-
tain type of foraging site changed according to season: whereas the whiskered bat favoured
forest habitats from May to July, from the end of July onwards this bat was more likely to be
found in open country and along inshore waters. The only known radio telemetry study was
carried out by GODMANN (1993), who found the whiskered bat hunting in forests (oak-beech
forests) and forest edges, and also in riparian vegetation along inshore waters.

The home range of the whiskered bat can be 20 ha (GODMANN 1995) or 6.15 to 34.5 ha
{NYHOLM 1965).

The distance from roost to foraging site can be between a maximum 650 m (GODMANN
1995) or 700 m (average 187 m) (NYHOLM 1965) or 1,100 m (LIMPENS et al. 1997).

One female whiskered bat tracked in this project used a total 6 distinet foraging sites, all
of which were in forests (predominantly oak and oak/beech forests), The average distance
between roosts in the town and the foraging sites was 980 m (maximum 1,250 m).

7.3.5 Natterer’s bat

The Natterer’s bat hunts mainly in forests (deciduous, mixed and coniferous) (DE JONG
1995, LIMPENS & BONGERS 1991, SIEMERS & SCHNITZLER 1999), but also along the edges
of forests, in rows of trees, and in hedges and shrubs (BECK 1991, LIMPENS & BONGERS
1991, SWIFT 1997). Additionally, the Natterer’s bat hunts in open country, over green spaces
and grain fields (TRAPPMANN 1996).

The homerange of individually tracked animals varied in area from 80 ha, 123 ha, and 523
ha (SIEMERS & SCHNITZLER 1999). Roost and foraging sites were up to 3.4 km apart
(SIEMERS & SCHNITZLER 1999). TRAPPMANN & CLEMEN (2000/2001) established via
radio telemetry that male Natterer’s bats travelled 350 m to 1,000 m between roost and for-
aging sites while females travelled from 1,000 m to 1,500 m.

The three females tracked in this project hunted in forests (deciduous, coniferous and
mixed), on hedges, in a cowshed and in a shed (see chapter 11.2.3). The maternity roost and
foraging sites were situated between 350 m and a maximum 2,430 m apart. The bats also used
hedges and vegetation along water courses as connecting lines between roost and foraging
sites or as a connection between two foraging sites (see chapter 11.3).

7.3.6 Barbastelle bat

Barbastelle bats prefer to hunt in forests (SIERRO 1999, STEINHAUSER 2002). Individual
animals were observed at a shrub-lined stream (HEDDERGOTT 1992a). Moreover, linear green
structures (tree-lined lanes, tree-lined water courses and tree-lined pasture) together with tra-
ditional extensive agricultural land uses (orchards, meadows) are said to be of importance to
barbastelle bats (RICHARZ 1989). STEINHAUSER (2002) reported that tracked barbastelle bats
hunted in the lower to middle canopy area (average height 10 m) in forests and along linear
structures in heights from 1.5 m to 6 m, and that they partly used forest paths as connecting
lines between foraging sites. The maximum home range area of individual animals was 5 km.
Nine tracked animals used a total area of 35 km?. The distance between roosts in the forest to
foraging sites was under 1 km for males and between 3 km and 4.5 km for females.

SIERRO (1999) observed barbastelle bats hunting above the tree canopy and ascertained
that the animals show fidelity to their individual foraging sites.

The seven barbastelle bats tracked for the purposes of this study used a total 24 distinct for-
aging sites, whose size varied between 2 ha and 48 ha (see chapter 11.2.4), Each invidivid-
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ual bat visited from one to seven foraging sites. The percentage of foraging sites made up by
forest varied between 68 % and 100 %, Deciduous, coniferous and mixed forests were used.
The remaining foraging sites of significant area were in open country.

The distance between maternity roost and foraging sites was between 0.8 km and 8.2 km
(average distance 3.9 km).

7.3.7 Grey long-eared bat

Forests, forest edges, orchards, hedges, gardens and villages have all been named as poten-
tial foraging sites for the grey long-eared bat (CASTOR et al. 1993, FLOCKIGER & BECK
1995, JANSEN 1993, KIEFER & VEITH 1998).

The homerange of an individual can range from 6.16 km? (FLOCKIGER & BECK 1995, a
radio-tracked female) to 9.3 km? (HURKEA 1989 in MESCHEDE & HELLER 2000).

The foraging sites are sometimes in close proximity to the roosts and sometimes up to 5.5
km away (FIEFER & VEITH 1998, FLUCKIGER & BECK 1995).

The foraging sites of the females from two villages radio-tracked for the purpose of this
study were forests, tree-lined water courses, a shrub-filled road embankment and gardens on
village outskirts. The foraging sites were situated not only close to the village (250 m from
roost) but also up to 3,250 m from the roost.

7.4 The summer move to another roost (level 3)

7.4.1 Common pipistrelle

The spatial borders of a maternity colony were discussed in Chapter 7.2.2.1. As a rule, a
small village will contain one fairly exclusive maternity colony, which in bigger villages can
divide into two sub-colonies. In towns where the roosts were less than 1,700 m apart, there
was a minor exchange of individuals (two to 7). In four further neighbouring villages con-
taining maternity colonies (1,900 m to 3,600 m apart), banded bats were recaptured only in
the village of original capture, not in a neighbouring village (see figure 146). Now and then
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Figure 146: Number of capture and recaptures of common pipistrelles (individuals) in the villages
Frechenhausen, Quotshausen, Niedeneisenhausen and Giinnern.
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in the course of the project a bat would be recaptured far away from its maternity roost, This
can be interpreted as the summer move to another roost. A total 28 individuals changed to a
different roosting colony between 1997 and 2000. To this purpose they travelled up to 29.6
km (linear distance) within the project area (see figures 147 and 148), If these common pip-
istrelles are differentiated according to age, the adult females flew an average 7 km between
first roost and second, where as the females who were juveniles when first captured in one
roost were recaptured in the following years in roosts an average 3.7 km away from the orig-
inal location (see figure 149).
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Figure 147: Change of location between maternity roosts (MR) of adult commaon pipistrelle females in the
project area over the years 1997-2000,

7.4.2 Serotine Bat

When serotine bats were captured in maternity roosts in villages between 2 km and 4 km
away from each other, there were some recaptures from each particular village, but there was
no proof of exchange between the colonies in different villages (see figure 136),

A summer move by serotine bats to a maternity roost in a different village could only be
ascertained by radio-tracking individual bats (n = 3} (see figure 150). The bats radio-tracked
to a different village were not found in the maternity colony there but rather in individual
roosts. Two of the three radio-tracked animals returned to their original maternity roost. One
further proof of location change was a serotine bat ringed in 1994 and rediscovered in a tudor-
style house in November 1997 during renovations,
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Figure 148: Change of location between maternity roosts (MR) of juvenile common pipistrelle females (n
= T} in the project area over the years 19972000,
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Figure 149: Average distance between location of first capture and location of recapture (with details of
the 95 % confidence intervals) travelled by juvenile and adult common pipistrelles in their
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Figure 150: Move to another village (n = 4) over the years 1997-2000, Evidence for the summer move 1o
a different maternity roost or individual roost was provided exclusively by radio-tracked bats,
Proof for a move to another village 1o a hibernaculum was provided by a serotine bat banded
in 1994 and rediscovered in November 1997 during renovations.

7.4.3 Greater mouse-eared bat

Apart from a regular exchange of individuals between various matemnity roosts within a
radius of 16 km, spatial relationships were found to three further maternity roosts up to 400
km away (Linear distance, see figure 151). These animals were not added 1o the number
counted for the maternity colony, but rather were added to the statistics for a summer move
to a maternity roost in a different village. Thus a female greater mouse-eared bat banded as
a juvenile by KALLASCH/NATUSCHKE in 1995 in Bertelsdorf, Saxony, was recaptured in the
greater mouse-eared bat colony in Gladenbach (400 km away), A female banded in Gladen-
bach was recaptured in a colony in Bavaria 162 km away (oral statement by HAMMER). These
recaptures illusirate how huge the range of activity in greater mouse-eared bats can be at the
level of maternity colony alone.

Along with connections between various maternity colonies there are also special rela-
tionships between maternity roosts and mating roosts. One female travelled 60 km from her
maternity roost to her mating roost (see figure 152; recapture written statement KOLODZIE).
She hibernated in a gallery approximately 8 km south of her mating roost (recapture written
statement BUCHEN) and was found again in her original maternity colony in summer. This
female could be repeatedly found over the years in the same mating roost (written statement
KOLODZIE).
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Figure 1513 Overview of proven summer moves by greater mousc-cared bats (n = 6:5) 1o @ maternity roost

in a different village between the years 1998-2000. The numbers in circles give the number
of moves. A total 40 individuals are involved. An exchange of individuals between colonies
within 16 km takes place regularly (colony assemblage). The three spatial connections to
maternity roosts further away are rated as summer moves to a different colony by the greater
mouse-eared bat,
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Figure 152: Spatial relationships of seven banded greater mouse-eared bats between maternity roost, mat-
ing roost and hibernaculum.

7.5 Spatial relationship between summer roost and hibernaculum (level 4)

7.5.1 Common pipistrelle

Within the project area common pipistrelles were captured and banded in a mass hiber-
naculum in the Marburg Castle and also in 38 other villages with maternity roosts. Addi-
tionally, common pipistrelles were captured in three different locations outside the project
area (without being banded). Banded individuals proved a spatial relationship between the
hibernaculum in Marburg and 33 (87 %) of the 38 locations in the project area (see figure
153). The common pipistrelles from most matemity roosts obviously inspected the castle in
summer and later used it as their hibemnaculum. It could not be proved that all individuals
from a maternity roost carried out the reconnoitre exercise at the castle or that all went to the
same hibernaculum.

Itis conspicuous that, despite many captures, no spatial connection could be made between
the hibernaculum and the three maternity roosts in locations in the Upper Lahn Valley (see
figure 153). It can be assumed that these common pipistrelles are situated in the catchment
area of a different hibernaculum and that this is why none were found in the Marburg Castle
hibernaculum,

Individual bats banded in the Marburg Castle were recaptured in two of the three locations
just outside the project area. The maximum distance between a maternity colony and the mass
hibernaculum could therehy be set to 59 km.

By means of “long-distance radio-tracking” of common pipistrelles banded in their mater-
nity roost and recaptured in their hibernaculum in summer, it could be shown that the bats
flew back to their colony location in the same night that they reconnoitred the castle (see
chapter 6.3). To do this they covered distances up to 22 km (linear distance).
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Figure 153: Spatial relationship between maternity roosts (n = 33) and the hibernaculum Marburg castle,
demonstrated by over 379 banded individuals.,

Aside from the targeted recaptures in maternity roosts in the project area, the so-called
chance findings of banded common pipistrelles were also evaluated (e. g. findings reported
by honorary conservationists or citizens. These common pipistrelle findings made up only a
small percentage of total recaptures. Of the approx. 15,800 common pipistrelles banded since
1996, only 0.37 % (n = 59) were chance findings. Among these were several long-distance
findings, discovered more than 50 km from the banding location (see figure 154). A further
18 common pipistrelle findings were reported up to the close of the project in 2002, but these
all came from the vicinity of Marburg.

7.5.2 Greater Mouse-eared bat

By reason of a partly intensive banding of greater mouse-eared bats in the 1950s, it was
possible to have several long-distance findings, HUMMITZSCHE (1960) could show that a
banded bat from one maternity roost was found three years later in a hibernaculum 154 km
away. EISENTRAUT (1960) demonstrated the enormous distance achieved by a juvenile male
greater mouse-eared bat in one season, which was found in a hibernaculum 225 km away
from its maternity roost. From observations over several years, EISENTRAUT (1960) ascer-
tained a distance between maternity roost and hibernaculum of 260 km. The greatest distance
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Figure 154: Location of reported chance findings (n = 59) of banded common pipistrelles (total n =
15,838) (as of 10. 10. 1999). By the end of the project (in 2002) a further 18 findings were
reported. all of which came from the Marburg vicinity, The circle indicates a 50 km radius.

between maternity roost and hibernaculum reported was in the investigations of ZOPHEL &
SCHOBER (1999), namely 174 km.

The project found banded greater mouse-eared bats in hibernacula up to 28 km away
(chance findings not considered) (see figure 155). Bats were observed in part hibernating,
hanging from the ceiling of a gallery, and in part were captured with nets in summer when
swarming in front of the entrance to the gallery (reconnoitre of hibernaculum). Chance find-
ings located individual bats in hibernacula 100 km and 116 km away (from maternity roost).
If one observes the total spatial relationship between summer roost, mating roost and hiber-
naculum, then a complex network becomes evident (see figures 151, 152 and 1535).
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Figure 155: Spatial relationship of the greater mouse-cared bat between maternity roost and hibemacu-
lum, evidenced by banded bats.

7.6 Consequences for conservation

As an introduction to a discussion of the consequences of the spatiofunctional relationships
of bat populations, firstly the moves of these animals to different locations should be sum-
marised according to season:

Winter: All individuals of a population spend the winter in hibernacula, however the ani-
mals of one colony may use many different locations in a region. Long-distance travelling
species like the Leisler's bat, the Noctule bat and the Nathusius® pipistrelle may migrate
across the greater part of Europe. Some bats change their roost regularly during winter. With
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some species the majority of a region’s population will gather in a central mass hibernacu-
lum (e, g. common pipistrelle, Natterer's bat).

Spring: After hibernation, mostly small groups of bats gather in various roosts, desig-
nated by some authors as interim roosts. The first females then arrive at the maternity
roosts. The females of many species of bats return to exactly the same maternity roost in
which they were born (common pipistrelle, serotine bat, Bechstein's bat, Leisler’s bat,
noctule bat), so that the colonies consist mainly of bats closely related. Meanwhile the
males remain alone in individual roosts. Only few species form group male roosts (e. g.
pond bat), From mid-May to the end of May the number of bats in the maternity roosts
increases, and then divides again into smaller groups. In the common pipistrelle, the
females gather in a central maternity groups for the time they suckle their young, but
divide into smaller groups before and after this time. In the greater mouse-eared bat
species, many females who have no young of their own seem to leave the maternity roost
before the birth period. Individual females make short stays in various maternity roosts in
a region.

Summer: Several species of bat change their roost every few days during the maternity
period, namely common pipistrelle, serotine bat, barbastelle bat and others. These maternity
colonies use an assemblage of several roosts in close proximity to each other (average dis-
tance apart is approximately 150 m with common pipistrelles and 30 m to 300 m with sero-
tine bats). In the common pipistrelle and greater mouse-eared bat, some females even change
maternity colonies. Common pipistrelles can travel up to 30 km to do this, however the aver-
age distance is 7 km for adults and 3.7 km for one-year-olds. Little groups of greater mouse-
eared bats do occasionally change to another colony, travelling up to 16 km to do so. When
colonies are within 10 km of each other, a more frequent exchange of individuals can be
assumed. The Natterer's bat appears to stay in the same maternity roost, at least those in cow-
sheds. Serotine bats apparently very rarely change to another colony. To search for food, the
females of matemity roosts fly to foraging sites which are situated in the vicinity of the mater-
nity roosts. The distance flown from matemity roost to foraging sites depends on the species
of bat and the size of the colony, The maximum distance flown between roost and foraging
site is approx. 2 km for the common pipistrelle, the serotine bat, the Natterer’s bat and the
whiskered bat; 8.2 km for the barbastelle bat; and 13.8 km for the greater mouse-eared bat
(large colony). While the females rear their young, the males start to reconnoitre known and
potential hibernacula in the area. Common pipistrelles can travel up to 22 km and greater
mouse-cared bats up to 28 km from their roost to the hibernaculum, at which they swarm
during one night.

High and Late Summer: After the matemity period the females start to reconnoitre their
hibernaculum and fly many kilometres to do so, for example 59 km for common pipistrelles,
Al this time new day roosts are visited, in which the bats sleep alone or in small groups, After
they have reconnoitred their hibernaculum, the adult bats visit special mating roosts, which
can be at a great distance from the maternity roost, e. g. 60 km for greater mouse-eared bats,
In late summer the young bats reconnoitre the hibernacula, to which they apparently are led
by adult animals. Sometimes thousands of juveniles can be observed swarming at a mass
hibernaculum, especially on a warm night, The swarming bats come directly from their sum-
mer roosts which are located within a 40 km radius of the hibernaculum, and fly back in the
same night. The actual exploration of the hibernaculum itself usually takes less than 15 min-
uies.

Autumn: After the mating and swarming period, bats seck small roosts in close proximity
to the mating roost or hibernaculum, or fly directly to their hibernaculum.
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This newly won knowledge about the movements of the various house-dwelling bats high-
lights the impressive mobility of these animals. No other animal can demonstrate such a var-
ied, extensive and regularly changing utilisation of space. Prerequisite for the mohility of bats
is their detailed knowledge of several areas in a region as well as the ability to pass on infor-
mation on the location of suitable roosts. This mobility is tied to a formation of traditions, for
bats are very loyal to the same roosts over their often long lifetimes, Our investigation could
only provide a description of their complex, highly developed ethological and ecological
adaptation — other studies will have to provide an explanation for these phenomena and their
mechanisms.

Conservation of bats must take into consideration both their spatial relationship to the land-
scape and their living places within it (roosts, foraging sites), and also the bat’s special abil-
ities (mobility, ability to form traditions) and needs. The different levels of spatiofunctional
relationships and the seasonal life cycles of bats must be taken into consideration if measures
to conserve bats are to be effective. These basic premises for the preservation of house-
dwelling bat species mean in detail the following:

Offer many SUMMEer roosts

Each bat requires several summer roosts to which it can change according to weather,
social factors or other reasons. Since house-dwelling bat species have differing requirements
for roosts, the maximum possible number of a maximum possible variety must be available.
Most urgent is of course the preservation of existing roosts regularly used by bats. Parallel
to this must be the continual creation of new (potential) roosts, because existing roosts con-
tinually are being destroyed or are no longer habitable. Natural weathering or particular
building methods create new roost possibilities for some, mainly crevice-dwelling, bat
species. However, it is questionable today whether these can make up for the constant loss
of roosts. For this reason it is meaningful and in many areas of human settlement essential
that potential roosts be deliberately created, alongside the maintenance of current roosts. In
view of the high number of roosts needed by local bat populations in summer for their mater-
nity colonies and single males, it is not possible to satisfy this demand by institutional con-
servation measures. The T&D project could only increase the offer of roosts only here and
there. For this reason, help from citizens is essential for bat conservation. In order to pre-
serve current and potential roosts, house owners and construction workers are required to
show tolerance towards their largely uninvited guests and to have a certain sensibility to their
needs. Additionally, the creation of new potential roosts should be constantly promoted.
Public awareness campaigns for bat conservation as developed and successfully tried out in
the T&D project play a central role in the protection of house-dwelling bats. Institutional
conservation should concentrate its resources on preserving the maternity roosts of greater
mouse-eared bats (and horseshoe bats) which are usually sitwated in large-scale areas under
roofs.

Secure roost assemblage for maternity colonies

A maternity colony requires several suitable roosts in close proximity, because common
pipistrelles and serotine bats, for example, change their maternity roosts frequently. Presery-
ing the roost assemblage is the most pressing task in bat conservation. The bigger the assem-
blage of habitable roosts, the surer a colony’s survival, because the bats have an allernative
if a roost becomes uninhabitable, It is not enough to preserve individual roosts. Extensive
redevelopment programs can destroy several elements of a roost assemblage at one time and
thus have devastating effects on bat populations. Greater mouse-eared bats usually only have
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one maternity reost per colony, but there is a roost assemblage with tree hollows in foraging
sites where bats from the maternity roost often spend the day. Therefore, these tree hollows
must also be preserved. It follows that in order to preserve the roost assemblage, it is imper-
ative to have specific knowledge about the number and type of roosts, the size of the mater-
nity colony and the homerange of each bat species. Local bat expents and roost caretakers
could provide this knowledge, but primarily, in most villages and towns, there needs to be a
systematic investigation into the local bats and their roosts. Such special bat mappings should
have the mapping of the matemnity roosis as their most essential element, whether or not they
are ordered for the purpose of construction plans or urban habitat mapping. The location of
foraging sites, flight paths and male roosts are less important (in that order) for bat preserva-
tion in areas of human settlement.

Enable inter-colony assemblages

The bat population or maternity colony of a village or suburb can only survive in the long
term if it has a (genetic) exchange with bats of the same species in other areas. As well as
mating with males from other areas, there needs to be a regional or inter-regional exchange
of females between maternity colonies, and this should be made possible. As a consequence,
it is not enough to save one isolated roost assemblage if the aim is to secure a bat population
in the long-term, when there are no other neighbouring colonies within reach with which a
colony assemblage can be formed,

Conserve foraging sites

House-dwelling bats must find suitable foraging sites in the vicinity of their summer roosts.
These foraging sites must be easily reached by the bats, offer enough food sources and fulfil
other conditions according to the needs of each species (e. g. wind protection for long-eared
bats, darkness for greater horseshoe bats). Old timber stands, in particular, are good food
sources for the nocturnal insect hunters, as are orchards on the outskirts of villages. Long-
eared bats, Natterer's bats, common pipistrelles and serotine bats can all be found in the parks
and gardens of areas of human settlement. Those responsible for upkeep of green areas in vil-
lages and towns should take this into consideration, or even better, promote a rich insect and
spider fauna through provision of a rich variety of flora and use of only moderate garden
maintenance practices.

Conserve local biotope assemblage

Summer roosts and foraging sites form one unit for bats. The former are connected by flight
routes. Some maternity colonies fly from their assemblage of roosts along the same route to
their foraging sites every evening and thereby use so-called flight paths. They orientate them-
selves by using certain landmarks (e. g. old trees, water courses) or travel along hedges and
rows of trees that act as windbreaks. Such flight paths and the structures along them con-
necting roost to foraging sites must be preserved, These flight paths may take house-dwelling
bats far out of the settled area into the fields (e, g. with serotine bats) or to the forests (e. g.
with greater mouse-eared bats). An interruption in the connection between roosts and forag-
ing sites would be to cut their habitat in half (habitat fragmentation) and this could threaten
the bats” survival. Some bat species are especially sensitive to road traffic, so that a new road
can form an almost insurmountable barrier. When there are plans to change the landscape or
intervene in the biotope assemblage, then it is necessary to first gather information on the reg-
ularly used flight routes and flight paths of the local bat populations, obtained by targeted

mapping.
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Conserve the regional biotope assemblage

Not enough is known about the direction and routes taken by bats to get to neighbouring
colonies, mating areas and hibernacula. It can be assumed, however, that in these (sometimes
lengthy) journeys, a role is played by landscape structures and individual landmarks. Further
research of this is needed, but important elements of the landscape around many significant
mating areas and hibernacula can already be recognised and protected (e. g. valleys with a
river or stream running through them; edges of forests). A colony assemblage can be sup-
ported by maintaining and developing an appropriate biotope assemblage along the supposed
flight routes (e. g. an avenue of trees lining a farm road between two villages). Finally, com-
prehensive bat conservation requires that consideration be shown for this group of animals
when plans are made to change the landscape.

Conserve hibernacula

Finally, sufficient suitable, accessible hibernacula must be available within easy reach for
every bat population. Particularly in areas of human settlement, the hibernation possibilities
have drastically decreased over the last decades. Old cellars with vaulted ceilings, very suit-
able sites, are now only seldom accessible to bats, and new buildings offer less and less hid-
ing places safe from frost. Species like long-eared bats which as a rule travel only short dis-
tances to their hibernaculum suffer particularly from this phenomenon. Therefore, the
preservation of existing hibernacula is of the utmost importance. When the hibernacula are
in areas of human settlement, the same applies to this task as to the summer roosts: institu-
tional conservation is not in a position to undertake the countless steps necessary. Rather,
targeted public awareness work must get house owners themselves involved, for example in
that they purposefully leave an existing hibernaculum unchanged. The phenomenon of inva-
sion should be explained and instructions provided for correct behaviour should this event
occur, Significant bat hibernacula like the mass hibernacula of the common pipistrelle
deserve the particular attention of conservation bodies. These hibemnacula should be pro-
tected by law and secured from trespassers, where this is realistic. It would make little sense,
for example, to undertake extensive security work in a parking station or private residential
building. The same principle applies to hibernacula outside villages and towns. Many caves
and galleries used as hibernacula already have been gated off by bat conservationists or local
councils. Now further steps need to be taken to preserve the other spatiofunctional relation-
ships of bats.

Summer roost assemblage of common pipistrelles
Table 31 provides a summary of data available on the roost assemblage of common pip-

istrelles,

+ A total 120 moves over three years were observed between 9 maternity roosts by common
pipistrelles (n = 43) banded in 1998,

» A move to another maternity roost was made by juvenile, sub-adult and adult banded com-
mon pipistrelles.

+ As a rule there is one maternity colony per village (a village having up to 530 buildings).
In other words, common pipistrelles move to different roosts (groupwise) only within the
same village. In larger settlements (having more than 330 buildings, 0.6708 km?), a colony
can split into two sub-colonies which use roosts very close to each other. An exchange of
individuals between colonies in different villages occurs only in isolated cases.
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Table 31: Data on roost assemblage of common pipistrelles,

Kleinseelheim Wittelsberg

Area 0.2963 km® 0.6708 km*
[Numb-ar of buildings 257 340
|Eximurn of ad.+sub-ad. bats per village 66 180
Maximum of ad.+sub-ad. bats per roost 48 108
Mumber of maternity roosts 28 25
Maximum of used maternity roosts per year 16 14

umber of maternity roosts used at least in 12 14

years

Maximum number of simultaneously used 3 6
roosts
Average time period of sojourn per roost 6 days 5 days
Maximum time period of sojoumn per roost 26 days 39 days
Average distance between roosts [m)] 157 331&5'::;:;31%; fhe
Are two sub-colonies established? no yes

* The common pipistrelles maternity colonies split up before and after lactation into several
roosts, but use a common roost during lactation.

* Over the years the common pipistrelles often use the same roosts at the same time of year
(phenology of moves to different roosts),

* The commen pipistrelle’s move to a different roost occurs in one night. In the night of the
move and the following night, in which no more animals fly out of the old roost, there
nethertheless occur numerous flights in and out.

Roost assemblage of the serotine bat
Table 32 summarises the important facts on the roost assemblage of serotine bats. The

building complex in Marburg with its numerous crevices for potential roosts, contains an

exceptional 31 “maternity roosts".

* In total the serotine bat uses less roosts than the common pipistrelle, but uses each one sev-
eral times in one season. One can differentiate between main roosts, which are used up to
seven times in one season and supplementary roosts which are visited once or twice in the
maternity period,

* The chronological order in which the roosts were used was similar over several years (phe-
nology of moves to different roosts).

* No exchange of banded individuals was observed between other colonies, which were in

part in neighbouring villages.

Nocturnal phenology of the move to a different roost was observed during a night watch at

a roost complex. The serotine bats displayed moderate activity during the night and
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Table 32: Data on roost assemblage of serotine bat.

Kirchhain |Grofseelheim | Marburg
Maximum of ad.+sub-ad. bats (emerging) 60 39 48
Maximum of ad.+sub-ad. bats per roost 57 39 ar
MNumber of roost switching 16 T 18

Average roost switching 6 days 6 days 3 days
Number of maternity roosts 6 9 3
Maximum of used maternity roosts per 6 9 21
year
Building
Average distance between roosts [m] 260 110 complex
< 30

increased their activity in the early moming hours, in the form of frequent flights in and
out of the roost.

Colony assemblage of the greater mouse-eared bat

In contrast to common pipistrelles and serotine bats, the greater mouse-eared bat does not
move together in middle-sized to large groups to a new roost in the immediate vicinity
(roost assemblage). Rather, in summer the greater mouse-eared bat moves alone or in small
groups to a different colony in a different town/village (colony assemblage). Distances of
up to 16 km linear distance are regularly surmounted to make the move between maternity
roosts, Over the years 1998 to 2000 a total 62 moves by 37 individuals could be docu-
mented.

The largest colony (300 adult females) had the smallest percentage of movers (emigrants
and immigrants), namely 3 % to 11 % per year. The percentage of movers in the smallest
colony studied (30 adult females) was the highest, being between 23 % and 66 % per year.
In addition to their maternity roost, the majority of the tracked greater mouse-eared bats
used a further 19 different day roosts, which were situated 2.9 km to 12.8 km away from
the maternity roost. Four of these day roosts were in buildings.

During the maternity period, small groups of females can spend the day in tree hollows.

Raoost assemblages of remaining species

A direct proof of the whiskered bats’ move to a different roost was provided by a tracked
female.which moved from a maternity roost behind a slate wall to a roost in the forest.
Besides this, the decreasing numbers of bats in known roosts points to the usage of at least
one further maternity roost.

The Natterer's bats moved back and forth several times between two roosts within the same
cowshed (crevices in the breezeblock ceiling), but were present in the cowshed without
interruption from the end of April to the end of June. Then all animals left the building and
did not return that year. Only short stays were registered in roosts found in other buildings.
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* The barbastelle bats used at least 13 different locations behind a building’s slate wall
between 17" April and 23+ August 2000. The colony was made up of 39 adult females. A
maximum 67 animals were counted at the time the young made their first attempis to fly.
Whereas up to the end of May the barbastelle bats constantly moved to different roosts on
the building, in June they stayed almost exclusively in one spot behind the slate wall. A
maximum of four crevice roosts were used at any one time. Presumably this building (an
old manorhouse) has served a long time as a site for the barbastelle bats’ maternity roost
(assemblage). It has been used by them every year since the discovery of the maternity roost
in 1998,

* A radio-tracking investigation of grey long-eared bats could follow the move of two bats,
each in a different village, between two buildings in close vicinity (10 m and 50 m apart,
respectively).

Utilisation of foraging sites

= 95 % of the foraging sites of the common pipistrelle, serotine bat, Natterer’s bat and
whiskered bat are situated within 2 km of the maternity roost (see figure 156). The average
distance was between 840 m (common pipistrelle) and 1,500 m (Natterer’s bat).

* Barbastelle bats and greater mouse-eared bats cover significantly greater distances to reach
their foraging sites (maximum 8.2 km and 13.8 km, respectively).

* The average nocturnal stay of the common pipistrelle in its roost was 12 % of the night
(40.3 minutes). Lactating females spend the longest period of the night in their foraging
sites (77 %), while pregnant females spend only 61 % of the night in their foraging sites.

8000 — —
7000 +
6000 +

2000 +
4000 + +
3000 +

N N — T .

Average distance between MR and foraging site [m)

Figure 156: Average distance (including values for 95 % confidence interval) between maternity roost
(MR and foraging sites of all bat species investigated.
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A large colony of greater mouse-eared bats consisting of up to 300 females had a signif-
icantly larger homerange (155 km?) than a smaller colony of 30 adults (10 km?).

95 % of the foraging sites of the greater mouse-eared bat were in forest, 4 % in open country.
While the foraging sites of the smaller greater mouse-eared bat colony were less than 3
km away from the maternity roost, the foraging sites of the large colony (up to 300 bats)
were up to 13,8 km away.

A female whiskered bat radio-tracked as part of the project used a total 6 foraging sites,
all located in forest (predominantly oak and oak-beech forest).

The three female Natterer’s bats radio-tracked as part of the project hunted in forest
(deciduous, coniferous, mixed), on hedges, in a cowshed and in a shed. In addition the bats
used hedges and vegetation along water courses as connecting lines to their foraging sites
or between different foraging sites.

The seven radio-tracked barbastelle bats used a total of 24 distinet foraging sites which
varied in size from 2 ha to 40 ha. Each individual bat visited one to seven foraging sites.
The percentage of forest area in the foraging sites varied between 68 % and 100 %,
whereby deciduous, coniferous and mixed forest were used.

The foraging sites of radio-tracked female grey long-eared bats were situated in forests,
vegetation along water courses, at a shrub-filled road embankment in gardens on the out-
skirts of the village.

Summer move to another village

Over the years 1997 to 2000 a total 28 common pipistrelles moved to a maternality colony
in a different village. To do this they flew up to 29.6 km (linear distance). The average dis-
tance for adult females between site of first captur and site of recapture was 7 km, while
females who were juveniles when first captured (at the first site) and were recaptured the
next year in a different village had travelled an average 3.7 km to the new site.

When serotine bats were captured in maternity roosts in villages between 2 km and 4 km
away from each other, there were some recaptures from each particular village, but there
was no proof of exchange between the colonies in different villages.

Apart from a regular exchange of greater mouse-eared bats between various maternity
roosts within a radius of 16 km (colony assemblage), spatial relationships were discovered
to exist to a further three maternity roosts up to 400 km away (Linear distance). One female
travelled 60 km from maternity roost to mating roost.

Spatial relationships between summer roost and hibernaculum

A spatial relationship could be demonstrated to exist between the common pipistrelles’
mass hibernaculum in Marburg and their maternal roosts in 33 (87 %) of the 38 villages in
the project area, via banded individuals. The animals were captured either during the sum-
mer swarming or during emergences or entries in winter. The maximum distance between
a maternal roost and the mass hibernaculum was 59 km.

The common pipistrelles flew back to their colony villages on the same night in which
they reconnoitred the castle, thereby travelling up to 22 km in one stretch.

Chance findings of common pipistrelles reported by citizens made up only a very small
percentage of recaptures when compared to targeted recaptures, namely 0.37 % of banded
individuals compared to 31.26 % of banded individuals, respectively.

Banded greater mouse-eared bats were recaptured at hibernacula up to 28 km away, either
when hibernating or during the summer swarming. Chance findings were reported in hiber-
nacula 100 km and 116 km away from maternity roosts.
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Linear distances between the eleven pipistrelle bat colonies sampled ranged from 2 km to
37.5 km. Samples of the serotine bat came from all six colonies known in the study area.
These colonies are located relatively close to each other with the exception of one colony,
which was a maximum distance of 28 km from the other roosts,

For both species we examined the genetic structure of the nursery colonies and the corre-
lation of geographic and genetic differentiation among colonies. Based on those results we
can make inferences concerning the fidelity of females to their natal colony (natal philopa-
try}) and the genetic exchange between colonies.

8.2 Basics of population genetics

8.2.1 Mitochondrial DNA

Genetic information in the form of DNA is not only found in the nucleus of cells. Mito-
chondria, which produce energy for cell functions by biochemical reactions, contain their
own genome, which is reproduced independently and shows an almost exclusively materal
mode of inheritance. This means that only the genetic information of maternal mitochondria
is transmitted to the offspring without recombination with paternal mitochondrial DNA. As
a consequence, maternal lineages can be identified (WILSON et al. 1985, HARRISON 1989)
which makes this marker especially suitable for population genetic analyses of nursery
colonies (WILSON ¢t al. 1985).

A further advantage of using mitochondrial DNA is the four times lower effective popula-
tion size compared to nuclear DNA. This is due to two facts. Firstly, only half of the popula-
tion, i.e. the females, are able to pass on their mtDNA. Secondly, mtDNA is haploid, i.e. only
represents a single set of chromosomes. The lower the size of a population, the faster the
effects of genetic drift (see below) will come into effect (BIRKY et al. 1983). It is possible
that population structure is apparent on the mitochondrial level, even if populations are pan-
mictic on the nuclear level. Particularly strong maternal differentiation should be found if
females are philopatric, i.e. if they return to their place of birth for breeding (BIRKY et al.
1989, DESALLE et al. 1987, MAYER et al. 2002, WILSON et al. 1985).

8.2.2 Genetic drift and gene flow

Genetic drift and gene flow are of great importance for the genetic composition of popu-
lations. Genetic drift is defined as the random increase or decrease in the frequency of alle-
les (different forms of a gene or trait) within a population. Because not all individuals pass
their alleles on to the next generation to the same degree, the genetic composition of a pop-
ulation or colony changes over time. This causes a gradual change in the distribution and fre-
quency of alleles across populations. The effects of genetic drift are strongest in small pop-
ulations — the fewer individuals in a population, the more random drift can act and the more
quickly genetic variation will be lost. In the most extreme case genetic fixation oceurs when
all but one allele has been lost.

In opposition to the effect of genetic drift, gene flow increases or maintains genetic varia-
tion within a population (or colony). This occurs because individuals from other populations
can bring in alleles that would otherwise be absent or rare in the population. One form of gene
flow could be a female moving to and breeding in a colony other than her natal colony.
Through such an exchange, new alleles might get transferred into a population (or colony),
causing a local increase in genetic variation that can compensate for the loss of genetic vari-
ation due to drift.
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In summary, genetic drift reduces the genetic variation within populations and at the same
time increases the genetic differentiation between them. Gene flow, the introduction of new
alleles to a population, can counteract this random loss of genetic vanation.

8.3 Materials and methods

The amplification of specific DNA segments by polymerase chain reaction (PCR) is widely
used in population genetics for the generation of sufficient amounts of probe DNA for analy-
sis (MULLIS & FALOONA 1987). Tissue samples were obtained from the bats’ wing mem-
brane (plagiopatagium) using a sterile biopsy punch (Stiefel Laboratories). Biopsies were
about 3 mm in diameter (WORTHINGTON WILMER & BARRATT 1996). Because the wing
membrane has a high capability of regeneration, complete healing usually occurs within a
few weeks (WORTHINGTON WILMER & BARRATT 1996). Accordingly, this kind of injury
can be considered relatively harmless and shows similarities to natural injuries (for example
caused by sharp-edged structures within the roost area).

Following amplification we sequenced about 250 base pairs of a non-coding region of the
mitochondrial genome. Primers used had been developed previously for the noctule bat
(PETIT et al. 1999), According to the basepair sequences we defined unique types of
sequences, so called haplotypes. Individual haplotypes are characterised by mutations at
defined positions and serve as a basis for all subsequent analyses.

Minimum Spanning Trees

The relationship or genetic distance among haplotypes is shown in a Minimum Spanning
Tree (MST, PRIM 1957) (figures 158 and 160). Minimum Spanning Trees or Minimum Span-
ning Networks are useful to represent all occurring haplotypes and their connections.

The tree’s construction is based on a matrix of most parsimonious connections - the small-
est number of mutations — between all haplotypes found (SCHNEIDER et al. 2000). In con-
trast to phylogenetic trees, the haplotypes not only represent the tips of the tree but also the
nodes. Each line in the network connects two haplotypes that differ by one mutation. Those
haplotypes not found in the sample but necessary for the completion of the tree are added as
hypothetic haplotypes. Occasionally, different ways are possible to derive one haplotype
from another that require the same number of mutations. This results in loops in the tree and
turns it into a network.

Standard indices

To compare the colonies examined, we calculated the three standard indices ‘relative abun-
dance of haplotypes’, “haplotype diversity” and ‘nucleotide diversity”. The relative abundance
of haplotypes describes how frequently a haplotype occurs in one colony compared to its
occurance within all colonies sampled. The haplotype diversity (hd) is a measure for the
genetic heterogeneity within single colonies and is defined as the proportion of haplotypes
that are expected to be polymorphic. Nucleotide diversity (nd) describes the average, relative
genetic distance between single haplotypes (TAJIMA 1983). In contrast to the haplotype
diversity it not only considers the frequency of haplotypes but also the average proportion of
nucleotide differences between all possible pairs of sequences in the sample. Ultimately,
nucleotide diversity represents the probability that for two haplotypes chosen at random, two
homologeous nueleotides (bases at the same position in the sequence) are different, and is
calculated as the average difference between all pairs of haplotypes possible within one sam-

ple.
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Genetic distances within colonies

Genetic distances between nursery colonies were obtained by pairwise comparisons
between single colonies under the assumption of undisturbed gene flow and no differentia-
tion between colonies.

Based on the identified haplotypes in each colony and their frequencies, i.e. the allele fre-
quency (see chapter 8.2.2.), we estimated the genetic variation within and among colonies
based on pairwise comparisons. Results are expressed in terms of the fixation index (Fsr-
index), based on the F-statistics of WRIGHT (1965), which is obtained by permutation of sin-
gle haplotypes within and among populations (WEIR & COCKERHAM 1984). The Fer-index
has a theoretical minimum of 0 (indicating no genetic divergence) and a theoretical maxi-
mum of | (indicating fixation of alternative alleles in different sub-populations) and provides
information about the level of genetic differentiation between two populations (or colonies).

Significance of pairwise Fsr-values was tested by calculating the proportion of 1,000 per-
mutations that resulted in an equal or greater Fsr-value with the null hypothesis being no dif-
ference between populations (i.e. Fsr=0).

Analysis of population structure

The partitioning of sequence variation between colonies and among different geographical
groupings of colonies was assessed using an analysis of molecular variance AMOVA
(EXCOFFIER et al. 1992, WEIR & COCKERHAM 1984). As with Fsr-values, this estimation
procedure is based on the above-mentioned F-statistics developed by WRIGHT (1965) for the
calculation of allele correlations. Based on a comparison of sequences, an AMOVA, takes into
account the frequency of haplotypes and the number of mutations between haplotypes, and
estimates the proportion of total variation found within and among all groups defined (e. g.
colonies). The resulting Fsr-value does not only provide information about differences but
also about the extent of the genetic divergence among colonies. Fsr-values have the same
range, from 0o 1 as Fsy-values. Significance of the AMOVA results was determined accord-
ing to a nonparametric permutation method described by EXCOFFIER et al. (1992).

Geographical structure

The correlation of geographical and genetic distance was tested using a Mantel-Test, which
calculates pairwise comparisons of the colonies’ fixation values {Fsr-values) and the corre-
sponding geographic linear distances in kilometres (table 35) (MANTEL 1967, SCHNEIDER
et al. 2000, SMOUSE et al. 1986).

8.4 Results

8.4.1 Serotine bat

We analysed a total of 109 individuals from the six nursery colonies of serotine bats known
in the study area. Sequencing a 246 base-pair long segment of the mitochondrial control
region revealed 16 variable positions defining a total of 18 haplotypes (see table 33). Depend-
ing on the absolute frequencies of the haplotypes, common, rare and private haplotypes can
be distinguished. Private haplotypes are those that only occur within one colony.

For the colonies sampled we found the following frequency distribution: two common
haplotypes with at least one of them occurring in every colony, four rare haplotypes that
were found in two to three colonies and twelve private haplotypes that were present in four
of the six colonies sampled. Lineage relationships of the haplotypes found are shown in fig-
ure 158,
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Table 33: All occurring haplotypes in the nursery colonies of the serotine bat and the number of animals
sampled (n) in each of the colonies. Private haplotypes are shown in bold letters.

HWE- .
hi hZ h3 | hd |65 [ n6 | b7 | b8 | b9  hid|hid|[hi2| bi3 hid hi5 hi6 17 | hi8 n
Eckelshausen | 5 | 3 |2 13 211 [1]1 18
Grofseelheim | 10 1 1111 21
| Kirchhain | 2 3 13 18
Mg 5 1 3 al1l1l1]4 19
Mardorf | 1 Z 16 1] 1 21
Wittelsberg | 2 9 1 12
frequancy 2131261311 1 (1|31 |1 |1 [(w[1]1]1]86]1 F108
@ Haplotype
& Hypothetical haplotype
—— Mutation
Absolute frequency of hapiotypes [x]: (1)

Figure 158: Lineage relationships between the 15 haplotypes found in the serotine bats, Each circle (zbun-
dance indicated by size) represents an existing haplotype. Black dots represent hypothetical
haplotypes and every line connecting two haplotypes represents one mutational step. The hap-
lotypes are rather elosely related as indicated by the compact shape of the minimum spanning
network, The two most abundant haplotypes are haplotypes | and 9,

Distribution of the haplotypes showed a heterogeneous pattern throughout the colonies,
independent of the sample size for individual colonies. A minimum of three and a maxi-
mum of eight different haplotypes were found within single colonies. The central haplotype
of the minimum spanning tree (figure 158), haplotype 1, occurred in all six colonies sam-
pled and was the most common haplotype in the colonies of Eckelshavsen, Marburg and
Grobseelheim. The overall most common haplotype, haplotype 9, was found in all but the
most distant colony in Eckelshausen. The highest agreement in terms of haplotype compo-
sition was found for the colonies Wittelsberg and Mardorf. From a total of five haplotypes
found, three had similar frequencies. Considering the distribution of private haplotypes, the
most distant colony Eckelshausen was also the most differentiated, exhibiting five private

haplotypes.
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The quantitative results calculated for the colonies are in concordance with the qualitative
results described (table 34). Haplotype diversity was propoertionally related to nucleotide
diversity, because all of the haplotypes found within single colonies differed by five muta-
tions at most and therefore were very similar to each other. As expected, values were highest
for Marburg and Eckelshausen as these colonies were the most diverse of the six colonies,

Table 34: Sample size (n), number of haplotypes (# ht), haplotype (hd)- and nucleotide diversity (nd) of
the serotine bat colonies sampled.

Colony n # ht hd nd [%]
Eckelshausen 18 8 0,88 1.1
Marburg 19 8 0,87 1,0
Mardorf 21 5 042 0.5
Wittelsberg 12 3 0,44 0.5
Grofsealhaim 21 5] 0,69 0.9
Kirchhain 18 3 0,46 0,7

A comparison of the genetic variance within and among all colonies was carried out using
an AMOWVA (Analysis of Molecular Variance), yielding a Fsr-value of (.285 that differed sig-
nificantly from zero. This means that 28.5 % of the total genetic variance can be explained
by differences among colonies and 71.5 % of the variance is attributable to variation within
colonies. Pairwise Fa-values, calculated based on the haploiypes and their frequencies in the
colonies, differed considerably (table 35). The largest difference found among colonies was
54 %% (Fu=0.54), 1.e. half of the overall variance of these two colonies was due to differences
between them. The smallest difference of 4 % was found for the pairwise comparison of Eck-
elshavsen and Marburg (F,, = 0.04).

We found no correlation of genetic distances and linear geographic distances among
colonies, as shown in figure 159,

Table 35: Matrix of the genctic distances (as pairwise Fi-values) and the geographic distances among
colonies (as linear distances [km]}. Significant values {p < 0.05) are shown in bold.

Eckelshausen | Marburg | Mardorf | Wittelsberg | Grofiseelheim | Kirchhain
Eckelshausen 18.5 20.5 26.0 235 27.5
Marburg 0.04 11.0 8.0 6.5 11.0
Mardorf 0.42 0.35 4.5 7.0 6.5
Wittelsberg 0.33 0.26 0.04 6.5 8.5
Groftseelheim 0.07 0.05 0.25 0.15 4.5
Kirchhain 0.34 0.29 0.54 0.51 0.38

8.4.2 Common pipistrelle

We analysed a total of 191 pipistrelle bats from 11 nursery colonies (see table 36 and fig-
ure 157}). The sequencing of 223 base pairs of the hypervariable domain 11 revealed 41 vari-
able positions, defining a total 38 haplotypes. The most parsimonious connection among all
38 haplotypes by mutational events resulted in a minimum spanning tree (MST) with three
distinct clades, representing older matrilineages (see table 36 and figure 160). Haplotypes of
all three clades were found in most colonies. The exceptions were the three colonies in the
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Figure 159: Genetic distance (pairwise Fsr-values) among colonies plotted against pairwise linear geo-
graphic distances.
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Figure 160: Minimum spanning tree of all 38 haplotyes found in the 191 common pipistrelle bats,
Haplotypes form three clades, presumably representing older matrilineages.
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Table 36: Commen pipistrelle colonies (abbreviated with the first three letters), their composition of hap-
lotypes, and the number of individuals analysed. Commion haplotypes are printed in bold leiters.
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= n
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Lok 3 5 3 Teach) 1 18
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Cue 2 | T 1 11
Sch 11 3 1 4 1{1]1 1 23
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western part of the study area, Génnern, Obereisenhausen and Quotshausen, in which only
haplotypes of two of the clades were found,

Individual haplotypes differed in their geographical distribution. The four most common
haplotypes (h2, h3, h8, and h17) were widespread throughout the main study area, and were
found between 14 and 41 times. Twenty-eight haplotypes were found at one site only, with
numbers ranging from two to five. Nine of the 11 colonies had private haplotypes (between
one and six), with no haplotype occurring more often than twice.

Quantative results, i.e. haplotype diversity and nucleotide diversity, are shown in table 37.
Striking are the high haplotype diversity values found in the nursery colonies of the pipistrelle
bat that mirror the high number of different haplotypes found within single colonies. The
number of haplotypes observed in a single sampling locality ranged from 3 to 12. The colony
with the lowest number of different haplotypes (Obereisenhausen) also showed a low haplo-
type diversity. Similarly low values are found in the neighbouring colonies Quotshausen and
Gonnern, that are located only two to three kilometers apart (table 38).

Table 37: Sample size (n), number of haplotypes (# ht), haplotype (hd)- and nucleotide diversity (nd) of
the common pipistrelle’s colonies sampled.

n | #ht hd  |nd [%]
Biedenkopf 21 5] 0.8 3.1
Caldern 21 g 0.9 4.0
Dexbach 22 g 0.8 34
Dreihausen 15 7 0.9 3.8
Eckelshausen 11 7 0.9 3.6
Génnern 22 ) 0.6 2.3
Lohra 18 10 0.9 4.7
Marburg 191 13 0.9 4.9
Obereisenhausen | 11 3 0.6 2.4
Quotshausen 11 4 0.6 2.3
Schweinsberg | 23 a8 0.7 4.0




Table 38: Pairwise geographic (linear distances in km) and genetic distances (Fuo-values) among nursery
colonies of the common pipistrelle. Values differing significantly from zero (p < 0.05) are shown

in bold.

Bie | Cal | Dex | Dre | Eck | Gén | Loh | Mar | Obe | Quo | Sch

Biedenkopf 117 53 |11.0| 35 |110]|210] 205 95 | 8.0 | 34.3
Caldem 0.03 115[19.0] 93 |[150 (120 9.3 [ 123 ]| 13.5] 23.0
Dexbach 0.20 | 0.02 205| 65 |160|225|195| 138|125 | 32.0
Dreibach 0.03 | 0.04 | 0.03 2821303160 | 105|283 | 31.0| 9.0
Eckelshausen 0.00 | 0.00 | 0.09 | 0.02 97 |175 (185 7.3 | 6.5 | 325
Génnern 0.16 | 0.05 | 0.03 | 0.06 | 0.05 16.0 |230)| 25 | 36 | 375
Lohra 0.14 | 0.04 | 0.03 | 0.04 | 0.06 | 0.13 125|152 | 17.3| 238
Marburg 0.04 | 0.03 | 0.04 | 0.02 | 0.00 | 0.09 | 0.02 19.0 | 22.0 | 15.0
Obereisenhausen | 0.06 | 0.05 | 0.11 | 0.06 | 0.05 | 0.00 | 0.13 | 0.06 2.8 | 348
Quolshausen 0.05 | 0,08 |018 | 010 | 0.05 | 0.08 | 0.16 | 0.09 | 0.08 36.0

Schweinsberg 001002 049|004 |0.03] 020|008 0.01 | 0.13 | 0.12

The AMOVA performed for all colonies resulted in a Fsr-value of 0.063, meaning that
differentiation among colonies explains 6.3 % of the total variation and that consequently
93,7 % of the genetic variation is found within colonies.

Computation of pairwise Fsr-values, based on the haplotypes and their frequencies, yielded
values from 0 to 0.2, with only 14 significant values, ranging from 0.11 to 0.20, out of a total
55 comparisons (table 38). The maximum differentiation between two colonies was therefore
about 20 %. Noticeably, all of the pairwise values were lower than 0.3 and the mantel test
showed no correlation between genetic and geographic distances among colonies (figure
159).

8.5 Discussion

Knowledge of the genetic structure of nursery colonies allows inferences to be drawn about
the composition of colonies and the migration behaviour of the females.

Natal philopatry of female offspring results in the accumulation of the same or closely
related and therefore very similar haplotypes and thus in the occurrence of maternal lineages
(chapter 8.2.1) within colonies (AVISE et al. 1987). Even though bats are highly mobile they
show, to various degrees, genetic structure among colonies. Such structuring usually only
occurs with a certain amount of isolation between colonies, either geographical or caused by
social structure (WRIGHT 1965). Natal philopatry is most likely apparent in several European
bat species, as shown in studies that used direct and/or indirect methods (BURLAND et al.
1999, CASTELLA et al. 2001, ENTWISTLE et al. 2000, HEISE 1989, HEISE & SCHMIDT 1988,
KERTH & KONIG 1999, PETIT et al. 1999, PETRI et al. 1997).

Results from our mark-recapture studies support the genetic results in that evidence for
natal philopatry was found for both species, the pipistrelle and the serotine bat. However, it
was not possible to quantify the extent of site fidelity. Even though female natal philopatry
is probably the norm, the number of females migrating to other colonies can be quite vari-
able. Such migration events, especially if they are rare occasions, are especially difficult o
detect — if at all = with direct methods (e. g. mark and recapture).

Although the colonies of both species studied genetically were located within a relatively
small area, nursery colonies of the common pipistrelle showed a relatively high sequence
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divergence of 18 %. The serotine bat showed a clearly lower divergence of about 6.5 %.
Compared to the greater mouse-eared bat (Myotis myotis) (CASTELLA et al, 2001), haplotype
diversity in the pipistrelle is twice as high and rivals values found for nursery colonies of the
noctule bat Myctalus noctula throughout Europe (PETIT 1998).

If female offspring would strictly return to their natal colony, one or few haplotypes would
rise to dominance over time. This was clearly not the case for both species. Although single
haplotypes were found with up to 12 respectively 13 copies within single colonies, haplotype
diversities were as high as 0.6 and 0.9 for the colonies of the pipistrelle, and slightly lower
for the colonies of the serotine bat. Comparably high values were found for the noctule bat
(hd = 0-0,96 [PETIT & MAYER 2000]) and the greater mouse-eared bat (hd = 0,1-0,76
[CASTELLA et al. 2001]).

The mitochondrial haplotypes found in the common pipistrelle showed a grouping into
three clades, something not found in the serotine bat. Those clades or groups of haplotypes
differed on average about 6.5 % or by about 14.5 base substitutions (figure 158 und figure
160). Such deep splits are usually caused by long periods of geographic isolation and thus
limited gene flow. A likely scenario is that the three groups evolved during the ice ages (AVISE
1989; AVISE 1994, WILKINSON & FLEMING 1996). Three clades were also found in studies
of the two above-mentioned bat species, the noctule bat (PETIT et al. 1999) and the greater
mouse-eared bat (CASTELLA et al. 2001) and it seems conceivable that these species used the
same ice age refugia. In contrast to the other two species, in which only one clade shows con-
siderable diversification (CASTELLA et al. 2001, PETIT & MAYER 2000), all three clades of
the common pipistrelle consist of several haplotypes (figure 160).

In the pipistrelle, haplotypes of all three clades were found across the colonies studied, This
pattern of co-occurring clades that suggests lack of geographic structure was also found in a
study of mass hibernacula throughout Germany (HOTTENBUGEL et al., in preparation).

The high divergence of haplotypes in pipistrelle bats was reflected in a high nucleotide
diversity of 2-5 %. In the serotine bat, where all haplotypes were closely related, values for
nucleotide diversity only ranged from (L5 to 1.0 %.

Clear differences between the two species became apparent when comparing the distribu-
tion of the overall genetic variation among the colonies, Colonies of the common pipistrelle
were very genetically diverse and therefore only a small part of the overall variation (6.3 %)
could be explained by differences among colonies. This value is extremely low compared to
the serotine bat. Colonies of the serotine bat had fewer haplotypes, and therefore had less
diverse colonies and about 28.5 % of the overall found divergence can be explained by dif-
ferences among colonies. This clearly demonstrates that colonies of the common pipistrelle
are much more heterogeneous but there is a lower variance among colonies, suggesting a
higher exchange of animals.

In a population genetics study of the Bechstein's bat (Myotis bechsteinii) by KERTH et al.
(2000} the variance among colonies was even higher than our results presented for the sero-
tine bat: 68 % of the overall genetic variance in Bechstein’s bats could be explained by dif-
ferences among colonies indicating an extremely low rate of exchange among colonies.

The evaluation of gene flow via direct methods gets even more complicated because not
every animal that changed to another colony will become resident and more importantly breed
in the new colony. Using indirect methods gives the opportunity to calculate a migration coef-
ficent based on the spatial distribution of genetic variation (Fsr-values) (HARTL & CLARK
1997, SLATKIN 1987). This coefficient describes the proportion of alleles belonging to one
population that will be gained through migration. The exchange of one individual within one
generation can be considered as an approximate threshold for prevention of strong genetic dif-
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ferentiation. According to TAKAHATA & PALUMBI (1985), in haploid systems (e. g. mito-
chondrial DNA) Fy-values less than (0.3 indicate levels of gene flow that prevent strong genetic
differentiation. Even though this mode] is not very precise (WHITLOCK & MCCAULEY 1999),
it can be used as a rough guideline. Most of the pairwise Fa-values (10 out of 15) among
colonies of the serotine bat were above this threshold of 0.3, with a minimal variance among
colonies of 4 % (Fy = 0.04) and a maximal variance of 54 % (Fa = 0L54). Therefore it is most
likely that even though the colonies are located close to each other, the exchange of females
is not high enough to prevent genetic differentiation. In contrast, common pipistrelle nurseries
are much less differentiated, suggesting higher gene flow than in serotine bats,

Colonies sizes of the pipistrelle as well as those of the serotine bat are probably too small
to prevent the effects of genetic drift. Instead it is likely that the exchange of females plays
an important role in maintaining genetic diversity. Consistent with the genetic results, band-
recapture data for colonies of the common pipistrelle revealed even a high rate of exchange
among more distant colonies (chapter 7.2.1 und chapter 7.4.1, FEYERABEND & SIMON
1998). No such recaptures could be documented for the serotine bat despite intense captur-
ing efforts. Nursery colonies of the latter species seem to have similarly low exchange rates
as those described for the brown long-eared bat (Plecotus aurius) and the Bechstein's bat
(ENTWISTLE et al. 2000, BURLAND et al. 2001, ROSSITER et al. 2000, KERTH et al. 2002).
Nevertheless, unless there was at least some genetic exchange among colonies of the sero-
tine bat, colonies would show even more differentiation. Results from telemetry conducted
in the project showed spatial overlap in the homeranges of nursery colonies from neighbour-
ing villages. We did find for example that animals from different colonies used the same hunt-
ing area or that single females roosted solitarily in villages without another colony of the
same species. These observations illustrate the possibility of gene flow as indicated by the
genetic results. There was no increase in genetic variation relative to geographic distance
among colonies for the two species, thus indicating the existence of ongoing exchange of
females up to linear distances of 40 km in common pipistrelles and about 30 km in serotine
bats. This is comparable to results for nursery colonies of the common brown long-eared bat
{ Plecotus auritus), that show no significant signs of isolation by linear distances up to 40 km,
Significant isolation by distance was only found for distances of about 100 km or greater
(BURLAND et al.1999),

In general, this would imply that the exchange usually does not happen over the maximum
distance but more in a stepping-stone-like fashion. A nursery colony of the serotine bat, not
part of the genetic investigation because it was discovered too late in the project, located
between the most distant colony in Eckelshausen and the other colonies, is a colony that could
be such a stepping-stone.

Implications of genetic results for the protection of roosts

The results of the genetic studies of the two house-dwelling bat species common pipistrelle
and serotine bat reveal differences as well as similarities between them. A correlation of
genetic variation and geographic distance was not detected within the study area, either for
the eleven colonies of the pipistrelle, or for the six colonies of the serotine bat. For the sero-
ting bat, this provided evidence of genetic exchange among colonies that could not be docu-
mented by mark/recapture. However, exchange rates in the serotine bat are much lower than
for colonies of the common pipistrelle. This resulis in recommendations for the protection
and management of the two species.

The stronger tendency towards female natal philoaptry in serotine bats is likely to dimin-
ish the probability of colonising new villages. That is why this species — as well as probably
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other species with limited distribution — are in need of protection in their entire groups of
colonies.

In areas where this species is uncommon or rare, specific attention should be given to the
protection of existing colonies. Low levels of individual exchange combined with low popu-
lation sizes could easily lead to increased isolation among colonies and result in elevated local
extinction risk. Increasing the number of available colony roosts is therefore especially
important for the seroting bat. Thereby it should be taken into account that connectivity
among colonies appears to be particularly important on small spatial scales, i.e. within the
same village (see chapter 7.2.2). Creation of new, potential colony roosts should also include
villages inbetween existing colonies that are separated by larger distances. This would cre-
ate potential stepping-stones providing increased opportunities for connectivity and
exchange of individuals among colonies.

The situation is different for the common pipistrelle, for which colonies exhibit only low
levels of genetic differentiation suggesting higher levels of gene flow. A specific program for
the creation of new colony sites is probably not warranted for this species, especially in areas
where it occurs in high densities.

8.6 Summary

* Sequence divergence in mitochondrial DNA of the common pipistrelle was relatively high
(18 %) compared to the serotine bat (6.5 %).

* Although up to 13 copies of a haplotype could be found in the same colony, haplotype
diversities were as high as 0.9 for the common pipistrelle, and only slightly lower for
colonies of the serotine bat.

* Colonies of the common pipistrelle are genetically very diverse; consequently anly a small
part of the overall variation (6.3 %) can be explained by differences among colonies. This
value is extremely low compared to that found in the serotine bat (28.5 %) and suggests
that common pipistrelle colonies experience a more common exchange of individuals.

* Pairwise Fg-values for serotine bat nurseries indicate a much lower exchange rate of
females among colonies compared to those of the common pipistrelle.

* Genetic variation did not increase with geographic distance among colonies for either of
the two species, indicating regular exchange of females up to linear distances of 30 km to
40 km.

Our results indicate that nursery colonies of the serotine bat are more prone to isolation
effects than colonies of the common pipistrelle. Therefore, the former species and other bat
species with a similarly patchy distribution are especially dependent on the protection of
existing nursery roosts and the establishment of new roosts. Once local extinction from a vil-
lage has occurred for the serotine bat, recolonization of that village in the near future seems
unlikely.

206



9 Roost destruction

9.1 Introduction

Bats use numerous roosts of different kinds in and on buildings (see chapter 5). Human
building construction activity once gave the bats a rich spectrum of hiding places. The aging
of building substance gives new hiding places for a certain period of time until it reaches a
point where the state of dilapidation is too bad and thus the roosts are uninhabitable (e. g.
because of drafts, dampness, entry of martens). There are many other causes of a reduction
in roosting opportunities in buildings. Among the numerous general danger caused by
humans, KLAWITTER (1986) and RICHARZ (1993) name some that have a great importance
for house-dwelling bats regarding their roosts. They are summarised and expanded below.

The main causes for loss and impairment of roosting opportunities are:

*» Re-development of buildings and the pulling-down of old houses which lead to a closing
of erevices and holes or total destruction of the roosts;

» Renewal of roofs containing roosts, especially during the nursery period which may lead
to massive disturbances (expulsion) and even the death of numerous young animals;

* Adding extensions to the top of the house or converting an “empty” attic into living quar-
lers;

* Extensive restauration programs such as the restauration of town-centres or villages;

* MNew buildings in modern architectural style with smooth walls, good heat insulation, and
self-contained rooms; and

» Use of timber preservatives (e. g. roof timberwork impregnation), which poisons bats,

Concepts to preserve bat roosts in buildings have already been drawn up several times in
Germany and Central Europe. The latest one by DIETZ & WEBER (2002) gives comprehen-
sive insight into this topic.

However, data concerning roost destruction useful for evaluation can rarely be found in the
literature, they are usually individual examples. From Indiana (USA) it is reported that within
30 years half of all occupied roosts have been destroyed (see COPE et al. 1991). A study from
England shows a destruction of 70 % of Pipistrellus pipistrelius known roosts within a 13-
year period (1978 to 1993) (ANOM. 1995).

9.2 Roost destruction in the project area

The destruction of bat roosts is to a larger degree not to be attributed to intentional exter-
mination, but probably results predominantly from necessary, regular renovations of build-
ings {for an example of roost preservation see figure 161).

A great number of roosts have to be observed, if at all possible, to show accurately the quan-
tity of regular roosts destruction. This can be realised at best with the roosts of the common
pipistrelle, which is quantitatively found most often. The type of crevice roosts the common
pipistrelle bat uses corresponds with those of other house-dwelling species (e. g. serotine bat,
whiskered bat), so that the results of roost destruction can be transferred to these species. In
order to obtain a precise rate of destruction, known maternity roosts of the common pip-
istrelle were examined once and then again after an interval of some years. A total 125 roosts
were chosen to provide the basic data (see figure 162) and their condition recorded in two
checks. The first check took place in the first year of project 1997 and covered 26 roosts,
which had already been registered from 1990 to 1996 in unpublished reports as well as vol-
untary surveys (emphasis of registration 1991-1993). During the second check in 2001, 99
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Figure 161:

Maternity roost of the common pip-
istrelle, which could be preserved
from destruction within the frame-
work of the project (view from below
onto roof case, arrow = entrance gap).
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Figure 162: Three “year groups™ of maternity roosts of the common pipistrelle (n = 125), which wers
checked for roost destruction. Percentual portion of destroved roosts is grey (n = 32). The
potentially destroved roosts result from the assumption that for each group of roosts five years
had passed until observation,
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roosts were examined which had been chosen randomly from all roosts found in 1997 and
1998. Consequently, the intervals of checking were not uniform. The “1990-1996 group” was
checked after 1 to 7 vears {(an approximate average of 5 years is supposed), the “1997 group”
after 4 years and the “1998 group” after 3 years.

Added to this, the age of roosts was not known (first times of use was rarely recorded) and
the precise time of roost destruction was seldom known, so that for example no “average age
of roost” can be calculated.

The observations showed that 32 (25 %) of the 125 roosts checked (see figure 162) had
been destroyed. This total refers to the three different “year groups” of roosts. To be able to
compare the results better, the “1997 group™ and “1998 group” can be projected to a 5-year
observation interval by calculating the average of yearly destructions for the years missing
(see table 39), With this the number of destroyed roosts of the *1997 group™ rises by four and
those of the “1998 group” by two (potentially destroyed roosts are hatched in figure 162 and
indicated in brackets in table 39). Within 5 years this results in atotal of 38 % or 29 %, respec-
tively, of destroyed roosts.

The comparison of annual destruction rates (see table 39) is interesting as the different
checks resulted in strikingly varying rates. Whereas the annual destruction rates at first still
lay above 8 %, for roosts first recorded in 1998 and checked in 2001 there is clearly a lower
rate, namely 2.7 %. This shows a distinct fall in roost destruction. It is possible and likely that
public awareness campaigns had a favourable effect on the protection of roosts in manifold
ways in the days of the project. The numerous amounts of information and advice given to
roost owners — especially during trapping exercises or emergence counts, both of which
involved intensive “babysitting™ of the roosts — played a large share in many roosts being
spared during renovations. Some inguiries made by householders who wanted to be advised
during renovation work also illustrates this.

These results on roost destruction are of great importance as they are the first quantative
recording of the permanent destruction of bat roosts at buildings. It has to be considered that
these roost destruction rates are not connected with any pronounced wave of restauration or
rebuilding, as for example has been the case in the eastern states in Germany since 1990, but
that they should reflect a “normal rate”™. It is to be judged as extremely serious that nearly all
destructions registered took place with the full knowledge of the householders.

The illustrated projection below has been drawn up to further clarifiy this problem (see fig-
ure 163). The individual control round rates for annual destruction were calculated on the
basis of the recorded data to take into consideration the differing number of years. From this
the average destruction rate can be calculated, namely 6.4 % (which is probably somewhat
too low). On the basis of this value it follows that after 15 years already 50 % of all crevice
roosts in buildings will have disappeared by measures of renovation or restauration. Figure
163 shows visually how within 30 years, of 28 roosts present in the year 2000 (“normal” size

Table 39: Roost condition registered for 125 randomly selected common pipistrelle roosts (the number of
potentially destroyed roosts after 5 years is given in brackets).

Yearof |Yearof |Preserved|Destroyed| Tolal |Destruction| Years untill Annual
registration | control | roosts roosts [%] destruction  |destrucion rate
1990-1996 | 1897 15 11 26 az (1-)5 8.4%

1997 2001 34 17 (21) | 51(55) 33 4 B.3%
1998 2001 44 4(8) | 48(50) 8 3 2.7%
Total 93 32 (38) | 126 (131)] 25.5 (29.0) 4 6.4%
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Figure 163: Hypothetical roost destruetion within 30 years in the case of an annual destruction rate of
6.4 %. Already after 15 years half of the roosts will have disappeared (calculated by means of
destruction rate of common pipistrelle roosis).

of one roost assemblage of common pipistrelles) only four roosts will be preserved in the year
2030.

Concerning the serotine bat there are relatively few data about 29 maternity roosts. There-
fore there is little sense in working out a roost destruction rate for this species. All the same,
of these 29 roosts which became known during the project, 28 roosts were still intact in 2001,
For the most part this was because the roosts of this species were taken care of intensively
and thus at least five buildings restaurations / renovations which met the needs of bais could
be accomplished (see figure 161, renovations at three other roosts are in planning). Without
this supervision, a further five to 8 roosts could have been lost, which is a high rate of loss
considering the total number, and is not lower than that of the common pipistrelle,

9.3 Summary

* 29(25 %) of the 125 common pipistrelle roosts that were checked were destroyed.

* The annual destruction rate of common pipistrelle roosts fell clearly from 8.4 % to 2.7 %.
The intensive public awareness campaign within the framework of the project contributed
to this.

+ Ifan average annual destruction rate of roosts of 6.4 % were to continue, after 15 years half
of all common pipistrelle roosts would be destroyed.

* More than 25 % of the serotine bat roosts in the project area were threatened by building
measures during the run-time of the project. At least 5 roosts were saved from destruction.
Thus the annual rate of roost destruction could be approximately the same as that of the
common pipistrelle roosts.

210



10 How successful is the creation of new roosting opportunities?

10,1 Introduction

Some species of bats regularly use or even exclusively use roosts in or on buildings. These
house-dwelling bats are especially dependent on the preservation of existing roosts and the
creation of new roosts in buildings. Living in such close proximity to humans brings numer-
ous conflicts and problems with it. In many cases house renovations are the cause of a loss
of roosts (often because of a lack of information on roost-preserving measures or ignorance
that bats are present). Exhaustive redevelopment waves have a really dramatic effect (e. g.
town-centre restauration), but also “normal” house renovations are threatening. On top of
this, these days there are fewer new roosts coming into being than in former times due to the
use of modern materials and types of construction (e. g. minimum stress paths in intermedi-
ate roofs, better insulation of the complete building, direct closing of gaps with insect-proof
meshes). As an alternative to roosting possibilities “naturally” emerging during the con-
struction work or created by the ageing of the structure substance, the project aimed to find
out in which way a newly created potential roost must be designed to be accepted by house-
dwelling bats. The requirements bats have for their roosts have already been described in the
chapter on roost requirements (see chapter 5.11).

Newly developed structures for bats only become “real” roosts if the bats accept the poten-
tial roost. A “new roost” is therefore one that is in fact adopted by bats, not just offered.

In the first part of the chapter the different roost establishment methods applied and the
schedule thereof are described in brief. In the second part, the results of inspections of the
new roosts are introduced and then assessed as to how fast a potential roost is discovered
and/or occupied by bats and which type of potential roost is favoured by them.

10.2 Description of roost offer

10.2.1 Schedule of establishment of roost offers:
at which point of time were potential roosts habitable for bats?

The number of newly created potential bat roosts completed and able to be inspected in the
project is 121. Figure 164 presents a cumulative schedule of potential roost establishment
(newly created). The new creation of roosts needed a certain warming-up time correspond-
ing to organizational expenditure and mainly began in 1998, It reached into the year 2000.
Thirty-six new potential roosts were completed only after the first quarter of the year 2000
and were too late to be taken into consideration in the inspection program and consequently
in the evaluation. A further 37 roost offers were inaccessable for inspection due to their spe-
cific construction or where they were erected (such roost offers could sometimes be included
in the final inspection at the end of the project).

10.2.2 Differentiation between new creation, optimisation, preservation,
and replacement of roosts

Concerning the measures of creating potential new roosts it is of importence to distinguish
between the different categories: “truly new construction” of a potential roost (newly cre-
ated), roost optimisation, preservation, and replacement (table 400). Strictly speaking only
those roosts newly established in places that have not been used as roosts before can be seen
as newly created in the narrow sense (56 %) (figure 165). The remaining 44 % are mainly
roost optimisations (40 %), e. g. erecting crevice boards in attics that often have natural roost-
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Figure 164: Time schedule {cumulative) for the completion of newly created potential bat roosts within
the project (T&D central plan) from mid-1997 until mid-2001. Buildings, whose new roost
offer had not been completed by April 2000, are declared as “finished too late™ (36 in total).

ing possibilities at their disposal anyway. The remaining 4 % fall into the categories of preser-
vation of existing roosts or replacement of destroyed roosts.

The success of a method, i. e. that the bats discover (and occupy) the roosts offered, is deter-
mined by the previous use of the building or attic (= roost location). Thus the evaluation dis-
tinguishes between roost offers in buildings “with previous use™ and those “without a known
previous use”, the latter of which are identical with newly created potential roosts.

It is typical that most of the roosting possibilities “with previous use” are in attics of
churches (46) and only few are in other buildings (7) (figure 166). The search for traces
of bats in church attics resulted in at least a few bat droppings being discovered in more than
B0 % of all cases — an indirect proof of use. That means for the evaluation that the roost estab-
lishment measures in church attics are optimisations, and these are more likely to be discov-
ered and used by bats,

2% 2%
0% s
i — Figure 165: Proportional distribution of the
Dnew construction (n = 68) O optimisation (n = 48) methods for “roost establish-
W prasarvation (n = 3) B replacemant (n = 2) ment” carmied out at 121 build-
ings; for definitions see table
40,
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Table 40: Classification of the different methods applied for "roost establishment”.

Methad Description
New construction Roost establishment at a building without a known previous use by bats
Optimising Optimising of an existing roost
Preservation Preservation of an existing roost
Replacement Establishment of a potential roost replacing a destroyed noost

80

70 O churches (44%)
o Oaother (56%) q
£ B0 A
5
5 50 -
=]
s 40 4
5 a0 4 48 59
§ 20+
=

10 1

0 7 Figure 166:
) ) % Number of buildings (n = 121) “with and without a
with previous use  without known known previous use” by bats, subdivided into
rEvious ua churches and other buildings.

10.2.3 Roost types

The different roosting possibilities have been divided into four categories according to their
location and the position of the entrance gap (table 41). The different species of house-
dwelling bats favour roosts with differing characteristics. Crevice roosts of category I and I,
i. e. crevice roosts situated outside or inside with a possibility to fly in from outside, are typ-
ical roost types for common pipistrelles and whiskered bats. Long-eared bats and Natterer’s
bats also use these type of crevices. Roosting possibilities of category 111, however, are
crevice roosts situated inside with a possibility to fly in from inside. These specifically meet
the needs of long-eared bats and sometimes Natterer’s bats. An evaluation divided according

Tahle 41: Four main types of methods undertaken 1o create potential roosts, differing in the position of the
roost and its entrance gap. *Methods in category 11 sometimes include opening up the attic. This
has not been listed separately, as opening up the attic is a prerequisite for the use of crevice

roOsLS.
Category Building** Roost offer
1 crevice roosts outside with a possibility to fly in Er) 38
from outside
1] crevice roosts inside with a possibility to fly in 14 20
from outside
e cravice roosts inside with a possibility to fly in ) 129
from Inside
v entering possibilities into attics. 5 )
; g ¥ 1493
** multiple nominations are possible
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to bat species would not be meaningful because of the comparatively small number of roosts,
the unequal number of different roost types, and the different frequencies of bat species.

A total 193 roost construction measures were carried out in 121 buildings (figure 167). Only
five of these 193 measures are not crevice roosts (categories [-111), but rather the establishment
of entering possibilities into attics (table 41). 106 buildings have only potential roosts of one
category. Fourteen buildings have roosts of two different categories and only once were roosts
of three different categories constructed in one building. For the first step of evaluation, the dif-
ferent roost categories were counted rather than the individual buildings.

Figure 167 shows in which way the roost construction measures were distributed among the
buildings. Category 111 (“crevice roost” inside with entrance from inside) is the measure carried
out most often, with 129 roosting possibilities in 80 buildings. Only one individual roosting pos-
sibility of this category was constructed in 435 buildings. Of the 35 buildings left, two (25x),
three {6x) or four (4x) roosting opportunities were constructed per attic. The ratio of categories
I to 1T is more balanced as mainly single roost construction measures were carried out.

Humbsr of patartisl roasts
o B 1z 5
B_o .
§ 70 4
=2 60+
2 &y
? 40 4
% 30 4
2 201
10 n
0 |
| n m 1Y
s [O4x 4
E‘% O3x &
3& max| 2 5 25
Elﬁ O1x) 35 10 a5 5 Figure 167:
ciogory At 121 buildings, 193 m-uﬁtin;upp-nrtunlties of 4 categories
were established (for categories see table 41).

Individual descriptions of newly created potential bat roosts

Below are detailed examples of 7 roost construction methods of categories 1 to 111 Addi-
tionally three examples of entrance possibilities into attics (roost category I'V) are presented.
More specified descriptions of these roost categories are available in the book *Baubuch Fle-
dermiiuse” (Construction for Bats) (DIETZ & WERER 2000) which assesses potential roosts
created within the framework of the project.

10.2.3.1 Gable panneling inside with access from outside (category 11)

This “crevice roost” is attached to the inside gable wall whereby the entrance is obtained
from outside via a gap (see figure 168). The roost is suitable for crevice-roosting bat species,
particularly the common pipistrelle, serotine bat and whiskered bat.
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(a)

Figure 168: Sketch of “crevice roost” situated inside behind an erected gable panneling (a) with access
from outside via two entrance gaps under the protruding ridge beam (b).

This method of roost establishment allows four different possibilities for entrance gaps:
under the eaves/gable, on the wall (e. g. bat silhouette), under the window sill or from below
on the cladding (e. g. openediremoved insect grilles).

10,2.3.2 Crevice roost under roofing with access from outside (category II)

This crevice roost is established under the roofing between two rafters (see figure 1649) and
leads directly outside under the eaves where entry is possible (see figure 170). Additionally,
a rough landing board is fixed near the entrance gap.

The roost is suitable for crevice-roosting bat species, particularly the common pipistrelle,
serotine bat and whiskered bat.

i Figure 16%9:
Crevice roost under roofing between two rafters
with access from oulside.

10.2.3.3 Bat roosting board, single- and double-walled (category I)

The double-walled roosting board for bats consists of rough wood and the bats are able 1o
land on its 10 cm longer rear side (see figures 171, 172 and compare chapter 5.2). If the build-
ing’s wall is sufficiently rough (roughcast plaster), the wall may also serve as a landing place
and backing for the bats when hanging from the board, and therefore a simple board may be
sufficient.

The roost is suitable for crevice-roosting bat species, particularly the common pipisirelle,
seroting bat and whiskered bat.
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Figure 171:
Daouble-walled bat roosting boards on
two sides of the building.
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Figure 172; Sketch of double-walled bat roosting boards in profile section and front view.

10.2.3.4 Crevice roost behind ridge beam (category I)

This roost is situated behind the ridge beam which protrudes from the gable wall (see fig-
ure 173). There often is a crevice of 1 em to 2 em between the ridge beam and the house’s
wall, which can be used as roost by the bats (see figure 173). In new buildings it can be organ-
ised that this crevice be left open and the plastered area reaches only 1.5 ¢cm to 2 ¢m (o the
ridge beam (see figure 174).

The roost is suitable for crevice-roosting bat species, particularly the common pipistrelle,
serotine bat and whiskered bat.

217



i

b7

Figure 173:

Crevice roost behind ridge beam at caves.
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Figure 174: Sketch of crevice roost behind ridge beam (cross-section),

10.2.3.5 Crevice roost behind slate facade (category 1)

Bats are able to occupy roosts in cavities between the single slates and between wall’s cov-
ering boards and the slates or bigger cavities between brickwork and covering boards (see
figure 176). This method mainly affects the area between brickwork and covering boards, to
which the slate is nailed. Various types of entrance gap can be created on such a facade (see

figure 175).
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The roost is suitable for crevice-roosting bat species, particularly the common pipistrelle,
serotine bat and whiskered bat and in part for long-eared bats and the barbastelle bat.
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Figure 175: Crevice roost behind slate facade with several entrance possibilities,
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Figure 176: Sketch of crevice roost behind slate facade with an entrance gap integrated into the building's wall,

10.2.3.6 Crevice roosts in attics (category I1T)

Crevice roosts in attics are constructed in the same way as double-walled bat roosting
boards (see figure 178 and compare figure 172). So that they can be erected as high as pos-
sible in the ridge, they are triangular or of trapezium shape, corresponding to the shape of the
roof (purlin roof or rafter roof) (see figure 177).

This type of roost is suitable for bat species which mainly roost in attics, such as the greater
mouse-eared bat, long-eared bats and also Natterer’s bat.
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Figure 177:
Crevice roosts in amtics (rafter roof).
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Figure 178: Sketch of crevice roost in attic (rafter roof), cross-section and front view.
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10.2.3.7 Dormer window with bat fly-in entrance {category IV)

To create a fly-in opportunity for bats in attics, the movable casement of a dormer window
can be taken off and can be replaced by a water-proof zinc sheet (put on a slant) (see figure
179). Additionally a rough landing board has to be installed for the bats (see figure 180). The
bats are still able to fly into their roost freely without this landing aid, however, without it
there would be no protection against pidgeons.

This entrance method can be used by those bat species which roost in attics, particularly
the greater mouse-eared bat, long-eared bats and also Natterer’s bat.

Figure 179:
Dormer window bat fly-in entrance and landing board

{pidgeon-proof).
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Figure 180: Sketch of dormer window with bat fly-in entrance in longitudinal section,
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10.2.3.8 Ventilation dormer window out of zinc sheet (category I'V)

The Ventilation dormer window is an opening of the attic, which guarantees an open fly-
in entrance. Additionally a rough landing board is fixed below the dormer window for bats
to crawl] through (see figure 181).

This entrance method can be used by those bat species which roost in attics, particularly
the greater mouse-cared bat, long-eared bats and also Natterer's bat.
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Figure 181: Ventilation dormer window out of zinc sheet, top view and cross-section.
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10.2.3.9 Wooden shutter in gable window with fly-in crevice (category IV)

A wooden shutter in fromt of a gable window is shortened by 15 cm at the top (not pidgeon-
proof, free bat fight into attic possible) or by 5 - 7 em (pidgeon-proof, no free bat flight into
attic possible) (see figure 182). The pidgeon-proof variant additionally has to be roughened
on the surface beyond the crevice or has to be provided with 2 mm deep cross-grooves (land-
ing area for bats crawling into their roost).

This entrance method can be used by those bat species which roost in attics, particularly
the greater mouse-eared bat, long-eared bats and also Natterer's bat,

Erfrancs ga)
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Haighl Hibe ¢a 15¢m
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Buickwork

Figure 182: Wood shutter in gable window with entry hole (not pidgeon-proof). A 5 — 7 cm high fly-in
entrance gap is pidgeon-proof, but does not allow bats free flight into the attic.

10.2.4 Spatial distribution

The number and density of bat roosts within the villages intensively investigated have
proved to be surprisingly high during the course of the project (see chapter 7.2). For example,
in one village 29 maternity roosts of the common pipistrelle were found within three years.
In one summer a maximum 16 matemnity roosts were occupied. With so many roosts known
and varyingly occupied over several years, the problem is that new roosting opportunities
may be quickly discovered and explored but then eccupied much later.

Looking at the distribution of newly created potential roosts able to be checked (figure
183), it is noticable that measures to create roosts were usually applied to only one building
in any one village. Only in one village new potential roosts were constructed in 9 or 10 build-
ings. Of the 72 villages where new potential roosts were created, 56 had their bat stocks inves-
tigated. Noo bat stock investigations were carried out in only three of the villages where more
than one roost creating measure was carried out.
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10.3 Control to determine success of newly created potential roosts

The checks to determine success of newly created potential roosts always took place in
September at the end of the maternity period in the years 1998, 1999 und 2000. A final con-
trol, in which also roosts difficult to access were inspected, was carried out in February 2002,
The controls were intentionally delayed until the end of the maternity period, as in this way
the total happenings of the relevant summer months could be recorded. Roost switching and
reconnaissance flights often take place at the end of summer. Due to the late date of the con-
trols, bats could be found only rarely occupying the newly created potential roosts. The con-
trols were mainly carried out to find indirect evidence of bat occupation or exploration such
as droppings. The excrement of long-eared bats (Plecotus spec.), the greater mouse-eared bat
and the seroting bat could clearly be assigned. The excrements of the smaller bat species
{common pipistrelle and whiskered bat) could not be assigned with certainty.

Torches, binoculars, or mirrors were used during the routine controls and an endoscope
in the exhaustive final inspection. Some newly created potential roosts were structured in
such a way that boards could be taken off or unscrewed or had hinges and could be opened
up.

Crack roosts in outside walls proved difficult to check reliably for occupation, as the small
amounts of excrement that fall down can disappear quickly, ¢.g. washed away by rain.

10.3.1 Usage rate of newly created potential roosts

A distinction was made between newly created potential roosts in buildings ,with previous
use* (} 53) and ,without known previous use* (3 68). Figure 184 shows the usage of newly
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created potential roosts ,with and without known previous use’. The findings differ in regard
to no proof®, excrement® and ,animals®. Only just 20 % (13 of 68) of ;new" roosting oppor-
tunities (without known previous use) were used by bats (see figure 184). Compared to that,
bat excrement was found at 62 % of roosting opportunities ,with previous use® (33 of 53) and
at eight further roosts (15 %) animals were detected directly. Roosts ,with previous use® are
mainly church attics. Church attics are apparently visited regularly by bats because of few
disturbances and the old building substance. Thus the fast exploration rate of new roosting
opportunities in these buildings is not very surprising.

10,3.2 Which bat species use the newly created potential roosts?

The probability of finding bats during the inspections of newly created potential roosts
was relatively low, because the inspections were intentially carried out after the maternity
period. Bats were found occupying roosts in scattered cases, for example commaon pip-
istrelle (gable panelling inside with access from outside, bat roosting board and hollow
concrete blocks), and common and grey long-eared bats (each in double-walled bat roost-
ing board in ridge of attic) (see table 42). In one case a smaller species (probably com-

Table 42: Overview of roosts in which indications of bats were found in the years 1999, 2000 and 2002
(7 = unknown, ME = maternity roost, IR = individual roost).

Roost offer Date of Bat proof
completion
1909 2000 2002
:T‘r':‘m"'.m roost (ridge) 01.04.15958 P. auritus P. aurifus Piecotus-excrement
Crevice roost (ridge) | ,c e 1008 |  Plecotus spee.  |Placotus- excrement ?
lin atlics
iCrevice roost (ridge) Plecat nothing (excrement Plecolus-
r’n attics el S in the church) excrement
revice roost (ridge) old and fresh fresh Flecotus- .
N attics 24.07.1998 P gl priliaiei nothing
revice roost (ridge) much fresh .
n altics 15.04.1999 much excrement axcrameant (M. Iltﬂ:{&nxc;:mnnl
natterar) (M. iantiaren)
e o (1998) | 46.03.1999 |FlECOMUSEXCTOMENL g b g iirigus | Placotus-excrement
revice roost (rdge) M. myotis-
n attics much Plecolus- i M;w:h excremant and
25081998 | excremanl (known SNETIHNT Fiecolus-
Placolus-axcremant
roost) along ridge beam excrement, but not
under roost
Crevice roost (ridge) M. myuatis-
in attics 02.10.1988 | M. myolis (IR, old) | M. myotis (IR, old) | excrement (not
r under roost)
revice roost (ridge) F 2 M. myalis hanging
attice 01.04.1989 nothing places 7
Opening of attic " M. myotis M, myotis-
{abandoned roost) st M- myle {mating roost!) excrement

225



Table 42: Continuation

Roost offer Date of Bat proof
completion
1999 2000 2002
Gable panneling in November;
inside with access | 30.00.1999 |excrement of a small| P, pipistrafius “'dsz;‘fm“.' oia
Frurn outside species e
ble pannaling
nside with access little excremant of old excrement of a
outside 24.06.1990 small species RO:NAN. P small species
ble pannealing M. myolis, E.
nside with access P serofinus (both
outside HROSEN # mediing several crumbs of
excrament)
revice roost under M. myolis (several
ng with access | 07.05.1998 Fm"m’:“‘r:;:]’“ nothing crumbs of
outside excrament)
revice roost undar Hm ¢;unltl‘|§fﬁanf
oofing with access | 01.04.1999 nathing nothing : I'I‘IB|;'ln'I'I i
rom brick with a hola species
revice roost under saveral crumbs of
with access 18.08.1999 T nathing excrament of a
outside small spacies
revice I‘?ﬁﬁt under several crumbs of
with access 7 7 7 excrement of a
outside small species
Bat box in ridge 29.04,1997 nothing N THYOsR QUi nothing
T {1 crumb)
|excrement of a smalllexcrement of a small]  excrement of a
eatboard HA7.1999 species species (MR) small species (MR)
Bat board
01.04.1999 F. pipistreiflus no new proof axcrement
Bat board A P. pipistreiis
10.07.1858 mothing nothing (single bat)

5 excrement of a small| axcrament of a
Cladding 25.06.1998 " no new proof small species
Opening of shingle fow excrement of a
cladding 21001998 £ nothing small spacies
Hollow concrete block T P. pipistrefius (MR) | P. pipistrelius (MR)

mon pipistrelle) used a bat roosting board as a maternity roost. Greater mouse-eared bats
could be discovered in peg holes (new entry opening) in a formerly deserted attic. Other-
wise the presence of bats was proved by excrement. The excrement was often just single
“crumbs” in the roosts. This points more to an exploration of the roost than an occupa-

tomn.
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10.3.3 Temporal perspective of the process of reconnoitring or inhabiting roosts -
How fast are potential roosts discovered or inhabited?

The availability of potential roosts during the maternity period is central to the interpreta-
tion of the process of roost exploration. To simplify the evaluation, the relevant period of roost
exploration was divided into two periods: April to May and June to September. In this way a
roost newly installed or optimized in December is tallied as first being available to bats in
April of the following year. This solution avoids the difficulties inherent in evaluating mea-
sures taken (to make roosts available) over the whole year.

Figure 185 allows one to compare in steps of three months how long it took until an
inspection afforded the first evidence of bats in a total 121 buildings where newly created
potential roosts were installed. One can also see how old the potential roosts were that had
no evidence of exploration or habitation by bats at last check. The oldest and thereby
longest available potential roosts are 18 to 21 “months maternity period™ old, that is to
say, three summers old. The latter roosts numbered only four (two with evidence of use
by bats and two without), This merely means that a few of the oldest potential roosts were
“discovered” before they reached a high age and thereby disappear into a “younger” age
group.

Not surprising is the high percentage of potential roosts accepted in buildings that had been
“used before™, The probability that bats will seek additional roosts in attics where they have
been before is much greater than for attics never before used by bats. However, four “true™
new acquisitions (with no prior known use by bats) were used already within the first six
months (see figure 185). This confirms experience that common pipistrelles regularly move
quickly into crevice roosts in non-plastered new constructions.

Mew roosts that replaced destroyed ones (roost replacement) remain without evidence of
bat presence (up until now). It could be that the roosts were not used within the period of
inspections or that roosts are not necessarily used every summer.
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Figure 185: Use of newly created potential roosts in 121 buildings in the matemity period {April 1o Sep-
tember).
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10.3.4 Which type of newly created potential roost finds most acceptance?

The above-mentioned evaluation of the time taken to reconnoitre or inhabit a roost ok
each of the 121 buildings as a single entity. In contrast, to evaluate which type of roost found
the most acceptance, each single potential roost was counted (n= 193, see above). For exam-
ple, three crevice roosts in the “ridge” area of an attic were counted as three potential roosts
and not as one ‘crevice roost, interior (ridge)’.

A final field check of all potential roosts (carried out in February 2002) also included those
newly constructed or optimised roosts that were difficult to reach. These results were then
compared with those from previous controls. This raised the number of potential roosts in the
evaluation from 193 to 252. In figure 186 the total number of potential roots (individual newly
created or optimised roosts) are divided into 8 groups, differentiated according to whether the
roost was newly created or optimised. This differentiation is important here, just as it was in
the first evaluation, because optimised roosts (optimisation) had a higher chance of accep-
tance than newly created roosts,

‘Panelling gable wall, exterior’ was evaluated separately from ‘panelling, exterior’ because
gable walls frequently have an additional structure preferred by bats, namely hollow concrete
blocks. Furthermore, *bat roosting board interior” and ‘bat box interior’ were not evaluated
as one entity, because each meets different requirements for roosts. The former are especially
attractive to crevice dwellers, because they allow a belly-back contact, and this is not the case
for the more spacious bat boxes.

The type of roost with highest acceptance is the ‘interior panelled gable wall with outside
access’ (see figure 186). Seven (38.9 %) of the 18 newly created crevice roosts were used by
bats. Providing an opening into the attic also appears to be successful. Evidence of bat usage
was found in three of the seven potential roosts where an opening into the attic was newly cre-
ated. Around a quarter of the newly attached bat boards were visited by bats. The roost desig-
nation “crevice roost, interior (ridge)’ is a typical attic roost and evidence of bats were found in
10 % of those newly created and 18 % of those optimised. These values are comparatively low.
However, when viewing them it should be considered that several boards frequently were hung
up in one attic and it would be unlikely that all be used simultanecusly. The usually small num-
ber of bats using any roost simultaneously (no maternity roosts) meant that usually only one
boards was used (see also table 45). A further factor in the evaluation of optimised roosts is the
fact already mentioned that there is “competition” with naturally occurring crevice roosts,

10.3.4.1 Interior panelling with outside access

The results of controls on the 44 newly created potential roosts (in 23 buildings) designated
‘interior panelling with outside access’ are set out in table 43. Evidence of bat usage was found
in seven (16 %) of the total 44 places where panelling was erected. Bat droppings in six roosts
showed evidence of the presence of a smaller species, probably the common pipistrelle, and
the other roost had droppings from three to four different species (greater mouse-eared bat,
serotine bat, middle-sized species, small species). Only a small amount of bat droppings was
found in any one roost, which points to the likelihood that the roosts were merely explored.

An evaluation of the type of entrance/exit opening showed that the ‘entrance on
eaves/gable’ was most frequently used. The fact that the entrance/exit opening is situated
beneath an overhanging edge matches the typical searching behaviour of bats, since bats ori-
entate themselves using such features (see chapter 6.4). This type of entrancefexit opening
“naturally” occurs most frequently.
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Figure 186: All newly created or optimised roosts (individual roosts, n = 252) grouped according to
whether newly created or optimised, with details on which type of roost were used by bats

(n = 46).

‘Table 43: Overview of roost type “interior panelling with outside access™.

Number |Therefrom | Number of | Therefrem |Number of | Therefrom
of used by roost in used by | entrances |number of
buildings | bats these bats to these entrancas
buildings roosts te used
roosts
Total 23 i} 44 T 63 10
entrance on
savesigable 12 5 16 & 25 8
With enfrance al the
surface of the wall ¢ 2 9 2 " 2
With enfrance under
ibridonna 3 0 & 0 & 0
With entrance from the
bottom (openfremoved 4 0 20 0 23 0
enclosura for insects)
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10.3.4.2 Crevice roosts under roofing with outside access

Bats used four of the 15 crevice roosts under roof covering with outside access (checked
in 11 buildings) (see table 44}, The new roosts were entered via the roof eaves (two roosts)
or a ventilation brick (two roosts). The bats involved (as evidenced by bat droppings) were a
greater mouse-eared bat in one roost {entry via a ventilation brick), a small species, probably
common pipistrelle in two roosts (entry via a ventilation brick and eaves) and a small and a
large bat species in the other roost (entry via eaves). In all cases there were only small quan-
tities of droppings, pointing to a low level of usage,

Table 44: Overview of the roost type crevice roost under roofing with outside access, and its usage in rela-
tion to type of entrance.

Mumber of | Therefrom Number of Therefram
buildings | used by bats |roostin these |used by bats
builsdings
Total 1 4 15
With entrance on eaves B 2 8
With entrance via
ventilation brick 5 2 T 2

10.3.4.3 Crevice roosts in attics

A total 89 crevice roosts were checked for bat evidence in 58 attics. Of these, 22 roosts (in
16 attics) showed evidence of bat usage (see table 45). This shows that a quarter of potential
crevice roosts in attics were used by bats, However, since many of the attics already had been
inhabited or used by bats, this was often a case of making the bats’ continued presence visi-
ble (see table 45). All the same, six (15 %) of the 40 attics that had been uninhabited up to
this point or had been abandoned were visited by bats for the first time or revisited.

Table 45: Overview of usage of crevice roosts (CR) in attics with new openings, in relation to previous
use.

Mumber of Therafrom Number of CR | Therefrom
attics with CR | used by bats | in these attics | used by bats
Total 58 16 88 22
attic ,uninhabited” a5 5 51 5
attic .abandoned” 5 1 9 1
attic inhabited" 18 10 29 16

10.4 Final evaluation of newly created and optimised potential roosts

The creation of potential roosts needed some time to get going, so that the control of the
roost offers was delayed. The final control took place in February 2002. Therefore, the pos-
sibility cannot be excluded that some excrement crumbs had already “disappeared” or
decomposed, making the proof of bats impossible. The inspection of the newly created poten-
tial roosts was partly very difficult, as the roosts were only accessible with ladders and had
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to be unscrewed or viewed with an endoscope. Furthermore, the control had to be arranged
with the householders, so that a detailed planning phase was necessary.

A short occupation of some of the new roosts during the first half of the year after their cre-
ation is worth noting, In contrast, no proof of the occcupation of bats could be furnished at many
new potential roosts after two summers. Most of the roosts had only little amount of bat excre-
ment. This indicates that the newly created potential roosts are explored by the bats, but not
necessarily used more intensively. It seems that bats more or less regularly “scan™ a vast part
of their surroundings to search for potential roosts. It is possible that many potential roosts are
just explored, and only later used for spending the day (compare chapter 6.2). Therefore, it
would make sense to only carry out the next roost inspection about 5 years after the last check.

The following main aspects can be evaluated as positive:

+ Many roost offers are found by the bats and at least inspected.

 Very different types of roosts are accepted.

+ Six house-dwelling species (common and grey long-eared bats, greater mouse-eared bat,
common pipistrelle, serotine bat and Natterer’s bat) used newly created potential roosts.

+ A bat roosting board was used as maternity roost, probably by common pipistrelles.

In what way the roost offers are used regularly, €. g. as matemnity roosts, cannot be said at
the moment. This requires further roost inspections at a later date.

Still it must be said that the “creation of new roosts” on and in buildings depends on many
“autside factors”, which often limit a systematic procedure. Thus for example, it must be con-
sidered that:

1. Owners of buildings must be found who in principle want to have a potential roost;

2. The owners of the buildings must agree to the actual type of potential roost suggested
being erected or installed;

3. The roost construction remains within an economically acceptable framework; and that

4. A skilled worker carries out the measure professionally and guickly.

Apart from the above, the bat occurrences in the environs of the newly created potential
roosts should be known. This is important to consider for the evaluation, as a new occupation
should take place faster in villages with a high density of bats. These aspects already indicate
that a systematic and scientifically standardised procedure is really only possible in theory.
Therefore it remains difficult or even impossible to judge exactly whether offers of new roosts
can stabilise or increase bat stocks. Due to the insights concerning the regular destruction of
roosts by renovations and other measures (compare chapter 9), it seems to make sense and to
be essential to create several new potential roosts, for example in villages where a redevel-
opment of the old part of the town is planned. Apparently, bats are able to find new potential
roosts relatively quickly.

10.5 Summary

Characterization of the roost offer

+ The new creation of potential roosts had a certain phasing-in period, so that the inspection
period was relatively short.

« The created roosts were distinguished according to ‘with former use’ (known bat activity
at the roost locations) and ‘without known former use’ (real new creations of roosts)

« Different types of roosts were created. On the one hand, roosts can be directly integrated
into the buildings during renovations or actual construction of the building (e. g. gap roost
behind facades or behind beams) or can be erected later into or onto the building (e. g. bat
roosting board or gable wall pannelling with access from outside).
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Single creation of new potential roosts within villages were the rule, but in two villages 9
and 10 potential roosts were built,

Effectiveness of the newly created and optimized potential roosts

Four out of 14 (28.6 %) “real” newly created roosts (where the building had no known for-

mer use by bats) were already used by the bats within the first six months. In comparison, bat
excrement or bats occupying the roosts could be found in 77 % of the roost offers in build-
ings with former use by bats (33 out of 53).

The roost type which is accepted most often, is the gable wall with inside panelling,
accessible from outside (sce figure 186). Seven (38.9 %) of these 18 newly created gap
roosts were used by bats. There was evidence of bats on three out of seven newly opened,
formerly used attics. About a quarter of the bat roosting boards erected were visited by
bats. Gap roost, inside (ridge) is a typical roost in attics. A total 10 % of the real newly
created potential roosts or 18 % of the optimizations were accepled as roosts.

Due to the timing of the inspections, bats could be found directly in the roost only on excep-
tions: common and grey long-eared bats in gap roosts in the attics’ ridges, commaon pip-
istrelles using bat roosting boards, hollow concrete blocks or the gable panelling, greater
mouse-eared bats in peg holes of a deserted, opened attic.

A maternity roost group of bats, probably common pipistrelles, could establish them-
selves in a bat roosting board (great amounts of excrement pellets of small size).

Final evaluation of the new creation and optimization of roosts

-

Many of the newly created and optimized potential roosts are found by the bats within a
short time.

Up to now, the observation prevails that the roosts are mainly explored in the first three
months, but not used for daytime occupation for the long-term,

Wery different types of roosts are accepted.

Six house-dwelling species (common and grey long-eared bats, greater mouse-eared bat,
common pipistrelle, serotine bat and Natterer's bat) were all found in the newly created or
optimized roosts,

In principle, the roost offers developed within the project’s framework are adequate to pre-
sent new shelter to bats.

Numerous potential roosts should be offered especially where there are large redevelop-
ment or restauration projects being carried out (e. g. town centre redevelopment or village
restauration).

The mid to long term significance of the creation of new roosting opportunities can only

be judged after further inspections of the newly created and optimized potential roosts.
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11 Landscape features and distribution

11.1 Introduction

Has been known for some time that bats have a strong tie to landscape features (e, g. BLAB
1980). Especially at regulary used flight paths it was often observed that bats mainly con-
spicious structures for commuting and foraging (e. g. LIMPENS & KAPTEYN 1991, VER-
BOOM & HUITEMA 1997). EICHSTADT & BASSUS (1995) observed a transfer flight of a com-
mon pipistrelle oriented mostly on linear landscape elements. JANSEN (1993) records
likewise the flight of common pipistrelles to their foraging sites along edges of forests, tree
rows, riparian vegetation and avenues. According to LIMPENS & KAPTEYN (1991) common
pipistrelles use linear landscape elements as foraging sites as well as marks for the routes of
their flight paths.

In addition, there must be coherence between the landscape features and the patiemn of
occurrence of bat species. The research of SPEAKMAN et al. (1991) for instance, shows that
most of Scotland’s known matemity roosts are located near larger streams whose banks are
lined with riparian vegetation,

The intensive surveys in the project area provided a good overview of the pattern of occur-
rence of the species and established a basis to verify the coherence between bat species and
landscape features. It was furthermore expected to verify whether certain flight paths towards
the foraging sites can be identified as going along linear landscape elements,

The following analysis was compiled using examples and is therefore differently elabo-
rated, according to the various species and the depth of investigation in respect to methodol-
ogy (detector based surveys to telemetry) and intensity of analysis (basic measurement 1o
GIS-supported analysis).

11.2 Correlation between occurrence of particular bat species and specific landscape
features

11.2.1 Common pipistrelle

The common pipistrelle was the bat species most commonly found during detector surveys
in villages of the project area, Individoal roosts or matemity roosts were detected in about 95
% of all villages. No roosts were found in only 5 (=7 %) of the 70 mapped villages and, despite
multiple surveys, exclusively individual roosts in 14 other villages (see chapter 4.1},

The relationship between the occurrence of the common pipistrelle (maternity colonies) and
the landscape was to be clarified by a comparison of villages with matemity roosts (“roost vil-
lages™) and without maternity roosts of the common pipistrelle (“zero villages™). This
approach is based on the assumption that there should be fewer or no common pipistrelles in
landscapes with insufficient landscape features, whereas the presence of maternity roosts
should indicate the “better suited” landscapes. The comparison was therefore carried out
between the 19 villages without matemity roosts of the common pipistrelle (see above) and
19 other villages with matemity roosts (random samples). Since common pipistrelles prefer
to hunt in riparian vegetation or along inland waters (DE JONG & AHLEN 1991, EICHSTADT
& BASSUS 1995, JANSEN 1993, OAKEKEY & JONES 1998, RACEY & SWIFT 1985, RYDELL
et al. 1994, SPEAKMANN et al. 1991, SPEAKMANN et al. 1995, STUTZ & HAFFNER 1985,
TRAPPMANN 1996, VAUGHAN et al. 1997, WALSH & HARRIS 1996a, WALSH & HARRIS
1996b) and at edges of forests or within forests (DE JONG & AHLEN 1991, EICHSTADT & BAS-
SUS 1995, HARBUSCH 1996, JANSEN 1993}, the two landscape parameters ‘proximity to the
nearest watercourse” and *proximity to the nearest forest’ were chosen for closer observation.
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The distance to the nearest watercourse and to the nearest woodland was measured on a
topographical map 1 : 25,000, Watercourses were grouped into four categories (see. table 46),

Table 46: Four categories of watercourses (TM 25 = topographical map 1 : 25,000).

Description Presentation on TM 25
ditch / rivulet 1 line without name
i small stream 1 line with name
stream Double line
. rivar e.g. Lahn

The proximity to a larger watercourse seems to be important for the presence of maternity
roosts. A total 10 out of 19 villages with matemity roosts of the common pipistrelle were
located less than 600 m away from a larger watercourse (stream or river, see figure 187). The
villages without maternity roosts of the common pipistrelle with the exception of four, were
located near smaller watercourses. Two out of the four villages that were located near larger
watercourses were more than | km away from these watercourses.

The parameter “proximity to the nearest forest” did not show such a strong result. Given
that the roost villages were located near larger watercourses, the nearest forest was a maxi-
mum 450 m (an average 315 m) away from the village. The distance between the nearest for-
est to the zero villages without a larger watercourse averages from 130 to 1,360 m (an aver-
age of 460 m).

T ——
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E Figure 187;
Z 4] Number of villages with and without
maternity roost of the common pip-
04 T istrelle (roost villages and zero vil-
ditch { rivulet smal ﬂfm lages) whose nearest walercourse is a
ditchirivalet, small stream, stream, or

Walarcourse category fiver

11.2.2 Serotine bat

An evident concentration of serotine bat roosts is noticeable in the area of the Améneburg
Basin (Ohm River pastures) to the east of Marburg as well as along the Lahn River pastures
{compare distribution map figure 19). Viewed at the level of microclimate, nearly all roosts are
located in the warmer temperature area (see chapter 2.2). Also, compared to the remaining area
of examination, the Amtineburg Basin is sparsely forested and predominantly used for agri-
culture (grassland outweighs), Telemetrical research showed that grassland belongs to the pre-
ferred foraging sites of the serotine bat. Four to five serotine bats, were seen hunting arthro-
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pods, probably beetles (dung beetles), simultaneously at low level flight over pastures. There
is a clear correlation between the presence of serotine bat colonies and cow pastures. ROBIN-
50N & STEBBINGS (1993) identified cow, horse, and sheep pastures, as well as the edge of
forests to be the most frequent foraging sites of serotine bats. Serotine bats were observed to
hunt at 3 m — 4 m heights, sometimes even as low as 30 cm (ROBINSON & STEBBINGS 1997).

11.2.3 Natterer’s bat

At the beginning of the project, no Matierer's bat maternity roost was known in the Mar-
bung-Biedenkopf district. The first matemity roost (in the ceiling of a cowshed) was discov-
ered during the second year of research (1998).

Thereupon, within the scope of the detector mapping in villages, cattle sheds were specif-
ically searched for appearances of Natterer’s bats (78 villages). Evidence of this bat species
could be found in about half of the mapped villages (37 villages). Maternity roosts could be
found in 11 villages after intensive searching (including telemetry) (see chapter 4.4,

In order to analyse the relation between the occurrence of the MNatterer's bat and certain
landscape features, 20 villages with proof of the presence of the Natterer's bat {multiply sur-
veyed villages) were compared with 20 villages without proof of their presence. A telemetry
study within the scope of the project showed a homerange of maximum 2.8 km around the
villages containing maternity roosts, Different landscape parameters (distance to the forest,
forest area, percentage of deciduous, mixed and coniferous forest, edges of forests, open
country, settlements, inland waters [flowing and contained], hedges and undergrowth) were
investigated in a radius of 3 km around each village with and without proof.

The percentage of total forest areas near villages with proof of the presence of the Nat-
terer’s bat (42 %) is 13 % higher than near villages without proof (see figure 188). Within the
a 3 ki radius, the average of forested area around the villages with proof is 13.2 km? (x1.4
km? 935 % confidence interval), whereas the average of forested area around villages without

100°% 1
} ] il:‘lopenml.ml.rgr
; 90r% 1 W seliamans |
-E i B eondenus fores |

O mixed lorest

g 70% 4 [ deciduous lorast
2 eow
E 50%% +
; e ===

30% 4
5 =
£ 20%
g 1 -
- % ,

villages with proof of Nalterer's willages without proof of
bats Hatierer's bals

Figure 188: Percentage of land use and. landscape features in a 3 km radius around the observed villages
with and without proof of Natterer's bats.
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proof is 8.1 km? (+ 4 km? 95 % confidence interval). There is also a clear difference in the
distance to forest and to bodies of flowing water (see figure 189). The average distance from
the village centre with proof of Natterer's bats to forest and to bodies of flowing water is 190
m (forest) and 70 m (body of flowing water). In villages without proof, the average distance
is 630 m (forest) and 210 m (body of flowing water). In regard to the other reviewed para-
meters, no distinet differences were found, albeit to the fact that the percentage of open land
in the area without Natterer's bats apparently dominates.
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Figure I89: Average distance from forest (left) and from body of flowing water (right) to villages with and
without proof of Matterer's bats.

It was also reviewed whether there is a correlation between the occurrence of Natterer's
bats in a village and the level of cattle husbandry there (number of cattle and number of cat-
tle farms in 1991 and 1999). However, no correlation could be found. It seems that a high
percentage of forest areas and proximity to bodies of flowing water are of most importance
to the distribution of the Natterer's bat (see figure 190).

11.2.4 Barbastelle hat

The foraging sites of barbastelle bats were analysed on two levels with the help of a GIS
(Geographic Information System) (foraging site analysis). On the highest level, superior land
use parameters and features of foraging sites were recorded (deciduous, mixed, or coniferous
forest, clearings, open country, park landscapes and areas of human settlement). The inner
edges of the forest, the boundaries between different types of forest or clearings, were classi-
fied and mapped as linear elements. The inner edge of the forest is a measure for the structural
variety of an area. In order to analyse the structure of foraging sites even further, random 1 ha
forest areas within all foraging sites were mapped more intensely (totalling 46 forest areas,
each with 1 ha per 10 ha). Twenty-one structural parameters were recorded for each of these
random hectares, such as exposition, type of forest, height of treetops, proportion of cover by
the herb layer, shrub layer or tree layer, depth of mulch layer, amount of deadwood, length of
forestry trails and waterlines, and distances to the nearest village and to the nearest road.
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Figure 190: Villages with proof of Natterer's bats and the distribution of forest areas in the project area.

For both levels of analysis, random areas in a radius of 8 km around the maternity roosts
were used for comparison. A computer was used to select 24 areas of 15 ha cach (average
foraging site size of the animals) for the first level of analysis. The overall size of areas used
for comparison and the detected foraging sites were thus identical. As to the second level of
analysis, 48 | ha sized forest areas were chosen at random.

Apart from the analysis of foraging sites, the entire area was analyzed in a radius of 5 km
arcund the maternity roost on the basis of 24 15 ha sized areas, with partly the same para-
meters as mentioned above (habitat analysis). Furthermore, the length of country roads, high-
ways, federal roads and the expanse of undisturbed areas were admitted into the analysis as
parameters. This analysis of habitat was also applied to further eight maternity roosts of the
barbastelle bat in Thuringia und Bavaria, in order to enhance the sampling, Here as well, some
areas for comparison were selected so as to show the particularities or differences from the
“normal landscape™. A total 15 areas of comparison were chosen at random within the three
federal states Hesse, Thuringia, and Bavaria.

The foraging site analysis (level 1) showed that the foraging sites have a much greater pro-
portion of forest (average of 82.5 %) than the randomly selected areas (average of 42 %) (sec
figure 191). Also, much more structural variety was present in the foraging sites {average of
8.5 inner edges of the forest per km) than in areas for comparison (average of 4.6 inner edges
of the forest per km) (see figure 191).

The evaluation at the second level showed that the number of forest types (average 2.2),
the circumference of beech trees (average 92.2 cm), and the classification of proportion of
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cover by the shrub layer (average of 1.8) were higher in the foraging sites than in the areas
for comparison (see figure 192). No characteristic differences were detected for parameters
like quota of deciduous forest, covering of tree or herb layer, and tree height.

The habitat analysis showed that the areas around maternity roosts hold a much higher pro-
portion of spaces undivided by roads than the areas for comparison (without considering
country roads). Overall, the quota of settlements around the colony location is less than in the
areas for comparison.
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Figure 192: Average number of forest types (lefi), average circumfierence of beech trees {middle) and clas-
sification of proportion of cover by the shrub layer (right) within the foraging sites (FS) of the
barbastelle bat and within the areas for comparison (C) with indication of the 95 % confidence
interval (level 29,

11.3 Flight routes of different bat species

Observations of bat flight routes were not within the scope of the project and were there-
fore only recorded every now and then. However, because the flight route phenomenon has
interesting aspects and because current knowledge has many gaps, some of the recorded
flight paths will be described below,

Several methods were applied in order to track the bat’s flights from roost to foraging sites.
Chemiluminescent light sticks were glued to the fur of common pipistrelles and serotine bats
(compare chapter 3.1.7). One whiskered bat and two Natterer's bats were tracked by telemetry,
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Several female common pipistrelles, equipped with chemiluminescent light sticks, flew
at first along a small developed road (lined in parts with trees and hedges) to the outskirts of
their roost village and then turned to follow along an embankment (with copse) to reach a
small river (Ohm), not the shortest possible route. Only the last stretch, approximately 100
m, was over a featureless field, i.e. without copse or other noticeable guiding lines (see fig-
ure 193). Individuals were ohserved hunting beside the river, along copses und over the river's
surface (at approximately 2-5 m height).

The flight of common pipistrelles from the matemity roost to the foraging site could be
observed at dawn — without further aids — at another village (Cilbe). Most of the animals
(approx. 30 of 45) flew on a direct route of 375 m across open land (field) to their foraging
site at the Lahn (see figure 194).
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Figure 194: Flight path of commen pipistrelles from their maternity roost to their foraging site at the Lahn
River.
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On their way to their foraging site (edge of a forest and bordering grassland), serotine bats
equipped with chemiluminescent light sticks did not choose the shortest way over the forest
but flew along the edge of the forest (see figure 195).

The radio-tracked whiskered bat also did not choose the shortest way across open coun-
try, but instead flew along the edge of the forest to her foraging site in the forest on several
consecutive evenings (see figure 196).

At the end of June, a lactating female Natterer’s bat flew back and forth repeatedly per
night along hedges between its maternity roost and foraging site in a forest (see figure 197).
Another female frequently used a stream lined with riparian vegetation as flight route
between two foraging sites (see figure 198). At no time could it be sighted over open coun-

try.
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Figure 195: Flight path of serotine bats equipped with chemiluminescent light sticks flying from their
matemity roost to their foraging site at a forest edge.
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Figure 196: Flight path of a radio-tracked whiskered bat flying from its maternity roost to its foraging site
in the forest. It used the same route on several consecutive days,
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Figure 197: Flight path of a radio-tracked Natterer’s bat flying from its maternity roost to its foraging site
in the forest.

Figure 198: Flight path of a radio-tracked Natterer's bat flying between two foraging sites.

11.4 Summary

+ The distribution of maternity roosts of common pipistrelles in structurally rich areas like
Central Hesse is evidently linked to specific structures or landscape elements. Bodies of
water play an important role. Localities with matemnity roosts were located less than 600
m away from a larger body of water or maximal 450 m away from the nearest forest.

+ Natterer's bats also prefer areas with specific landscape structures, The total area of for-
est (42 %) near settlements with evidence of Natterer's bats was higher than near settle-
ments without evidence of Natterer’s bats (29 %). Similarly there is a distinct difference in
the distance to the forest (190 m in comparison to 630 m) and the distance to the body of
flowing water (70 m in comparison to 210 m).

» Nearly all maternity roosts of serotine bats in the project area were located in sparsely
wooded areas, in grassland (pastures) with warmer temperature conditions.
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* The foraging site of the Barbastelle bat showed a much higher proportion of forest (aver-
age of 82.5 %) and a much higher structural variety than the area for comparison. In addi-
tion, the amount of forest types (average of 2.2), the circumference of beech trees (average
of 92.2 cm), and the classification of proportion of cover by the shrub layer (average of 1.8)
were higher at the foraging sites than in areas for comparison. The analysis of habitat in
various federal states showed that the areas around matemity roosts feature a much higher
quota of areas undivided by roads than the areas for comparison. Road traffic apparently
plays a role in this species” choice of habitat,

* In two different villages, common pipistrelles chose the shortest route over open country
to their foraging sites. In contrast, whiskered bats orientated themselves strongly on land-
scape structures and thereby accepted a longer route. Serotine bats could also be observed
choosing flight routes along structures to their foraging sites. They were observed most
often high above the guiding lines of these structures. Radio-tracked Natterer’s bats used
hedges or copses as flight routes on their way from the maternity roost to their foraging
sites and between two foraging sites and are therefore clearly bound to landscape struc-
ures.
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12 Synopsis

12.1 Project goals and hypotheses

The goals of the scientific investigation accompanying the T&D project that were men-
tioned in the introduction of this report could be achieved. Already in the first year of the pro-
ject it was confirmed that there does exist a roost assemblage of maternity roosts in common
pipistrelles and serotine bats. In the further course of the investigations, colony assemblages
and other levels of the spatiofunctional relationships in bat populations were added — thus
resulting in many consequences for nature conservation (compare chapter 7.6).

The premiss that bat conservation and modem construction and living is in principle com-
patible is not wrong, but the conservation of house-dwelling bats calls for special measures
to be taken and inherently contains conflicts of interests. Next to the conservation of existing
roosts, nowadays it is essential to create new roosts in order to balance the steady loss and
destruction of roosts. Specific problems occur for those species of bat that depend on large
attics, because most of these areas have been converted into human living space and large
colonies are felt to be a nuisance (noise, odour and dirt), Nowadays, matemity roosts of the
greater mouse-eared bat can virtually only be found in churches, castles and village schools
(DIETZ & WEBER 2002).

Whether the size of the colony is directly related to the potential size of the roost assem-
blage could not be clearly verified. Proven are frequent roost switching in all house-dwelling
species, i.e. maternity roost colonies must have several roosts in an assemblage at its disposal.
The number of females in a maternity roost is influenced by the amount of available food in
the area, as well as possibly by spatiofunctional relationships. Therefore a correlation
between colony size and the offer of potential roosts cannot be analyzed solely by sheer mon-
itoring of current bat stocks, but rather via complex experimental investigations.

12.2 Evaluation of danger to bats

The diverse ways of life of house-dwelling bats in different regions of Germany involve a
diversity of dangers which can be disadvantageous for bats in individual places under certain
circumstances. Nonetheless, below we undertake to classify the dangers and give them a
weighting — starting with the factor marking the greatest threat for house-dwelling bat species
— on the strength of our experience and knowledge gained in the Marburg-Biedenkopf dis-
trct.

Destruction of summer roosts

According 1o our results, the loss of summer roosts, particularly within maternity roost
assemblages, is the greatest threat to house-dwelling bat species (see figure 199 for an exam-
ple of a roost closure). Despite the roosts being protected by law as the breeding, living and
refuge places of protected animal species and appropriate technologies to conserve and cre-
ate roosts being trialled, the number of roosts for house-dwelling bat species is nevertheless
steadily shrinking. This is evidenced by the annual destruction rate of common pipistrelle
roosts of up to 8§ % and by the threat to every fourth serotine bat roost during the time of the
project (compare chapter 9). The bats cannot meet their natural roost switching requirement
without a sufficient number of summer roosts. A maternity roost which is too small may be
unfavourable for the raising of young, i.e. the reproduction rate could drop or the death rate
of young could rise if the mothers cannot evade a temperature anomaly or a parasite calamity
in the roost. Also, the destruction of roosts in buildings are often connected with the killing
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of bats, namely if bats are ignorantly trapped, intentionally killed, or if juvenile bats get sep-
arated from their mothers (for roost closure see figure 199).

For bat species which are extremely loyal to the location of their roosts (e. g. the lesser
horseshoe bat, BIEDERMANN 1997), the destruction of one maternity roost can directly lead
to the demise of the affected colony. In contrast to roost switching species, these species can-
not simply move to another roost,

Figure 199:

A maternity roost of common pip-
istrelles, blocked by styrofoam on an
unrendered house wall of hollow
concrete blocks.

Reduction or change in food supply and foraging areas

An adequate food supply is of course of primary importance for the survival of any animal.
Mative bats, though, have the ability to lower their body temperature and slow their metabo-
lism and by doing s0 to outlast a time of food scarceness, e, g. should insects be scarce due
to a cold spell. This is not only the case during hibernation in winter but over the whole year,
whenever it is advantageous. This changes, though, for females in the maternity period. The
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pregnant and nursing females have to keep their body temperature steady, so that their off-
spring develop rapidly and may be nursed. A delay in growth of several weeks occurs over
some chilly and wet summers and may be unproblematic. If the offspring take too long 1o
hecome self-sufficient, however, they will probably not become acquainted with sufficient
hibernacula (compare chapter 6) and therefore have a low survival probability. Consequently,
mothers in maternity roosts are limited in using their ability to lower their body temperature
or slow their metabolism. They are dependent on enough suitable foraging sites they can
reach from their maternity roosts (compare chapters 6.3 and 7.5) and on a sufficient food sup-
ply. There is much danger for bats if interference with nature and landscape destroy or qual-
itatively damage their foraging sites and by thus doing, reduce the populations of arthropods,
their important food source.

Fragmentation and isolation of habitats

The splitting of habitats into smaller areas (habitat fragmentation) causes increasing prob-
lems for bats and many other animals in landscapes influenced by human cultivation. The
animals must be able to reach several foraging sites within one night, whereby structures
along their flight routes play a major role (compare chapter 11.3). Besides this, contact to ani-
mals of the same species in neighbouring areas is important for genetic exchange within the
regional population. The requirements for a frequent exchange seem to be fulfilled for com-
mon pipistrelles and serotine bats, as their populations are genetically strongly mixed, even
though their females are philopatric. Because female serotine bats seldom change into
another colony, their local population is in principle at risk due to isolation mechanisms
{chapter 8). If no more suitable habitat is located in the wider surroundings of a colony (habi-
tat isolation) and therefore no more bats of the same species can be found there, the affected
colony is in danger of dying out. Therefore all alterations to landscapes that lead to a break
in the connected biotope system, a fragmentation of habitat or the isolation of colonies are a
peril for bat populations.

Research in the project showed that the areas around maternity roosts of barbastelle bats
are fragmented much less by roads than the areas for comparison (compare chapter 11.2.4).
Thus it must be concluded that roads can have an isolating effect on bats.

Disturbanee and destruction of hibernacula

The mass hibernacula of common pipistrelles have a central function for the population in
a catchment area with a radius of about 40 km. Over 20,000 animals come to Marburg Cas-
tle for swarming (chapter 6.2). There are also hibernacula of other species of special regional
and even national importance (compare BEN 2003) and must therefore be protected at all
costs. Because most of the known larger hibernacula already have security measures in place
and all bat hibernacula are protected by law anyway, we do not judge damage to hibernacula
to be of major problem in bat conservation, Of course, additional protection measures should
be taken where hibernating bats are disturbed or hibernacula are in danger of being destroyed,
particularly if the endangered roosts are of national importance (compare list in BFN 2003},
But the extensive peril of house-dwelling bats due to a shortage of hibernacula is a thing of
the past, thanks to decades of work in bat protection.

Direct casualties and timber preservatives

Casualties of individual bats can as a rule be absorbed by the bat population. Falling prey
to cats, cars or ignorant people who only have something to do with bats by accident is there-
fore not a problem for nature conservation. Only if several individuals of a maternity roost
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die can predation by cats, traffic accidents, or direct human pursuit (outside the roosts)
become a menace. Because this is rarely the case, we do not attach great importance to this
danger for bats. The same applies to the use of timber preservatives, which are not consid-
ered to be a threat nowadays as long as they are not used on purpose to disturb or destroy a
roost.

Open guestions

The above evaluation of the factors endangering bats cannot be final, because many ques-
tions remain regarding biology and population ecology of house-dwelling bat species, We
already mentioned some of these in previous chapters. When it comes to requirements for
conservation, more problems need to be solved, e. g. how high the natural mortality of bats
is and which death rate factors are affected by human activity, to what extent light and noise
disturb bats and how large a maternity roost must be in order to persists in a long-term. There-
fore, more research is needed for the conservation of bats,

12.3 Conservation of bats in areas where they have settled

The spatiofunctional relationships of house-dwelling bats to their environment (compare
chapter 7) and the weighting of endangering factors determine the tasks and priorities of bat
conservation. Essential measures are (sorted by priority);

1. Conservation of known maternity roosts (within the roost assemblage) and of the larger
hibernacula.
2. Public awareness campaigns with the following goals:
* Attraction of sympathy for bats and the protection of existing sourees.
* Information on the roost requirements of various species and the possibilities of creat-
ing new roosts,
* Information about biology of bats, including the reasons for invasions, and the need o
protect bats,
Public awareness work includes advertising, media work, events for and architects those who
can disseminate information, as well as establishing a network of local bat conservation con-
sultants.
3. Improvement of the fundamental data for local bat conservation, i.e.:
= recording of bat species in the areas where bats occur,
= targeted scarches for summer roosts, particularly for maternity roosts,
= mapping of frequently used foraging sites and flight paths,
* identification of spatiofunctional relationships in a regional context.
4. Protection of foraging sites which are frequently used by maternity colonies.
5. Protection of the structures that connect habitat systems and preservation of other land-
scape elements which are of special interests to bats.
6. Safeguarding small hibernacula if specific perils exist (e. g. frequent disturbances near
arcas of human settlement), unless these are already wired off or made inaccessible to
humans by other means.

Roost protection

The analysis of the characteristics of numerous bat roosts showed that the different species
have a great variety and at the same time differing roost requirements. Motably preferred are
roosts in intermediate roofs with exposure to the south and west. Also important are suitable
landing places at the entrance gap. The best supply of roosts is in the old centres of villages.
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The most potential roost spots are found there because of the age of the buildings (compare
chapter 5).

Supplying potential roosts in villages is possible in principle, and is useful under well-
defined premises (compare chapter 5 and 10). At first though, new roosts are gradually
explored and are seldom used instantly as daytime refuges. At least six species profit from
newly created potential roosts. Most successful are inside panelled gables with outside access
and attics with appropriate access for bats (compare chapter 10.3), To install a purpose-built
roost in an already completed building can be expensive in time and money. Also, it must be
considered that bats use many roosts during summer season and that an individual additional
roost would not have an enormous impact. It is therefore preferable to simultaneously install
newly created potential roosts or optimize existing ones in as many buildings of a village, dis-
trict or region (or even nation) as possible, and thereby take into account or use the predom-
inant architecture or current redevelopment programmes. It is therefore essential to promote
measures to create new potential roosts or optimize existing ones in as wide an area as pos-
sible in order to inspire as many homeowners as possible. At the same time, the building
industry (architects, tradesmen etc.) must be made aware of the requirements of bat conser-
vation, as was achieved in the T&D project through dissemination of targeted information,
instructions for handling bats and construction examples (DIETZ & WEBER 2000, DIETZ &
WEBER 2002). Points for the construction of potential roosts in areas of human settlement
can be summarised as follows:

*» First of all, a check of the “demand™ should be carried out, i.e. one or more batl species
should be chosen as the focus. A record of local bat stocks is essential.

* The location of potential roosts should be as near as possible to existing or former roosts,

+ The creation of new potential roosts can concentrate on a single village, for example with
existing maternity roosts in order to protect or care for the colony, or it can be carried out
on a regional level in order to promote a network of currently more or less isolated occur-
rences of bats.

* An efficient and goal-oriented public awareness campaign should accompany such a pro-

Ject.

* It is recommended to evaluate the success of measures to create and optimise roosts.

12.4 Improvement of database for bat conservation

Targeted surveys that record all bat species equally well lead o a modified view of the
occurrence of each species and their conservation status (chapter 4.9), Conservation mea-
sures for bats that lead to actual improvements of animal conservation presuppose a good data
pool. The latter is to be achieved solely by local and regional recording of stocks. Common
pipistrelles are common and easy to map. The greater mouse-gared bat, serotine bat and Nat-
terer’s bat can be mapped equally well, but there are still methodological problems with map-
ping other house-dwelling species (chapter 3.1.1). Therefore, combined efforts should be
made to optimise the recording methods and to test them in many areas of investigation. A
main coordination centre per federal state is needed for this — also to analyse monitoring data
(BIEDERMANN et al. 2003).

The goal of a local or regional analysis of existing bat species and their (summer) roost
requirements should be to locate as many of their dwelling places as possible. Systematic
detector mappings play an important role here (compare chapter 3). These mappings should
not only take place during the emergence period in the evening, but also in the early morn-
ing hours, when the animals swarm outside their roosts before entering. This applies espe-
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cially, for example, to common pipistrelles, whiskered bats, barbastelle bats and long-eared
bats. The serotine bat is a “special case™, because it often swarms and enters its roost during
the night. But there is still a possible extension to evening surveys with this species. At the
time of becoming volant, when the young can be heard in their roosts (without detectors), the
roost of serotine bats should be searched for in the middle of the night. The approach for map-
ping the Natterer's bat is different again: their apparent bond to cowsheds calls for a specific
search in cowsheds during the night,

The targeted mappings, carried out appropriately for each house-dwelling bat species (see
table 47), show that some species are clearly more common in central Hesse than previously
assumed. This especially applies to serotine bats and Natterer's bats. A broadly spread public
awareness campaign may already lead to new reports of some species, though only intensive
detector mappings (preferably combined with trapping and telemetry) give a complete
overview of distribution. The results of recording the occurrence of the Natterer’s bat were
more conspicuous. Mot until targeted additional searches in cowsheds were undertaken did it
become evident that this species is the second most common after the common pipistrelle in
villages in rural regions. Even the presence of the barbastelle bat, which was believed to be
nearly extinct in Hesse, could be ascertained by the discovery of one of the largest maternity
roosts in Germany.

Table 47: The best times for mapping house-dwelling bat species (x = mapping recommended, xx = map-
ping most effective).

Bat species Time of datector mapping
avening morning night

Comman pipistrelle x "X

Serotine bat *X s X
Greater mouse-gared bat ® K b
Natterer's bat ®x ot
Whiskerad bat X W

Commaon long-eared bat a0k

Gray long-eared bat XX

Barbastelle bat kS W

12.5 Demands on federal, state and local government

The federal government should further advance its existing efforts and successes in bat con-
servation. After many projects which were supported by federal funds within the last years
(BOYE 2002), a nationwide uniform approach should be agreed upon and started for the
recording of bat occurrences, so that the conservation status and the success of protection may
be viewed more clearly. The agreement to establish and fund a federal bat monitoring needs
o be assured (compare BFN 2003),

Moreover, the Federal Agency for Nature Conservation should make available the equip-
ment developed and tested in the T&D project to be used in the field for bat conservation
(compare DIETZ & WEBER 2002). Particularly the “Leaflet Series 1-9" should be available
at all times and if necessary updated.
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The federal states have the duty to inform the general public about house-dwelling bats
through frequent media campaigns. This task is best carried out by a specialized and profes-
sionall coordination centre for bat conservation which can bring together the monitoring data
(BIEDERMANN et al. 2003). State governmenls can promote campaigns in which the public
authorities support both the security of bat roosts and the installation of new roosts in and on
private and public buildings. Finally, it is highly recommended that federal states with Red
Lists of threatened mammals which have last been updated before 1995 should update these.

Local government should perform all possible protection measures on public buildings and
land owned by them. They should also maintain contact to bat specialists and competent
authorities in order to support inquiries and initiatives of citizens professionally. Most suit-
able would be the establishment of a network of trained local bat conservation consultants
who work closely together with conservation authorities and conservation organisations.

If local government or other authorities organize a recording of bats within their area of
settlement, the following guidelines should be followed (including proof of qualification of
those contracted to carry out the work):

» The goals of the surveys are:

+ Locating summer roosts, particularly maternity roosts;

» Locating and classifying important foraging sites and flight paths;

+ Identifying which species of bat occur in the area;

= Estimating colony sizes.
= Methods are:

« Five inspection rounds in the months May—July with bat detectors in the hours before

sunrise in order to register swarming bats.

« Five inspection rounds in the months of May—June with bat detectors in the evening
hours in order to locate roosts (animals flying out), flight routes and frequently used for-
aging sites.

= Six net trappings (minimum of 3, total length of the net 80 m) in foraging sites (identi-
fication of species that are hard to find with detectors) in the months May-August.

» Counts of emerging bats at known maternity roosts (if possible simultaniously to counts
at neighbouring roosts) in the months May—July.

» Three inspection rounds with bat detectors at night in order to locate roosts by the calls
of young left in the roost (serotine bat) from the end of May-mid-July.

= Noctumal inspections of cowsheds.

« If possible, net trapping at maternity roosts in the months May—June in order to fix
telemetry transmitiers to the captured females and thus find out more about the roost
assemblage by radio-tracking these females in the following days.

= Net trapping of Myatis species at maternity roosts to define the species.

« Content of the report should be:

* Detailed description of the applied metheds and the hours of inspection rounds.

= Description of all roosts located.

» Presentation on maps of all roosts, a potential roost assemblage, flight paths and forag-
ing sites.

= Suggestions for precise protection measures in the area of analysis.
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