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Abstract. Understanding song structure is a fundamental step in any bioacoustic 

study because it provides a basis for interpreting signal production and behavioral 

function. Previously, an analytical framework based on spectral fluctuation analysis 

of peak frequency and amplitude was proposed, considering peak frequency as a 

species-specific signal perceived by females. In this study, advertisement songs of 

three cicada species with varying structural complexity, Cryptotympana atrata, 

Graptopsaltria nigrofuscata, and Meimuna opalifera, were analyzed to evaluate the 

applicability of this framework. Spectral fluctuations were examined using the 

strucchange package in R, and generalized linear regression models were fitted 

between peak frequency and root-mean-square amplitude to identify structural 

breakpoints. The results showed that songs of C. atrata were primarily divided into 

two non-repetitive parts, whereas G. nigrofuscata produced songs comprising five 

distinct segments. In M. opalifera, advertisement songs consisted of five sequential 

parts, each containing multiple frequency- and amplitude-modulated echemes. These 

findings demonstrate the robustness of the proposed approach in identifying song 

structures across species with different levels of complexity and provide an 

informative foundation for subsequent bioacoustic and behavioral studies. 

Keywords: spectral fluctuation analysis, advertisement song, cicada. 

1. Introduction  

Cicadas belong to a group of insects that mainly rely on advertisement songs for 

species recognition and pair formation [1]. Accordingly, males convey species-specific 

information in both spectral and amplitude modulations of the song and send those 

acoustic signals toward conspecific females. In return, females recognize species-specific 

signals by vibrating their tympanal ridge at the peak frequency in conspecific male songs 

to identify and orient towards their potential mates [2]-[4]. Even in multi-species 
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dynamics, the apodeme in female ears can act as a bandpass filter of background noise 

and tune in closely to the fluctuation of peak frequency, which assures an efficient 

phonotactic orientation to conspecific males afterwards [5]. After approaching their 

potential mates, females focus on the temporal characteristics of male songs for courtship 

responses [6]. For all those reasons, both spectral and temporal attributes of advertisement 

songs are critical for intraspecific intersexual communication in cicadas [6]. 

Songs are diverse among cicada taxa in both temporal and spectral attributes, which 

reflect differences in neural control and sound-producing morphology [7]. In the temporal 

domain, songs can be discriminated based on syllable structure, tymbal-apparatus level, 

or echeme structure as proxies for underlying motor patterning. Some species have simple 

songs composed of one or two types of echemes [8]-[10], whereas others include several 

types alternatively repeated during the song [10]-[13]. With regard to spectral domains, 

frequency spectra also vary from pure-tone spectra [14] to wideband [15]-[17], as well as 

peak frequency varying from 800 Hz [16] to ultrasonic frequency [18]-[19]. This diversity 

in both time and frequency poses a challenge for developing general, quantitative tools 

that can reliably detect and characterize structural organization across species with 

markedly different song architectures. 

In a recent study, Nguyen et al. [20] proposed a spectral fluctuation analysis scheme 

that exploits time series of acoustic features, such as peak frequency and amplitude, to 

detect systematic changes in song structure using statistical break-point detection. 

Although the approach has successfully detected different patterns within the songs of 

Hyalessa maculaticollis, it remains unclear whether the same analytical framework is 

applicable across the full range of temporal and spectral complexity observed in cicadas. 

Demonstrating such robustness is essential if this approach is to be used as a general tool 

for bioacoustic analysis across taxa. 

In this study, advertisement songs of three cicada species, Cryptotympana atrata, 

Graptopsaltria nigrofuscata, and Meimuna opalifera, were selected explicitly to span a 

gradient from relatively simple to more complex temporal and spectral song structures. 

Building on the previously developed spectral fluctuation analysis scheme, time series of 

peak frequency and amplitude were modeled using generalized linear regression, and the 

consistency of regression coefficients was evaluated across each recording. The 

strucchange package in R was then applied to these models to identify statistically 

significant breakpoints, that is, locations within a song where the underlying spectral–

temporal relationship changes abruptly. By successfully detecting structural changes in 

songs that differ markedly in their temporal organization and spectral composition, this 

work demonstrates the applicability and versatility of the proposed spectral fluctuation 

analysis scheme to cicada songs of various structural types, thereby extending its potential 

use to broader comparative and taxonomic contexts. 

2. Materials and methods 

2.1. Song recording 

From July to August 2013, songs of C. atrata, G. nigrofuscata, and M. opalifera were 

recorded in and around metropolitan Seoul, Republic of Korea. Each location was visited 
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randomly twice from 9 am to 5 pm during the sampling period. The average temperature 

and humidity of each sampling location are provided in Table 1. On rainy days, no 

recordings were made.  

 

Table 1. Information on each sampling locality. Temp: temperature; Hum: humidity 

Date 
Temp 

(ºC) 

Hum 

(%) 
Location name 

Latitude 

(oN) 

Longitude 

(oE) 

Area 

(m2) 

2013.08.01 30.2 73 Jamsil Complex 37.643611 127.076389 66000 

2013.08.02 27 88.3 Byung Mok An Park 37.384400 126.908889 60,200 

2013.08.07 29.6 80.4 Jungang Complex 37.4314389 126.992778 75355 

2013.08.08 29.1 82.3 Jamsil Complex 37.6436111 127.076389 66000 

2013.08.14 30.8 63.7 Jamsil Complex 37.6436111 127.076389 66000 

2013.08.03 30.6 83.4 Jungang Complex 37.431439 126.992778 75,355 

2013.08.05 29.3 89.3 Jungang Complex 37.431439 126.992778 75,355 

2013.08.15 30.1 73 Hanok Village 37.559314 126.994444 58,000 

2013.08.16 29.5 77.9 Hanok Village 37.559314 126.994444 58,000 

 

Song recording and preprocessing followed the procedures described in Nguyen et al. [20]. 

Specifically, we recorded one complete advertisement song from each cicada, capturing 

the entire duration from beginning to end without interruptions. The recorder was 

positioned horizontally relative to the male cicada's body, and a distance of approximately 

20 - 30 cm was maintained throughout each 1-minute recording to obtain high-quality 

acoustic signals while minimizing disturbance to the calling individual. Songs were 

recorded using a digital recorder (PCM-D50; Sony Electronics Inc., China) with a built-in 

microphone and a head-cover windshield to minimize background noise. Recordings were 

obtained at a 44.1 kHz sampling rate and 16-bit resolution.  

2.2.  Spectral fluctuation analysis 

We followed Nguyen et al. [20] in analyzing the spectral fluctuation of cicada 

advertisement songs. Briefly, time series of peak frequency (PF) and root-mean-square 

amplitude (RMS) of each song recording were used to construct a regression model (PF ~ 

RMS). The null hypothesis of constant regression coefficients over time was tested using 

empirical fluctuation processes implemented in the strucchange package (version 1.5-0) 

in R (version 4.4.1) [21]. A significant test result indicated at least one structural change 

in the sequence. 

 To estimate the number and positions of structural changes, we evaluated both (i) 

peaks in the empirical fluctuation process and (ii) changes in fluctuation patterns. 

Breakpoints were subsequently determined using the breakpoints () function, which 

identifies segmentation points that minimize residual variation across the time series. The 
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minimal segment size parameter (h) was selected based on two criteria: the number of 

peaks detected in the empirical fluctuation processes and the number of different patterns 

observed in the empirical fluctuation processes. In other words, we relied on both the 

number of peaks and the number of different patterns in estimating the number and 

locations of potential structural changes. As the duration of each segment could be varied 

among songs, the parameter h was refined through comparison of different fluctuation 

patterns among candidate models. 

2.3.  Hierarchical terminology of cicada song description 

 Hierarchical terminology employed to describe cicada songs commonly consists of 

pulse, syllable, echeme, phrase, and song [1], in which pulses are the smallest unit 

produced when the tymbal apparatus contracts and relaxes, and phrases are one complete 

complex song structure repeated in time. A syllable is one cycle of tymbal muscle 

movement, and an echeme is constituted by groups of syllables. A song is the totality of 

an advertisement signal with at least one phrase. In this study, we introduced a new 

structure, part, as an aggregation of echemes, so that one phrase is constituted by several parts.  

 After defining the structures of each song, we continued with temporal and spectral 

measurements. Definitions of Phrase Duration (PD), Part Duration (PaD), Echeme 

Duration (ED), Peak Frequency (PF), and Bandwidth 90% (BW) followed Nguyen et al. [20]. 

In addition, Inter-phrase interval (IPI) indicated the silent time between two consecutive 

phrases, and Phrase period (PP) summed up consecutive PD and IPI.  

3. Results 

In general, C. atrata was the species whose positions were maintained during calling, 

whereas the other species frequently changed calling perches between consecutive songs. 

Moreover, C. atrata’s songs were the least complex in structure, followed by G. 

nigrofuscata; the songs of M. opalifera consisted of multiple repetitions at both part- and 

echeme-levels.  

3.1. Cryptotympana atrata 

 The advertisement song of C. atrata was a long, continuous call with a gradual 

increase of both PF and RMS at the beginning, followed by relatively constant spectral 

patterns in the main body. Examination of 79 empirical fluctuation processes in 21 songs 

showed that most phrases contained one prominent peak in the empirical fluctuation 

process (71 phrases), seven phrases included two peaks, and only in one phrase did we 

find three distinct peaks. All processes crossed the significance level, indicating at least 

one significant structural change in C. atrata’s songs. For that reason, one phrase of C. 

atrata was divided into two or more parts (Figure 1). The duration of one phrase was 

approximately 22.39 ± 2.68 s, with 26.77 ± 10.22 s in between consecutive phrases, which 

resulted in a phrase period of 48.97 ± 11.13 s. Descriptive analysis of other parameters 

related to the part structure of C. atrata’s songs is shown in Table 2.  
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Table 2. Spectral and temporal properties of C. atrata’s advertisement songs (n = 21).  

 PaD (s) PF (kHz) BW (kHz) 

Part A 5.54 ± 1.81 5.81 ± 0.53 6.35 ± 0.49 

In two-part songs 

Part B  16.85 ± 2.39 6.47 ± 0.60 6.42 ± 0.41 

In three-part songs 

Part B 11.98 ± 2.92 6.20 ± 0.53 6.63 ± 0.47 

Part C 8.34 ± 2.67 6.34 ± 0.94 6.64 ± 0.28 

In four-part songs 

Part B 4.83 6.38 6.64 

Part C 4.43 6.20 6.30 

Part D 5.71 5.89 6.13 

PD: phrase duration, PaD: part duration, ED: echeme duration, PF: peak frequency, 

BW: bandwidth 90% 

 

 
Figure 1. Advertisement songs of C. atrata, in which one phrase consisted of two to 

four parts. Empirical fluctuation processes and time-series of peak frequency of:  

(a) & (b) a song containing two parts A and B, (c) and (d) a song containing three 

parts A to C, (e) and (f) a song containing four parts A to D, respectively.  

3.2.   Graptopsaltria nigrofuscata 

 Song of G. nigrofuscata could be primarily described by two parts, in which the first 

part, represented by low frequency fluctuation, was assumed to build up energy for 

multiple fluctuations between profoundly distinct high and low frequencies in the second 

part. This coincided with one significant peak found in almost all empirical fluctuation 

processes of this species. Additionally, in some callings, we also identified sub-structures 

either within part A, part C, or part E, and we further analyzed them for a better 

understanding of their detailed structures. Consequently, songs of G. nigrofuscata could 

be divided into five main parts from A to E (Figure 2), in which echeme structure could 

be identified in certain parts. Detailed descriptive statistics of temporal and spectral 

properties are provided in Table 3. 
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3.3.   Meimuna opalifera 

 The advertisement song of M. opalifera was the most complicated among cicada 

species in this study. This species produced songs that not only contained a variety of 

fluctuations but also, within each structure, repeated several distinct sub-structures. In 

general, we distinguished songs by M. opalifera based on five separate parts, with each 

part produced once. Calculation of the location of breakpoints also provided delimitation 

of five different parts A to E in one phrase (Figure 3). In some phrases, part B could be 

divided into sub-parts owing to intra-song variation, and detailed echeme structures could 

be clearly determined within these sub-parts (Figure 3). Descriptive statistics from 

phrase- to echeme structures are shown in Table 4. 

 

 

 

Figure 2. Advertisement songs of G. nigrofuscata, in which one phrase consisted  

of four to five main parts. Empirical fluctuation processes and time-series of peak 

frequency of: (a) & (b) a song containing five main parts A to E,  

(c) and (d) a song containing four parts A to D, in which part C was divided 

into two echemes, C1 and C2, respectively 
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Table 3. Acoustic properties of G. nigrofuscata’s advertisement song (n=12) 

 PaD (s) ED (s) PF (kHz) BW (kHz) 

Part A 12.67 ± 7.34    

Part B 5.12 ± 3.32  8.90 ± 0.95 8.18 ± 0.35 

Part C 10.28 ± 4.75    

Part D 4.6 ± 2.3  10.15 ± 1.39 8.84 ± 0.47 

Part E 19.05 ± 9.33    

Echeme A1  16.98 ± 10.3 5.90 ± 0.51 6.58 ± 1.07 

Echeme A2  8.3 ± 7.54 5.90 ± 0.35 6.44 ± 1.30 

Echeme C1  5.06 ± 3.1 10.44 ± 1.31 8.67 ± 0.55 

Echeme C2  5.82 ± 3.94 10.57 ± 1.41 8.50 ± 0.39 

Echeme E1  17.52 ± 8.08 6.42 ± 0.69 7.16 ± 0.88 

Echeme E2  16.28 ± 8.31 6.29 ± 0.46 8.26 ± 1.30 

For those parts that contained echeme-structure, spectral measurements were 

conducted at the echeme-level. For the other parts that contained no echeme-structure, 

all measurements were performed at the part-level. PaD: part duration, ED: echeme 

duration, PF: peak frequency, BW: bandwidth 90%. 

 
Figure 3. Advertisement song of M. opalifera in which one phrase consisted of five 

parts A-E, and part B containing three subparts and three types of echemes B1 to B3. 

(a) Empirical fluctuation process with four estimated peaks in one advertisement 

song; (b) Plot of peak frequency with identified structures; (c) Detailed echeme 

structures in sub-part B1; (d) Detailed echeme structures in sub-part B2; (e) Detailed 

echeme structures in sub-part B3. 
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Table 4. Acoustic properties of 25 M. opalifera’s advertisement songs  

 n PaD (s) ED (s) PF (kHz) BW (kHz) 

Part A 1 5.36 ± 1.99    

Part B 1 11.48 ± 2.51    

Part C 1 2.79 ± 0.68    

Part D 1 4.07 ± 0.99    

Part E 1 3.9 ± 0.86    

Echeme A1 1  0.72 ± 0.64 6.76 ± 0.95 10.80 ± 1.92 

Echeme A2 1  1.41 ± 0.52 5.40 ± 1.25 9.61 ± 1.10 

Echeme A3 1  2.99 ± 1.94 5.90 ± 0.65 9.97 ± 1.24 

Echeme A4 1  0.6 ± 0.35 7.27 ± 1.01 9.84 ± 1.30 

Echeme A5 1  0.45 ± 0.22 3.30 ± 1.48 9.94 ± 1.69 

Echeme B1 11.92 ± 2.6  0.24 ± 0.04 12.70 ± 0.85 8.26 ± 0.84 

Echeme B2 10.96 ± 2.67  0.59 ± 0.07 5.67 ± 0.83 10.11 ± 1.05 

Echeme B3 10.56 ± 2.69  0.2 ± 0.04 2.58 ± 0.45 9.48 ± 1.59 

Echeme C1 1.42 ± 0.5  0.75 ± 0.41 5.67 ± 0.71 9.82 ± 1.21 

Echeme C2 1.4 ± 0.5  1.33 ± 0.67 5.96 ± 0.51 8.28 ± 1.34 

Echeme C3 1.08 ± 0.29  0.24 ± 0.24 9.30 ± 2.469 8.68 ± 0.78 

Echeme D1 6.24 ± 1.3  0.22 ± 0.02 2.66 ± 0.66 9.60 ± 1.53 

Echeme D2 5.32 ± 1.31  0.22 ± 0.02 13.17 ± 1.04 7.045 ± 0.65 

Echeme D3 3.67 ± 1.49  0.12 ± 0.06 5.71 ± 0.77 10.26 ± 1.08 

Echeme D4 4.68 ± 1.43  0.16 ± 0.04 7.03 ± 0.62 9.36 ± 1.00 

Echeme D5 3.17 ± 1.2  0.09 ± 0.02 11.94 ± 1.36 8.97 ± 1.28 

Echeme E1 1  1.7 ± 1.04 13.14 ± 1.00 6.77 ± 0.76 

Echeme E2 1  2.2 ± 1.07 10.98 ± 1.23 7.75 ± 1.62 

n = number of units produced in a phrase. PaD: part duration, ED: echeme duration, 

PF: peak frequency, BW: bandwidth 90% 

4.  Discussion 

In this study, we demonstrated the applicability of spectral fluctuation analysis for 

delimiting distinct structures within cicada advertisement songs, ranging from the simple 

two-part structure of C. atrata to the highly complex, multi-fluctuating and repetitive 

patterns observed in G. nigrofuscata and M. opalifera. Traditionally, song analysis has 

relied largely on subjective interpretation to distinguish different structural units within 

songs. For species with relatively simple song patterns and minimal spectral variation, 

such subjective approaches may suffice. However, for species exhibiting complex 

acoustic structures, such as cicadas, birds, and primates, objective analytical methods are 

essential to accurately segregate different song components. The present results demonstrate 

that spectral fluctuation analysis provides a powerful, objective tool for such investigations. 
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In addition, intraspecific variation in calling song structures was observed among the 

three cicada species studied. This phenotypic plasticity in acoustic features may play a 

crucial role in courtship behavior across taxa. First, variation within species is often 

interpreted as a reflection of male quality since the production of more complex songs 

can serve as a proxy for male fitness and overall condition [22]. In birds, for example, 

female mate choice is frequently influenced by the complexity of male songs [23]. 

Furthermore, song complexity has been linked to nutritional competence and exposure to 

early-life stress, making it a reliable indicator of male quality [24]. Second, variation in 

male song structure may facilitate individual recognition. In species such as cicadas, 

chorusing behavior can increase mating opportunities but also mask individual acoustic 

signatures. In this context, intraspecific variation helps maintain conspecific recognition 

while allowing females to focus on distinctive individual traits. 

Interspecific variation in song structure, on the other hand, likely arises from 

differences in the song-producing apparatus, which is primarily controlled by the tymbal 

mechanism and the nervous system. Divergence in either component can lead to structural 

differences in song and thereby contribute to the diversity of cicada song evolution. For 

instance, variation in tymbal morphology is often reflected in the distinct pulse patterns 

observed among closely related species [25], whereas neural variation influences 

fluctuations in peak frequency. In this study, we focused particularly on large-scale 

fluctuations in peak frequency, as this trait is crucial for species recognition and mate 

attraction. Overall, our findings highlight that spectral fluctuation analysis is an effective 

and versatile approach for acoustic studies of cicadas and other animals exhibiting 

complex song structures.  

5.   Conclusions 

 Spectral fluctuation analysis provides a robust and objective framework for 

characterizing cicada advertisement songs. By detecting breakpoints in the relationship 

between peak frequency and amplitude, we identified clear structural differences among 

three species, ranging from the simple two-part organization of C. atrata to the highly 

complex, multi-part structure of M. opalifera. The approach also captured intraspecific 

variability, demonstrating its sensitivity to subtle acoustic variation while reducing 

reliance on subjective interpretation. As such, it enables reproducible delimitation of song 

components, particularly in species with intricate acoustic patterns. Future studies should 

examine the functional significance of these patterns, including links to mate choice, 

individual recognition, and evolutionary divergence in song production mechanisms. 

Overall, this study provides a quantitative foundation for advancing research on acoustic 

communication and signal evolution in cicadas as well as other acoustic animals. 

Note for contributor  

- Short bio: Nguyen Quynh Hoa is a lecturer at the University of Science and Technology 

of Hanoi, Vietnam Academy of Science and Technology, Vietnam; Yikweon Jang is a Full 

Professor at Ewha Womans University, Republic of Korea. 

- Author’s contributions: Nguyen Quynh Hoa: conceptualization, data analysis, writing; 

Yikweon Jang: supervision, review, and editing. 



Spectral fluctuation analysis reveals variation in cicada advertisement-song structures 

91 

 

Conflict of interest: The authors declare no conflict of interest. 

Acknowledgments. This study was financially supported by a grant from the National Research 

Foundation of Korea (T2015R1A4A1041997) and one from the University of Science and 

Technology of Hanoi (USTH.GED.01/23). 

 

REFERENCES  

 

[1] P. J. Fonseca, “Cicada acoustic communication” in Insect Hearing and Acoustic 

Communication, B. Hedwig, Ed. Berlin, Germany, Springer, 2014, pp. 101-121. 

[2] A. Ewing, Arthropod Bioacoustics. Ithaca, NY, Cornell University Press, 1989. 

[3] P. J. Fonseca, D. Münch & R. M. Hennig, “Auditory perception: How cicadas 

interpret acoustic signals”, Nature, vol. 405, no. 6784, pp. 297-300, 2000. 

[4] J. Sueur, J. F. C. Windmill & D. Robert, “Tuning the drum: The mechanical basis 

for frequency discrimination in a Mediterranean cicada”, Journal of Experimental 

Biology, vol. 209, no. 20, pp. 4115-4128, 2006. DOI: 10.1242/jeb.02460 

[5] J. F. C. Windmill, J. Sueur & D. Robert, “The next step in cicada audition: Measuring 

pico-mechanics in the cicada’s ear”, Journal of Experimental Biology, vol. 212, no. 24, 

pp. 4079-4083, 2009. DOI: 10.1242/jeb.033019 

[6] J. M. Doolan & D. Young, “Relative importance of song parameters during flight 

phonotaxis and courtship in the bladder cicada Cystosoma saundersii”, Journal of 

Experimental Biology, vol. 141, pp. 113-131, 1989. DOI: 10.1242/jeb.141.1.113 

[7] P. J. Fonseca, E. A. Serrão, F. Pina-Martins, P. Silva, S. Mira, J. A. Quartau, O. S. 

Paulo & L. Cancela, “The evolution of cicada songs contrasted with the relationships 

inferred from mitochondrial DNA (Insecta, Hemiptera)”, Bioacoustics, vol. 18, no. 1, 

pp. 17-34, 2008. DOI: 10.1080/09524622.2008.9753588 

[8] G. Pinto-Juma, P. C. Simoes, S. G. Seabra & J. A. Quartau, “Calling song structure 

and geographic variation in Cicada orni Linnaeus (Hemiptera: Cicadidae)”, 

Zoological Studies, vol. 44, no. 1, pp. 81-94, 2005. 

[9] J. Sueur & S. Puissant, “Similar look but different song: A new Cicadetta species in 

the montana complex (Insecta, Hemiptera, Cicadidae)”, Zootaxa, vol. 1442, pp. 55-68, 2007. 

[10] M. Gogala, A. V. Popov & D. Ribaric, “Bioacoustics of singing cicadas of the 

western Palaearctic: Cicadetta tibialis (Panzer) (Cicadoidea: Tibicinidae)”, Acta 

Entomologica Slovenica, vol. 4, no. 2, pp. 45-62, 1996. 

[11] T. Hertach, “Three species instead of only one: Distribution and ecology of the 

Cicadetta montana species complex (Hemiptera: Cicadoidea) in Switzerland”, 

Mitteilungen der Schweizerischen Entomologischen Gesellschaft, vol. 80, no. 1-2, 

pp. 37-55, 2007. 

[12] M. Gogala, S. Drosopoulos & T. Trilar, “Cicadetta montana complex (Hemiptera, 

Cicadidae) in Greece: A new species and new records based on bioacoustics”, 

Deutsche Entomologische Zeitschrift, vol. 55, no. 1, pp. 91-100, 2008. DOI: 

10.1002/mmnd.200800006 



N. Q. Hoa & Y. Jang 

92 

 

[13] M. Gogala, T. Trilar & S. Drosopoulos, “Two new species and a new genus of 

Cicadettini (Hemiptera, Cicadidae) from the Greek island of Evia”, Deutsche 

Entomologische Zeitschrift, vol. 58, no. 1, pp. 105-117, 2011. DOI: 

10.1002/mmnd.201100007 

[14] J. R. Cooley & D. C. Marshall, “Sexual signaling in periodical cicadas, Magicicada 

spp. (Hemiptera: Cicadidae)”, Behaviour, vol. 138, no. 7, pp. 827-855, 2001. 

[15] D. Young, “Analysis of songs of some Australian cicadas (Homoptera: Cicadidae)”, 

Australian Journal of Entomology, vol. 11, no. 3, pp. 237-243, 1972. 

[16] M. Gogala, “Songs of four cicada species from Thailand”, Bioacoustics, vol. 6, no. 2, 

pp. 101-116, 1995. DOI: 10.1080/09524622.1995.9753278 

[17] M. Gogala & T. Trilar, “Biodiversity of cicadas in Malaysia: A bioacoustic 

approach”, Serangga, vol. 9, no. 1-2, pp. 63-81, 2004. 

[18] P. J. Fonseca, “Characteristics of the acoustic signals in nine species of cicadas 

(Homoptera, Cicadidae)”, Bioacoustics, vol. 3, no. 3, pp. 173-192, 1991. DOI: 

10.1080/09524622.1991.9753178 

[19] T. Trilar, M. Gogala & V. Popa, “Contribution to the knowledge of the singing 

cicadas (Auchenorrhyncha: Cicadoidea) of Romania”, Acta Entomologica 

Slovenica, vol. 14, no. 2, pp. 175–190, 2006. 

[20] N. Q. Hoa, S. Ji, J. Kang & V. T. H. My & Y. Jang, “An analysis of advertisement 

songs of Hyalessa maculaticollis (Hemiptera: Cicadidae),” HNUE Journal of 

Science, vol. 68, no. 3, pp. 117-127, 2023. DOI: 10.18173/2354-1059.2023-0067 

[21] A. Zeileis, F. Leisch, K. Hornik & C. Kleiber, “Strucchange: An R package for 

testing for structural change in linear regression models”, Journal of Statistical 

Software, vol. 7, no. 2, pp. 1-38, 2002. DOI: 10.17877/DE290R-12194 

[22] K. A. Spencer & S. A. MacDougall-Shackleton, “Singing to impress: The importance 

of developmental stress”, Behavioral Ecology, vol. 22, no. 1, pp. 14-15, 2011. DOI: 

10.1093/beheco/arq116 

[23] D. Hasselquist, S. Bensch & T. von Schantz, “Correlation between male song 

repertoire, extra-pair paternity and offspring survival in the great reed warbler”, 

Nature, vol. 381, no. 6579, pp. 229-232, 1996. 

[24] S. Nowicki, W. A. Searcy & S. Peters, “Brain development, song learning and mate 

choice in birds: A review and experimental test of the ‘nutritional stress hypothesis’”, 

Journal of Comparative Physiology A, vol. 188, no. 11-12, pp. 1003-1014, 2002. 

DOI: https://doi.org/10.1007/s00359-002-0361-3 

[25] P. J. Fonseca, “Sound production in cicadas: Timbal muscle activity during calling 

song and protest song”, Bioacoustics, vol. 7, no. 1, pp. 13-31, 1996. DOI: 

10.1080/09524622.1996.9753312 

 


