
ACOUSTIC STUDIES IN VERTEBRATES  

– APPLICATIONS OF MACHINE LEARNING TECHNIQUES 

 

 

Theses 

 

 

ZSEBŐK SÁNDOR 

 

 

EÖTVÖS LORÁND UNIVERSITY 

BIOLOGICAL DOCTORAL SCHOOL 

PROGRAM OF ZOOTAXONOMY, ANIMAL ECOLOGY AND HIDROBIOLOGY 

LEADER OF THE SCHOOL: DR. ANNA ERDEI 

LEADER OF THE PROGRAM: DR. JÁNOS TÖRÖK  

 

 

SUPERVISORS: 

DR. JÁNOS FARKAS, PHD 

DR. KIRILL MÁRK ORCI, PHD  

 

 

 

EÖTVÖS LORÁND UNIVERSITY 

DEPARTMENT OF SYSTEMATIC ZOOLOGY AND ECOLOGY 

BUDAPEST 

2012  



1 
 

 Animal bioacoustic studies are especially important in taxonomical, faunistic, 

ecological and evolutionary research as well as in practical nature conservation. In this 

thesis, I introduce the classification and clustering applications in bioacoustics, and describe 

five studies connected with this topic.  

1. Describing the echolocation call characteristics of Eudiscopus denticulus  

1.1 Introduction 

To date, only a handful of specimens of the disc-footed bat (Eudiscopus deticulus, 

Vespertilionidae) were found in South-East Asia and despite the fact that it was described 80 

years ago (Osgood 1932) the information on this species can be summarized in few lines. Its 

echolocation behaviour, which would be particularly important to localize the species and 

get more information about its distribution and ecology, remained totally unknown. In the 

course of a biodiversity survey in Vietnam, October 2008, echolocation calls of three 

individuals of Eudiscopus denticulus were recorded and their echolocation call characteristics 

are described herewith with the purpose that the species could be found easier during 

acoustic surveys in South-East Asia.  

1.2 Material and methods 

 Echolocation calls of three individuals were recorded in Vietnam with ultrasound 

detector. Altogether 602 echolocation calls were segmented. From the pool of the common 

calls 96 were selected randomly (32 calls from each individual) to describe the call 

parameters with statistical tools. In order to make predictions for the dynamics of the call 

shape, correlations between the relevant parameters. 

1.3 Results 

 The echolocation call parameters of Eudiscopus denticulus were described first time.   

 Based on the structure of the calls we predict this species as a so called edge-and-space 

aerial forager.   
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1.4 Conclusions 

Based on the results, the acoustic identification of the species on the field is possible, 

and finding the species might be easier in the future studies.    

2. Acoustic discrimination of Pipistrellus kuhlii and Pipistrellus nathusii and its 

application to assess changes in species distribution 

2.1 Introduction 

A rapid range expansion of Pipistrellus kuhlii can be observed throughout Europe 

based on new records gathered in the last two decades (Sachanowicz et al. 2006). Data of 

new occurrences were obtained by different methods (mist netting, dead specimens, 

checking buildings for roosts, etc.), providing only a rough picture about the exact pattern of 

the expansion (Fehér 1995, 2007). The aim of this study was to show an effective acoustic 

method that can be used for quantifying the differences in the occurrence of P. kuhlii in two 

given areas or within the same area at different times. Therefore this method can be used to 

investigate the process of area expansion in this species. The large overlap in the 

echolocation call parameters of P. kuhlii and P. nathusii made it necessary to create a sound 

library from the calls of the two species. 

2.2 Material and methods 

Echolocation calls of P. nathusii and P. kuhlii were collected from free flying 

specimens. Quadratic discriminant function analysis with 10-fold cross-validation was 

applied to discriminate the two species. In seventy-one settlements in two areas of Hungary 

(Northern and Southern Hungary) were visited once in the second half of June 2008, and we 

conducted a point-counting survey with recording echolocation calls from these two species. 

Using the discriminant functions we identified the sequences as P. kuhlii or P. nathusii with a 

self-written MATLAB script. 

2.3 Results 

 We developed a Hungarian sound library for the 2 species and a classification system to 

discriminate them. 
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 Based on the results of the point-counting survey we can claim that P. kuhlii is common 

in the South and rare in the North of Hungary. 

2.4 Conclusions 

By means of our method it’s possible to conduct a well designed sampling study to follow 

the area expansion of P. kuhlii in the future in Hungary. The data, we collected from the 

field, can be a base of the next studies to follow the changes in time. 

3. The relationship between the compositional features of song and the paring 

speed in collared flycatcher 

3.1 Introduction 

 Repertoire size, which is the number of unique song elements (i.e. syllables) that an 

individual possesses, describes the complexity of bird song, an important target of female 

preference (Catchpole & Slater 2008). Repertoire size does not necessary describe biological 

functions, because females are unlikely to count and compare the full repertoire of males 

due to various constraints. Instead, they more likely compare short syllable sequences, 

during which the presence/absence of particular syllables may drive mating decisions. If 

specific syllables have coherent consequences for mate attraction, we predict that males 

that compose their repertoires from the same syllables realize similar mating success, and 

the attraction value of syllables is repeatable across males. We tested these predictions 

based on a population-wise syllable library of the Hungarian population of the collared 

flycatcher (Ficedula albicollis).  

3.2 Material and methods 

 First, we built a sound library, and then we clustered the syllables in a semi automatic 

way with the support of Decision Tree classification method. We applied a tree clustering 

method to hierarchically classify males based on the degree of repertoire overlap. We then 

used a phylogenetic method to match the hierarchically structured song data with pairing 

speed as a measure of mating success. We partitioned the variance components of pairing 

speed to examine whether it varies consistently within syllables and across males. We 

conducted correlative investigations between the pairing speed and the geographical 
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distance between males, the physical characteristics of the syllables, as well as the relative 

abundance of syllables in the population.   

3.3 Results 

 These approaches revealed that males using similar syllables also find a breeding partner 

at a similar speed.  

 We showed that the consequences of particular syllables for mating are repeatable 

across males. 

 We derived a positive relationship between the physical distance between pairs of males 

and their repertoire overlap. 

 We were unable to demonstrate that syllables related to higher mating success are more 

common in the population or they would have special physical characteristics.  

3.4 Conclusions 

 Our results infer that individual-specific song organization may be more relevant 

from the listener’s perspective than repertoire size, thus the specific functions of individual 

syllables are generally overlooked in studies of bird song. Our results imply that individual-

specific song organization may be relevant for sexual selection. 

4. Acoustic identification of 6 European shrew species 

4.1 Introduction 

Despite of the literature told fact that shrews are very vocal animals (Churchfield 

1990), we know very little about their acoustic behaviour. Take into account of the species 

number of shrews we can claim they are one of the least studied mammals from acoustic 

viewpoint. Twittering sounds produced by shrews generally, hence the question was risen: 

can we use these calls as acoustic cues for monitor shrew species in the field? Our study 

offers the first comprehensive analysis of twittering calls of these 6 Central European shrew 

species. Its main objectives are to develop a twittering call library for the six species, to 

describe the characteristics of the calls and explore the degree of call plasticity and to assess 

whether calls may be unambiguously used for shrew species identification in field studies. 
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4.2 Material and methods 

In this study, we present the first detailed analysis of twittering calls from 6 shrew species 

(Sorex minutus, Sorex araneus, Neomys fodiens, Neomys anomalus, Crocidura russula, and 

Crocidura leucodon) occur in Central Europe. Species identification accuracy is investigated 

in two steps. Firstly, we show how feasible the species discrimination based on the averaged 

acoustic parameters of individual calls by means of Support Vector Machine (SVM) method. 

Secondly, we make groups from the very diverse calls implemented by Self-Organizing Maps 

(SOM), and we conduct the SVM classification of individuals based on the relative 

abundances of call types. 

4.3 Results 

 I provided the first detailed description of the twittering calls in 6 European shrew 

species. 

 The species discrimination based on the averaged acoustic parameters of individual calls 

reaches the 57% accuracy. 

 Based on the classification of the relative abundances of call types I provided a species 

identification with 76% accuracy. 

4.4 Conclusions 

Using these non perfect classification models, we are able to use the calls recorded on 

the field for comparative studies, where we are interested in the differences of the 

abundance in shrew species between areas or in the same area from different time without 

disturbance of these animals. 

5. Comparing repertoire sizes by means of Minimum Spanning Tree method 

5.1 Introduction 

Measuring the repertoire size of birds is one of the most important method in 

behaviour ecology (Catchpole & Slater 2008). In several species males with higher repertoire 

size reach higher mating success (Soma & Garamszegi 2011). However, quantifying the 

repertoire size can be cognitively challenging and largely subjective in high repertoire 

species. In community ecology, measuring the functional diversity without clustering the 
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data is related to a similar problem (Petchey & Gaston 2006). Our main aims were to 

describe the application possibilities of the Minimum Spanning Tree (MST) in acoustic 

studies, and using this technique for comparing repertoire sizes in collared flycatcher 

individuals.  

5.2 Material and methods 

In the first step I conducted simulations on generated data with different number of 

elements, variance, size and number of groups and studied the effect of these variables on 

the length of MST. In the second part of the study I compared the repertoire sizes of the 

collared flycatcher individuals using manual, semi-automatic clustering methods and the 

MST.   

5.3 Results 

 I provide the first description of using the functional diversity concept in bioacoustics. 

 I made suggestions of the use of MST in bioacoustic studies. 

 I proved the usability of MST in comparing repertoire sizes in collared flycather. 

5.4 Conclusions 

The MST technique can be used for quantifying acoustic diversity without subjective 

data clustering, hence this method is potentially applicable for acoustic repertoire studies in 

many taxa and organizing levels. 
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