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ABSTRACT Research Article

Based on the shape and model of echolocation calls, the acoustic

definition of insectivorous bat species has become a successful tool for Article History

revealing the use of different habitats, activity and behaviour Received $17.04.2020
patterns. Many researchers have used ultrasonic detectors to identify Accepted :09.07.2020
bat species and assess habitat use. This method has become

particularly valuable for species that are difficult to capture. In this Keywords

study, a total of 3167 bat passages were recorded in the Selcuklu district Analysis

of Konya province, by using an ultrasonic detector. As a result of the Chiroptera

survey, 6 species (Myotis myotis / blythii, Barbastella barbastellus, Echolocation

Pipistrellus pipistrellus, Hypsugo savii, Eptesicus serotinus and Identification

Miniopterus schreibersil) were analysed. B. barbastellus and E.
serotinus were recorded acoustically for the first time in the study
area. ANOVA analysis showed that there were no significant
differences in the call parameters between the locations where M.
myotis / blythii, B. barbastellus, P. pipistrellus and M. schreibersii
species were recorded. Discriminant Function Analysis (DFA) was
performed to classify 5 species (M. myotis / blythii, B. barbastellus, P,
pipistrellus, H. savii and M. schreibersii). As a result of the DFA, the
species were classified as 100%.

Konya Ili Selguklu Ilgesindeki Yarasalarin Akustik Olarak Aragtirilmasi

OZET Aragtirma Makalesi
Ekolokasyon cagrilarinin sekil ve modeline dayali olarak bocekeil

yarasa turlerini akustik yonden tamimlamak, farklhi yasam Makale Tarihgesi
alanlarinin  kullanimini, etkinlik ve davramig kaliplarini ortaya Gelig Tarihi  :17.04.2020
cikarmak i¢in basarili bir ara¢ haline gelmistir. Bircok arastirmaci Kabul Tarihi :09.07.2020
yarasa turlerini tespit etmek ve habitat kullanimini degerlendirmek .

icin ultrasonik detektorleri kullanmigs ve bu yontem o6zellikle Anahtar Kelimeler
yakalanmasi zor tirler igin degerli hale gelmistir. Konya ili Selguklu Antahz

ilgesinde ultrasonik dedektor kullanilarak yapilan ¢calismada, toplam Chiroptera

3167 yarasa gecisi kaydedilmistir. Calisma sonucunda 6 tiir (Myotis g:ﬁiﬁzsmy;n

myotis / blythii, Barbastella barbastellus, Pipistrellus pipistrellus,
Hypsugo savii, Eptesicus serotinusve Miniopterus schreibersii) analiz
edildi. B. barbastellus ve E. serotinus ¢alisma bolgesinde akustik
olarak ilk defa kaydedildi. ANOVA analizi ile M. myotis / blythii, B.
barbastellus, P. pipistrellus ve M. schreibersii tirlerinin ¢agrilarinin
kaydedildigi lokasyonlar arasinda c¢agri parametreleri yoniinden
anlaml bir farklihigin olmadig: tespit edilmistir. 5 tiirii (M. myotis /
blythii, B. barbastellus, P. pipistrellus, H. savii ve M. schreibersii)
siniflandirmak icin Diskriminant Fonksiyon Analizi (DFA)
yapilmigtir. DFA sonucunda, tiurler %100 oraninda siniflandirmagtir.

To Cite : Bag M, Arslan A 2021. Acoustical Investigation of Bats in Selguklu District of Konya Province. KSU J. Agric Nat 24
(1): 186-195. https://doi.org/10.18016/ksutarimdoga.vi.722155

INTRODUCTION

Towards the end of the 18th century, Lazzaro
Spallanzani showed that insectivorous bats use their
ears rather than their eyes to locate obstacles or prey

(Pye, 1960). Hartridge (1920) observed bats in flight
and said that they can produce high frequency calls
that people cannot hear. The discovery of the
echolocation started with Pierce and Griffin (1938).
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Griffin (1944) added the term "echolocation" to the
literature. In addition, Griffin (1958) was the first to
use a "sonic amplifier" to study ultrasonic sounds.
Aerial insectivorous bats are often hunted in a forest
canopy, and even when mist-nets and harp traps are
within the sampling range, they can easily detect and
avoid such devices (MacSwiney et al., 2008). Because
many species fly over mist-nets or are better than
others in detecting mist-nets, they can cause sampling
mistakes (Larsen et al., 2007). In habitats such as open
areas, large water bodies or long canopies, sampling
cannot be done easily or effectively using capture
methods (Wordley et al., 2014). Therefore ultrasonic
detectors can be used in areas that are difficult to
sample by capture methods (Fenton, 1990; MacSwiney
et al., 2008). Bats use two types of calls including social
and echolocation calls. They use social calls in their
communication with each other (Russ, 2012).
Echolocation calls are used by microchiropteran bats
(Schnitzler et al., 2003). They use echolocation calls to
collect information about their prey and habitat.
Echolocation calls of bat species vary according to
amplitude, duration, and frequency. This variation is
related to foraging strategies and mostly habitat. Bat
species mainly use FM (frequency modulated), CF
(constant frequency) and QCF (quasi-constant
frequency) frequencies and their combinations. Bats,
which are mostly foraging in a clutter habitat,
generally use FM components, while those that forage
In open areas care about to use QCF components in
their calls. For example, Myotis myotis uses FM calls,
while Pipistrellus pipistrellus uses FM / QCF
combination (Russ, 2012). CF calls are used to detect
targets and distinguish between moving and fixed
objects (Feldhamer at al., 2007).

Bats using echolocation have species-specific calls and
acoustic monitoring of bats is relatively easy (Fenton
and Bell, 1981). However, structure of echolocation
calls can be extremely flexible. Echolocation calls of
bats are generally classified into three types: "Search
phase" pulses used when searching for prey,
"Approach-phase" pulses used when a prey is detected
and “terminal (feed-buzz) phase” used until the
detected prey is captured. "Search phase" pulses
usually are emitted at a rate of 10— 20 per second.
During the “approach phase”, the duration of each
pulse and the time between pulses decreases. In the
terminal phase, the pulses continue to decrease in
frequency and time intervals until the prey is captured
(Harvey at al., 2011).

Identifying echolocation call of bats allows us to access
unknown information about the lives of bats. For
example, echolocation calls are used to help identify
the species, to locate roost sites, find commuting routes
and foraging areas, to study foraging behaviour,
identify species distribution and monitoring annual
variations in bat populations. These calls are not only
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used to identify the species of bats but also used to
measure male reproductive success, as well as to
assess the male's conservation behaviour and the
female's choice of mate. It can also give an idea of
female and young interactions, food competition at
foraging sites and levels of distress levels (Russ, 2012).

A total of 39 bat species were recorded by different
researchers in Turkey (Coraman et al., 2013; Yorulmaz
and Arslan, 2016; IUCN 2020). Overall, 13 of these
species were identified in Konya. These species were
Rhinolophus ferrumequinum, R. hipposideros, Myotis
myotis, M. mystacinus, M. emerginatus, M. capaccinil,
M. aurascens, M. blythii, Pipistrellus pipistrellus,
Hypsugo savii, Plecotus auritus, Miniopterus
schreibersii and Tadarida teniotis (von Helversen,
1989; Albayrak, 1993; Benda and Karatas, 2005; Asan
Baydemir and Albayrak, 2006).

Although there are many studies about the acoustic
identification of bats in the world today, studies in
Turkey are limited. The purpose of this study was to
determine and classify the bat species that is spread in
Selguklu District of Konya province acoustically.

MATERIALS and METHODS
Field recordings

This study was conducted in Selguklu district of Konya
province (between 36° 52’ N and 32° 29’ E). 28 different
locations were determined to study the bat activity.
This study was conducted in open areas. There is no
forest and residential area in the habitat. All calls were
recorded between April and October. To avoid
recording the same bats, only calls recorded one night
were analysed. The study was conducted with the
permission of Republic of Turkey, Ministry of Forest,
and Water Works (Permit no. 21264211-288.04-
E.346220). This permission also replaces the
permission of the local ethics committee. Bat activity
was monitored with the Batcorder 3.1 (EcoObs GmbH,
Nuremberg, Germany). This detector can record sound
in the 16-150 kHz range.

The detector was mounted on a rod to prevent bat calls
from recording echoes reflected from a surface
(Figurel). Records were made at distances higher than
three meters from reflecting surfaces such as ground
surfaces, trees, or water. The device is located at open
areas where there is no clutter at all records points
(Brabant at al.,, 2018). The detector was set to
automatically record calls from sunset to sunrise.

Sound analysis

BcAdmin 3.0 (EcoObs GmbH) and bcAnalyze2 (EcoObs
GmbH) software were used for the extraction, analysis
and automated identification of recorded audio files
including bat calls. In the analysis, echolocation calls
in the search phase of bats were used.From all records,
files that did not contain bat pass were extracted first.
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During the identification process, consisting of less
than 2 call signals made by individuals of a species, all
indeterminate and fragmented call sequences were
removed due to intraspecific and interspecific call
diversity. A sequence of call signals emitted by one or
more bats during a single recording event was defined
as a 'call'. To describe the multiple species recorded in
a single file, each call file was independently examined
to identify all species. Where the call files are
indefinite, fragmented, or where less than 2 call signs
occur, they are defined as "unknown bats". Sequences
containing two or more consecutive call signals of 90%
or higher quality were identified as species and the
best quality call signal was selected in the sequences.
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Figre 1. Detector mounted on a dead tree
Sekil 1. Olii bir agaca monte edilmis dedektor

Six parameters were measured for each call: Start
Frequency (Fear), End Frequency (Fena), Peak
Frequency (Fpeak), Duration (D), Inter-Pulse Interval
(IPD, Mean Frequency (Fmean) (Vaughan et al., 1997;
Parsons and Jones, 2000; Russo and dJones, 2002;
Obrist et al., 2004; Papadatou et al., 2008; Redgwell et
al., 2009; Russ, 2012).

Statistical analysis

Statistical analyses were performed using IBM SPSS
22.0. The values of 6 parameters (D, IPI, Fstart, Fend,
Finean, Fpeak) of each bat species obtained as a result of
the analysis of bat calls were studied separately.
ANOVA (One Way) analysis was used to test whether
at least one of these locations was different from the
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others. This analysis was performed for 4 species
detected in more than 10 in each location (Barbastella
barbastellus, Mpyotis myotis / blythii, Miniopterus
schreibersii and  Pipistrellus pipistrellus). B.
barbastellus and E. serotinus could not be evaluated
statistically because there is not enough data. Shapiro-
Wilk test was used to research normality in small
sample sizes. In addition to the Shapiro-Wilk test,
Skewness and Kurtosis values were also researched.
ANOVA was used for normally distributed variables
and Kruskal-Wallis test, which is the non-parametric
equivalent of ANOVA, for variables that was not
normally distributed or did not have homogeneous
variances. In ANOVA analysis, homogeneity was
checked by Levene Statistics. Post Hoc test was used
to detect the sources of difference between the groups.
If the variance of the parameters to be tested was
homogeneously distributed, Bonferroni test was used
in Post Hoc test. Discriminant Function Analysis was
used to classify the calls belonging to different groups.
Variables of 5 species with sufficient sample size were
included in the tests (M. myotis / blythii, M.
schreibersii, P. pipistrellus, H. savii and B.
barbastellus). E. serotinus could not be evaluated
statistically because there is not enough data.

RESULTS

As a result of passive acoustic listening performed for
28 nights in the study area, approximately 3167 bat
passes were recorded. As a result of the extraction and
analysis, 6 species were identified with the probability
estimated by over 90% by Batident 3.0 (EcoObs GmbH)
and bcAnalyze2 (EcoObs GmbH) software. These
species are M. myotis / blythii, B. barbastellus, P.
pipistrellus, H. savii, E. serotinus and M. schreibersii.
“Unknown bat” passes were 65.61% (2079) of all
analysed passes. The distribution of other genera and
species identified are as follows: Myotis sp. 15.16%
(480), Pipistrellus, Hypsugo and Miniopterus 4.42%
(140), Nyctalus, Eptesicus and Vespertilio sp. 1.45%
(46), M. schreibersii 6.66% (211), M. myotis / blythii
4.70% (149), P. pipistrellus 0.88% (28), B. barbastellus
0.79% (25), H. savii 0.22% (7) and E. serotinus 0.06%
(2).

Time and frequency statistics were formed as a result
of the analysis of the classified species (Table 1).
According to these statistics, M. schreibersii (Fstart
75.50 kHZ, Fena 50.05 kHZ, Fmean 51.54 kHz and Fpeak
51.04 kHz) had the highest average. The lowest Fstart
was found in B. barbastellus (36.79 kHz). The lowest
Fena was M. myotis / blythii (26.13 kHz). The lowest
Finean and Fpeak were found in £, serotinus (Fmean 32.10
kHz and Fpeak 29.21 kHz).

Frequency duration (D) belonged to the highest H.
savii (9.40 ms) and the lowest B. barbastellus (2.02
ms). The most variable parameter was IPI values.
Except E. serotinus, the difference between the lowest
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and highest values of IPI values were very high in
other species. The IPI value was found in the highest
P pipistrellus (212.14 ms) and the lowest B

barbastellus (106.28 ms) (Table 1).

When all

parameters were compared between species, there
were no similarities between Fstart, Fenda and Fpeax. M.
myotis/ blythil's Fuean, H. savii's D and B. barbastellus
IPI values were like E. serotinus (Table 1).

Table 1. Descriptive statistics of time and frequency parameters of the species identified by analysis (Mean, =+
standard deviation (SD) and minimum-maximum values are shown for each parameter.)

Cizelge 1. Analiz sonucunda tespit edilen tiirlerin zaman ve frekans parametrelerinin tanimlayici istatistikleri
(Her parametre igin ortalama, + standart sapma (SD) ve minimum-maksimum degerler gosterilmistir.)

b} )
o o8
Species ¢ 3 g ‘g Fatare (kHz) Fena (kHz) Fuean (kHz) Foeax (kHz) D (ms) IPI (ms)
Z. 3
B barbastellus 95 M 36.79 (+2.13)  30.50 (+2.40)  32.14 (x1.86)  32.24 (x1.47)  2.02 (0.42)  106.28(+68.86)
34.52-43.74 27.74-39.78 29.30-39.06 29.97-34.86 1.50-2.90 20-345
P. pipistrellus 98 FM/ 52.51 (+5.70)  46.28 (+1.27)  46.31 (+1.15)  46.40 (+0.80) 7.46 (£1.94) 212.14(+86.70)
’ QCF 45.48-65.33 43.35-48.51 43.27-48.10 44.93-48.06 3.90-12.10 87-370
B serotinus 9 FM/ 54.53 (£8.85)  27.20 (x0.63)  32.10 (+2.93)  29.21 (x0.26)  9.00 (+1.30) 119.50(+21.50)
. QCF 45.68-63.38 26.57-27.83 29.17-35.03 28.94-29.47 7.70-10.3 98-141
H savii 7 FM/ 39.18 (£5.28)  34.49 (x0.93)  34.40 (+0.67)  34.64 (x0.25)  9.40 (:0.90) 193.43(+76.66)
: QCF 34.10-51.38 33.16-35.65 33.80-35.89 34.20-35.02 7.80-10.80 99-334
M schreibersii 911 FM/ 75.50 (+8.58)  50.05 (x1.43)  51.54 (+1.04)  51.04 (+0.82) 7.01 (+1.42) 202.33(+85.01)
: QCF 58.58-101.07 46.28-53.87 48.89-54.93 48.89-54.06 3.90-10.70 25-438
. . 63.04 (+4.34)  26.13 (x1.30)  33.26 (+3.18)  33.98 (+0.92)  7.97 (+0.87) 142.78(+55.26)
M. myotis/blythii 149 M 51.90-72.48 23.62-29.93 28.20-38.45 32.22-39.22 5.60-10.00 51-345

Fpeax values in the statistics were obtained manually
from the peaks in the power spectra. The Fpeak point of
M. mpyotis / blythii is not apparent in the power
spectrum (Figure 2.A).

The bats analysed according to the call structures were
divided into two groups as FM calls (M. myotis /blythii
and B. barbastellus) and FM / QCF calls (M.
schreibersii, P. pipistrellus, H. savii and E. serotinus).

M. myotis / blythii and B. barbastellus emitted typical
short and steep sigmoid FM calls (Figure 2.A). The
calls of M. schreibersii, P. pipistrellus, H. savii and E.
serotinus were characterized by two components
consisting of a vertical frequency modulation (FM)
followed by a shallow frequency modulation (QCF)
(Figure 2.B, 1.C, 1.D, 1.E and 1.F). The FM part was
more prominent in P. pipistrellus and M. schreibersii
calls than other species (Figure 2.E and 1.F). H. savif's
echolocation calls are often characterized by a narrow
bandwidth and a longer duration (Figure 2.D).

Analysis Results

Before ANOVA test, normality test was performed for
call parameters of B. barbastellus, M. myotis / blythil,
M. schreibersii and P. pipistrellus. As a result of the
normality test, IPI (Shapiro Wilk p = 0.000, Skewness:
1.468, Kurtosis: 2.909) and Fmean (Shapiro Wilk: p =
0.000, Skewness: - 0.016, Kurtosis: - 1.650) parameters
of M. myotis /blythii did not show normal distribution.

Before the ANOVA test, Levene Statistics test was
used to control whether the variances of the groups
were distributed homogeneously. The groups were
homogeneous in all parameters except M.
schreibersi’s Fsart value (p = 0.024), M. myotis /
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blythir's IPI (p = 0.000) and Fmean value (p = 0.016).

As a result of the ANOVA analysis, there was no
significant difference except for Fstart (df = 7, F = 3083,
p = 0.005) and Fena (df = 7, F = 3027, p = 0.006)
parameters of M. myotis / blythii. Post-Hoc
(Benferroni) test was used to find the source of the
difference in Fstart and Fend parameters of M. myotis /
blythii. There was a significant difference between the
20 and 28 locations in both parameters.

According to Kruskal-Wallis analysis of non-normal
distribution parameters, there was no significant
difference between these groups for IPI (Chi-square =
11.314, df = 7, Asymp. sig. = 0.165) and Fmean (Chi-
square = 13.295, df = 7, Asymp. sig. = 0.125)
parameters of M. myotis / blythii and Fser (Chi-square
=16.382, df = 10, Asymp. sig. = 0.089) parameter of M.

schreibersii.

Discriminant Function Analysis (DFA) was applied to
classify 5 species (M. myotis / blythii, M. schreibersii,
P. pipistrellus, H. savii and B. barbastellus) with
sufficient sample size according to 6 parameters (D,
IPI, Fstart, Fend, Fmean and Fpeaw). There was no
correlation between the groups (Table 2). The
relationship between the DFA results and the groups
was decided by looking at the Eigenvalues Table (Table
3). DFA calculated 4 functions between groups. The
Canonical Correlation value of function 1 was 0.998.
To interpret this value, the square of the Canonical
Correlation value (0.9982 = 0.996) was calculated.
Briefly, the first function can explain 99.6% of the
variance in the dependent variable.
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Figure 2. Power spectrum and sonogram of M. myotis/blythii (A), B. barbastellus (B), E. serotinus (C), H. savii (D), M. schreibersii (E), P. pipistrellus (F)
Sekil 2. M. myotis /blythii (A), B. barbastellus (B), E. serotinus (C), H. savii (D), M. schreibersii (E) ve P. pipistrellus (F) a ait gii¢ spektrumu ve sonogram
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Table 2. Pooled within-groups matrices
Cizelge 2. Havuz i¢i grup matrisleri
D IPI Fstart Fend Fmean Fpeak
(ms) (ms) (kHz) (kHz) (kHz) (kHz)
D (ms) 1.000 .182 -.261 -.234 -.444 -.446
£ IPI(mo) 182 1.000 -.329 -118 -110 -.199
% Fstar (kHz) -.261 -.329 1.000 220 131 333
£ Fena (kHz) -.234 -118 220 1.000 292 344
Oo Frmean kHz) -.444 -.110 .131 292 1.000 .330
Fpeax (kHz) -.446 -.199 .333 .344 .330 1.000
Table 3. Eigenvalues
Cizelge 3. Ozdegerler
Function Eigenvalue % of Variance Cumulative % Canonical Correlation
1 206.973 97.7 97.7 .998
2 4.433 2.1 99.8 .903
3 453 2 100.0 558
4 .012 .0 100.0 .110

The second function (0.9032 = 0.815) can explain 81.5%
of the variance in the dependent variable. 97.7% of the
explained variance was explained by the first function
and 2.1% by the second function. Table 4 shows the
importance of independent variables when estimating
the dependent variable. In this table, the IPI variable
is not included in the list because it is not important
compared to other variables. In addition, this table
shows how important variables are when forming
functions. The most important variable in the

formation of the first function was Fypeak (0.965). Then
the variables D (0.503), Fenda (0.337) and Fumean (0.125)
were effective. The least significant variable was Fstart
(- 0.207) parameter. Figure 3 shows how much the
groups formed by functions 1 and 2 in Tables 3 and 4
can be separated from each other. DFA results are
given in Table 5. These results indicate that the calls
obtained in the study (371 calls) are 100% accurate by
species.

Table 4. Standardized canonical discriminant function coefficients
Cizelge 4. Standardize edilmis kanonik diskriminant fonksiyon analizi

Function
1 2 3 4
D (ms) 503 .858 .673 .000
Fstart (kHz) -.207 .760 -.543 .479
Fena (kHz) .337 -.365 .326 .628
Frean kHz) 125 .528 .025 -.805
Fpeak (kHz) .965 -.007 -.167 -171
Table 5. Discriminant function analysis results
Cizelge 6. Diskriminant fonksiyon analizi sonuglari
. Predicted Group Membership
Species M. myotis / blythii M. schreibersii P. pipistrellus B. barbastellus H. savii  Total
M. myotis / blythii 134 0 0 0 0 134
< M. schreibersii 0 187 0 0 0 187
2 P. pipistrellus 0 0 21 0 0 21
© B barbastellus 0 0 0 23 0 23
H. savii 0 0 0 0 6 6
M. myotis / blythii 100.0 .0 .0 .0 .0 100.0
M. schreibersii .0 100.0 .0 .0 .0 100.0
% P pipistrellus .0 .0 100.0 .0 .0 100.0
B. barbastellus .0 .0 .0 100.0 .0 100.0
H. savil 0 .0 .0 .0 100.0 100.0
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Canonical Discriminant Functions
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Figure 3. Canonical Discriminant Functions
Sekil 3. Kanonik Diskriminant Fonksiyonlari

DISCUSSION and CONCLUSION

Since M. myotis and M. blythii are sibling species, it 1s
difficult to distinguish acoustically (Russo and Jones,
2002; Russo et al., 2007; Bader et al., 2018). Therefore,
the results of M. myotis and M. blythii in this study
were given as M. myotis / blythil. As a result of the
extraction and analysis, in this study, if M. myotis and
M. blythii were accepted together, 6 species (M. myotis
/ blythii, B. barbastellus, P. pipistrellus, H. savii and
E. serotinus from the family Vespertilionidae, M.
schreibersii of the family Miniopteridae) were
analysed.

ANOVA and Kruskal-Wallis tests of the analysed
species showed that there was no significant difference
between the locations of each species for other
parameters except Fstart and Fena parameters of M.
myotis / blythii. By using Post Hoc (Benferroni) test, it
was determined which locations were the difference in
Fstart and Fena parameters of M. myotis / blythi.

When the results of M. myotis/ blythii obtained were
compared with the studies in Italy (Russo and Jones,
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2002), Switzerland (Obrist et al., 2004) and Greece
(Papadatou et al., 2008); The frequency duration (D)
results were similar to the study in Switzerland, but
were approximately 3 ms higher than in Italy and
Greece. While the Fstart in this study was like Italy, it
was about 10 kHz lower than the studies in
Switzerland and Greece. The results of the Fena were
like those in Italy and Greece, but about 2 kHz higher
than in Switzerland. The Fpeak was like the studies in
Italy, Switzerland, and Greece. The IPI was only
available in studies in Italy and Greece and was like
both.

The results of B. barbastellus were similar to those
reported in studies in Italy (Russo and Jones, 2002)
and the UK (Parsons and Jones, 2000; Parsons, 2004;
Redgwell et al., 2009). Only D was about 1 ms lower
than (Russo and dJones, 2002). In their studies of
Parsons and Jones (2000) and Russo and Jones (2002)
reported both the FM and FM / QCF call types of B.
barbastellus. In this study, only FM type calls were
observed. There was no direct observation of B.
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barbastellus in this region. The closest to this region
was observed in Nevsehir (Benda and Hor4dek, 1998).
The presence of B. barbastellus in this area should be
directly observed.

P. pipistrellus was compared with the results of
studies in Greece (Papadatou et al., 2008), Switzerland
(Obrist et al., 2004), Italy (Russo and Jones, 2002) and
England (Vaughan et al., 1997; Parsons and dJones,
2000; Redgwell et al., 2009). The D was like studies in
Greece, Switzerland, Italy, and the UK. Only, it was
approximately 3 ms higher than the study of Parsons
and Jones (2000). Feart was approximately 20 kHz
lower than other studies. Fenda was about 2 kHz higher
than in Switzerland. Fpeak and Fmean were like those
reported in other studies.

The results of H. savii were similar with the results of
studies in Italy (Russo and Jones, 2002), Switzerland
(Obrist et al., 2004) and Greece (Papadatou et al.,
2008). D was about 1 ms higher than in Greece. Fend is
about 3 kHz lower than the study in Switzerland.

Studies on E. serotinus in Greece (Papadatou et al.,
2008), Switzerland (Obrist et al., 2004), Italy (Russo
and Jones, 2002) and the UK (Parsons and Jones,
2000; Redgwell et al., 2009; Vaughan et al., 1997) had
similar results. The D was about 1 ms lower than the
results of Vaughan et al. (1997) and Parsons and Jones
(2000) from the UK. The results of IPI, Fstart and Fmean
were similar with other studies. The Fena was about 4
kHz higher than in Switzerland. The Fpeak was about 3
kHz lower than Parsons and Jones (2000). In this
study, two echolocation calls of E. serotinus were
analysed. FE. serotinus was recorded in Ankara
(Albayrak, 1985; von Helversen, 1989; Benda and
Horacek, 1998; Asan Baydemir and Albayrak, 2006),
Eskisehir (Benda and Horacek, 1998) and Nigde
(Karatas and Sozen, 2006), which are closest to the
study area. It i1s also likely to be present in this area
but needs to be confirmed by direct observation.

The results of M. schreibersii were compared with the
results of studies in Italy (Russo and Jones, 2002),
Switzerland (Obrist et al., 2004), Greece (Papadatou et
al., 2008) and Turkey (Furman et al., 2010). The
results were almost similar with results of other
studies, except Turkey. Other parameters except Fena
in study of Turkey was not similar with the results in
this study. The difference may be due to the fact that
Furman et al. (2010) made his recordings in flight
rooms and hand-released bats.

In this study, most of the time and spectral
measurements taken from the calls were similar with
the results of previous studies (Vaughan et al., 1997;
Parsons and Jones, 2000; von Helversen et al., 2001;
Russo and Jones, 2002; Obrist et al., 2004; Parsons,
2004; Papadatou et al., 2008; Redgwell et al., 2009;
Furman et al., 2010; Russ, 2012; Hafner et al., 2015;
Nyssen et al,. 2015). The differences were usually
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small. This can easily be explained by the flexibility of
the call structure. Since sufficient information about
habitat structures of previous studies could not be
obtained, it was not possible to compare habitats. In
addition, different bat detectors used in researches can
be effective in different results. As acoustic clutter
increases, calls become shorter and broadband, and the
frequency rate increases (Rydell, 1990; Kalko and
Schnitzler, 1993). Morphology also affects call design
and may lead to convergence between morphologically
similar species in call design (Jones, 1996). Age has
been shown to have an effect on the echolocation calls
of bats regardless of morphology (Jones et al., 1992).

The success of the DFA statistical results in the
classification of species in this study was close to or
higher than previous studies in which the DFA was
used (Parsons and Jones, 2000; Papadatou et al., 2008;
Redgwell et al., 2009). Reasons why DFA has achieved
higher accuracy than other studies may be relatively
few species are used in the classification and 90%
quality calls are selected for extraction. The results of
DFA may be an appropriate method for the acoustic
identification of the species in the Selguklu district.
This study shows that it is possible to examine species
-specific habitat use models of bats using acoustic
monitoring only in this study area.

As a result of the acoustic studies, it is possible to
obtain information about species diversity and activity
density in Dbats' natural environments without
disturbing them. More intensive studies of this kind
will allow us to learn more about the habitats of bats.

ACKNOWLEDGEMENTS
This study was funded by grants from the
Coordination Committee of Scientific Research

Projects (BAP No: 18201118) of Selcuk University.
This study is summarized from Mesut BAS's master
thesis.

Statement of Conflict of Interest
Authors have declared no conflict of interest.

Author’s Contributions
The contribution of the authors is equal.

REFERENCES

Albayrak I 1985. Researches on Bats of Ankara
Province (Mammalia: Chiroptera). De la Faculte
des Sciences de L'Universite D'Ankara, Serie C:
Biologie 3: 1-20.

Albayrak I 1993. The Bats of Western Turkey and
Their Distribution (Mammalia: Chiroptera).
Turkish Journal of Zoology 17: 237-257.

Asan Baydemir N, Albayrak I 2006. A Study on the
Breeding Biology of Some Bat Species in Turkey
(Mammalia: Chiroptera). Turkish Journal of



KSU Tarim ve Doga Derg 24 (1): 186-195, 2021
KSU J. Agric Nat 24 (1): 186-195, 2021

Arastirma Makalesi
Research Article

Zoology 30: 103-110.

Bader E, Bontadina F, Frey-Ehrenbold A,
Schonbéchler C, Zingg PE at al. 2018. Guidelines
for the Recording, Analysis and Validation of Bat
Calls in Switzerland. Report of the Swiss Bat
Bioacoustics Group SBBG.

Benda P, Horadek I 1998. Bats (Mammalia:
Chiroptera) of the Eastern Mediterranean. Part 1:
Review of Distribution and Taxonomy of Bats in
Turkey. Acta Societas Zoologicae Bohemicae 62:
255-313.

Benda P, Karatags A 2005. On Some Mediterranean
Populations of Bats of the Myotis mystacinus
Morphogroup (Chiroptera: Vespertilionidae), Lynx
(Praha), 36: 9-38.

Brabant R, Laurent Y, Dolap U, Degraer S, Poerink BJ
2018. Comparing the Results of Four Widely Used
Automated Bat Identification Software Programs to
Identify Nine Bat Species in Coastal Western
Europe. Belgian Journal of Zoology 148(2):121.

Coraman E, Furman A, Karatas A, Bilgin R 2013.
Phylogeographic Analysis of Anatolian Bats
Highlights the Importance of the Region for
Preserving the Chiropteran Mitochondrial Genetic
Diversity in the Western Palaearctic. Conservation
Genetics 14: 1205-1216.

Feldhamer GA, Drickamer LC, Vessey SH, Merritt JF
And Krajewski C 2007. Mammalogy: Adaptation,
Diversity, Ecology. 3rd Edition. The Johns Hopkins
University Press, Baltimor, Maryland.

Fenton MB 1990. The Foraging Behaviour and Ecology
of Animal-Eating Bats. Canadian dJournal of
Zoology 68: 411-422.

Fenton MB, Bell GP 1981. Recognition of Species of
Insectivorous Bats by Their Echolocation Calls.
Journal of Mammalogy 62: 233-243.

Furman A, Postawa T, Oztung¢ T, Coraman E 2010.

Cryptic Diversity of the Bent-Wing Bat,
Miniopterus schreibersii (Chiroptera:
Vespertilionidae), in Asia  Minor. BMC

Evolutionary Biology 10: 121.

Griffin DR 1944. Echolocation byBlind Men, Bats and
Radar. Science, 100(2609): 589-590.

Griffin DR 1958. Listening in the Dark: the Acoustic
Orientation of Bats and Men.

Griffin DR, Webster FA, Michael CR 1960. The
Echolocation of Flying Insects by Bats. Animal
Behaviour 8: 141-154.

Hafner J, Dietz C, Schnitzler HU, Denzinger A 2015.
Das Echoortungsverhalten der
Nymphenfledermaus Myotis alcathoe. Verbreitung
und Okologie der Nymphenfledermaus 27.

Hartridge H, 1920. The Avoidance of Objects by Bats
in Their Flight. The Journal of Physiology 54(1-2):
54-57.

Harvey MdJ, Altenbach JS, Best TL 2011. Bats of the
United States and Canada. dJohns Hopkins
University Press 15.

194

TUCN 2020. The IUCN Red List of Threatened Species.
Version  2020-1. https://www.iucnredlist.org/
search/list?taxonomies=100265searchType=species

Jones G 1996. Does Echolocation Constrain the
Evolution of Body Size in Bats? (In: Symposia of the
Zoological Society of London. London: The Society,
1960-1999) 111-128.

Jones G, Gordon T, Nightingale J 1992. Sex and Age
Differences in the Echolocation Calls of the Lesser

Horseshoe  Bat, Rhinolophus  hipposideros.
Mammalia 56: 189-194.
Kalko EK, Schnitzler HU 1993. Plasticity in

Echolocation Signals of European Pipistrelle Bats
in Search Flight: Implications for Habitat Use and
Prey  Detection. Behavioral Ecology and
Sociobiology 33: 415-428.

Karatag A, Sozen M 2006. Bats of the Middle and
Upper Kizilirmak Regions, Central Anatolia,
Turkey (Chiroptera). Lynx (Praha) 37: 151-159.

Larsen RdJ, Boegler KA, Genoways HH, Masefield WP,
Kirsch RA et al. 2007. Mist Netting Bias, Species
Accumulation Curves, and the Rediscovery of Two
Bats on Montserrat (Lesser antilles). Acta
Chiropterologica 9: 423-435.

Macswiney G, Cristina M, Clarke FM, Racey PA 2008.
What You See is Not What You Get: The Role of
Ultrasonic Detectors in Increasing Inventory
Completeness in Neotropical Bat Assemblages.
Journal of Applied Ecology 45: 1364-1371.

Nyssen P, Smits Q, Van De Sijpe M, Vandendriessche
B, Halfmaerten D et al. 2015. First Records of
Mpyotis alcathoe Von Helversen & Heller, 2001 in
Belgium. Belgian Journal of Zoology 145: 130-136.

Obrist MK, Boesch R, Fliickiger PF 2004. Variability
in Echolocation Call Design of 26 Swiss Bat Species:
Consequences, Limits and Options for Automated
Field Identification with a Synergetic Pattern
Recognition Approach. Mammalia Mamm 68: 307-
322.

Papadatou E, Butlin RK, Altringham JD 2008.
Identification of Bat Species in Greece from Their
Echolocation Calls. Acta Chiropterologica 10: 127-
143.

Parsons S 2004. Signal Processing Techniques for
Species Identification. Bat Echolocation Research:
Tools, Techniques and Analysis 114.

Parsons S, Jones G 2000. Acoustic Identification of
Twelve Species of Echolocating Bat by Discriminant
Function Analysis and Artificial Neural Networks.
Journal of Experimental Biology 203: 2641-2656.

Pierce GW, Griffin DR 1938. Experimental
Determination of Supersonic Notes Emitted by
Bats. Journal of Mammalogy 19(4): 454-455.

Pye JD 1960. A Theory of Echolocation by Bats. The
Journal of Laryngology & Otology 74(10): 718-729.

Redgwell R, Szewczak J, Jones G, Parsons S 2009.
Classification of Echolocation Calls from 14 Species
of Bat by Support Vector Machines and Ensembles



KSU Tarim ve Doga Derg 24 (1): 186-195, 2021
KSU J. Agric Nat 24 (1): 186-195, 2021

Arastirma Makalesi
Research Article

of Neural Networks. Algorithms 2: 907-924.

Russ J 2012. British Bat Calls: A Guide to Species
Identification. Pelagic Publishing.

Russo D, Jones G 2002. Identification of Twenty-Two
Bat Species (Mammalia: Chiroptera) from Italy by
Analysis of Time-Expanded Recordings of
Echolocation Calls. Journal of Zoology 258: 91-103.

Russo D, Jones G, Arlettaz R 2007. Echolocation and
Passive Listening by Foraging Mouse-Eared Bats
Mpyotis myotis and M. blythii. Journal of
Experimental Biology 210: 166-176.

Rydell J 1990. Behavioural Variation in Echolocation
Pulses of the Northern Bat, Eptesicus nilssoni.
Ethology 85: 103-113.

Schnitzler H-U, Moss CF, Denzinger A 2003. From
Spatial Orientation to Food Acquisition in
Echolocating Bats. Trends in Ecology &
Evolution 18(8): 386-394.

Vaughan N, Jones G, Harris S 1997. Identification of

195

British Bat Species by Multivariate Analysis of
Echolocation Call Parameters. Bioacoustics 7: 189-
207.

Von Helversen O 1989. New Records of Bats
(Chiroptera) from Turkey. Zoology in the Middle
East 3: 5-18.

Von Helversen O, Heller K-G, Mayer F, Nemeth A,
Volleth M et al. 2001. Cryptic Mammalian Species:
A New Species of Whiskered Bat (Myotis alcathoe
n. sp.) in Europe. Naturwissenschaften 88: 217-223.

Yorulmaz T, Arslan N, 2016. Tirkiye Yarasalarinin
(Mammalia: Chiroptera) Son Durumu ve Ulusal
Korunma Statiileri I¢in Oneriler (Poster Sunum)
23. Ulusal Biyoloji Kongresi, 5-9 Eylil 2016,
Gaziantep.

Wordley CF, Foui EK, Mudappa D, Sankaran M,
Altringham JD 2014. Acoustic Identification of Bats
in the Southern Western Ghats, India. Acta
Chiropterologica 16: 213-222.



