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Abstract

Zoologists have widely acknowledged the utility of classification systems for characterising variation in anuran egg and clutch types, 
tadpole morphotypes, embryonic and tadpole development, amplexus types and reproductive modes. These classification systems 
have facilitated unambiguous communication between researchers, often working in completely different fields (e.g. taxonomy, ecol-
ogy, behaviour), as well as comparisons among studies. A syntactic system, classifying anuran call guilds, is so far lacking. Based on 
examination of the calls of 1253 anuran species we present a simple, easy to use dichotomous key and guild system for classifying 
anuran advertisement calls – the call type most frequently emitted by anurans and studied by researchers. The use of only three call 
elements, namely clearly-defined calls, notes, and pulses, plus presence or absence of frequency modulation, allows assigning all cur-
rently known anuran advertisement calls to one of eight distinct call guilds defined here. This novel toolkit will facilitate comparative 
studies across the many thousand anuran species, and may help to unravel drivers of anuran call evolution, and to identify ecological 
patterns at the level of acoustic communities.
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Introduction

Communication strategies are omnipresent across all 
forms of life, ranging from prokaryotes, to plants, fun-
gi, and animals (Miller and Bassler 2001; Bradbury and 
Vehrencamp 2011). The reasons why organisms commu-
nicate with each other are, thus, manifold. Essential ele-
ments in all forms of communication are (1) a sender and 
a receiver, and (2) a signal of sufficient detectability and 
distinctiveness, so as to avoid loss of information or mis-
interpretation by the receiver (Torricelli et al. 1986; Lu-
cass et al. 2016). Researchers from many disciplines have 
exploited communication signals to address behavioural, 

or evolutionary research questions (Ord et al. 2013; Sch-
iestl and Johnson 2013), and also used data from such 
signals in integrative taxonomic approaches to the study 
of various animal groups, including anuran amphibians 
(Padial et al. 2010; Köhler et al. 2017).

The form of communication most frequently used by 
anurans is acoustic (Gerhardt and Huber 2002; for an in-
depth review see Köhler et al. 2017). This form of com-
munication co-evolved presumably along with hearing, 
allowing for precise sender–receiver communication sys-
tems to evolve (e.g. Tembrock 1982; Ryan 2001; Desut-
ter-Grandcolas 2002; Gerhardt and Huber 2002). Acoustic 
signals have the potential to cover a broad spatial range, to 
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be characterized by rapid signal transfer rates, and to con-
vey directionality (i.e., the location of the sender may be 
identifiable to the receiver; Rothgänger and Rothgänger 
2011). Acoustic signals are usually generated by oscillation 
of internal (birds, mammals, amphibians, fish), or external 
morphological structures (e.g. insects) (Gerhardt and Huber 
2002; Bradbury and Vehrencamp 2011). These signals are 
mostly transmitted by air but also by using other material as 
carrier substrates (e.g. water or soil; Yager 1992; Platz 1993; 
Christensen-Dalsgaard and Elepfandt 1995; Seidel 1999; 
Lewis et al. 2001; Seidel et al. 2001; Bradbury and Vehren-
camp 2011; Irisarri et al. 2011; Zheng et al. 2011). The main 
functions of intra-specific acoustic communication are at-
traction, detection and selection of mates, territoriality, and 
/ or exchange of other information (e.g. warning or release; 
Bee and Gerhardt 2002; Ballentine et al. 2004; Wollenberg 
and Harvey 2010; Stephan and Zuberbühler 2014).

A considerable diversity of acoustic mating signals ex-
ists in anuran amphibians, and because they are the prima-
ry mate-recognition signals, they are usually species-spe-
cific (Ryan 2001; Gerhardt and Huber 2002; Köhler et al. 
2017). Anuran call patterns are assumed to be largely ge-
netically determined (Gerhardt et al. 1980; Duellman and 
Trueb 1994; Hödl 1996; Hoskin et al. 2005), with limit-
ed variation among individuals and populations (but see 
discussion of intra-specific call variation in Wells 2007 
and Köhler et al. 2017). This particularly concerns the so-
called advertisement calls, used (mainly) by males to ad-
vertise their location and to attract females (Mecham 1960; 
Zweifel 1968; Forester 1973; Ryan 2001; Gerhardt and 
Huber 2002; Wycherley et al. 2002; McLean et al. 2013).

In addition to understanding their function in mate at-
traction, taxonomists have made use of the species-specific 
and highly stereotyped nature of advertisement calls (Blair 
1955, 1958; Littlejohn 1959; Schiøtz 1964, 1967, 1971, 
1973), and of their simple characteristics, to identify and 
delimit frog species (see Köhler et al. 2017 for review). 
However, gaps in our understanding persist, and lead to 
questions over which factors drive the evolution of calls 
and trigger the differences in advertisement calls among 
species. Some properties of anuran advertisement calls are 
impacted by morphology. For example, frequency-related 
call characters usually correlate with body size (Ryan 2001; 
Gerhardt and Huber 2002). Although some call parameters 
can be modified by physiology (e.g., a frog’s hormonal 
state; Wilczynski and Chu 2001), or temperature (Gerhardt 
1978), the main bioacoustic characteristics of anuran calls 
are interpreted as fully heritable and only in exceptional 
cases shaped by learning (Dawson and Ryan 2009). From 
an evolutionary perspective, anuran advertisement calls are 
thus controlled by selection: sexual selection is most often 
discussed (Bradbury and Vehrencamp 2011), but an addi-
tional, less frequently-explored component is natural se-
lection, due to the abiotic and biotic environment through 
which acoustic signals are transmitted (Marten and Maler 
1977; Wiley and Richards 1978; Bullen and Fricke 1982; 
Forrest et al. 1992; Gerhardt and Huber 2002; Swearingen 
and White 2007; Bradbury and Vehrencamp 2011).

Anuran calls are structurally very variable (Heyer and 
Reid 2003; Köhler et al. 2017), leading to a broad range 
of definitions of call structures, complicating their com-
parability (Thompson et al. 1994; Gerhardt 1998; Ragge 
and Reynolds 1998; Gerhardt and Huber 2002; Köhler et 
al. 2017). A unified syntactic (i.e. structural) classification 
system, complementing available and widely applied se-
mantic (i.e. functional) classification systems (compare 
Tembrock 1982; Gerhardt and Huber 2002) would there-
fore be desirable to facilitate communication among vari-
ous sub-disciplines, eliminate imprecise terminology, and 
reduce ambiguity in interactions among researchers from 
different backgrounds or disciplines (Littlejohn 2001).

Semantic classification systems for anuran calls were 
proposed by Bogart (1960), Littlejohn (1977), and Wells 
(1977), and recently reviewed and updated by Toledo et 
al. (2015). On the other hand, Littlejohn (2001) suggested 
a syntactic classification. While semantic categorisations 
are needed to understand a species’ behaviour and com-
munication relative to conspecifics and the environment 
(Wells 1977; Toledo et al. 2015), the content of such in-
formation is not unique to a species. Syntactic classifica-
tions in contrast, focus on the structure of calls, and tradi-
tionally have been preferred by taxonomists (Thompson 
et al. 1994; Ragge and Reynolds 1998). A commonly 
used structural approach is guild classification. It can be 
particularly useful in understanding complex patterns in 
evolution and ecology (Wiens 1989; Williams and Hero 
1998). Classifying advertisement calls into structural 
classes, or guilds, could, for instance, help to improve the 
understanding of complex interspecific soundscapes, or 
provide objective means of characterising acoustic par-
titioning of diverse species communities (Morton 1975; 
Hansen 1979; Rothstein and Fleischer 1987). The use of 
an objective, purely structural classification system could 
also allow for neutral baselines in the development of 
a hypothesis-driven framework to test predictions con-
cerning natural versus sexual selection in call evolution. 
Herein, we follow a syntactic, guild-based approach in 
describing anuran advertisement calls. We follow the 
definition of advertisement calls by Toledo et al. (2015): a 
call produced in the “breeding season to attract mates and 
to segregate calling individuals”. For other call types and 
their definitions see Wells (1977), Toledo et al. (2015) and 
Köhler et al. (2017). Our guild classification is based on 
the analysis of calls of 1253 anuran species from around 
the globe (Suppl. material 1: Table S1).

The aim of this paper is to propose a guild classifica-
tion based on the acoustic properties of anuran advertise-
ment calls. We do this by further developing the syntactic 
approach suggested by Littlejohn (2001). We focus on ad-
vertisement calls, because: (1) they are the most frequent-
ly used call type in taxonomic work, (2) they are the most 
commonly emitted call of frogs and therefore easy to 
collect and most accessible for analyses, and (3) they are 
species-specific because they are the primary mate-recog-
nition signal in anuran amphibians. Thus advertisement 
calls should be under strong selection. A syntactic guild 
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classification for anuran advertisement calls should there-
fore facilitate addressing evolutionary and functional as-
pects in studies on amphibian biology and ecology.

Material and methods
Data collection

Herein, we aim to simplify and unify syntactic definitions 
of advertisement call characters in a way such that they 
can unambiguously be applied to mate-recognition acous-
tic signals of all anuran species. To establish an overview 
of advertisement call variability, we compiled and anal-
ysed advertisement calls from anuran species from around 
the globe. For these baseline data, we used call collections 
(Suppl. material 1: References), databases (Suppl. materi-
al 1: Web sources for calls used in this study), published 
call descriptions (Suppl. material 1: References), as well 
as our own call recordings of species from Africa, Mad-
agascar and Guyana, in an attempt to cover a geographi-
cally and phylogenetically wide range of anuran diversity.

Because our primary goal was to include as much glob-
al frog diversity as possible, we did not apply any stand-
ardised search procedures (e.g., key word searches in Web 
of Science or Google Scholar), but simply accessed calls 
from freely available call collections, our own sound li-
braries, and published taxonomic papers. We used call 
descriptions that were published primarily after 1990, be-
cause earlier publications contained limited acoustic infor-
mation, due to former technical limitations. To get com-
parable recordings, we re-sampled available recordings to 
uncompressed wav-format, with a sampling rate of 44.1 
kHz. We used the software Soundruler 0.9.6 (Gridi-Papp 
2007) to measure call variables and the software package 
Seewave (Sueur et al. 2008) for R to visualise waveforms 
and frequency spectra (R Core Team 2013). Oscillograms 
(waveforms) and audio spectrograms as well as results of 
the Fast Fourier Transformation (FFT; frequency spec-
trum) were examined for temporal and spectral charac-
ters, respectively (using 44.1 kHz sample ratio, 16 bits 
resolution, FFT window width = 256, window function = 
“Hanning”). The chosen FFT width represented the best 
compromise to achieve usable resolution and informative 
visualisation at both the temporal and spectral domain 
(Köhler et al. 2017). In cases where we had only published 
data available, but not the original recording, we incor-
porated the published data in our data set. Classifying a 
call as an advertisement call usually followed the original 
assignments of a call description by the respective authors, 
but we verified these assignments against the advertise-
ment call definition by Toledo et al. (2015) before adding 
a call to our database (Suppl. material 1).

In total, we gathered published calls, call descriptions, 
or original recordings for 1426 species from 230 genera 
and 43 families. Anuran nomenclature and taxonomy 
were obtained directly from databases and publications 
(Frost 2019). For further background information and 

best practices advice, concerning call recording, analyses, 
interpretation and presentation, see Köhler et al. (2017).

Definitions of anuran advertisement call units

For the purpose of developing a syntactic classification 
system of anuran advertisement call diversity, we estab-
lished a globally applicable scheme that is as simple as 
possible but still sufficiently detailed to cover the current-
ly known range of variation in these acoustic signals. To 
this aim, we surveyed advertisement calls of all includ-
ed species, comprehensively, striving to identify distinct 
structural elements matching the criteria. We incorporated 
these elements into a dichotomous key, to allow for objec-
tive assignment of any species’ advertisement call to a dis-
tinct call guild. Following previous definitions of acoustic 
units of structural signal variation (Köhler et al. 2017), 
we identified three basic elements in common, apparently 
sufficient to comprehensively characterise acoustic signal 
variability: the call, notes, and pulses.

As the definitions of calls and call series is ambigu-
ously dealt with in the literature (Köhler et al. 2017), it 
has previously been problematic to articulate an unequiv-
ocal, universal definition of an anuran “call”. However, 
such a definition is crucial, because a lack of consistency 
among disciplines and individual researchers in terminol-
ogy related to a species’ call, a call series, and note, often 
hampers the interpretation and understanding of call de-
scriptions. Previously such standardisations were largely 
ignored, resulting in idiosyncratic call descriptions that do 
not allow for comparative or meta-analyses. To minimise 
these problems, we followed and refined the note-centred 
approach suggested by Köhler et al. (2017) to define fun-
damental units of advertisement call variation.

The term call is here used synonymous with advertise-
ment call – the functional signal for mate-recognition, 
as the main acoustic unit in frog vocalisation. Calls are 
separated from other calls by silent inter-call intervals, 
typically longer (often several times longer) than the call 
itself. A call series is the temporal repetition of identical 
calls, repeated at rather regular intervals, and separat-
ed by larger gaps of silence from other call series (note 
that the definitions of our advertisement call guilds below 
do not take into account whether calls are arranged in 
series or not; only the call unit itself was considered). 
Under this definition, a call may be comprised of one or 
more subunits (Fig. 1b–e). These may differ in length and 
structure and are classified as either notes or pulses.

Calls are often sub-structured into two or more notes. 
Notes are subunits separated by intervals of silence (100% 
amplitude modulation), with the duration of these intervals 
being usually short relative to the duration of the note. Peri-
ods of silence are longer between notes than between pulses 
(see below) that form such notes (if pulsed), and shorter 
than the periods of silence between calls.
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It must be mentioned that in a call consisting of only 
one unit (with or without subunits of the pulse category; 
Fig. 1a, b), the definition of a note and a call would apply 
simultaneously to the same, making them synonymous 
(Köhler et al. 2017). Because we follow this note-centred 
approach, we use the term call for the broader, encompass-
ing unit. With this definition, it is only necessary to use all 
three terms if a call consists of at least three different units, 
separated by unequal periods of silence (Fig. 1c–e).

Notes sometimes contain a sub-structure produced by 
amplitude modulation within the note. These units are de-
fined as pulses, following Köhler et al. (2017):

A pulse is the shortest, undividable unit in anuran vo-
calisation, with a typical duration of less than 50 ms.

In addition to these formalised syntactical advertise-
ment call units, we included modulation of dominant 
spectral frequency. Frequency modulation can be depicted 
visually from spectrograms by a clearly visible increase 
or decrease in dominant frequency (“dfrq” in Hz). Mod-
ulation can be objectively quantified by subtracting the 
end-frequency from the start-frequency, and dividing this 
value by call duration (in ms). We calculated dominant 
frequency modulation (dfrq/ms) of all species with calls 
exhibiting frequency modulation, based on one represent-
ative call of the respective species. Values of ≥ 1/-1 Hz/

ms were considered as a significant change in dominant 
frequency and all species were assigned to one of two bi-
nary character states, namely “not frequency modulated” 
(< 1/-1 Hz/ms) or “frequency modulated” (> 1/-1 Hz/ms).

After filtering our initial recordings representative of 
1426 species and removing calls of insufficient quality 
(e.g. call descriptions lacking data for frequency modula-
tion; visualisation only comprising either oscillogram or 
spectrogram; figures of insufficient quality; or recordings 
consisting of only one single call) from our dataset, we 
retained calls of 1253 species for final classification (Sup-
pl. material 1: Table S1). We used these remaining calls 
to formalise the advertisement call structural (syntactic) 
guild classification presented in the following key.

Results

The combination of call units (call, note, and pulse) and 
frequency modulation allowed us to define eight distinct 
structural (syntactic) call guilds (Guilds A–H, Table 1). 
With a dichotomous key, the advertisement calls of each 
of the 1253 species could readily be assigned to one such 
guild. Below, we provide the guild classification key (Fig. 
2), we summarise call guilds, and provide illustrative ex-
amples (respective spectrograms and waveforms, plus 
species identifications in Fig. 3.)

Key to anuran Advertisement Call Guilds
(compare Fig. 2 and descriptions below)

1 call consists of  only one acoustic unit ....................................................................................................................... 2

1’ call contains several acoustic units ............................................................................................................................ 3

2 dominant frequency without significant change over call duration .................................................................................

 ..................................................................................Call Guild A: “non-frequency modulated, non-pulsed simple call”

2’ dominant frequency with significant change over call duration .....................................................................................

 ........................................................................................ Call Guild B: “frequency modulated, non-pulsed simple call”

Figure 1. Basic types of anuran vocalizations based on their temporal structure, shown as schematic waveforms, modified after 
Littlejohn (2001): (a) non-pulsed call, (b) pulsed call, (c) call with uniform pulsed notes, (d) complex call containing different note 
types, and (e) two complex calls in a call series. Black arrows mark inter-note intervals and red arrow marks inter-call interval.
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3 call comprises pulses but no notes ............................................................................................................................ 4

3’ call comprises several pulsed notes ........................................................................................................................... 5

4 dominant frequency without significant change over call duration: ......Call Guild C: “non-frequency modulated pulsed call”

4’ dominant frequency with significant change over call duration: ............ Call Guild D: “frequency modulated pulsed call”

5 call comprises several structurally (more or less) similar notes .................................................................................. 6

5’ call comprises structurally distinctly different notes ................................................................................................... 7

6 dominant frequency without significant change over call duration .................................................................................

 .................................................................................. Call Guild E: “non-frequency modulated call with uniform notes”

6’ dominant frequency with significant change over call duration .....................................................................................

 ......................................................................................... Call Guild F: “frequency modulated call with uniform notes”

7 dominant frequency without significant change over call duration .................................................................................

 ..................................................................................................Call Guild G: “non-frequency modulated complex call”

7’ dominant frequency with significant change over call duration in at least one of  the distinct note types ........................

 ........................................................................................................ Call Guild H: “frequency modulated complex call”

Short description of call guilds with species 
examples

Here we summarise the “diagnostic” characters of the dif-
ferent call guilds, give some species examples for each 
guild and refer to respective illustrations of selected ex-
emplary calls (Fig. 3). The sources for the specific exam-
ples are summarised in Suppl. material 1: Table S1.

Call Guild A “non-frequency modulated, non-pulsed 
simple call”: call consists of one single continuous signal 
(which can be of any duration) with no significant change 
in dominant frequency. Examples: Alytes cisternasii 
(Alytidae), Bombina bombina (Bombinatoridae), Eleuth-
erodactylus tonyi (Eleutherodactylidae), Heleophryne de-
pressa (Heleophrynidae), Rana arvalis (Ranidae).

Call Guild B “frequency modulated, non-pulsed sim-
ple call”: call consists of one single continuous signal 

(which can be of any duration) with a significant change 
in dominant frequency. Examples: Rhaebo haematiti-
cus (Bufonidae), Pristimantis bambu (Craugastoridae), 
Ameerega pepperi (Dendrobatidae), Kassina senegalen-
sis (Hyperoliidae), Leptodactylus fuscus (Leptodactyl-
idae), Limnodynastes peronii (Limnodynastidae), Aus-
trochaperina fryi (Microhylidae), Strongylopus grayii 
(Pyxicephalidae), Chiromantis vittiger (Rhacophoridae).

Call Guild C: “non-frequency modulated, pulsed call”: 
call comprised of several similar, but distinguishable acous-
tic signals (pulses). Pulses are arranged in a single group 
(note = call), meaning that intervals between pulses are 
equally long, but much shorter than inter-call intervals. The 
dominant frequency does not change over the call duration. 
Examples: Dendropsophus tritaeniatus (Hylidae), Eleuth-
erodactylus toa (Eleutherodactylidae), Hemisus marmora-
tus (Hemisotidae), Cophixalus concinnus (Microhylidae).

Figure 2. Key to anuran advertisement call guilds (compare text); each guild illustrated by schematic waveform and spectrogram.
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Figure 3. Examples for all different anuran advertisement call guilds (A–H), with a time scale of 0 to 1 s on x-axis and frequency 
scale of 0 to 8 kHz on y-axis (compare text). Guild A) non-frequency modulated, non-pulsed simple call (Bombina bombina; Bom-
binatoridae; dfrq/ms = 0.00 Hz/ms) (based on Schneider 2005); Guild B) frequency modulated, non-pulsed simple call (Leptodacty-
lus fuscus; Leptodactylidae; dfrq/ms = 7.22 Hz/ms) (based on Márquez et al. 2002); Guild C) non-frequency modulated pulsed call 
(Hyla meridionalis; Hylidae; dfrq/ms = 0.67 Hz/ms) (based on Masó and Pijoan 2011); Guild D) frequency modulated pulsed call 
(Hyperolius pickersgilli; Hyperoliidae; dfrq/m = 2.32 Hz/ms) (based on Du Preez and Carruthers 2009); Guild E) non-frequency 
modulated call with uniform notes (Sclerophrys mauritanica; Bufonidae; dfrq/ms = 0.31 Hz/ms) (based on Masó and Pijoan 2011); 
Guild F) frequency modulated call, with uniform notes (Pseudopaludicola boliviana; Leptodactylidae; dfrq/ms = 2.38 Hz/ms) 
(based on Márquez et al. 2002); Guild G) non-frequency modulated complex call (Smilisca sila; Hylidae; dfrq/m = 0.43 Hz/ms) 
(based on Ibanéz 1999); Guild H) frequency modulated complex call (Hyperolius nasutus; Hyperoliidae; dfrq/ms = 1.66 Hz/ms) 
(based on Du Preez and Carruthers 2009).
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Call Guild D: “frequency modulated, pulsed call”: 
call comprised of several similarly structured, but distin-
guishable acoustic signals (pulses). Pulses are arranged 
in a single group meaning that intervals between puls-
es are equally long, but much shorter than inter-call in-
tervals. The dominant frequency changes significantly 
over the call duration. Examples: Pristimantis w-nigrum 
(Craugastoridae), Acris gryllus (Hylidae), Diasporus 
vocator (Eleutherodactylidae), Mantidactylus tricinctus 
(Mantellidae), Agalychnis callidryas (Phyllomedusidae), 
Ptychadena taenioscelis (Ptychadenidae), Rana muscosa 
(Ranidae), Kurixalus appendiculatus (Rhacophoridae).

Call Guild E “non-frequency modulated call with uni-
form notes”: call comprised of several similarly struc-
tured notes. Dominant frequency does not change over the 
call duration. Examples: Boana leptolineata (Hylidae), 
Blommersia grandisonae (Mantellidae), Leptobrachium 
leucops (Megophryidae), Oreophryne clamata (Micro-
hylidae), Mixophyes fleayi (Myobatrachidae), Lithobates 
virgatipes (Ranidae).

Call Guild F “frequency modulated call with uniform 
notes”: call comprised of several distinguishable notes. 
These notes are structurally very similar to each other. Dom-
inant frequency changes significantly over the call duration. 
Examples: Boana almendarizae, Osteocephalus yasuni, Sci-
nax nebulosus (Hylidae), Pseudopaludicola boliviana (Lep-
todactylidae), Ptychadena schillukorum (Ptychadenidae).

Call Guild G “non-frequency modulated, complex 
call”: call comprised of several notes. The signals are ar-
ranged in several, at least two, structurally different note 
types. Dominant frequency does not change over the call 
duration. Examples: Melanophryniscus atroluteus (Bufo-
nidae), Hyperolius benguellensis (Hyperoliidae), Boophis 
bottae (Mantellidae), Litoria fallax (Pelodryadidae).

Call Guild H “frequency modulated, complex call”: call 
comprised of several notes, at least two being structurally 
different. Dominant frequency changes significantly over 
the call duration in at least one of the distinct note types, 
e.g. Smilisca sila (Hylidae), Cochranella granulosa (Cen-
trolenidae), Engystomops pustulosus (Leptodactylidae).

Discussion

Syntactic classification systems allow for unambiguous 
communication between researchers and comparisons be-

tween studies. For instance, the frequent adoption, appli-
cation, and widespread use of clear definitions of anuran 
egg types, tadpole morphotypes, and developmental stages 
(Gosner 1960; Altig and Johnston 1989; Altig and McDiar-
mid 2007; Schulze et al. 2015), anuran reproduction modes 
(Duellman and Trueb 1994; Haddad and Prado 2005), 
modes of amplexus (Carvajal-Casto et al. 2020), and an-
uran call types (Wells 1977; Toledo et al. 2015), have 
demonstrated their substantial value for herpetologists.

In this paper, we present a simplified guild classifi-
cation system for anuran advertisement calls. In order 
to avoid assignment of individuals from one species to 
different guilds, we have not included body size-driven 
traits like dominant frequency, temperature-driven traits 
like pulse rate, or motivation-driven traits like inter-call 
interval duration or call rate. The use of only three call el-
ements (call, note, pulse, plus the presence or absence of 
frequency modulation), allows for the unambiguous allo-
cation of any anuran advertisement call currently known 
to us to a distinct syntactic, non-functional, call guild.

The number of species investigated by us, although 
covering the majority of families, habitats and regions, 
represents only a small proportion (about 17%) of the 
currently known anuran species (> 7100; Frost 2019; last 
accessed 10 March 2020). It is thus possible, or even like-
ly, that advertisement calls discovered in the future may 
not perfectly fit our proposed guild system. However, 
this system could easily be extended. For example, the 
proposed guilds could be divided by differentiating with-
in a guild the maximum of amplitude (initial, centred or 
terminal of call), the dominant frequency (low, medium 
or high-pitched calls), the direction of frequency modula-
tion (negative or positive), or by the distinction between 
pulsatile and tonal calls.

Our definition of call guilds may not only allow for 
better comparisons between variable call descriptions, as 
suggested by Krause (1987), but a syntactic classification 
based on acoustics may also enable improved insight into 
the life-history of species. Most anurans behaviourally 
select and call from species-specific breeding sites (Du-
ellman and Trueb 1994; Wells 2007). Different calling 
behaviour and different habitats both affect signal prop-
agation through call-specific environments in different 
ways. Abiotic (e.g., humidity or air pressure) and biotic 
factors (e.g., vegetation density or structure) may affect 
sound waves (Bradbury and Vehrencamp 2011). Propaga-
tion properties may change due to an individual (usually 
male) frog, calling from different substrates or microhab-
itats, such as trees, leaf-litter, from water, underground, 
or, if they call singly or in a chorus (Lopez et al. 1988; 
Forrest 1994; Lardner and bin Lakim 2002). Intrinsic fac-
tors such as body condition or fatigue can also change 
propagation properties (Humfeld 2013; Jansen et al. 
2016). Call properties and calling behaviour, thus, may 
be adjusted behaviourally to avoid or reduce information 
loss or alteration of structure. Many breeding sites share 
similar features, such as stagnant versus flowing streams, 
open or closed vegetation (Hödl 1977; Kwet 2001; 

Table 1. Number of species studied (N = 1253) per call guild; 
for guild definitions compare text and Fig. 2.

N Percentage
Guild A 130 10.4%
Guild B 198 15.8%
Guild C 454 36.3%
Guild D 247 19.7%
Guild E 81 6.5%
Guild F 22 1.8%
Guild G 93 7.4%
Guild H 28 2.3%
Total 1253 100.0%
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Schlüter 2005), and characteristics of such microhabitats 
may alter sound in specific ways. For instance, torrent 
water introduces background noise, which may simply 
mask the call (or certain frequency components); dense 
vegetation may cause scattering, blurring, or reflections, 
particularly of amplitude-modulated calls (Bradbury and 
Vehrencamp 2011). Thus, habitat characteristics may 
force or select for species living in similar environments 
to share specific combinations of call elements. It is pos-
sible that the call guild types presented herein are coupled 
to certain behavioural patterns and thus allow predictions 
about the behaviour of species. Several correlations be-
tween bioacoustics and habitat, behaviour, or morphol-
ogy have already become known in frogs, as well as in 
other animals (Etges 1987; Krause 1987; Hödl 1996; 
Martins et al. 2006; Vasconcelos and Rossa-Feres 2008; 
Both and Grand 2012; Sinsch et al. 2012). For example, 
Neotropical birds living in dense understorey show less 
frequency modulations than birds of more open habitats 
(Morton 1975). However, it is unlikely that call proper-
ties are determined by single factors; acoustic signals will 
be, apart from phylogeny, shaped by various environmen-
tal and species-specific characters (Goutte et al. 2018).

By classifying calls according to structural elements, 
our syntactic call guilds might assist in detecting such 
general correlations between call characteristics and nat-
ural history, or habitat. Based on the calls of the 1253 
species considered in this study, the most common call 
guilds were guilds C and D, followed by guilds A and B 
(Table 1). Calls with more complex structures, like guilds 
E to H, were less frequent. Frequency modulation was 
most often associated with simple and relatively short 
calls, whereas complex calls were less likely to consist of 
frequency modulated elements.

Our guild system is not suited to discriminate between 
closely related species or to describe species; it is, thus, 
not a tool for taxonomy. However, it might be used as a 
first “sorting step” for an acoustic characterisation in call 
descriptions, and it may help to facilitate the understand-
ing of anuran advertisement call evolution. For example, 
a semantic classification of advertisement calls assumes 
that similar calls comprise the same information (Wells 
1977; Toledo et al. 2015). However, the informational 
content of advertisement calls often differs (Ryan 2001; 
Gerhardt and Huber 2002). An increase in call complexi-
ty may be related to more, or different, social interactions, 
like in Engystomops pustulosus (Ryan et al. 1982; Ryan 
1985; Ryan and Rand 1990; Baugh and Ryan 2010). The 
ultimate adaptive significance for such reduction or addi-
tion of information may be indicative of interactions of 
species with their abiotic and biotic environments. The 
simple classification of call guilds based on structure may 
facilitate interpretation of these acoustic interactions and 
help clarify the origin of call components or structures. 
Finally, we envision that our syntactic call guide classi-
fication scheme will be a useful tool set for future me-
ta-analyses and comparative studies concerning the evo-
lution of anuran acoustic signals. However, inclusion of 

questions relating to how the environment, morphology, 
life-history and phylogeny shape anuran advertisement 
calls, remains a challenge for forthcoming studies.

Acknowledgments

We thank Franco Andreone, Roberto Alonso, Rainer 
Günther, Axel Kwet, Rafael Márquez and Gonҫalo M. 
Rosa for providing sound recordings, Ariel Rodríguez for 
fruitful collaboration and productive discussions, the ed-
itor Rafe Brown and two anonymous reviewers for their 
constructive critique and suggestions.

References

Altig R, Johnston GF (1989) Guilds of anuran larvae: relationship 
among developmental modes, morphologies and habitats. Herpe-
tological Monographs 3: 81–109. https://doi.org/10.2307/1466987

Altig R, McDiarmid RW (2007) Morphological diversity and evolution 
of egg and clutch structure in amphibians. Herpetological Mono-
graphs 21: 1–32. https://doi.org/10.1655/06-005.1

Ballentine B, Hyman J, Nowicki S (2004) Vocal performance influences 
female response to male bird song: an experimental test. Behavioral 
Ecology 15: 163–168. https://doi.org/10.1093/beheco/arg090

Baugh AT, Ryan MJ (2010) The relative value of call embellishment in 
túngara frogs. Behavioral Ecology and Sociobiology 65: 359–367. 
https://doi.org/10.1007/s00265-010-1053-6 

Bee MA, Gerhardt HC (2002) Individual voice recognition in a territori-
al frog (Rana catesbeiana). Proceedings of the Royal Society B 269: 
1443–1448. https://doi.org/10.1098/rspb.2002.2041

Blair WF (1955) Mating call and stage of speciation in the Microhyla 
olivacea –M. carolinensis complex. Evolution 9: 469–480. https://
doi.org/10.1111/j.1558-5646.1955.tb01556.x

Blair WF (1958) Mating call and stages of speciation of anuran amphibi-
ans. American Naturalist 92: 27–51. https://doi.org/10.1086/282007

Bogart CM (1960) The influence of sound on the behavior of amphib-
ians and reptiles. In: Lanyon ED, Tvolga WN (Eds) Animal sounds 
and communication. American Institute of Biological Science, 
Washington, 137–320.

Both C, Grant T (2012) Biological invasions and the acoustic niche: 
the effect of bullfrog calls on the acoustic signals of white-band-
ed tree frogs. Biology Letters 8: 714–716. https://doi.org/10.1098/
rsbl.2012.0412

Bradbury JW, Vehrencamp SL (2011) Principles of animal communica-
tion. Sinauer Associates, Sunderland, 697 pp.

Bullen R, Fricke F (1982) Sound propagation through vegetation. Jour-
nal of Sound and Vibration 80: 11–23. https://doi.org/10.1016/0022-
460X(82)90387-X

Carvajal-Castro JD, López-Aguirre Y, Ospina-L AM, Santos JC, Roja 
B, Vargas-Salinas F (2020) Much more than a clasp: evolutionary 
patterns of amplexus diversity in anurans. Biological Journal of the 
Linnean Society 129: 652–663. https://doi.org/10.1093/biolinnean/
blaa009

Christensen-Dalsgaard J, Elepfandt A (1995) Biophysics of underwater 
hearing in the clawed frog, Xenopus laevis. Journal of Comparative 
Physiology A 176: 317–324. https://doi.org/10.1007/BF00219057

https://doi.org/10.2307/1466987
https://doi.org/10.1655/06-005.1
https://doi.org/10.1093/beheco/arg090
https://doi.org/10.1007/s00265-010-1053-6
https://doi.org/10.1098/rspb.2002.2041
https://doi.org/10.1111/j.1558-5646.1955.tb01556.x
https://doi.org/10.1111/j.1558-5646.1955.tb01556.x
https://doi.org/10.1086/282007
https://doi.org/10.1098/rsbl.2012.0412
https://doi.org/10.1098/rsbl.2012.0412
https://doi.org/10.1016/0022-460X(82)90387-X
https://doi.org/10.1016/0022-460X(82)90387-X
https://doi.org/10.1093/biolinnean/blaa009
https://doi.org/10.1093/biolinnean/blaa009
https://doi.org/10.1007/BF00219057


Zoosyst. Evol. 96 (2) 2020, 515–525

zse.pensoft.net

523

Dawson B, Ryan MJ (2009) Early experience leads to changes in the 
advertisement calls of male Physalaemus pustulosus. Copeia 2009: 
221–226. https://doi.org/10.1643/CE-07-254

Desutter-Grandcolas L (2002) Phylogeny and evolution of acoustic com-
munication in extant Ensifera (Insecta, Orthoptera). Zoologica Scrip-
ta 32: 525–561 https://doi.org/10.1046/j.1463-6409.2003.00142.x. 

Duellman WE, Trueb L (1994) Biology of amphibians. The Johns Hop-
kins University Press, Baltimore, 670 pp.

Du Preez L, Carruthers V (2009) A complete guide to the frogs of southern 
Africa. Struik Nature, Cape Town, South Africa, 488 pp. + audio CD.

Etges WJ (1987) Call site choice in male anurans. Copeia 1987: 910–
923. https://doi.org/10.2307/1445554

Forester DC (1973) Mating call as a reproductive isolating mechanism 
between Scaphiopus bombifrons and S. hammondii. Copeia 1973: 
60–67. https://doi.org/10.2307/1442358

Forrest TG (1994) From sender to receiver: Propagation and environ-
mental effects on acoustic signals. American Zoologist 34: 644–654. 
https://doi.org/10.1093/icb/34.6.644 

Forrest TG, Miller GL, Zagar JR (1992) Sound propagation in shallow 
water: implications for acoustic communication by aquatic animals. 
Bioacoustics 4: 259–270. https://doi.org/10.1080/09524622.1993.1
0510437

Frost DR (2019) Amphibian species of the world: an online reference. 
Version 6.0. American Museum of Natural History, New York, USA. 
http://research.amnh.org/herpetology/amphibia/index.htm [last ac-
cessed on 10 March 2020]

Gerhardt HC (1978) Temperature coupling in the vocal communication 
system of the gray tree frog, Hyla versicolor. Science 199: 992–994. 
https://doi.org/10.1126/science.199.4332.992

Gerhardt HC, Guttman SI, Karlin AA (1980) Natural hybrids between Hyla 
cinerea and Hyla gratiosa: Morphology, vocalization and electropho-
retic analysis. Copeia 1980: 577–584. https://doi.org/10.2307/1444432

Gerhardt CH, Huber F (2002) Acoustic communication in insects and 
anurans. The University of Chicago Press, Chicago, 542 pp.

Gosner KL (1960) A simplified table staging anuran embryo and larvae 
with notes on identification. Herpetologica 16: 183–190.

Goutte S, Dubois A, Howard SD, Márquez Rowley JJL, Dehling JM, 
Grandcolas P, Xiong RC, Legendre F (2018) How the environment 
shapes animal signals: a test of the acoustic adaptation hypothesis 
in frogs. Journal of Evolutionary Biology 31: 148–158. https://doi.
org/10.1111/jeb.13210

Gridi-Papp M (2007) SoundRuler: Acoustic analysis for research and 
teaching. http://soundruler.sourceforge.net

Haddad CFB, Prado CPA (2005) Reproductive modes in frogs and their 
unexpected diversity in the Atlantic forest of Brazil. BioScience 55: 
207–217. https://doi.org/10.1641/0006-3568(2005)055[0207:RMI-
FAT]2.0.CO;2

Hansen P (1979) Vocal learning: its role in adapting sound structure 
to long-distance propagation and a hypothesis on its evolution. 
Animal Behaviour 27: 1270–1271. https://doi.org/10.1016/0003-
3472(79)90073-3

Hödl W (1977) Call differences and calling site segregation in anuran 
species from Central Amazonian floating meadows. Oecologica 28: 
351–363. https://doi.org/10.1007/BF00345990

Hödl W (1996) Wie verständigen sich Frösche? Stapfia 47: 53–70.
Hoskin CJ, Higgie M, McDonald KR, Moritz C (2005) Reinforcement 

drives rapid allopatric speciation. Nature 437: 1353–1356. https://
doi.org/10.1038/nature04004

Humfeld SC (2013) Condition-dependent signaling and adoption of 
mating tactics in an amphibian with energetic displays. Behavioral 
Ecology 25: 520–530. https://doi.org/10.1093/beheco/art024

Ibáñez RD, Rand S, Ryan MJ, Jaramillo CAA (1999) Vocalizaciones 
de ranas y sapos del Monumento Natural Barro Colorado, Parque 
Nacional Soberanía y áreas adyacentes. audio CD. Sony Music En-
tertainment, Costa Rica.

Irisarri I, Vences M, San Mauro D, Glaw F, Zardoya R (2011) Reversal 
to air-driven sound production revealed by a molecular phylogeny 
of tongueless frogs, family Pipidae. BMC Evolutionary Biology 11: 
114. https://doi.org/10.1186/1471-2148-11-114

Jansen M, Masurowa A, O’Hara RB (2016) Temporal variation, duty cy-
cle and absolute calling effort during sustained calling of Leptodac-
tylus mystacinus (Anura: Leptodactylidae). Salamandra 52: 328–336.

Köhler J, Jansen M, Rodríguez A, Kok PJR, Toledo LF, Emmrich M, 
Glaw F, Haddad CFB, Rödel MO, Vences M (2017) The use of bio-
acoustics in anuran taxonomy: theory, terminology, methods and 
recommendations for best practice. Zootaxa 4251: 1–124. https://
doi.org/10.11646/zootaxa.4251.1.1

Krause BL (1987) The niche hypothesis: How animals taught us to 
dance and sing. Whole Earth Review 57: 1–6.

Kwet A (2001) Frösche im brasilianischen Araukarienwald, Audio CD. 
Natur und Tier-Verlag, Münster, Germany, 220 pp.

Lardner B, bin Lakim M (2002) Tree-hole frogs exploit resonance ef-
fects. Nature 420: 475–475. https://doi.org/10.1038/420475a

Lewis ER, Narins PM, Cortopassi KA, Yamada WM, Poinar EH, Moore 
SW, Yu XL (2001) Do male white-lipped frogs use seismic signals 
for intraspecific communication? American Zoologist 41: 1185–
1199. https://doi.org/10.1093/icb/41.5.1185

Littlejohn MJ (1959) Call structure in a complex of seven species of 
Crinia (Anura, Leptodactylidae). Evolution 13: 452–468. https://
doi.org/10.2307/2406128

Littlejohn MJ (1977) Long-range acoustic communication in anurans: 
an integrated and evolutionary approach. In: Taylor DH, Guttman 
SI (Eds) The Reproductive Biology of Amphibians. Plenum, New 
York, 263–294. https://doi.org/10.1007/978-1-4757-6781-0_8

Littlejohn MJ (2001) Patterns of differentiation in temporal properties 
of acoustic signals of anurans. In: Ryan MJ (Ed) Anuran communi-
cation. Smithsonian Institute Press, Washington DC, 102–120.

Lopez PT, Narins PM, Lewis ER, Moore SW (1988) Acoustically in-
duced call modification in the white-lipped frog, Leptodactylus al-
bilabris. Animal Behaviour 36: 1295–1308. https://doi.org/10.1016/
S0003-3472(88)80198-2

Lucass C, Eens M, Müller W (2016) When ambient noise impairs par-
ent-offspring communication. Environmental Pollution 212: 592–
597. https://doi.org/10.1016/j.envpol.2016.03.015

Márquez R, De la Riva I, Bosch J, Matheu E (2002) Guía sonora de 
las ranas y sapos de Bolivia. Audio CD, alosa, sons de la natura, 
Barcelona, Spain.

Marten K, Marler P (1977) Sound transmission and its significance for 
animal vocalization. Behavioral Ecology and Sociobiology 2: 271–
290. https://doi.org/10.1007/BF00299740

Martins IA, Almeida SC, Jim J (2006) Calling sites and acoustic par-
titioning in species of Hyla nana and rubicundula groups (Anura, 
Hylidae). Herpetological Journal 16: 239–247.

Masó A, Pijoan M (2011) Nuevas guías de campo anfibios y reptiles de 
la Península Ibérica, Baleares y Canarias. Ediciones Omega, Barce-
lona, Spain, 848 pp. + audio CD.

https://doi.org/10.1643/CE-07-254
https://doi.org/10.1046/j.1463-6409.2003.00142.x
https://doi.org/10.2307/1445554
https://doi.org/10.2307/1442358
https://doi.org/10.1093/icb/34.6.644
https://doi.org/10.1080/09524622.1993.10510437
https://doi.org/10.1080/09524622.1993.10510437
http://research.amnh.org/herpetology/amphibia/index.htm
https://doi.org/10.1126/science.199.4332.992
https://doi.org/10.2307/1444432
https://doi.org/10.1111/jeb.13210
https://doi.org/10.1111/jeb.13210
http://soundruler.sourceforge.net
https://doi.org/10.1641/0006-3568(2005)055%5B0207:RMIFAT%5D2.0.CO;2
https://doi.org/10.1641/0006-3568(2005)055%5B0207:RMIFAT%5D2.0.CO;2
https://doi.org/10.1016/0003-3472(79)90073-3
https://doi.org/10.1016/0003-3472(79)90073-3
https://doi.org/10.1007/BF00345990
https://doi.org/10.1038/nature04004
https://doi.org/10.1038/nature04004
https://doi.org/10.1093/beheco/art024
https://doi.org/10.1186/1471-2148-11-114
https://doi.org/10.11646/zootaxa.4251.1.1
https://doi.org/10.11646/zootaxa.4251.1.1
https://doi.org/10.1038/420475a
https://doi.org/10.1093/icb/41.5.1185
https://doi.org/10.2307/2406128
https://doi.org/10.2307/2406128
https://doi.org/10.1007/978-1-4757-6781-0_8
https://doi.org/10.1016/S0003-3472(88)80198-2
https://doi.org/10.1016/S0003-3472(88)80198-2
https://doi.org/10.1016/j.envpol.2016.03.015
https://doi.org/10.1007/BF00299740


zse.pensoft.net

Emmrich, M. et al.: Anuran call guilds524

McLean MJ, Bishop PJ, Nakagawa S (2013) Assessing the patterns of 
evolution in anuran vocal sexual signals. Evolutionary Biology 40: 
141–149. https://doi.org/10.1007/s11692-012-9197-0

Mecham JS (1960) Introgressive hybridization between two southeastern 
treefrogs. Evolution 14: 445–457. https://doi.org/10.2307/2405994

Miller MB, Bassler BL (2001) Quorum sensing in bacteria. Annual 
Reviews of Microbiology 55: 165–199. https://doi.org/10.1146/an-
nurev.micro.55.1.165

Morton ES (1975): Ecological sources of selection on avian sounds. The 
American Naturalist 109: 17–34. https://doi.org/10.1086/282971

Ord TJ, Stamps JA, Losos JB (2013) Convergent evolution in the territo-
rial communication of a classic adaptive radiation: Caribbean Anolis 
lizards. Animal Behaviour 85: 1414–1426. https://doi.org/10.1016/j.
anbehav.2013.03.037

Padial JM, Miralles A, De la Riva I, Vences M (2010) The integra-
tive future of taxonomy. Frontiers in Zoology 7: 16. https://doi.
org/10.1186/1742-9994-7-16

Platz JE (1993) Rana subaquavocalis, a remarkable species of leop-
ard frog (Rana pipiens complex) from southeastern Arizona that 
calls under water. Journal of Herpetology 27: 154–162. https://doi.
org/10.2307/1564931

R Core Team (2013) R: A language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna, Austria. 
http://www.R-project.org/

Ragge DR, Reynolds WJ (1998) The songs of grasshoppers and crickets 
of western Europe. Harley Books, Colchester, 596 pp.

Rothgänger H, Rothgänger A (2011) Bioakustik I. Lehmanns Media, 
Berlin, 138 pp.

Rothstein SI, Fleischer RC (1987) Vocal dialects and their possible rela-
tion to honest status signaling in the Brown-headed Cowbird. Con-
dor 89: 1–23. https://doi.org/10.2307/1368756

Ryan MJ (1985) The Túngara frog – a study in sexual selection and 
communication. University of Chicago Press, Chicago, 230 pp.

Ryan MJ (2001) Anuran communication. Smithsonian Institution Press, 
Washington DC, 252 pp.

Ryan MJ, Tuttle MD, Rand AS (1982) Bat predation and sexual ad-
vertisement in a neotropical frog. The American Naturalist 119: 
136–139. https://doi.org/10.1086/283899

Ryan MJ, Rand AS (1990) The sensory basis of sexual selection for 
complex calls in túngara frog, Physalaemus pustulosus (sexual se-
lection for sensory exploitation). Evolution 44: 305–367. https://doi.
org/10.2307/2409409

Schiestl FP, Johnson SD (2013) Pollinator-mediated evolution of floral 
signals. Trends in Ecology & Evolution 28: 307–315. https://doi.
org/10.1016/j.tree.2013.01.019

Schiøtz A (1964) The voices of some West African amphibians. Vi-
denskabelige Meddelelser fra dansk Naturhistorik Forening 127: 
35–83.

Schiøtz A (1967) The treefrogs (Rhacophoridae) of West Africa. Spolia 
Zoologica Musei Hauniensis 25: 1–346.

Schiøtz A (1971) Evolution and mating call: ecological consideration. 
Herpetological Review 3: 11.

Schiøtz A (1973) Evolution of anuran mating calls, ecological aspects. 
In: Vial JL (Ed) Evolutionary biology of the anurans, contemporary 
research on major problems. University of Missouri Press, Colum-
bia, 311–319.

Schlüter A (2005) Amphibien an einem Stillgewässer in Peru. Edition 
Chimaira, Frankfurt/Main, 347 pp.

Schneider H (2005) Bioakustik der Froschlurche. Laurenti Verlag, 
Bielefeld, Germany, 136 pp. + audio CD.

Schulze A, Jansen M, Köhler G (2015) Tadpole diversity of Bolivia’s 
lowland anuran communities: molecular identification, morpho-
logical characterization, and ecological assignment. Zootaxa 4016: 
1–111. https://doi.org/10.11646/zootaxa.4016.1.1

Seidel B (1999) Water-wave communication between territorial male 
Bombina variegata. Journal of Herpetology 33: 457–462. https://
doi.org/10.2307/1565643

Seidel B, Yamashita M, Choi IH, Dittami J (2001) Water wave commu-
nication in the genus Bombina (Amphibia). Advances in Space Re-
search 28: 589–594. https://doi.org/10.1016/S0273-1177(01)00386-6

Sinsch U, Lümkemann K, Rosar K, Schwarz C, Dehling JM (2012) 
Acoustic niche partitioning in an anuran community inhabiting an 
afromontane wetland (Butare, Rwanda). African Zoology 47: 60–
73. https://doi.org/10.1080/15627020.2012.11407524

Stephan C, Zuberbühler K (2014) Predation affects alarm call usage in 
female Diana Monkeys (Cercopithecus diana diana). Behavioral 
Ecology and Sociobiology 68: 321–331. https://doi.org/10.1007/
s00265-013-1647-x

Sueur J, Aubin T, Simonis C (2008) Seewave: a free modular tool for 
sound analysis and synthesis. Bioacoustics 18: 213–226. https://doi.
org/10.1080/09524622.2008.9753600

Swearingen ME, White MJ (2007) Influence of scattering, atmospheric 
refraction, and ground effect on sound propagation through a pine 
forest. The Journal of Acoustic Society of America 122: 113–119. 
https://doi.org/10.1121/1.2735108 

Tembrock G (1982) Tierstimmenforschung. A. Ziemsen Verlag, Witten-
berg Lutherstadt, 240 pp.

Thompson NS, LeDoux K, Moody K (1994) A system for describing 
bird song units. Bioacoustics 5: 267–279. https://doi.org/10.1080/0
9524622.1994.9753257

Toledo LF, Martins IA, Bruschi DP, Passos MA, Alexandre C, Haddad 
CFB (2015) The anuran calling repertoire in the light of social context. 
Acta Ethologica 18: 87–99. https://doi.org/10.1007/s10211-014-0194-4

Torricelli P, Lugli M, Gandolfi G (1986) A quantitative analysis of 
the occurrence of visual and acoustic displays during the court-
ship in the freshwater goby, Padogobius martensi (Günther, 1961) 
(Pisces, Gobiidae). Bolletino di Zoologia 53: 85–89. https://doi.
org/10.1080/11250008609355488

Vasconcelos TS, Rossa-Feres DC (2008) Habitat heterogeneity and 
use of physical and acoustic space in anuran communities in south 
eastern Brazil. Phyllomedusa 7: 127–142. https://doi.org/10.11606/
issn.2316-9079.v7i2p127-142

Wells KD (1977) The courtship of frogs. In: Taylor DH, Guttman SI (Eds) 
The Reproductive Biology of Amphibians. New York Plenum Press, 
New York, 233–262. https://doi.org/10.1007/978-1-4757-6781-0_7

Wells KD (2007) The ecology and behaviour of amphibians. University 
of Chicago Press, Chicago, 1400 pp.

Wiens JA (1989) The ecology of bird communities, Vol. 1. Foundations 
and patterns. Cambridge Univeristy Press, Cambridge, 539 pp.

Wilczynski W, Chu J (2001) Acoustic communication, endocrine control, 
and the neurochemical system of the brain. In: Ryan MJ (Ed.) Anuran 
communication. Smithsonian Institute Press, Washington DC, 23–35.

Wiley RH, Richards DG (1978) Physical constrains on acoustic com-
munication in the atmosphere: Implications for the evolution of an-
imal vocalization. Behavioral Ecology and Sociobiology 3: 69–94. 
https://doi.org/10.1007/BF00300047

https://doi.org/10.1007/s11692-012-9197-0
https://doi.org/10.2307/2405994
https://doi.org/10.1146/annurev.micro.55.1.165
https://doi.org/10.1146/annurev.micro.55.1.165
https://doi.org/10.1086/282971
https://doi.org/10.1016/j.anbehav.2013.03.037
https://doi.org/10.1016/j.anbehav.2013.03.037
https://doi.org/10.1186/1742-9994-7-16
https://doi.org/10.1186/1742-9994-7-16
https://doi.org/10.2307/1564931
https://doi.org/10.2307/1564931
http://www.R-project.org/
https://doi.org/10.2307/1368756
https://doi.org/10.1086/283899
https://doi.org/10.2307/2409409
https://doi.org/10.2307/2409409
https://doi.org/10.1016/j.tree.2013.01.019
https://doi.org/10.1016/j.tree.2013.01.019
https://doi.org/10.11646/zootaxa.4016.1.1
https://doi.org/10.2307/1565643
https://doi.org/10.2307/1565643
https://doi.org/10.1016/S0273-1177(01)00386-6
https://doi.org/10.1080/15627020.2012.11407524
https://doi.org/10.1007/s00265-013-1647-x
https://doi.org/10.1007/s00265-013-1647-x
https://doi.org/10.1080/09524622.2008.9753600
https://doi.org/10.1080/09524622.2008.9753600
https://doi.org/10.1121/1.2735108
https://doi.org/10.1080/09524622.1994.9753257
https://doi.org/10.1080/09524622.1994.9753257
https://doi.org/10.1007/s10211-014-0194-4
https://doi.org/10.1080/11250008609355488
https://doi.org/10.1080/11250008609355488
https://doi.org/10.11606/issn.2316-9079.v7i2p127-142
https://doi.org/10.11606/issn.2316-9079.v7i2p127-142
https://doi.org/10.1007/978-1-4757-6781-0_7
https://doi.org/10.1007/BF00300047


Zoosyst. Evol. 96 (2) 2020, 515–525

zse.pensoft.net

525

Williams SE, Hero JM (1998) Rainforest frogs of the Australian wet 
tropics: guild classification and the ecological similarity of declining 
species. Proceedings of the Royal Society B, Biological Sciences 
265: 597–602. https://doi.org/10.1098/rspb.1998.0336

Wollenberg KC, Harvey J (2010) First assessment of the territorial vo-
cal behaviour of Malagasy leaf litter frog (Gephyromantis thelenae). 
Herpetology Notes 3: 141–150.

Wycherley J, Doran S, Beebee TJC (2002) Frog calls echo microsat-
ellite phylogeography in the European pool frog (Rana lessonae). 
Journal of Zoology 258: 479–484. https://doi.org/10.1017/
S0952836902001632

Yager DD (1992) Underwater acoustic communication in the African 
pipid frog Xenopus borealis. Bioacoustics 4: 1–24. https://doi.org/1
0.1080/09524622.1992.9753201

Zheng Y, Dingqi RAO, Murphy RW, Zheng X (2011) Reproductive be-
havior and underwater calls in the emei mustache toad, Leptobrachi-
um boringii. Asian Herpetological Research 2: 199–215. https://doi.
org/10.3724/SP.J.1245.2011.00199

Zweifel RG (1968) Effects of temperature, body size, and hybridization 
on mating calls of toads, Bufo a. americanus and Bufo woodhousii 
fowleri. Copeia 1968: 269–285. https://doi.org/10.2307/1441753

Supplementary material 1
Database for the definition of anuran call 
guilds

Authors: Mike Emmrich, Miguel Vences, Raffael Ernst, 
Jörn Köhler, Michael F. Barej, Frank Glaw, Martin 
Jansen, Mark-Oliver Rödel

Data type: DOCX file
Explanation note: Table S1: List of 1253 anuran species 

with advertisement calls; References (literature and 
CDs) for anuran calls used in this study; Web sources 
for anuran calls used in this study.

Copyright notice: This dataset is made available under 
the Open Database License (http://opendatacommons.
org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow us-
ers to freely share, modify, and use this Dataset while 
maintaining this same freedom for others, provided 
that the original source and author(s) are credited.

Link: https://doi.org/10.3897/zse.96.38770.suppl1

https://doi.org/10.1098/rspb.1998.0336
https://doi.org/10.1017/S0952836902001632
https://doi.org/10.1017/S0952836902001632
https://doi.org/10.1080/09524622.1992.9753201
https://doi.org/10.1080/09524622.1992.9753201
https://doi.org/10.3724/SP.J.1245.2011.00199
https://doi.org/10.3724/SP.J.1245.2011.00199
https://doi.org/10.2307/1441753
http://opendatacommons.org/licenses/odbl/1.0/
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/zse.96.38770.suppl1

	A guild classification system proposed for anuran advertisement calls
	Abstract
	Introduction
	Material and methods
	Data collection
	Definitions of anuran advertisement call units

	Results
	Key to anuran Advertisement Call Guilds
	Short description of call guilds with species examples

	Discussion
	Acknowledgments
	References
	Supplementary material 1
	Database for the definition of anuran call guilds


