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The vocal activity of Pipistrellus nathusii (Vespertilionidae)
in SW Poland

JoANNA FURMANKIEWICZ

Department of Avian Ecology, Institute of Zoology, University of Wroctaw, ul. Sienkiewicza 21,
50-335 Wroctaw, Poland; E-mail: asiaraj@biol.uni.wroc.pl

Vocal activity of Nathusius’ pipistrelle (Pipistrellus nathusii) was studied between April-October 1998 in
Wroctaw, SW Poland. This activity (nocturnal and seasonal), measured as the number of social and echolocation
calls recorded along a 2 km convoluted transect, was lowest in April, May and June. In July, vocal activity
increased to reach its highest level during August and September. Throughout the study, calls were emitted in
the early part of the night from May through June, then switched to the latter part of the evening in August.
Seasonally, the number of calls correlated positively with the air temperature; no significant relationship was
found between the level of social and echolocation calls, and relative humidity or atmospheric pressure.
It is considered that these changes in vocal activity in July were associated with the onset of the mating period,
when the males emitted social calls during an advertisement display or from the roosts, performed to attract
females for harem formation. The calls of P. nathusii emitted outside the mating period may also have played

another social function.
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INTRODUCTION

Several species of European bat produce
low frequency (12-20 kHz), species-specif-
ic advertisement calls readily audible to hu-
mans (e.g., Ahlén, 1981; Limpens and Ros-
chen, 1995). During the mating season these
calls attract females to males while repel-
ling rival males. When vocalising, male pip-
istrelles (Pipistrellus pipistrellus) perform
songflight displays as they fly near their day
roosts (Lundberg and Gerell, 1986; Lund-
berg, 1989). Similar displays also are per-
formed by particoloured bats (Vespertilio
murinus) and brown long-eared bats (Ple-
cotus auritus; Ahlén, 1981, 1990; Weid,
1988; Limpens and Roschen, 1995; author’s

unpubl. data). Male Leisler’s bats (Nyctalus
leisleri) vocalise predominantly from trees
(Helversen and Helversen, 1994), while
male noctules (Nyctalus noctula) vocalise
only from the openings of mating roosts
(Ahlén, 1981, 1990; Lundberg, 1989; Weid,
1994; Limpens and Roschen, 1995).

Male Nathusius’ pipistrelles (Pipistrel-
lus nathusii) emit advertisement calls dur-
ing songflights and while sitting at the en-
trances of their day roosts (Sosnovtzeva,
1974; Lundberg, 1989; Barlow and Jones,
1996; Szkudlarek and Paszkiewicz, 2000),
establishing territories near nursery colo-
nies while waiting for the females to arrive
(Lundberg, 1989; Schmidt, 1994). During
the mating period from the end of July
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through August, large harems are most of-
ten observed and males spend most of the
night vocalising (Lundberg, 1989; Rach-
wald, 1992).

If the calls made during songflights and
from roosts are associated with mating, they
should be most often heard during the mat-
ing season. But some species of bats (e.g.,
Pipistrellus pipistrellus, P. pygmaeus and
P. nathusii) also emit social calls outside of
the mating period suggesting another func-
tion for the vocalisations. Barlow and Jones
(1997) proposed that the social calls of two
phonic types of P. pipistrellus, heard before
the onset of mating, play a rule during de-
fence of food patches.

In this paper I describe the calling pat-
tern of P. nathusii from April to October in
Southwest Poland to determine whether so-
cial calls are emitted during the whole sea-
son and wheather vocal activity changes
during the year. I supposed that in the mid-
summer the calling should increase, be-
cause of the onset of mating period and
mating function of the social calls (e.g., in
attracting the females, and higher activity of
bats in defending their territories). I predict-
ed that in mating areas there would be more
social than echolocation calls, compared to
foraging, maternity roosts or migration ar-
eas (Schmidt, 1994). Strong territorialism
and vocalisation of males could confirm
that P. nathusii establishes mating territo-
ries in SW Poland.

MATERIAL AND METHODS

The study was carried out from April to October
1998, in the Szczytnicki Park (113 ha) in Wroctaw
(51°07°N; 17°03’E). The study plot covered 26 ha in
which approximately 50 mating roosts of P. nathusii
are known (Furmankiewicz and Szkudlarek, 2001).
Common oak (Quercus robur), common beech (Fa-
gus sylvatica) and hornbeam (Carpinus betulus)
dominated the study area. Other abundant tree species
included the common alder (4/nus glutinosa), small-
leaved lime (7ilia cordata), Norway and field maples
(Acer platanoides and A. campestre) and false acacia

- tree-covered areas urban areas [ ] clearings in the park green
- water reservois

®——® transect line

Fig. 1. Map of the study area in the Szczytnicki
Park, Wroctaw. Transect line with its terminal points
(A and B) is shown

(Robinia pseudacacia). A 2 km-long convoluted tran-
sect was established on the study plot and took about
40 minutes to travel at 3 km/h (Fig. 1). The transect
line was chosen to bring it close to a maximum num-
ber of known mating roosts.

To determine the seasonal changes in vocal ac-
tivity I walked the transect line 3—4 times a week,
four hours after sunset. While walking I recorded
continuously advertisement and echolocation calls
emitted by P. nathusii. 1 assessed changes in noctur-
nal vocal activity on the basis of all-night surveys,
which were conducted weekly across the study peri-
od. I performed seven surveys during the long night
periods from April to June, and from mid-July to
September, and six surveys from mid-June to mid-
July. On all-night surveys I was walking the transect
line (Fig. 1) 6-7 times, and recording the social and
echolocation calls of Nathusius’ pipistrelle. The start
time of the three transect walks was fixed: the first
survey began 20 minutes after sunset, the fourth (the
main one) four hours after sunset, and last one (sixth
or seventh) 20 min before sunrise. The remaining sur-
veys were distributed evenly between these transect
walks.

Downloaded From: https://bioone.org/journals/Acta-Chiropterologica on 04 Feb 2025
Terms of Use: https://bioone.org/terms-of-use



The vocal activity of Pipistrellus nathusii

I used two ultrasonic heterodyne detectors
(Pettersson D-140 and D-100) tuned to 40 kHz and
20 kHz respectively, connected to a stereo cassette
recorder (Sony WM-D6C). The choice of these fre-
quencies was related directly with the chacteristics
of calls emitted by P nathusii. The narrowband
portion of its echolocation calls ranges from 36 to 41
kHz with an average at about 40 kHz (Ahlén, 1991;
Jones, 1993; Limpens and Roschen, 1995; Barlow
and Jones, 1996). The social calls of this species are

99

population-dependent (e.g., Ahlén, 1991; Gerell-
Lundberg and Gerell, 1994; Limpens and Roschen,
1995; Barlow and Jones, 1996) and consist of undula-
ting and V-shaped sweeps between 14 and 45 kHz
(Fig. 2). Nevertheless, the maximum energy of these
calls (at ca. 20 kHz) is consistent (Gerell-Lundberg
and Gerell, 1994). In the present study I used the
number of advertisement calls as a measure of vocal
activity, and the number of echolocation calls as an
additional variable to assess bat activity in the study

A Spectrogram, FFT size 1024, Hanning window.
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FIG. 2. Spectrograph (A), oscillograph (B) and power spectrum of the first part (C — from 18 to 74 ms) and last
part (D — from 144 to 197 ms) of an advertisement call of P. nathusii recorded in the Szczytnicki Park
in Wroctaw
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area (Rachwald and Labocha, 1994; Park et al., 1999;
Rehak and Baron, 2001). I recorded air temperature
and atmospheric pressure, before the first and main
transect walks, as well as after the last nightly tran-
sect, using the data of the Institute of Meteorology
and Water Economy, Wroctaw (automatic measure-
ment equipment situated about 200 m from the park).
Data on relative humidity were obtained from the In-
stitute of Meteorology and Climatology, Wroclaw
University. During rainy nights, observations were
not conducted due to the bad quality of recordings
(the sound of falling raindrops could mask bat calls)
and the need to protect measurement equipment.

To look at seasonal patterns in the vocal activity
of P. nathusii in details, I divided the season into six
homogenous periods in terms of the number of ad-
vertisement calls produced. Differences in the vocal
activity of bats between the periods were analysed
with the Kruskal-Wallis test. A similar procedure was
applied to study seasonal changes in production of
echolocation calls. The pattern of nocturnal vocal ac-
tivity of this species changed during the observation
season. Therefore I divided all-night observations
into two periods: (1) between 9 April and 21 July, and
(2) between 22 July and 9 September. Differences be-
tween the periods were tested using a Mann-Whitney
U-test. The pattern of changes in number of echolo-
cation calls was obtained from all nights of the season
without dividing them into periods. Changes in
overnight activity were analysed using a one-way
ANOVA. Spearman rank correlation was used to
study the relationships between the air temperature,
relative humidity and atmospheric pressure, and the
level of bat activity. The statistical analysis was made
using SIMSTAT for Windows (Peladeau, 1996).

RESULTS

Seasonal Vocal Activity

I recorded the first social calls in four
different places in early April, and by 23
April a total of 16 calling sites had been lo-
cated only tens of meters from one another.
I heard vocalisations from an additional 10
new sites by the end of April. By compari-
son, in August I heard social calls almost
everywhere along the transect. The num-
bers of calls and calling sites began to de-
cline early in September so that by the be-
ginning of the third week I could locate
only seven calling sites.

The activity of bats changed significant-
ly over the season whether measured by so-
cial calls (Kruskal-Wallis test: x> = 77.6,
df. =5, P<0.001; Fig. 3A) or by echolo-
cation calls (X*>= 49.6, d.f. = 5, P < 0.001;
Fig. 3B). In April low vocal activity (< 60
social calls) and only a small number of
echolocation calls (several to around a doz-
en) were recorded. At the end of April the
number of social calls increased on aver-
age about 8.5 times, and echolocation calls
by a half. Nathusius’ pipistrelles were most
active from 25 July to 9 September. A peak
of activity was recorded in mid-August,
when numbers of both social (17 August)
and echolocation calls (24 August) reached
the highest values. Thereafter the number of
echolocation calls rapidly declined (3
times), while the overall vocal activity re-
mained at a relatively high level till early
September. From mid-July bats started to
vocalise from their roosts. In August most
of the social calls were produced when bats
were sitting at their roosts. In mid-Septem-
ber vocal activity and the number of
echolocation calls started to decrease rap-
idly. No vocalisations were noted at some
places and the last day on which social calls
(n = 145) were recorded was 23 September.
During the whole season | recorded many
more social calls than echolocation calls
(Fig. 3).

The number of calls produced by bats
correlated significantly only with the air
temperature (social calls: ;= 0.52, n = 93,
P < 0.001; echolocation calls: r, = 0.56,
n = 93, P < 0.001). No relationship was
found between the level of social and echo-
location calls and relative humidity or at-
mospheric pressure.

Nocturnal Vocal Activity

Nightly vocal activity of P. nathusii
changed throughout the season. Consider-
ing these seasonal changes I distinguished
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FiG. 3. Changes in number of social (A) and echolocation (B) calls of P nathusii four hours after
sunset. Each bar represents one day of observation

two periods: first — from 9 April to 21 Ju-
ly, second — from 22 July to 9 September
(Fig. 4A and B). The intensity of social
calling changed significantly through-
out the night, but different patterns of vo-
calisation were observed in these two
periods (Mann-Whitney U-test, Z = -2.64,
P <0.01). In April-July, at the beginning of
the night bats produced few social calls.
They became more active in the second
hour of the night. During the next three
hours the activity remained relatively sta-
ble, declining slightly in the morning
(ANOVA, F 4, =3.69, P <0.01; Fig. 4A).
This pattern of activity changed at the end
of July, when the level of social calls was
very low at the beginning of the night, then
gradually rose to reach a peak in the lat-
ter part of the night, when bats called inten-
sively from their shelters (Fig. 4B). Dif-
ferences between successive hours of the

night were highly significant (Fg 44 = 3.99,
P <0.01).

Nocturnal changes in number of echo-
location calls obtained from all observa-
tion nights (n = 20) seemed to be the same
over the whole season and showed that the
number of echolocation calls did not
change significantly over the night (F ,,,=
1.39, P> 0.05; Fig. 4C). Of the weather fac-
tors, the number of echolocation calls was
positively correlated with air temperature
(ry = 0.55, n =59, P < 0.001) and nega-
tively correlated with relative humidity
(ry=-0.48, n =59, P <0.001).

DiscussioN

The results of my study confirm the
existence of P. mathusii mating territo-
ries in SW Poland and the prediction that
the vocalisation of this species increases at
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F1G. 4. Changes in number of social (A, B) and echolocation (C) calls of P. nathusii. (A) — 14 nights from 9th

April to 21st July, (B) — 6 nights from 22nd July to 9th September, (C) — 20 nights from 9th April to 9th

September. First transect survey began 20 min. and fourth — 240 min. after sunset and the last one — ended
20 min. before sunrise. Means and 95% confidence limits are given

the onset of their mating period. In late
summer (August-beginning of September)
55 mating roosts of P. nathusii were found
on the study plot (Furmankiewicz and
Szkudlarek, 2001). From the inside of these
shelters intensive advertisement calls were
emitted and, outside, songflight displays
were performed. The males of P. nathusii
exhibit strong fidelity to the roosts from
year to year, during the season (Heise, 1982;

Schmidt and Heise, 1988; Rachwald, 1992;
Furmankiewicz and Szkudlarek, 2001), and
after arrival they frequently roost singly
in their territories (Schmidt, 1994). The in-
crease in vocalisation places at the end of
April, and then in July, could also be a result
of the arrival of new males in the study area.
However, it is more likely that in mid-July
the increase in vocal activity could be
associated with the beginning of the mating
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period, which is observed between late July
and early September (Sosnovtzeva, 1974;
Hackethal and Oldenburg, 1984; Gerell-
Lundberg and Gerell, 1994; Schmidt,
1994). Hence the intensive vocalisation of
males from late July until the middle of
September (with a peak in late August) de-
marcates the mating period for this species.
The cessation of social calling and decrease
in calling places in September resulted most
likely from the decline in the number of in-
dividual bats (Rachwald, 1992; Schmidt,
1994; Gerell-Lundberg and Gerell, 1994)
due to the onset of autumn migration (OI-
denburg and Hackethal, 1989; Brosset,
1990).

The social calls emitted by P. nathusii
in Wroctaw have a similar structure to the
advertisement calls of this species described
in the literature (e.g., Ahlén, 1981; Barlow
and Jones, 1996; Gerell-Lundberg and Ge-
rell, 1994). 1 consider then, that the social
calls on my study plot emitted from late
July to September are the advertisement
calls of the males, which are emitted dur-
ing songflight or from the roosts, and play
a role during mating in late summer (see
Gerell-Lundberg and Gerell, 1994). Barlow
and Jones (1996) also recorded social calls
of P. nathusii in April and May. Neverthe-
less, during this time males and females are
rarely found together and they do not form
harems (Heise, 1982; Rachwald, 1992; Sch-
midt, 1994; Gerell-Lundberg and Gerell,
1994). Therefore, calls at that time of year
probably are not emitted in advertisement
display, but could play another role. Social
calls, especially beyond the mating period,
might be emitted by two sexes. In fact, there
is no evidence against vocalisation by fe-
males — social calls of young Nyctalus
noctula females are very similar to the ad-
vertisement calls of territorial male noctules
(Helversen, 1989; Kozhurina, 1996). Pipi-
strellus nathusii social vocalisation could
be used by both sexes if we consider its

non-mating (non-advertising) function, as
suggested for P. pipistrellus and P. pyg-
maeus, whose social calls are produced
throughout the year at foraging sites. In
their structure, these calls are similar to
songflight signals and are thought to be
used in a defence of feeding areas (Barlow
and Jones, 1996).

The low vocal activity of P. nathusii at
the beginning of the night was probably as-
sociated with foraging behaviour, observed
nearly exclusively just after dusk (T. Ja-
rzembowski and J. Sawicka, in litt.). There-
fore, the relatively high number of echolo-
cation calls recorded during the first hours
of the night may be linked to foraging ac-
tivities or flying to feeding grounds. After
having fed, bats spent more time vocalising.
Period II co-occurs with the mating peri-
od, when males call most intensely in the
latter part of the night. They remain at their
shelters and from there produce advertise-
ment calls to attract females (Lundberg,
1989). Sosnovtzeva (1974) recorded most
intense calling between 01:00 and 03:00
a.m. The increased calling rate during the
last three hours of the night was observed
also in Nyctalus leisleri (Helversen and Hel-
versen, 1994). The authors suggest that this
is a response to the arrival of females from
feeding grounds; males try to encourage
them to visit their shelters.

Two reasons for significantly more so-
cial than echolocation calls being emit-
ted during whole season could be given.
First, the frequency of echolocation calls
is higher and therefore has a shorter range
than social calls. It is therefore possible
that the equipment can detect social calls
more easily and from a greater distance. Se-
cond, the social calls of P. nathusii modu-
late between 14 and 45 kHz (Ahlén, 1991;
Gerell-Lundberg and Gerell, 1994; Lim-
pens and Roschen, 1995; Barlow and Jones,
1996), reaching echolocation frequencies.
Therefore individuals of P. nathusii are able
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to orientate during flight, using only social
calls. Additionally, they could forage in oth-
er sites and at this time I was not able to
note their activity. The changes in number
of echolocation calls in July and August
was probably associated with the mating pe-
riod, during which many more animals ap-
peared in the mating ground (Rachwald,
1992; Schmidt, 1994; Gerell-Lundberg and
Gerell, 1994).
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