
INTRODUCTION

To tackle global climate change, developments
of wind farms on land and at sea are ever increasing.
Negative impacts of wind farms on land on bats, 
a taxon in global decline, have been described in
multiple studies (e.g., Rydell et al., 2010; Voigt et
al., 2012; Baerwald and Barclay, 2014; Lehnert et
al., 2014; Rodrigues et al., 2015). Increased mortal-
ity of bats is caused by collisions with turbines and
barotrauma (Baerwald et al., 2008; Grodsky et al.,
2011; Rollins et al., 2012). Given the known impact
of wind turbines on land, offshore wind farms could
also cause problems for bats (Skiba, 2007; Rydell et
al., 2014). Local and migrating bats can be affected
when wind turbines are built in coastal and
nearshore areas. However, most offshore wind
farms are located further offshore and are conse-
quently out of the foraging range of local bats, but

migratory bats still remain at risk. Bats undertake
seasonal migration from summer roosts to winter-
ing areas. Several species e.g., Pipistrellus nathusii
(Nathusius’ pipistrelle), Nyctalus noctula (common
noctule), Vespertilio murinus (parti-coloured bat)
and Nyctalus leisleri (Leisler’s bat) migrate long
distances of up to 2000 km (Hutterer et al., 2005;
Krapp and Niethammer, 2011; Arthur and Lemaire,
2015). Pipistrellus nathusii is known to migrate
from Scandi navia and central Europe to western
Europe, and vice versa (Kurvits et al., 2011).

During migration, bats can cross large areas of
open sea (Ahlén et al., 2009; Rodrigues et al.,
2015). In the Southern North Sea, sightings of bats
have been reported regularly on ships and oil rigs
(e.g., Skiba, 2003, 2007; Walter et al., 2007; Bosh a -
mer and Bekker, 2008; Lagerveld et al., 2014;
Brabant et al., 2016). In 2013, a P. nathusii individ-
ual that had been banded in the UK, was found in 
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the Netherlands (Leopold et al., 2014), proving bats
can cross the North Sea during their long-distance
migration. Lagerveld et al. (2014) report regular oc-
currences of bats in the Dutch offshore wind farms,
generally limited to periods with calm weather suit-
able for long-distance migration.

Most research on the spatio-temporal patterns 
of bats at sea was based on recordings made by
acoustic detectors, registering the echolocation calls
of bats, installed well below rotor height (e.g.,
Lager veld et al., 2014, 2017a; Rydell and Wickman,
2015; Hüppop and Hill, 2016). In these studies, de-
tector height was between 5 m and 26 m above mean
sea level (MSL). Hüppop and Hill (2016) suggest
that migrating bats might be missed in the aforemen-
tioned studies as they, possibly, fly at altitudes above
100 m under tailwind conditions. The height distri-
bution of migratory bats at sea therefore remains 
a point of discussion. Besides echolocation, bats use
vision during flight and might react to the visual
stimulus of turbines as they do to tall trees (Cryan,
2008). It remains unclear if bats are attracted to off-
shore wind turbines or if they maintain their flight
path when passing an offshore wind farm during mi-
gration. Voigt et al. (2018) showed that P. nathusii is
attracted to red light, which is not the case for warm-
white light. As turbine lighting is in most cases 
red, there can be an attraction effect of turbines on 
P. nathusii individuals, leading to an increased colli-
sion risk. 

Gaining insight in the altitudinal distribution of
bats at sea and the associated collision risk, as well
as in possible exploratory behaviour near turbines,
were identified as research priorities by EURO-
BATS (Rodrigues, 2015). This study simultaneously
investigated the activity and behaviour of bats at low
altitude and at nacelle height in an offshore wind
farm in the Belgian part of the North Sea during an
autumn migration period.

MATERIALS AND METHODS

The C-Power wind farm is located on the Thorntonbank in
the Belgian part of the North Sea at approximately 27 km from
the nearest point off the Belgian coastline (Fig. 1). The wind
farm consists of 54 wind turbines and one offshore transformer
platform. Six turbines have a capacity of five megawatt (MW),
the other 48 are 6.15 MW turbines. The nacelle height of the tur-
bines is ca. 93 m above MSL, depending on turbine location.
Rotor diameter is 126 m, resulting in a rotor swept zone ranging
from 30 to 156 m above MSL.

Each turbine has aviation safety lighting at the nacelle and
on the turbine tower. The nacelle is equipped with two red blink-
ing lights of medium intensity (intensity: 100 cd). The tower has
continuous red obstacle lights of low intensity (intensity: 10 cd)

at approximately 41 m above MSL. Navigation lights are in-
stalled on the service platform (ca. 16 m above MSL) of the tur-
bines on the corners of the wind farm, ensuring visibility from
all directions. These are yellow lights (intensity: 100 cd) flash-
ing the Morse code ‘U.

We installed 11 ultrasonic recorders (Batcorder 3.0/3.1
EcoObs Ltd., Germany) on seven different wind turbines in the
C-Power wind farm (Fig. 1). Seven batcorders were installed 
on the turbine service platforms at approximately 16 m above
MSL, and four were installed on the helicopter winching plat-
form at the back of the nacelle, at 93 m above MSL (Fig. 2).
Each recorder was powered by a solar panel. The recorded data
were locally stored on SD memory cards. All Batcorders were
installed on turbines in the northeastern part of the wind farm,
assuming these are the first turbines bats will encounter when
following the Dutch coastline and crossing the North Sea during
autumn migration. The Batcorders were installed on 8 Au-
gust 2017 and were operational until 30 November 2017. We 
made full spectrum recordings in .RAW format (sampling 
rate: 500 kHz, record quality: 20, amplitude resolution: 16 bit,
threshold amplitude (sensitivity): -36 dB, post trigger: 400 ms,
threshold frequency (sensitivity): 30 kHz). A threshold fre-
quency of 30 kHz was deliberately chosen to avoid that the SD
cards were primarily filled with wind turbine generated noise.
This had to be avoided as the opportunities to visit the wind
farm were limited and reaching the detectors to replace SD
cards was logistically challenging. This setting implies that
species using lower frequencies for echolocation (e.g., Epte -
sicus sp., N. noctula, N. leisleri) were not reliably recorded. In
this study we therefore only focus on the genus Pipistrellus.
Several previous studies already indicated that the most com-
mon species at the North Sea is P. nathusii (Lagerveld et al.,
2014, 2017a; Brabant et al., 2016; Hüppop and Hill, 2016; 
L. Bach, P. Bach, H. Pommeranz, R. Hill, C. C. Voigt, M. Gött -
sche, M. Göttsche, H. Matthes, and A. Seebens-Hoyer, in litt.).
Re cordings were processed and visualised with the software
program Sono chiro 3.3.3 (Biotope, France). Auto mated species
identifications were verified by a bat expert. 

Call sequences with more than 10 calls per recording were
explored for behavioural characteristics. We classified the re -
cordings in three types of behaviour as described by Skiba
(2003): (1) exploratory behaviour and feeding buzzes, (2) tran-
siting individual and (3) search calls in an obstacle-rich environ-
ment. The echolocation used for exploratory behaviour and
feeding buzzes by P. nathusii is characterized by a change from
the ‘normal’ FM-QCF (frequency modulated — quasi constant
frequency) calls to calls with an increasingly shorter QCF-part,
increasing FM and decreasing length of time intervals between
consecutive calls (Barataud, 2015). Calls of transiting P. na-
th u sii have virtually no FM, a peak frequency between 35 and 
39 kHz and longer time intervals. The third type of recordings
also has longer intervals between calls but strong frequency
modulation. Sequences with fewer than 10 calls were not used
for this purpose as we considered them too short to get a clear
view of the bat’s behaviour.

RESULTS

General Observations

All Batcorders were operational without failure
during 114 nights from 8 August until 30 November
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2017. During that period, a total of 151 recordings
of bats were made by the eleven Batcorders. All re -
cordings, including the ones made by the detectors
on the nacelle platforms, have a good signal to noise
ratio. In some cases, a noise trace originating from the
rotor movement, is present with a frequency around
20 kHz. This is not interfering with the bat calls and
therefore did not prevent identifying the calls.

Bats were registered throughout the entire study
period (Fig. 3). The first record dates from 29 Au -
gust and the last one from 25 November, with a peak
in activity during the second half of September
where 63% of the call sequences were recorded. All
echolocation calls were identified as calls from the
species P. nathusii. Bat activity was recorded during
20 different nights. All Batcorders recorded at least
one bat, except for the recorder installed on the na-
celle of turbine J1 (Table 1). All but one recordings
were made between two hours after sunset and

throughout the entire night. Three recordings were
made after sunrise.

The seven detectors at 16 m MSL made on 
average 20.3 recordings. The average number of
recordings made by the four detectors at 93 m MSL
was 2.3 (Table 1). The number of recordings made
at 93 m above MSL was always lower (ranging from
77 to 100% lower) than the number of recordings
made at 16 m above MSL on the same turbines.

Behavioural Aspects

Forty-five of the 151 recordings consisted of
more than 10 calls, of which only one recorded at 93
m above MSL. Looking into the behavioural charac-
teristics of the recorded sequences, we identified 
32 recordings of animals in transit, ten sequences 
of animals passing by while simultaneously explor-
ing and three recordings of individuals showing 
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FIG. 1. Lay-out of the C-Power wind farm on the Thorntonbank in the Belgian part of the North Sea. Each dot represents a wind
turbine. Turbines G1, H2, I1 and J1 (●) were equipped with two Batcorders each (at 16 m and 93 m above mean sea level, MSL). 

Turbines G3, H1 and I3 (♦) were equipped with a Batcorder only at 16 m MSL



exploratory behaviour and/or feeding buzzes (Fig.
4). These three call sequences were recorded by de-
tectors at low altitude. The QCF calls, with almost
no FM and the long time intervals shown in the fig-

ure 4 middle panel, indicate that this individual was
transiting. The third sonogram (Fig. 4, lower panel)
refers to a bat that is passing by, but the FM sug-
gests that the animal was exploring the area and/or
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FIG. 2. Batcorder installed on the helicopter winching platform at the back of the nacelle of turbine I1 at approximately 93 m above MSL

FIG. 3. Actogram of all recordings of bat call sequences during the study period from 8 August until 30 November 2017. Sunrise and 
sunset are indicated by the black lines



simultaneously on the lookout for prey. Every call in
this sonogram is followed by a clear echo, originat-
ing from the reflection of the calls on the water 
surface or a wind turbine.

DISCUSSION

All recordings made during this study concerned
P. nathusii individuals. This is in line with similar
studies (e.g., Lagerveld et al., 2014, 2017a; Hüp-
pop and Hill, 2016; L. Bach, P. Bach, H. Pomme -
ranz, R. Hill, C. C. Voigt, M. Gött sche, M. Göttsche, 
H. Matthes, and A. Seebens-Hoyer, in litt.), where 
P. nathusii was the dominant species. The threshold
frequency used in this study (30 kHz, to avoid tur-
bine generated noise) however prevented detecting
low frequency species like V. murinus and N. noc-
tula. Most recordings in this study were made be-
tween August and mid-October which coincides
with the autumn migratory period of P. nathusii
(Kurvits et al., 2011; Rydell et al., 2014). A few
recordings were made as late as the end of
November. This might be explained by the warm
weather conditions at that time. The distance from
the study site to the nearest point off the coast (ca.
27 km) by far exceeds the known foraging distance
for P. nathusii, which is up to six kilometers (Dietz
et al., 2009). Therefore, these recordings at sea,
most likely refer to migrating bats and not to ex-
tended foraging flights.

Given the known flight speed of P. nathusii
(6.9 ± 0.7 m/s measured by Troxell et al., 2019; 
7 m/s by Hedenström, 2009; 11.2–13.2 m/s by 
Suba, 2014), it takes bats minimum one hour to
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TABLE 1. Number of bat recordings per Batcorder from 8 August
until 30 November 2017. Low, number of recordings at 16 m
above mean sea level (MSL); High, number of recordings at 
93 m above MSL; Records, number of bat recordings

Turbine Height Records

G01 Low 23
High 2

G03 Low 35
H01 Low 11
H02 Low 26

High 6
I1 Low 17

High 1
I3 Low 7
J1 Low 23

High 0

Total 151
Average low 20.3
Average high 2.3

reach the wind farm or longer when the wind farm is
approached from Northerly directions. This is re-
flected in our recordings, which were made around
two hours after sunset at the earliest. A few record-
ings are made close to and even after sunrise. These
individuals possibly continue their migration dur-
ing daytime or look for roosting possibilities in the
wind farms. The latter was already suggested by
Lagerveld et al. (2014, 2017a) and is supported by
observations of roosting bats in the housing of a util-
ity crane on the turbine service platforms and tur-
bine foundations by maintenance workers of the 
C-Power wind farm (personal communication).

The bat echolocation calls registered during this
study were clear and wind turbine generated noise
did not prevent detectors from recording bats at 
low and high altitude. The difference in number of
recordings between the detectors at low and high 
altitude can therefore not be attributed to the study’s
set-up. Very few bats were observed at high altitude
(nine recordings). We can therefore conclude that
there is bat activity at high altitude at sea, but far less
than at low altitude. From our data, it is impossible
to say if bats migrate at high altitude, as was sug-
gested by Hüppop and Hill (2016), because they can
rapidly change altitude when approaching turbines
(Ahlén et al., 2009). All migrating bats detected by
Ahlén et al. (2009) in the Baltic Sea and Kattegat
flew at relatively low altitudes except for a few 
observations of bats investigating turbines and 
other structures up to 100 m above MSL. Nyctalus
noctula, a species known to migrate at higher alti-
tude (Kronwitter, 1988), was not within the scope of
this study as it uses frequencies lower than the
threshold frequency of our detectors (30 kHz).

For echolocation calls of the genus Pipistrellus,
the detection range by a Batcorder is typically be-
tween ca. 17 and 35 m, when a threshold of -36dB 
is set (Simon et al., 2015). The detection range is 
influenced by the direction of flight during the echo -
location call relative to the device, the environmen-
tal conditions (e.g., humidity) and the type of call
(i.e., low frequency calls range over longer dis-
tances). In general, a detection range of 25 m is as-
sumed for small bat species, like P. nathusii
(Barataud, 2015; Hüppop and Hill, 2016; Lagerveld
et al., 2017a). This means that the Batcorders we 
installed at 93 m above MSL approximately covered
an altitudinal range of 68 to 118 m above MSL. The
rotor of the C-Power turbines reaches from 30 m to
156 m above MSL. Therefore, all bats recorded 
at 93 m above MSL were at risk of colliding with 
the turbine rotor and our observations provide 



an indication of the activity of bats in the risk-of-
collision zone. Ahlén et al. (2009) expect that acci-
dents with wind turbines are probably not frequent
during migration itself, because bats generally mi-
grate at low altitudes. Our low number of recordings
at nacelle height support this hypothesis. However,
there are records of bats migrating at high altitude
(>100 m) at sea (Hatch et al., 2013). We should thus
be cautious to make strong conclusions about the
possible number of collisions. A low number of
recordings at nacelle height does not necessarily
mean that only a low number of bats will collide
with the turbines. P. Bach and L. Bach (in litt.) found 
a high number of collision victims of P. nathusii
(i.e. 1.6/year/turbine) in an onshore wind farm, for 
a relatively low number of acoustic detections at 
nacelle height. This might be explained by the small
detection range of the acoust ic detectors, ca. 25 m,
which is the same for the detector we used.

Furthermore, the limited detection range of the
detectors does not allow to record bats in the outer
parts of the rotor swept zone. At an onshore wind
farm, P. Bach and L. Bach (in litt.) showed that 
P. na thusii activity at the lowest point of the rotor
blades was substantially higher than at nacelle
height, although not as high as at ground level. Also,
offshore wind turbines attract insects (Rydell et al.,
2010) and provide habitat for certain flying insect
species (e.g., Telmatogeton japonicus — De Mesel
et al., 2015). Collisions become more likely, when
bats stop over and forage around turbines. In one
case (24 September 2017 at turbine H2), the data
suggest that an individual was foraging during a
longer time at one turbine and was changing altitude
alongside the turbine, as it was first recorded by the
upper Batcorder and then by the lower Batcorder.
This type of behaviour increases the risk of collision
(Ahlén et al., 2009). On the other hand, only three 
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FIG. 4. Three example sonograms (i.e., visual representation of the echolocation calls, indicating frequency, intensity and time) of
the different behaviour detected during this study. Upper panel, exploratory behaviour and/or feeding buzzes; middle panel, transit; 

lower panel, transit and simultaneous exploring



of the 45 longer recordings that we investigated 
for behavioural clues referred to bats showing inten-
sive exploratory behaviour and/or feeding buzzes. 
Thirty-two sequences referred to bats transiting. The
remaining ten recordings were call sequences de-
scribed by Skiba (2003) as “search calls in an obsta-
cle-rich environment”. Possibly these bats were si-
multaneously transiting and exploring the area
and/or on the look-out for prey. This rather fits in the
fly-and-forage strategy of migrating birds and bats
to keep feeding along the way to take in energy
(Suba et al., 2012).

We can conclude that the number of recordings
of P. nathusii at rotor height is only about 10% of the
number of recordings at low altitude in the wind
farm in this study. In order to assess the risk of col-
lision, there is a need for studies assessing bat activ-
ity at the entire turbine altitude span, including the
outermost areas of the rotor where the blade speed 
is highest, as recommended by Reers et al. (2017).
Ideally, these studies should also include species
with call frequencies lower than 30 kHz, which 
was not the case in our study. Furthermore, there is
a need for studies that can unravel migration routes
of bats at sea. A promising technique for the latter is
the use of radio-telemetry tags and fixed receiver
stations along the coast and at sea (more informa-
tion in Sjöberg et al., 2015; Lager veld et al., 
2017b; C. M. Francis, P. D. Taylor, and Z. J. Crysler,
in litt.).
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