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Abstract: 	Studies on anuran vocalizations have increased in Brazil in recent years. However, these studies remain asymmetrically 
distributed in terms of geographic and taxonomic coverage. In this study, we analyzed the current state of the art of anuran 
bioacoustics in the Northeast region of Brazil through a systematic online review of published scientific articles. We identified 
123 scientific articles reporting research based on anuran vocalizations recorded in Northeastern Brazil. There has been 
an increase in the number of publications over the years, but the quality of available information was highly variable, with 
noticeable differences only in papers published in the last decade, when compared to previous years. Recordings could 
be assigned to 119 taxa, most belonging to the families Hylidae, Leptodactylidae, Bufonidae and Odontophrynidae. Most 
studies included recordings made in the Atlantic Forest and Caatinga biomes, whereas studies in locations within the 
Cerrado and the Amazon Forest biomes were scarce. Finally, we analyzed institutions and collaborations involved in the 
publications and found that there is a temporal trend of increase in the proportion of Northeastern institutions involved 
in the publications, along with a rise in the average number of authors per publication.
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Resumo: Os estudos com vocalizações de anuros têm aumentado no Brasil nos últimos anos. No entanto, ainda estão 
assimetricamente distribuídos em termos de cobertura geográfica e taxonômica. Neste estudo, analisamos o atual estado 
da arte da bioacústica de anuros na região Nordeste do Brasil por meio de uma revisão sistemática de artigos científicos 
publicados online. Foram encontrados 123 artigos científicos relatando pesquisas baseadas em vocalizações de anuros 
registradas no Nordeste do Brasil. Houve um aumento no número de publicações ao longo dos anos, mas a qualidade 
das informações disponíveis foi muito variável, com diferenças apenas entre os artigos publicados na última década, quando 
comparados aos anos anteriores. Os registros podem ser atribuídos a 119 táxons, a maioria dos quais correspondente 
a espécies das famílias Hylidae, Leptodactylidae, Bufonidae e Odontophrynidae. A maioria dos estudos incluiu registros 
feitos nos biomas Mata Atlântica e Caatinga, enquanto pesquisas em regiões dentro dos biomas Cerrado e floresta 
amazônica foram escassas. Por fim, analisamos as instituições e colaborações envolvidas nas publicações e descobrimos 
uma tendência temporal de aumento na proporção de instituições nordestinas envolvidas nas publicações, assim como 
no número médio de autores por publicação.
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INTRODUCTION
Communication mediates intra and interspecif ic 
interactions in the animal kingdom, and there are multiple 
ways through which communication can be achieved. 
Most animals rely on the transmission and reception of 
chemical, visual, electric, tactile, vibrational, or acoustic 
signals to convey biological information (Penar et al., 
2020). Sound signals are especially important as part of 
communication systems in insects, fishes, birds, mammals, 
and amphibians, playing key roles in territorial defense and 
mate attraction, among other ecological and behavioral 
functions (Laiolo, 2010; Fletcher, 2014).

As an emerging science, bioacoustics is dedicated 
to recording, analyzing, and interpreting sound signals 
produced by living organisms and their relationships with 
the surrounding environment (Fletcher, 2014; Vallee, 2017; 
Penar et al., 2020). Through bioacoustics, recordings of 
sound signals or acoustic landscapes become a valuable 
source of biological data, which can be used to uncover 
the natural history of a particular species, to solve intricate 
taxonomic puzzles as part of integrative taxonomy 
approaches (e.g., Silva-Filho & Juncá, 2006; Andrade 
et al., 2020; Bang et al., 2020; Mângia et al., 2020), to 
evaluate species diversity at a given location (Vacher et 
al., 2017; Rakotoarison et al., 2017) or to investigate the 
evolution of communication as a response to environments 
characterized by different levels of background noise (Bee 
& Swanson, 2007; Zhang et al., 2015). In the last decades, 
bioacoustics has also become part of several conservation 
initiatives, with active or passive acoustic recordings being 
increasingly adopted as standard methods for species 
detection or monitoring (Noda et al., 2018; Sugai & Llusia, 
2019; Obrist et al., 2010).

Male anurans emit advertisement calls to attract 
sexual mates and ward off conspecific males at calling sites 
(Wells & Schwartz, 2007; Toledo et al., 2014; Köhler et al., 
2017). Advertisement calls are species-specific and, hence, 
useful for discriminating anurans belonging to different taxa. 
Advertisement calls are also subject to evolutionary forces, 

such as female sexual selection and selection imposed by 
background noise, competition for spectral acoustic space 
or genetic drift, and can provide valuable information on 
population differentiation and evolutionary mechanisms 
leading to speciation (Amézquita et al., 2006, 2009; Goutte 
et al., 2018). In addition to advertisement calls, many anuran 
species have an extended call repertoire, which may include 
sound signals used in specific behavioral contexts, such as 
courtship, agonistic interactions among males, or defense 
against predators (Toledo et al., 2014; Forti et al., 2018).

Brazil is home to the largest number of amphibian 
species in the world, with more than 1,188 species, of which 
1,144 are anurans (Segalla et al., 2021). Endemism and 
naturally small geographic distributions are frequent among 
many clades of Brazilian anurans, and 59 are currently 
classified as species of conservation concern (Brasil, 2022). 
Bioacoustical studies of Brazilian anurans have mostly 
addressed their taxonomy, including the description of 
new species and the evaluation of species limits among 
cryptic taxa (Guerra et al., 2018). Fewer studies investigated 
acoustic signals of anurans in the contexts of reproductive 
behavior (e.g., Heyer & Carvalho, 2000; Vilela et al., 2014; 
Camurugi et al., 2015; Costa & Dias, 2019), natural history 
(e.g., Pimenta et al., 2007; Brandão et al., 2009; Malagoli 
et al., 2021), ecology (e.g., Protázio et al., 2014, 2019; Lima 
et al., 2019) or conservation (Simões et al., 2014; Sugai & 
Llusia, 2019). Additionally, research on advertisement calls 
in Brazil exhibits geographic and taxonomic biases, as well 
as biases related to the conservation status of the studied 
species (Guerra et al., 2018).

Northeastern Brazil encompasses more than 
840,000 km2 (IBGE & MMA, 2004) and is mostly covered 
by two ecologically distinct biomes, the Atlantic Forest and 
the semi-arid Caatinga. Despite extensive deforestation 
and human occupation, which can be traced back to the 
15th Century, an expressive number of endemic species 
are found in the region (Garda et al., 2017, 2018; Abrahão 
et al., 2019). However, no comprehensive appraisal of 
anuran bioacoustics has been conducted for this region, 
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hindering the effective planning of future research based 
on existing knowledge gaps.

In this work, we conduct a comprehensive 
assessment of the available scientific literature on 
bioacoustics of anurans in the Brazilian northeast. We 
evaluate temporal trends in the number of published 
scientific papers and the quality of those papers, based on 
whether a set of key methodological steps were reported 
in each publication. 

Additionally, we assess the diversity of taxa studied 
and the geographic distribution of recorded populations. 
Lastly, we evaluate the number and affiliations of authors, 
in order to gain insight into the main institutions conducting 
bioacoustics studies in Northeastern Brazil and their 
research networks.

MATERIAL AND METHODS
We searched for published literature on bioacoustics of 
anurans of Northeastern Brazil in Google Scholar (Google, 
n.d.), Web of Science (Clarivate, n.d.) and SciELO (SciELO, 
n.d.), along the period between May 2020 and June 2021. 
We used a combination of search terms that encompassed 
taxonomy (‘Amphibia,’ ‘Anura,’ ‘Anfíbio,’ ‘Anuro,’ ‘Frog’), 
bioacoustical terminology (‘canto,’ ‘call,’ ‘vocalização,’ 
‘vocalization,’ ‘bioacústica,’ ‘bioacoustics’) and the geographic 
region of interest (‘Brasil,’ ‘Brazil,’ ‘Nordeste,’ ‘Northeast,’ 
and the names of each Northeastern Brazilian state, entered 
separately on each search). Publications were added to 
our database when they met the following criteria: 1) 
research paper written in English or Portuguese language 
and published in an indexed journal; 2) research containing 
information on one or more sound recordings of anurans, 
conducted in one or more states in the Brazilian Northeast. 
Unpublished theses and monographs were not considered. 
Papers that presented reanalysis of acoustic data published 
earlier were also removed from the final database.

Taxonomy followed Frost (2024). We associated 
the geographic location of recordings with major biomes 
of Brazilian Northeast based on the biome classification 

proposed by Instituto Brasileiro de Geografia e Estatística 
(IBGE, 2017, 2019). When geographic coordinates or 
information on the locality where sound recordings 
were conducted were not reported, we considered 
the geographic coordinates of the centroid of the largest 
native vegetation remnant in the indicated municipality to 
locate the recording on the biome distribution map. The 
distribution map of recordings was produced in QGIS 3.16 
(QGIS.org, n.d.), on biome distribution layers based on 
IBGE (2017, 2019). 

All papers were read-through and, from each paper, 
we extracted the following information: 1) taxonomy of 
recorded species (family, genus and specific epithets); 2) 
name of the federation unit (state) where the specimens 
were recorded; 3) municipality where the species was 
recorded; 4) biome; 5) geographic coordinates of recording 
location; 6) date of recording; 7) number of recorded 
individuals; 8) number of calls analyzed; 9) call type (e.g., 
advertisement call, aggressive call, courtship call); 10) air or 
water temperature at the time of recording; 11) snout-to-vent 
length (SVL) of recorded individuals; 12) model of recorder 
and microphone used; 13) sampling rate of recording; 14) 
software used for acoustic analyses; 15) information on long-
term storage of recording files (i.e., deposit of files in a public 
repository or sound collection); 16) year of publication of 
the paper; 17) number of authors; 18) number of regional 
institutions involved in the study; 19) number of institutions 
located outside the Brazilian Northeast involved in the 
study. Additionally, to understand the nature of studies on 
anurans that use bioacoustics, papers were classified into 
one of the following categories: 1) species description; 2) 
call description; 3) ecological study; 4) behavioral study; 5) 
taxonomic review; 6) new geographic record; 7) other. In 
the latter category, we grouped interdisciplinary studies that 
addressed multiple topics, where bioacoustical data was 
provided along with information on larval morphology or 
reproductive biology, for example. We also classified the type 
of calls according to the anuran call classification proposed 
by Toledo et al. (2014).
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We also assessed whether the qual i ty  of 
publications increased over the years, based on the 
availability of information essential to the replicability 
of the studies and for the use of bioacoustics data in 
future research. With this purpose, we adapted the 
method used by Guerra et al. (2018) and estimated 
a quality index based on the presence or absence of 
information on parameters 5 to 14 listed above, on the 
body of the text, or on figure captions. We attributed 
one point to each parameter informed, hence the 
quality parameter varied between zero (no information 
available on any parameter) and ten (information on 
all parameters was provided). In the case of articles 
containing recordings of several species in which data 
on a particular parameter were not provided for one 
or more species, a value of zero was assigned to that 
parameter. The arithmetic means among all papers 
published in the same year were used to evaluate the 
existence of temporal trends in the improvement of 
publication quality. The proportion of authors affiliated 
to academic or research institutions located in the 
Brazilian Northeast among papers published in the 
same year was used to assess trends in regional capacity 
and autonomy in bioacoustical studies.

RESULTS

QUANTITATIVE TEMPORAL TRENDS IN 
PUBLICATIONS
The database built from the systematic review of 
publications containing information on anuran vocalizations 
recorded in Northeast Brazil retrieved a total of 123 
publications, including Brazilian and international journals. 
These publications covered a range of 21 years, from 
2000 to 2020, with gaps in 2001 and 2002, when no 
publication was found by the search engines. The average 
number of publications was 6.47 scientific articles per 
year. There is notable growth in the average number 
of publications per year from the beginning of the 2010 

decade to the present (Figure 1), and the number of 
publications almost tripled between the years 2011–2020 
(totaling an average of 9,2 articles/year), in comparison 
with 2000–2010 (3.44 articles/year, in average). The year 
with the highest number of publications was 2020, with 
13 publications.

QUALITATIVE TEMPORAL TRENDS IN 
PUBLICATIONS
Considering the index we used to access the quality of 
information available on the papers based on the presence 
of ten parameters essential for replicability and for the use 
of the original bioacoustical data in future studies, we did 
not observe a temporal trend of evolution in the quality of 
publications (Figure 2). In general, there is great variability 
in the quality of articles published each year, except in years 
with only a few publications (e.g., 2000, 2003). Between 
2000 and 2010 only one work reached the maximum score 
of the index, whereas between 2011 and 2020, except for 
2016, at least one article reached the maximum value of 
the index each year. The maximum score was obtained 
by approximately 19% of the published articles, whereas 
only a single paper achieved the lowest score recorded.

Among ten parameters used to assess the quality of 
the bioacoustical information provided in the articles, the 

Figure 1. Variation in the number of scientific articles about 
vocalizations of anurans of the Brazilian Northeast between 
the years 2000 and 2020, as a result of bibliometric searches 
conducted on Google Scholar, Web of Science and Scielo. 
Graphic: the authors (2025).
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least reported were those related to data on body size 
of recorded individuals, sample size (i.e., number of calls 
analyzed), and environmental conditions. Information on 

body size or body mass of males recorded was absent in 
56.1% of the published articles. The number of calls analyzed 
was not informed in approximately 42.2% of the articles, 
and geographic coordinates were not reported in 19.5% of 
them. On the other hand, information on software, type of 
call recorded, and model of recording gear was reported in 
the vast majority (> 97%) of the articles (Figure 3). 

TAXONOMIC DIVERSITY, CALL TYPE AND 
RESEARCH SCOPE
The 123 publications contained data on vocalizations of 119 
anuran species belonging to 34 genera distributed in 13 families 
(Appendix 1; Figure 4). In one article, it is not possible to infer 
which of the listed species were recorded in the Northeast 
region, so it was classified here as ‘not specified.’ The most 
representative families were Hylidae (60 species, 50.4% 
of the studied taxa), Leptodactylidae (27 species, 22.7%),  
Bufonidae (8 species, 6.7%), and Odontophrynidae (7 
species, 5.9%). The most studied genera belonged to 
the families Hylidae (Scinax, 13 species; Phyllodytes, 11 
species; Dendropsophus, 9 species) and Leptodactylidae 
(Leptodactylus, 10 species; Physalaemus, 9 species).

Figure 2. Variation in quality of bioacoustical information available 
in scientific articles addressing vocalizations of anurans recorded 
in the Brazilian Northeast, published between 2000 and 2020. 
The index is based on the reporting of ten parameters related 
to geographic information, recording conditions, equipment and 
recording, which guarantee the repeatability of the studies and 
the use of acoustic data in the future. The index ranged from 
zero (worst quality) to ten (best quality). Box-plots representing 
the index values for each year show the interquartile range (box) 
divided by the median of the values (cross line). The upper and 
lower limits of the vertical black lines indicate the most extreme 
values. Graphic: the authors (2025).

Figure 3. Frequency of reporting of ten qualitative parameters among 123 articles published between 2000 and 2020 which addressed the 
bioacoustics of anurans recorded in Northeastern Brazil. Graphic: the authors (2025).
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Approximately 21% of the recorded species were 
present in more than one study. The most frequent 
species among the studies were Pithecopus gonzagai 
Andrade, Haga, Ferreira, Recco-Pimentel, Toledo, and 
Bruschi, 2020 (Hylidae, and Proceratophrys cristiceps 
(Müller, 1883) (Odontophrynidae), for which acoustic 
information was presented in seven publications. It was 
followed by Pithecopus nordestinus (Caramaschi, 2006) 
(Hylidae: Phyllomedusinae), and Pseudopaludicola pocoto 
Magalhães, Loebmann, Kokubum, Haddad, and Garda, 
2014 (Leptodactylidae), whose vocalizations were analyzed 
in five studies (Appendix 2). 

Few studies were dedicated to analyses of 
vocalizations other than the advertisement call. 
Advertisement calls were analyzed in 118 publications 
(95.9%), followed by territorial calls, assessed in 13 
publications (10.6%), release calls and courtship calls 
assessed in five publications (4.1%), distress calls, assessed 
in four publications (3.2%). Amplexus and warning calls 
were reported in one publication each (0.8%). The 
type of vocalization was not informed in one publication. 
Nearly 17.9% of the articles presented data on the 

advertisement call and on at least one additional call 
type. Considering vocalization categories based on social 
context (sensu Toledo et al., 2014), reproductive calls 
were represented in 97.6% of the studies, aggressive 
calls in 11.4%, and defensive calls in 4.1%.

Considering the scope of the research published, 
we observed that 37.4% of the retrieved articles were 
call descriptions, with little or no additional data (i.e., 
morphological, larval, molecular) and with no broader 
taxonomic scope. Analyses of vocalizations appeared as 
part of new species descriptions in 25.2% of the studies, 
and as part of taxonomic revisions in 6.5% of the articles 
surveyed. Multi-thematic articles, herein classified as 
‘others,’ accounted for 17.9% of the articles. Less frequent 
types of publications included ecological studies (7.3% of 
the papers), new geographic records or range extensions 
(3.3%), and studies on anuran behavior (2.4%).

GEOGRAPHIC DISTRIBUTION OF CALL 
RECORDINGS
Publications encompassed the nine Northeastern 
Brazilian states (Figure 5). Most anuran call recordings 

Figure 4. Cumulative number of species, per family, of anurans from the Northeast region of Brazil whose vocalizations were analyzed in 
studies published in scientific journals between 2000 and 2020. Graphic: the authors (2025).
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were conducted in Bahia (81 studies, 65,9%), surpassing 
published data on recordings made in the other eight 
states combined. Pernambuco and Rio Grande do Norte 
were the second states with the most publications, with 13 
records (10.6%) each. Recordings conducted in the states 
of and Paraíba were reported in 12 studies (9.8%). The 
two states with the lowest number of published anuran 
recordings were Maranhão and Piauí, with recordings 
proceeding from only three localities in each of these 
states. Coincidently, these are the states with the greatest 
coverage of the least studied Northeastern biomes (Cerrado 
and Amazon Forest). More than half of the studies were 
carried out in the Atlantic Forest (57.7%), followed by 
studies conducted in the semi-arid Caatinga (43.9%). 
Recordings in the Cerrado and in the Amazon Forest were 
the least frequent, with 4.9% and 1.6% of publications 
containing information on vocalizations recorded in these 
biomes, respectively.

MANAGEMENT AND STORING OF CALL 
RECORDINGS
The deposit of call recordings into a sound collection or 
into a zoological collection was reported in less than half 
of the studies (41.5%). Among the studies that indicated a 
destination to call recordings, those were deposited in 28 
different biological collections or museums, of which 25 
(89.3%) were located in Brazil and three (10.7%) were 
located abroad. Among collections in Brazil, 40% were in 
education or research institutions in Northeastern Brazil, 
40% in the Brazilian Southeast, and 12% in the Midwest. 
Approximately 8% of the recordings were deposited in 
the private collection of one of the authors. 

RESEARCH AUTHORSHIP
Scientific work on anuran bioacoustics in Northeastern 
Brazil has been mostly carried out by universities and 
other education institutions. We identified authors 

Figure 5. Distribution of geographic locations of recordings of anuran vocalizations in Northeastern Brazil reported in 123 scientific articles 
published between 2000 and 2020. Legend States: AL = Alagoas; SE = Sergipe; BA = Bahia; CE = Ceará; MA = Maranhão; PB = 
Paraíba; PE = Pernambuco; RN = Rio Grande do Norte. Map: the authors (2025).
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linked to 52 institutions, including colleges, universities, 
technical educational institutes, and research institutes 
distributed in the five Brazilian geographic regions 
(Northeast, North, Central-West, Southeast, and 
South). Most studies were produced by authors affiliated 
to more than one institution. The two institutions 
with the largest number of publications are located in 
Southeastern Brazil. Authors affiliated to Universidade 
Federal do Rio de Janeiro were involved in 29 studies 
(24.4% of the articles), followed by authors affiliated 
to Universidade Estadual Paulista Júlio de Mesquita Filho, 
which participated in 23 (19.3%) studies. These were 
followed by authors affiliated to five universities located 
in Northeastern Brazil: Universidade Estadual de Santa 
Cruz (22 publications), Universidade Estadual de Feira 
de Santana (21 publications), Universidade Federal do 
Rio Grande do Norte (19 publications), Universidade 
Federal da Bahia and Universidade Federal da Paraíba 
(16 publications each).

Considering collaboration networks based on 
publications, 35.8% of the studies had the participation 
of at least one institution located in Northeastern Brazil, 
36.6% were produced exclusively by the latter and 
27.6% of the studies were carried out by institutions 

outside Northeastern Brazil. From 2000 to 2020 there 
was an increase in the role of Northeastern institutions in 
anuran bioacoustics studies, most notably between 2011 
and 2015, as well as a trend toward a greater proportion of 
works carried out as collaborations between Northeastern 
institutions and other national and international institutions 
(Figure 6). International collaborations were indicated in 
17 studies (13.8%). Collaborations between universities 
and private environmental consulting companies were 
reported in five studies (4.1%). A single study was 
conducted as a collaboration between the university and 
a non-governmental organization.

All studies were conducted by more than one 
author. Most studies included five or more authors (35%), 
followed by three authors (30%), two authors (22%), 
and finally, four authors (13%). There was an increasing 
trend in the average number of authors per article over 
the years (Figure 7).

DISCUSSION
In this work we investigated temporal trends in the number 
and quality of bioacoustics studies addressing vocalizations 
of anurans recorded in Northeastern Brazil published 
between 2000 and 2020. We detected an increase in the 

Figure 6. Relative contribution of research or education institutions in Northeastern Brazil, in other regions of Brazil and institutions abroad in 
authoring scientific articles addressing bioacoustics of anurans of Northeastern Brazil between 2000 and 2020. Graphic: the authors (2025).
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number of papers published on the subject along the last two 
decades. Additionally, more recent studies were conducted 
by a relatively larger number of authors, affiliated to a larger 
number of education or research institutions, hinting at a 
temporal trend of increase in collaborative research. On the 
other hand, more recent articles did not improve in terms of 
reporting data associated with sound recording procedures 
in the field, with processing of sound recordings or with 
archiving of sound files, when compared to earlier studies. 

Unfortunately, few studies have focused on the 
analysis of the quality of the information available in 
bioacoustics studies, even in animal groups other than 
anurans. State-of-the-art studies of bioacoustics studies 
were performed by Becker et al. (2022) and Guerra et 
al. (2018), but only the last one, which addressed works 
with anuran advertisement calls, was dedicated to the 
analysis of the information accessed in the publications. 
Guerra et al. (2018) also observed great variation in the 
data available in studies addressing advertisement calls of 
anurans in Brazil, but they noticed a temporal trend of 
increase in the metadata.

In relation to basic qualitative and quantitative recording 
parameters informed in the articles, body-size, sampling size, 
geographic coordinates and environmental temperature 
were the least reported. Among these parameters, body 
size generally determines the fundamental and dominant 
frequencies of the calls due to allometric relationships with 
the length of vocal cords (Ramer et al., 1983; Smith & 
Roberts, 2003; Nali & Prado, 2014). Likewise, environmental 
temperature directly affects metabolic rates in anurans, 
reflecting on call parameters such as call rate (Ryan, 1988; 
Gerhardt & Huber, 2002), call duration (Lingnau & Bastos, 
2007; Moser et al., 2022) or call frequency (Kaefer et al., 
2012; Moser et al., 2022). Hence, reporting the snout-
to-vent length or mass of analyzed specimens and the 
environmental temperature at the time of recording is 
fundamental to allow for call comparisons between species 
or populations (Christensen-Dalsgaard, 2008; Köhler et al., 
2017). Information on the recording location is essential for 
the characterization of local climate since the microhabitat 
can influence call traits (Röhr & Juncá, 2013; Camurugi et 
al., 2015; Röhr et al., 2020), in addition to more precisely 

Figure 7. Variation in the number of authors of scientific articles addressing vocalizations of anurans recorded in Brazilian Northeast, published 
between 2000 and 2020. The interquartile range (box) is divided by the median number of researchers who authored each article (cross 
line). The upper and lower limits of the vertical black lines indicate the most extreme values. Graphic: the authors (2025).
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delimiting the populations studied. Several studies addressing 
the phylogeography of Neotropical anurans suggest that 
geographically widespread taxa actually represent complexes 
of independent evolutionary lineages or cryptic species 
(Fouquet et al., 2012; Gehara et al., 2014; Nascimento et 
al., 2019; Trevisan et al., 2020). Thus, accurately indicating 
the location of the populations studied can avoid undue 
comparisons between morphologically similar species, 
while also reducing the effort spent in finding the referred 
populations in the future. With technologies as GPS trackers, 
digital thermometers and digital cameras being increasingly 
integrated to portable devices, we stress that obtaining the data 
mentioned above in the field is straightforward, and should be 
binding to manuscript acceptance by editors and reviewers.

A recent review of publications containing descriptions 
of anuran advertisement calls in Brazil (Guerra et al., 
2018) reported that families Hylidae, Leptodactylidae and 
Bufonidae were the most recorded in the country. Despite 
the marked climatic differences among Northeastern Brazil 
(where hot and dry landscapes are predominant) and other 
geographic regions, the same families concentrate the 
largest number of bioacoustical studies, possibly as a result 
of their overall species diversity. Among the Northeastern 
Brazilian states, only Pernambuco (SEMAS PE, 2015) and 
Alagoas (Almeida et al., 2016) have comprehensive lists 
of anuran fauna occurring in their territory. There are also 
studies that provide data on anuran diversity by biome 
(Garda et al., 2017; Abrahão et al., 2019). However, 
since no biome is exclusive to the Northeast, these 
studies cannot be used for comparison with our study, 
which considers the entire Northeast region. Andrade 
et al. (2020) recognized the populations of Pithecopus 
nordestinus distributed north of the San Francisco River as 
a distinct taxon, P. gonzagai. Thus, studies published until 
2020 may have analyzed the former (e.g. Vilaça et al., 
2011), the latter (e.g.), or both species (e.g. Röhr et al., 
2020). P. nordestinus and P. gonzagai are arboreal treefrogs 
whose geographic distribution extends widely across 
Northeastern Brazil, predominantly in the Caatinga and 

Atlantic Forest, but also extending into the Cerrado biome. 
After P. nordestinus + P. gonzagai, Proceratophrys cristiceps 
and Pseudopaludicola pocoto were the species studied more 
frequently. Pr. cristiceps had its taxonomy recently revised, 
and populations previously classified as Pr. caramaschii and 
Pr. aridus were considered junior synonyms. This expanded 
the known geographic distribution of Pr. cristiceps across the 
semi-arid Caatinga (Mângia et al., 2020). Pseudopaludicola 
pocoto also occurs across most of the Caatinga biome, 
and their very conspicuous calls makes the species easy 
to detect (Pereira et al., 2018). High local abundance, 
wide geographic distribution and very distinctive calls 
may be related to the relatively large number of papers 
which sampled these taxonomically unrelated species. An 
additional possibility is that the three species have extended 
reproductive seasons, with calling males being found most 
of the year, but data on interseason variation in call activity 
is currently lacking for these taxa.

It was expected that most studies in our survey 
addressed advertisement calls, possibly because of their 
potential application in taxonomy, which was also the most 
frequent subject of published articles using advertisement 
call recordings in our survey. Recording vocalizations not 
related to reproduction tend to be more costly and time 
consuming, as they are rarely detected, require more field 
observations, and sometimes require animal manipulation, 
as in the case of release calls (Toledo & Haddad, 2009). On 
the other hand, advertisement calls are frequently emitted, 
are easy to detect and easy to record (Köhler et al., 2017). 
However, we stress that the lack of data on other types of 
calls represents an important caveat to our understanding 
of complex behavioral interactions in most anuran species, 
including territoriality, male-male competition, courtship 
and defense against predators. Thus, studies aiming at the 
description of call repertoires, based on longer recording 
sessions, should be encouraged.

The low proportion of studies that deposited their 
sound recording archives in scientific collections echoed a 
trend also detected in Guerra et al. (2018) in their work with 
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advertisement calls. Estimates suggest that, in recent decades, 
the practice of not depositing sound files in biological 
collections caused the loss of approximately six million U.S. 
dollars of investment in research of Brazilian anurans (Dena 
et al., 2019). The main reasons stated by herpetologists 
for not depositing the files were the lack of time, lack 
of knowledge of deposit procedures and the belief that 
depositing was not necessary (Dena et al., 2019). Recordings 
not deposited in scientific collections impair the potential for 
reproducibility of research, and hinder comparative studies. 
In addition, the biodiversity record for future generations and 
the information on the potential for evaluations of temporal 
changes in the acoustic landscape (sensu Sugai & Llusia, 2019) 
is lost. An alternative to encourage researchers to deposit 
their sound files in scientific collections is the requirement of 
scientific journals that vocalizations be deposited before the 
articles are published, which is already being done by some 
journals, and the adoption of simpler deposit procedures by 
managers of sound collections.

Bahia is the largest state in Northeastern Brazil 
(IBGE, 2019) and concentrated most of the anuran 
recordings studied. However, the distribution of studies 
among different states was not proportional to their area. 
The states with the second and third largest territories in 
Northeastern Brazil, Maranhão and Piauí, were the ones 
with fewer studies on anuran bioacoustics. The Atlantic 
Forest is historically the most studied Brazilian biome in 
terms of anuran species (Guerra et al., 2018; Lima et al., 
2019), and it is absent in the latter two states. The Amazon 
Forest and ecotones between Amazon Forest and Cerrado 
covers approximately 35% of Maranhão (Araujo et al., 
2016). But despite their outstanding amphibian diversity and 
despite being highly studied in other Brazilian geographic 
regions, the Amazon Forest and Cerrado areas in Maranhão 
are notoriously subsampled for anuran call recordings. 
Similarly, Cerrado regions in the remaining Northeastern 
states have been widely neglected by researchers. Future 
recording efforts should prioritize these biomes, potentially 
filling large biogeographic gaps on bioacoustical data.

Although the most productive institutions in terms 
of the number of studies on anuran vocalizations in 
the Northeast are located in Southeastern Brazil, the 
evaluation of collaboration networks revealed that most 
studies involved at least one institution located in the 
Brazilian Northeast, especially from 2011 onwards. Such 
finding indicates a consistent trend, in recent years, of local 
universities and research institutions in participating in the 
production of scientific knowledge in its own territory. As 
the number of studies also increased considerably in the 
same interval, this result may be related to the increase 
in investment in universities and human resources in the 
region. As identified in report from the Centro de Gestão e 
Estudos Estratégicos (CGEE, 2016), in 1996, the Southeast 
region held most of the graduate courses in Brazil and 
was responsible for 68% of the master’s degrees and 
89% of the doctoral degrees in the country. In 2014, this 
proportion decreased to 49% and 60%, respectively, 
as a result of a series of public policies created from 
2003 onwards, which resulted in the increase of public 
universities, the creation of new campuses, and in the 
qualification of human resources and growth of industrial 
production in Northeastern Brazil (Silva et al., 2019). In 
addition to increased resources, research probably also 
benefited from collaborations among a larger number 
of institutions and authors. The increase in the number 
of authors per publications has been reported in several 
research fields over the last decades (Borenstein & 
Shamoo, 2015; Fontanarosa et al., 2017). The analysis 
of large databases, studies of varied cohorts and 
multidisciplinarity approaches are some of the advantages 
gained from collaborations among many authors 
(Fontanarosa et al., 2017). In short, the increase in the 
number of higher education institutions in the Northeast 
region allowed for the inclusion of these institutions in 
the network of collaborations with institutions already 
established and the feasibility of exploring problems in 
their own ecosystems, which includes the field of anuran 
bioacoustics.
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CONCLUSION
In this study, we summarized the current knowledge on 
vocalizations of anurans in Northeastern Brazil, identifying 
knowledge gaps and many research opportunities. Gaps 
uncovered here can help selecting target regions and taxa 
for future studies, in addition to facilitating new research 
based on call samples already available. We hope that 
results based on our quality index will help researchers 
to optimize the information reported in scientific articles 
and other outlets, in order to ensure replicability and 
comparison among studies.
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Appendix 1. List of species from the Northeast region of Brazil with vocalizations analyzed in studies published in scientific journals.    (Continue)

Family Species

Allophrynidae Allophryne relicta Caramaschi, Orrico, Faivovich, Dias, and Solé, 2013

Aromobatidae Allobates olfersioides (Lutz, 1925)

Bufonidae Frostius erythrophthalmus Pimenta and Caramaschi, 2007

Frostius pernambucensis (Bokermann, 1962)

Rhinella casconi Roberto, Brito, and Thomé, 2014

Rhinella crucifer (Wied-Neuwied, 1821)

Rhinella dapsilis (Myers and Carvalho, 1945)
Rhinella diptycha (Cope, 1862) 

Rhinella granulosa (Spix, 1824)

Rhinella hoogmoedi Caramaschi and Pombal, 2006

Centrolenidae Vitreorana baliomma Pontes, Caramaschi, and Pombal, 2014

Ceratophryidae Ceratophrys joazeirensis Mercadal de Barrio, 1986

Craugastoridae Haddadus aramunha (Cassimiro, Verdade, and Rodrigues, 2008)

Haddadus binotatus (Spix, 1824)

Eleutherodactylidae Adelophryne maranguapensis Hoogmoed, Borges, and Cascon, 1994

Adelophryne mucronata Lourenço-de-Moraes, Solé, and Toledo, 2012

Bahius bilineatus (Bokermann, 1975)

Hemiphractidae Gastrotheca fissipes (Boulenger, 1888)

Gastrotheca recava Teixeira, Vechio, Recoder, Carnaval, Strangas, Damasceno, Sena, and Rodrigues, 2012

Hylidae Aplastodiscus ibirapitanga (Cruz, Pimenta, and Silvano, 2003)

Aplastodiscus sibilatus (Cruz, Pimenta, and Silvano, 2003)

Boana atlantica (Caramaschi and Velosa, 1996)

Boana crepitans (Wied-Neuwied, 1824)

Boana exastis (Caramaschi and Rodrigues, 2003)

Boana freicanecae (Carnaval and Peixoto, 2004)

Boana pombali (Caramaschi, Pimenta, and Feio, 2004)

Boana raniceps (Cope, 1862)

Bokermannohyla capra Napoli and Pimenta, 2009

Bokermannohyla diamantina Napoli and Juncá, 2006

Bokermannohyla flavopicta Leite, Pezzuti, and Garcia, 2012

Bokermannohyla itapoty Lugli and Haddad, 2006

Bokermannohyla juiju Faivovich, Lugli, Lourenço, and Haddad, 2009

Bokermannohyla lucianae (Napoli and Pimenta, 2003)

Bokermannohyla oxente Lugli and Haddad, 2006

Dendropsophus branneri (Cochran, 1948)

Dendropsophus elegans (Wied-Neuwied, 1824)

Dendropsophus haddadi (Bastos and Pombal, 1996)
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Family Species

Hylidae Dendropsophus minutus (Peters, 1872)

Dendropsophus nanus (Boulenger, 1889)

Dendropsophus nekronastes Dias, Haddad, Argôlo, and Orrico, 2017

Dendropsophus novaisi (Bokermann, 1968)

Dendropsophus oliveirai (Bokermann, 1963)

Dendropsophus studerae (Carvalho-e-Silva, Carvalho-e-Silva, and Izecksohn, 2003)

Hylomantis aspera Peters, 1873

Hylomantis granulosa (Cruz, 1989)

Julianus camposseabrai (Bokermann, 1968)

Nyctimantis arapapa (Pimenta, Napoli, and Haddad, 2009)

Ololygon agilis (Cruz and Peixoto, 1983)

Ololygon strigilata (Spix, 1824)
Phasmahyla timbo Cruz, Napoli, and Fonseca, 2008

Phasmahyla spectabilis Cruz, Feio, and Nascimento, 2008

Phyllodytes acuminatus Bokermann, 1966

Phyllodytes amadoi Vörös, Dias, and Solé, 2017

Phyllodytes edelmoi Peixoto, Caramaschi, and Freire, 2003

Phyllodytes gyrinaethes Peixoto, Caramaschi, and Freire, 2003

Phyllodytes kautskyi Peixoto and Cruz, 1988

Phyllodytes magnus Dias, Novaes-e-Fagundes, Mollo, Zina, Garcia, Recoder, Vechio, Rodrigues, and Solé, 2020

Phyllodytes megatympanum Marciano, Lantyer-Silva, and Solé, 2017

Phyllodytes melanomystax Caramaschi, Silva, and Britto-Pereira, 1992

Phyllodytes praeceptor Orrico, Dias, and Marciano, 2018

Phyllodytes tuberculosus Bokermann, 1966

Phyllodytes wuchereri (Peters, 1873)

Phyllomedusa bahiana Lutz, 1925

Pithecopus gonzagai Andrade, Haga, Ferreira, Recco-Pimentel, Toledo, and Bruschi, 2020

Pithecopus nordestinus (Caramaschi, 2006)

Scinax alter (Lutz, 1973)

Scinax auratus (Wied-Neuwied, 1821)

Scinax x-signatus (Spix, 1824)

Scinax cretatus Nunes and Pombal, 2011

Scinax eurydice (Bokermann, 1968)

Scinax fuscovarius (Lutz, 1925)

Scinax juncae Nunes and Pombal, 2010

Scinax montivagus Juncá, Napoli, Nunes, Merces, and Abreu, 2015

Scinax pachycrus (Miranda-Ribeiro, 1937)

Scinax ruber (Laurenti, 1768)

Appendix 1.  											            (Continue)
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Family Species

Hylidae Sphaenorhynchus cammaeus Roberto, Araujo-Vieira, Carvalho-e-Silva, and Ávila, 2017

Sphaenorhynchus mirim Caramaschi, Almeida, and Gasparini, 2009

Sphaenorhynchus palustris Bokermann, 1966

Trachycephalus atlas Bokermann, 1966

Leptodactylidae Adenomera saci Carvalho and Giaretta, 2013

Leptodactylus caatingae Heyer and Juncá, 2003 

Leptodactylus fuscus (Schneider, 1799)

Leptodactylus luctator (Hudson, 1892)

Leptodactylus macrosternum Miranda-Ribeiro, 1926

Leptodactylus natalensis Lutz, 1930

Leptodactylus oreomantis Carvalho, Leite, and Pezzuti, 2013

Leptodactylus payaya Magalhães, Lyra, Carvalho, Baldo, Brusquetti, Burella, Colli, Gehara, Giaretta, Haddad, 
Langone, López, Napoli, Santana, de Sá, and Garda, 2020

Leptodactylus jolyi Sazima and Bokermann 1978

Leptodactylus troglodytes Lutz, 1926

Leptodactylus vastus Lutz, 1930

Physalaemus aguirrei Bokermann, 1966

Physalaemus albifrons (Spix, 1824)

Physalaemus caete Pombal and Madureira, 1997

Physalaemus camacan Pimenta, Cruz, and Silvano, 2005

Physalaemus cicada Bokermann, 1966

Physalaemus cuvieri Fitzinger, 1826

Physalaemus erikae Cruz and Pimenta, 2004

Physalaemus kroyeri (Reinhardt and Lütken, 1862)

Physalaemus nattereri (Steindachner, 1863)

Pleurodema diplolister (Peters, 1870)

Pseudopaludicola canga Giaretta and Kokubum, 2003

Pseudopaludicola florencei Andrade, Haga, Lyra, Leite, Kwet, Haddad, Toledo, and Giaretta, 2018

Pseudopaludicola jaredi Andrade, Magalhães, Nunes-de-Almeida, Veiga-Menoncello, Santana, Garda, Loebmann, 
Recco-Pimentel, Giaretta, and Toledo, 2016

Pseudopaludicola mystacalis (Cope, 1887)

Pseudopaludicola pocoto Magalhães, Loebmann, Kokubum, Haddad, and Garda, 2014

Rupirana cardosoi Heyer, 1999

Microhylidae Chiasmocleis cordeiroi Caramaschi and Pimenta, 2003

Chiasmocleis crucis Caramaschi and Pimenta, 2003

Elachistocleis cesarii (Miranda-Ribeiro, 1920)

Elachistocleis piauienses Caramaschi and Jim, 1983

Appendix 1.  											            (Continue)
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Family Species

Odontophrynidae Macrogenioglottus alipioi Carvalho, 1946

Proceratophrys ararype Mângia, Koroiva, Nunes, Roberto, Ávila, Sant’Anna, Santana, and Garda, 2018

Proceratophrys cristiceps (Müller, 1883)

Proceratophrys minuta Napoli, Cruz, Abreu, and Del Grande, 2011

Proceratophrys redacta Teixeira, Amaro, Recoder, Vechio, and Rodrigues, 2012

Proceratophrys renalis (Miranda-Ribeiro, 1920)

Proceratophrys sanctaritae Cruz and Napoli, 2010

Strabomantide Pristimantis ramagii (Boulenger, 1888)

Pristimantis rupícola Taucce, Nascimento, Trevisan, Leite, Santana, Haddad, and Napoli, 2020

Appendix 1.  											            (Conclusion)
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