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Advancing bat research in Japan using cutting-edge
technology
—And a glimpse on bat research made in Germany—

Olga Heim (Faculty of Life and Medical Sciences, Doshisha University)
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The ongoing growth of the
human population and of
their demands for resources
has led to frequent and
increasingly severe human-
wildlife conflicts
worldwide. As an ecologist,
I am interested in studying
how wildlife may persist
and survive in human-
dominated habitats. My research focus lies on
studying the ecology of bats in anthropogenic
landscapes, since bats occur globally (except for
the Arctic, Antarctic and some isolated islands) and
are therefore exposed to a great variety of
anthropogenic influences.

I started studying bats in
2009 in the lab of Prof. Dr.
Elisabeth Kalko at the Ulm
University in Germany. By
using a  range  of
techniques, such as passive
acoustic echolocation call
recording and analysis, the
Geographic  Information
System and the statistical
platform R, I have
investigated how  bat
activity varied above differently managed
grasslands within different landscape contexts in
Germany. | found that, especially during summer
when females have to acquire sufficient energy to

Dr. Olga Heim — JSPS-fellow at
the Faculty of Life and Medical
Sciences, Doshisha University.

Prof. Dr. Elisabeth Kalko —
famous German bat researcher
and former head of the
Department of Experimental
Ecology, Ulm  University,
ermany. Deceased in
September 2011.

(© Elisabeth-Kalko-Stiftung)

nurse their young, bats were |
more active above
grasslands  that  were

enclosed by forest than
above those within open
landscapes [ 1, 2] suggesting
that foraging above
enclosed fields is more
profitable.

After  concluding my
research activities at the
Ulm University, [ began my
doctoral research in the lab of PD Dr. Christian C.

PD Dr. Christian C. Voigt —
head of the Department of
Evolutionary Ecology, Leibniz
Institute for Zoo and Wildlife
Research, Germany.

(© Christian C. Voigt)
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Voigt at the Leibniz Institute for Zoo and Wildlife
Research in Berlin (URL: www.izw-berlin.de/dr-
christian-voigt.html; https://www.batlab.de/) while,
at the same time, being a member of Prof. Dr. Jana
Eccard’s lab (URL: www.uni-potsdam.de/en/ibb-
tieroekologie/index.html) at the University of
Potsdam, Germany.

It was a great opportunity
for me to conduct research
at Dr. Voigt’s lab as his
work, on the one hand,
focuses on bats and, on the
other hand, touches on a
variety of fields such as
behavioral ecology,
physiology and
conservation. Owing to the
fact that bats are a highly
diverse group of mammals, there are a lot of
opportunities to study ecological and evolutionary
questions. In addition, various methods, such as
stable isotopes [9], respirometry, endocrinology,
immunology and behavioral observations among
others are used in the lab of Dr. Voigt in order to
answer a variety of research questions. In the
framework of my doctoral research (2012-2017), I
investigated the activity and diversity of bat species
in a landscape dominated by intensive agriculture
using similar methods as in my previous research. I
found that the seasonal activity patterns of three
functional bat groups above arable fields differed
from previously known patterns in more bat-
friendly habitats (Fig. 1, [4]). These results suggest
that the further expansion of arable fields might
ultimately lead to an overall low abundance of
resources which might limit reproductive success
and threaten local bat populations. Although bat
activity remained low above intensively managed
arable fields, it significantly increased at
hedgerows and forest edges next to these fields [6,
8] (Fig. 2A). Even small ponds within arable fields
were used by bats which led to a significantly
higher activity above fields with ponds compared
to fields without ponds (Fig. 2B). Therefore,
hedgerows, forest edges and small ponds are

Prof. Dr. Jana A. Eccard — head
of the Department of Animal
Ecology, University of Potsdam,
Germany. (€ Antje Herde)
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Fig. 1 I showed that the activity of Nvetalus noctula during the
critical period of summer remains low (solid line) above arable
fields in north-east Germany while it peaks (dashed line) above
more natural and bat-friendly habitats in north Poland (solid line
based on Fig 2(C) in [4], dashed line based on Fig. 3 in [9]).
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Fig. 2 Bat activity is significantly higher at the edge of
hedgerows and forests (left arrow) than above arable fields
and when ponds are present within fields than when they are
absent (right arrow) (Fig. 2(B) and Fig. 4(B) from [8]).

extremely important to support bat activity,
especially in a landscape dominated by agriculture.
In addition to these small-scale effects of landscape
features, I found that bat activity above arable fields
was shaped by both prey availability and the large-
scale landscape context [3, 6, 7] (Fig. 3). These
results show how sensitive even very mobile

Degree of vegetation cover

0 2 46 802 4 6 80 2 4 6 8

Relative bat activity (logit)

Insect abundance (log)

Fig. 3 The relationship between bat activity and insect
abundance on arable fields depends highly on the landscape
context. Surprisingly, the activity of P. pipistrellus decreases
with increasing insect abundance for a high degree of
vegetation cover in the swrrounding landscape (Fig. 3a from [7]).

mammals, such as bats, respond to the large-scale
land-use management and suggest that the degree
to which bats provide ecosystem services, such as
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pest insect control, depends also on the landscape
context.

During my doctoral work, I, furthermore, started to
establish the method of Next Generation
Sequencing (NGS) in Dr. Voigt’s lab in order to
investigate the diet of bats. The method of NGS is
a molecular tool which aims at extracting and
sequencing prey-DNA from fecal samples. By
comparing the DNA-sequences from the fecal
samples to a reference library, it is possible to
identify the prey item that the bats have consumed.
The novel insights from my doctoral research
extended the current knowledge on bat ecology in
European agricultural landscapes and inform bat
species conservation for a more bat-friendly
landscape management. However, we would gain a
much deeper understanding of bat-environment
interactions if we could directly observe the
individual behavior of bats. The relatively recently
developed light-weight GPS-loggers can provide
us with exactly this information.

At the end of my doctoral project, I talked with Dr.
Voigt about my plans to use light-weight GPS-
loggers for my future research. At that time, he
pointed out, that Prof. Dr. Dai Fukui from the
University of Tokyo is conducting very similar
research and that I should contact him. As a result,
Dr. Fukui introduced me to Prof. Dr. Hiryu from the
Doshisha University. We subsequently applied for
a JSPS grant and conducted a pilot study in 2017,
that was supported by a grant from JSPS, on the
movement behavior of bats in Japan using the
cutting-edge technology of miniature acoustic
GPS-loggers. In addition, based on collected fecal
samples from the birdlike noctule (Nyctalus
aviator) and by using NGS we found that the fecal
sample from one female contained the DNA of the
passerine bird Locustella ochotensis [10],
suggesting a bird-eating behavior as observed in
other bat species.

In September 2019, I started to work as a JSPS-
fellow in the lab of Prof Dr. Shizuko Hiryu in
cooperation with Prof. Dr. Dai Fukui. Our aim is to
investigate the movement behavior of bats in urban,
agricultural and semi-natural landscapes and to
compare their behavior between these landscape
types. In addition, we investigate differences in diet
composition and health status of bats between the
three landscape types.

The lab of Dr. Voigt continues to conduct excellent
research and to answer fascinating research
questions. Since some time, they are studying the
migratory behavior of different bat species in
Germany as well as in Latvia at the coast of the



Baltic Sea [11, 12, 13, 14]. Studies on the
mechanisms and cues that migratory bats use in
order to navigate over large distances showed that
migratory bats, in contrast to non-migratory bats,
appear to not use the polarized skylight in order to
calibrate their compass system [15]. By using a
newly developed small-scale orientation assay,
they tested whether the position of the solar disk per
se 1s used by the bats as a cue for orientation. They
exposed a test group of migratory bats to a 180°-
rotated azimuth of the setting sun and found that
these bats, except for first-year migrants and in
contrast to the bats in the control group, shifted
their heading direction by around 180°. This
evidence shows that migratory bats indeed use the
position of the solar disk as a cue for calibrating
their compass system [12]. In light of the newly
emerged white nose syndrome that kills millions of
bats in the US, they have investigated how the
immune system of bats deals with a fungal
infection [16]. A relatively recent research topic is
the influence of artificial light at night (ALAN) on
the behavior of urban bats [17, 18, 19, 20]. Also,
since the increasing construction of wind turbines,
his lab investigates how this development of
renewable energy might affect bats [21, 22]. Since
the emergence of light-weight GPS-loggers, Dr.
Voigt and his lab members focused their research
activities on investigating the movement ecology of
bats in different contexts: The studies on the
movement behavior of rural and urban bats
(Nyctalus noctula) showed that they adjust their use
of space to the lunar cycle [23] and to the presence
of ALAN [20]. This is a surprising insight into the
movement behavior of this bat species, as it was
considered being less sensitive to lunar or artificial
light compared to other bat species, such as
Rhinolophus hipposideros. The investigation of the
movement behavior of bats (N. noctula) in an
agricultural area in North-East Germany with a
relatively high density of wind turbines showed that
especially females during midsummer were
exposed to a high collision risk [21]. These novel
insights provide a solid scientific basis on which
more effective conservation measures can be
developed. In addition to this conservation-related
research, the lab of Dr. C. Voigt investigates other
behavioral patterns of bat movement. For instance,
the study of the return flight behavior of a cave-
dwelling bat species (Chaerephon plicatus) in
Thailand revealed that these bats use a high-speed
descent flights when returning to their cave at dawn
[24]. Close to the cave entrance, these bats rapidly
decrease their flight speed. This behavior is thought
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to serve as an anti-predator strategy, since the rapid
switch from high to low speeds of hundreds of bats
at the cave entrance might be too confusing for
birds of prey to successfully capture returning bats
[24].

In summary, the lab of Dr. Voigt strives to combine
cutting-edge technologies in order to answer
research questions that are highly relevant for this
field of research and for bat species conservation as
a whole.
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