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ABSTRACT. Anura, one of the most studied taxa regarding intersexual selection, has been considered a model 
for experiments on female preferences for decades. Despite this, there is still much to learn about most spe-
cies and different topics. We describe the current state of knowledge on anuran intersexual selection (e.g., 
most studied taxa, themes, types of signals, and traits) through a scientometric review. Our survey identified 
and classified 521 studies published between 1975 and 2022, and a yearly publication rate of 10.85 articles. 
Most studies were classified into the research themes of mating preferences (314) or mating success (180), 
while only a few fit into selection analysis (52) or signal recognition (22). In studies on mating preferences, 
acoustic features were the most explored, especially the female’s preference for the dominant frequency (79). 
Even though a considerable diversity was embraced in our survey (203 species), we found that most efforts 
concentrate on a small set of species (nearly 40% of the records are about the 10 most studied species). Of 
those, Engystomops pustulosos (63) and Dryophytes versicolor (60) are by far the most studied. Considering the 
type of signal, acoustic communication was explored more often (292 studies) in comparison to visual (35), 
acoustic-visual (23), and chemical (2) signals. Our findings in this review point to a considerable bias in anuran 
intersexual selection studies regarding species, themes, and types of signals studied, which we discuss. We also 
make recommendations for future studies.
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INTRODUCTION

Darwin identified two distinct components driving the 
evolution of sexual characters: inter- and intrasexual selec-
tion (Darwin 1871). Intersexual selection (or mate choice) 
can be described as the process in which one of the sexes 
(usually the female) will choose a mate based on a specific 
phenotype (Andersson 1994). Despite the controversy over 
its real contribution to the sexual selection process (Huxley 
1938), mate choice is an extremely relevant theme for be-
havioral ecology and evolutionary biology fields (Rosenthal 
2017, Rosenthal and Ryan 2022). As the subject of numerous 
sexual selection studies conducted over many years (Wells 
1977, Howard 1978, Fellers 1979, Ryan 1980), Anura has 

been one of the most studied taxa on this topic (Gerhardt 

and Huber 2002).

Females of most anurans (particularly in species with 

long reproductive seasons; Woolbright 1983), evaluate and 

choose their mates (Wells 2007) based on several traits, such 

as territory quality (Wells 1977, Howard 1978, Roithmair 

1994, Rocha et al. 2018), parental ability (Márquez 1993, 

Pettitt et al. 2020), morphology (Robertson 1986, Zhu et al. 

2016, Zhang et al. 2020), and, more importantly, by their 

acoustic features (Yasumiba et al. 2015, Oliva et al. 2018, Chen 

et al. 2022). In the field, males often aggregate in choruses 

and constantly emit a call known as “advertisement call” to 

attract females (Castellano et al. 2002, Wells 2007). They are 

chosen based on the characteristics of their call (Gerhardt 
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and Huber 2002). Several playback experiments in which 

females are exposed to two different acoustic stimuli, have 

shown that females do exhibit preferences for different call 

properties like dominant frequency, calling rate, and call du-

ration (Bee 2008, Moreno-Gómez et al. 2015, Yu et al. 2020). 

Since those acoustic characteristics might also reflect some 

individual qualities (e.g., body size; Rodríguez et al. 2015), the 

females may benefit both directly (e.g., avoiding parasites; 

Madelaire et al. 2013) and indirectly (e.g., genetic quality; 

Jaquiéry et al. 2010). In the long-term, female preferences 

not only confer advantages at the individual level, but they 

also shape the evolutionary history of the species (Ptacek 

2000, Boul et al. 2007).

Despite the fact that anurans are a traditional model 

for mating preference studies, there is still much to explore. 

For instance, many questions remain about the real impact 

of female choice in nature. Furthermore, the available 

literature focuses on well-known species, thus generating 

knowledge on a few species while most species remain to be 

studied. Here, we evaluate the state of knowledge of anuran 

sexual selection through a scientometric review, and provide 

research recommendations.

MATERIAL AND METHODS

Systematic search

We conducted a systematic search on anuran inter-
sexual selection using the bibliographic survey tools of Web 
of Science (https://www.webofknowledge.com) and Scopus 
(https://www.scopus.com). We searched for scientific articles 
in English containing the following combination of terms 
in their abstract, keywords, or title: (Anura* OR frog* OR 
treefrog* OR toad* OR (all anuran families)) AND (“sex-
ual select*” OR “mat* choic*” OR “mat* preference*” OR 
“female choic*” OR “female preference*” OR “assortative 
mat*” OR “mat* success” OR “reproductive success”). This 
search included records published until December 2022 and 
spanned all years on record of each database, resulting in 
2581 records after removing duplicates between databases 
(Fig. 1). These records were next submitted to a filtering and 
classification procedure, which is summarized in Fig. 1 and 
described in detail in the following sections. All filtering 
and analytical procedures described next were performed 
in R (R Core Team 2020), using the packages bibliometrix 
(Aria and Cuccurullo 2017) and metagear (Lajeunesse 2016), 

Figure 1. Diagram showing the whole procedure used for selecting studies on this systematic review.
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and are adapted from the PRISMA protocol for systematic 

reviews (Page et al. 2021).

Abstract screening

After gathering literature records, we conducted an 

abstract-based analysis on the retrieved articles (Fig. 1). This 

first filter aimed to exclude records that are irrelevant to our 

purposes (i.e., studies that do not concern Anura intersexual 

selection but which were included in the search results). 

Studies that do not explicitly separate intersexual from 

intrasexual selection were kept. After screening abstracts, 

we removed 1923 studies, and the 658 remaining records 

were submitted to a full-text assessment and were classified 

as described below.

Articles full-text assessment

We evaluated the records that were included after 

screening the abstracts. First, we excluded articles we did 

not have full access to. Second, we re-assessed whether 

the study concerned intersexual selection and excluded 

review articles. After the full-text assessment, 137 studies 

were excluded, whereas 521 studies were taken to the 

next step.

Studies classification and data analysis

We classified the remaining studies and built a da-
tabase according to three items, summarized in Fig. 2 and 
Table 1: 1) research theme, 2) study species, and 3) research 
type. 1) is a general description of the scope of the study. 
Each study may be included in one or more themes. Each 
research theme could provide different outputs that are 
further explored in this review (e.g., from studies in the 
“mating preference” theme, we extracted which mating 
preference trait was tested in the study). 2) we registered 
which species was studied in each record and their respec-
tive family (following Frost 2024). Those species were then 
classified as tropical, temperate, or mixed (species occur-
ring both in temperate and tropical zones) based on their 
countries of occurrence, according to AmphibiaWeb (https://
amphibiaweb.org). 3) studies were classified according to 
their experimental design. Each variable extracted during 
the classification procedure and the possible relationships 
between them are described in the results.

Finally, the total publications on anurans were esti-
mated and compared to the total publications on anuran 
intersexual selection per year. Total publications were 
obtained by searching the Web of Science database using 

Figure 2. Studies classification procedure used in this review.
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the word “Anura” and other designations to it (frog, toad, 

treefrog, and all anuran family names).

To test the relationship between experimental and 

observational research types and research themes, we 

performed a chi-square test. Additionally, to test the rela-

tionship between the number of publications and species 

zone (tropical or temperate), we performed a Mann-Whit-

ney test, a non-parametric alternative, since that data was 

not normally distributed. All assumptions of the statistical 

tests were checked, and the significance level was set at 

p-value <0.05.

RESULTS

General bibliometric information

Our systematic review included 521 studies on frog 

intersexual selection published between 1975 and 2022 (Sup-

plementary S1 data), distributed among 741 authors (Ryan, 

M. published the most, with 64 articles) and 99 different 

sources (Animal Behavior was the most common source, 

with 81 articles). As expected, scientific production has sped 

up over the years, resulting in an average of 10.85 documents 

published per year, with the subject becoming increasingly 

more prevalent in anuran research (Fig. 3).

Publications per research theme

Most studies were classified into two themes, Mating 

preferences (314) and Mating success (180) (Fig. 4). The other 

three categories (Selection analysis, Signal recognition and 

Others), together, summed up only 77 studies. A few records 

were considered multidisciplinary (46) and were included 

in more than one research theme.

Publications per research type

Almost 90% of the studies were experimental (311) or 

observational (153) while the rest were distributed among 

mixed (43), model (12), and literature (2) research types. 

There is also a clear association between research types and 

specific themes (Table 2), in which most mating preference 

and signal recognition studies were associated with experi-

mental designs, while mating success and selection analysis 

studies were mostly observational (Chi-square: χ2 = 391.35, 

df = 3, p < 0.001).

Publications per species

There is a considerable concentration of studies 

around a small number of species: almost 40% of the records 

pertain the 10 most studied species (Fig. 5). Engystomops 

pustulosus (Cope, 1864) and Dryophytes versicolor (LeConte, 

Table 1. Studies classification procedures with categories and descriptions with their specific possible outputs.

Items Category Description Possible outputs

Research theme Mating success Studies testing the correlation between male and or female mating success (and 
how it varies in different conditions) to a trait. These studies specifically explore 
which characteristics explain the number of mates individuals achieve (mating 
success), which does not necessarily reflect preferences. Mating success is the 
result from different social contexts and selection components (e.g., intrasexual 
and natural selection), intersexual selection, in this case mating preferences, is 
just one of them

Tested mating success trait; 
variation source

Mating preference Studies testing for specific male and or female preferences (and how these varies in 
different conditions) for a trait. These studies specifically test mating preferences 
and not necessarily if these preferences translate into more mates in nature 
(mating success)

Tested mating preference trait; 
signal type; variation source

Selection analysis Studies that directly quantify sexual selection and or their implications (e.g., off-
spring fitness, trait evolution)

Signal recognition Studies testing the neurological response to specific stimulus related to sexual 
selection.

Signal type

Others

Research type Observational Studies in which no variable is manipulated (e.g., comparing amplectant vs non-am-
plectant males)

Experimental Studies in which at least one variable is manipulated (e.g., two-choice playback 
studies)

Literature Studies based on pre-published primary data (e.g., broad evolutionary comparative 
studies using secondary data from other mating preference studies)

Model Studies based on computational model simulations (e.g., studies using agent-based 
models to explore sexual selection) 

Mixed Studies with experimental design classified in more than one research type

Study species – Taxa which were included in the study

J.V. Bernardy et al.
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Figure 3. Number of publications per year on anuran intersexual selection and anurans in general. Black line represents anu-
ran intersexual selection publications (this review) while the red line represents total publications on anurans. Black line dot 
sizes represent the proportion of Anura intersexual selection publications in relation to total Anura publications in each year.

Figure 4. Number of publications on anuran intersexual 
selection per research theme. Numbers inside circles inter-
sections indicate the number of publications classified in 
two or more themes.

1825) appeared in 63 and 60 studies, respectively. Additional-

ly, because the most productive authors in our records focus 

on one species, those species are amongst the most studied 

(Fig. 5, Table 3). For instance, Ryan, M.J., the most prolific 

author according to our data, published 64 articles, of which 

54 were about E. pustulosus, representing more than 85% of 

the publications mentioning this species.

Our records embrace a considerable number of species 

(203). However, more than half (104) appear in a single study 

(Fig. 6). Most studies involved members of the family Hylidae 

(Table 4), encompassing the greatest number of species (49, 

representing less than 5% of the family total diversity) and 

most publications (233, approximately 4.75 publications per 

species on average). Considering the proportion of species 

Table 2. Anura intersexual selection publications by research 
theme and type. Note that the sum of each column and row 
differs from the total number of publications as studies could 
fit into more than one research theme (as mentioned in the 
methods section).

Mating Selection 
analysis

Signal  
recognition

Other
Preference Success

Experimental 273 11 16 21 1

Literature 0 1 1 0 0

Mixed 33 30 6 1 0

Model 7 1 2 0 2

Observational 1 137 27 0 0

Trends in anuran mate choice

ZOOLOGIA 42: e24021 | https://doi.org/10.1590/S1984-4689.v42.e24021 | April 7, 2025 5 / 16



Figure 5. Anuran species most studied regarding intersexual 
selection and their zones of occurrence, considering those 
with five or more publications.

Figure 6. Number of publications on anuran intersexual 
selection per species and zones.

studied, Mantellidae was the least represented, with two out 
of the approximately 271 known species studied (less than 
1% studied). In contrast, three out of six known species (50%) 
of Pelobatidae are represented in our data.

Although the most studied species (E. pustulosus) is 
tropical in distribution, most species in our records are from 
temperate zones (85 species, totaling 387 appearances in 
studies). Even though the number of tropical species studied 
is close to that (81), they were present in only 230 studies. On 
average, there were approximately 60% more publications on 
species from temperate zones than on tropical species (4.55 
versus 2.83 studies per species, respectively; Mann-Whitney: 
W = 4075, p = 0.026). Thirty-four species occurred both in 
temperate and tropical zones.

Only a small portion of the diversity of most countries 
is covered in our records (Fig. 7). Tropical zone countries, 
with an average of less than 10% of their diversity studied, 
are particularly disfavored in studies. In temperate zone 
countries, by contrast, more than 50% of the diversity is 
represented in studies. Additionally, on average, temperate 

zone countries have more species studied (~7.45 against 
~4.77) with more publications than tropical countries (~42.3 
against ~20.4 studies per species). Some countries had a 
single species studied with only one publication (31), mostly 
from tropical zones (21). The greatest number of studied 
species was in China, with 55 (average of 2.33 studies per 
species), representing ~10% of the country’s anuran diversity. 
Considering countries with 100 or more anuran species, Cam-
eroon had the smallest proportion of its’ diversity covered 
in our records, with less than 0,5% of its diversity explored 
(1 out of 218). In contrast, the United States had the most 
significant proportion among those countries, with more 
than 31% of the species studied (36 out of 115).

Publications per signal type

Acoustic signals, represented in 292 documents, were 
the most studied in our records. Only a few studies explored 
visual (35), acoustic-visual (23), and chemical (2) signals. Two 
or more signals were explored in the same study 17 times.

Publications per mating preference trait

Mating preference records covered 65 traits, mostly 
tested in females (300) and less in males (24). Acoustic 
traits were frequently analyzed (305 times), with dominant 
frequency (79) being the most tested, followed by call rate 
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Table 3. Authors with more publications on anuran intersexual selection with their respective most studied species.

Author Publications Number of species studied Most studied species (Author participations/Total publications)

Ryan, MJ 64 9 Engystomops pustulosus (54/63)

Gerhardt, HC 40 7 Dryophytes versicolor (31/60)

Rand, AS 21 6 Engystomops pustulosus (21/63)

Bee, MA 19 3 Dryophytes chrysoscelis (18/37)

Höbel, G 19 4 Dryophytes versicolor (11/60)

Bosch, J 16 3 Alytes cisternasii (10/18)

Márquez, R 16 3 Alytes obstetricans (12/16)

Lu, X 15 5 Bufo gargarizans (8/22)

Pfennig, KS 15 3 Spea multiplicata (8/9)

Cui, J 14 4 Kurixalus odontotarsus (8/8)

Schwartz, JJ 14 5 Dryophytes versicolor (11/60)

Wang, J 14 6 Kurixalus odontotarsus (8/8)

Table 4. Number of anuran intersexual selection publications per family.

Family Publications Number of species studied (average studies per species) Proportion studied (total species)

Hylidae 233 49 (4.8) 0.046 (1061)

Bufonidae 129 37 (3.5) 0.056 (657)

Leptodactylidae 81 10 (8.1) 0.042 (239)

Ranidae 76 33 (2.3) 0.073 (455)

Alytidae 39 3 (13.0) 0.250 (12)

Rhacophoridae 25 8 (3.1) 0.017 (461)

Scaphiopodidae 21 3 (7.0) 0.429 (7)

Dendrobatidae 20 4 (5.0) 0.019 (206)

Myobatrachidae 18 11 (1.6) 0.120 (92)

Hyperoliidae 17 3 (5.7) 0.013 (226)

Dicroglossidae 12 8 (1.5) 0.035 (230)

Microhylidae 8 6 (1.3) 0.008 (755)

Centrolenidae 8 5 (1.6) 0.030 (166)

Aromobatidae 7 5 (1.4) 0.036 (137)

Megophryidae 6 6 (1.0) 0.018 (331)

Eleutherodactylidae 5 2 (2.5) 0.008 (241)

Bombinatoridae 5 2 (2.5) 0.222 (9)

Pelobatidae 4 3 (1.3) 0.500 (6)

Mantellidae 2 2 (1.0) 0.007 (274)

Pipidae 1 1 (1.0) 0.024 (41)

Alsodidae 1 1 (1.0) 0.033 (30)

Ceratophryidae 1 1 (1.0) 0.083 (12)

(43) and call duration (35). Among non-acoustic traits, body 

size (25) and species identity (21) were the most examined 

(Fig. 8). Thirty-one traits were studied only once.

Publications per mating success trait

Mating success studies tested 60 traits, prioritizing 

how morphological features influence mate number (178 

times, e.g., body size, hindlimb length, body mass). Body 

size was the most studied (141 publications), followed by 

chorus tenure (39) and body mass (15) (Fig. 9). Unlike mating 

preference studies, these paid much less attention to acoustic 

traits (60), with dominant frequency being the most tested 

(15). Thirty-two traits were studied only once.

Publications per variation source

Finally, 48 different variation sources were explored 

among all mating preference and success studies. Here, 

individuals’ morphological and acoustic characteristics are 

Trends in anuran mate choice

ZOOLOGIA 42: e24021 | https://doi.org/10.1590/S1984-4689.v42.e24021 | April 7, 2025 7 / 16



not as relevant as in the mating success and mating prefer-

ence studies, respectively. These studies generally focus on 

environmental, spatiotemporal, and demographic variation 

sources, with populational variation (19) and background 

noise (19) being the most studied (Fig. 10).

DISCUSSION

Overview

Over the 48 years covered in this review, research on 

anuran intersexual selection has shown a significant and 

increasing effort, with 521 publications in the field, averag

ing more than 10 records published per year. However, 

that effort has been biased towards specific themes (e.g., 

mating preferences), species (e.g., temperate zone species), 
and traits (e.g., acoustic signals in mating preferences stud-
ies). Themes like signal recognition and selection analysis 
were far less studied. Even though anuran diversity is 
concentrated in tropical zones, studies on tropical fauna 
are fewer. Additionally, while it is well documented, it 
is still unclear whether the association between mating 
preference and acoustic signals are reflected in mating 

Figure 7. Number of studied species and average publication per species by country. Circle size represents the proportion 
of anuran diversity studied in the country. Circle shade represents the standard deviation of publications among species. 
The circle color represents the zone in which each country is located (tropical, temperate, or mixed). The following coun-
tries are highlighted: the country with the most species studied (China); countries with at least 100 anuran species with 
the highest and lowest proportion of their diversity studied (United States and Cameroon respectively); all countries with 
at least 400 known anuran species (Brazil, Colombia, Peru, Ecuador, India, Indonesia, and Madagascar); most diverse 
countries from Oceania and Europe (Australia and Spain respectively).
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Figures 8–10. Number of publications on anuran intersexual selection by trait category, considering those with five or more publications: 

(8) shows publications per mating preference trait, with acoustic traits highlighted in blue; (9) presents publications per mating success 

trait; (10) displays publications per variation source.

success. The uneven research effort across the topic may 

limit future conservation planning (Hortal et al. 2015). 

Moreover, considering the importance of sexual selection 

in anuran’s natural history (Gerhardt and Huber 2002), 

data deficits in this area, at the very least, compromise 

ecological and evolutionary data.

8 9

10
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Research themes

Mating preference and success themes are the most stud-
ied among frogs in the intersexual selection area. In contrast, 
selection analysis and signal recognition studies were less fre-
quent in our records. If we look at how those different themes 
are usually approached regarding methods, we might gain 
insight into the reason behind that pattern. For instance, most 
mating preference and success studies involve catching pairs 
in amplexus (mating success) or playback experimentations 
(mating preference) performed in the field. These are very 
traditional and known methods (Wells 1977, 1979, McGregor 
1992) that generate primary data. However, selection analysis 
studies commonly try to ascertain sexual selection and/or its 
evolutionary implications, involving methods (e.g., sexual 
selection measures, Wade and Arnold 1980, phylogenetic 
comparative methods, Felsenstein 1985) that directly depend 
on primary data generated by other studies (Zeng et al. 2016). 
Finally, measuring neurological responses to signals, a recur-
rent objective in signal recognition studies, usually involves 
laboratory procedures (Fang et al. 2012, Zhao et al. 2017) with 
equipment requirements (e.g., digital processor), demanding at 
least a minimal infrastructure level to perform those studies.

Research types

As discussed above, most mating preference and suc-
cess studies have been conducted in a very traditional way. 
Mating preference studies usually follow an experimental 
approach (in the field or the lab), while mating success 
studies are based on observations. It is also important to 
highlight that only a few studies have explored literature 
data or models in their methods. Considering the number of 
studies and especially the amount of primary data generated 
by mating success and preference studies, it was expected 
that those studies would be used in broader studies (e.g., 
meta-analysis), a common trend in ecology disciplines (Ca-
dotte et al. 2012, Pullin 2012).

Species

Although a considerable number of species were stud-
ied across all records (203 species), there is a taxonomic bias 
towards a small group that concentrates most of the study 
effort. Concentrating efforts on a set of species means that 
solid knowledge is built around it. However, it may be dif-
ficult to draw, from those studies, valid general conclusions 
(Rosenthal et al. 2017). Phylogenetic comparative methods, 
for example, often require data for many species (Bernardy 
et al. 2024), which would be impossible for one single re-
searcher or research group to collect.

Most literature publications in our data were on Hyl-
idae and Bufonidae, encompassing almost half of species 
and appearances in studies. Still, as both families are highly 
diverse, this represents only a small proportion of their 
known diversity. In contrast, although there have been fewer 
studies on Alytidae, a considerable part of their diversity 
is explored. Many publications are concentrated in Alytes, 
probably due to the peculiar reproductive behavior of its 
species: males carry the eggs on their back until they hatch. 
An important research topic, therefore, is how male acoustic 
cues and parental care drive female choices (Raxworthy 1990, 
Márquez 1995, Dyson et al. 1998).

Several families remain to be studied. For example, 
less than 1% of the diversity of Microhylidae, Eleuthero-
dactylidae, and Mantellidae, all with more than 200 known 
species, have been studied. It is also worth mentioning that 
families like Ceratobatrachidae and Hemiphractidae were 
not studied in our records, even though both have more 
than 100 known species.

As shown by Silva et al. (2020), there are several reasons 
why a set of amphibian species has been studied whereas 
others have not. For instance, some species are part of long-
term research programs, like the Túngara frog (E. pustulosus, 
63 publications), which Michael J. Ryan and his collaborators 
have studied since the 80’s in Panama (Ryan 1980, Cronin 
et al. 2019). This results from the historical influence of pro-
fessors training students and the fact that studies are often 
based on or are intended to test the results from previous 
studies (dos Santos et al. 2020, Silva et al. 2020). Also, some-
times a species is studied because it is easy to find, resulting 
in a bias towards abundant species with large bodies and 
wide distribution, a pattern also observed in other taxa (dos 
Santos et al. 2020, Freitas et al. 2021).

Even though most species are found in the tropics 
(Gaston 2000), the studies distribution does not match the 
number of species or threatened species. Instead, these 
numbers reflect a country’s Gross Domestic Product (Titley 
et al. 2017). Developed countries, usually in temperate zones, 
concentrate most research efforts. This pattern is very con-
cerning because anuran species from highly diverse tropical 
regions, including many of the World’s biodiversity hotspots, 
are simultaneously the most threatened (Luedtke et al. 2023) 
and the less studied taxa.

A common characteristic among the 10 most studies 
species in our records is their wide geographical distribu-
tion, probably also related to their conservation status, all of 
which are classified as Least Concern (IUCN 2021). From all 
species included in our records (203), only 26 are considered 
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threatened, with an average of 1.35 studies per species, con-
trasting with 3.86 average studies for non-threatened species. 
As anuran sexual selection is linked to conservation aspects 
(Gerhardt and Mudry 1980, Bee and Swanson 2007, McCallum 
2010), the fact that endangered species are also less studied 
might aggravate this situation, because effective conservation 
actions require solid scientific knowledge (Canessa et al. 2019).

Signal types

Acoustic signals represented almost 85% of the signals 
studied in our records. This was expected considering the 
tradition of bioacoustical studies and the importance of this 
type of communication for sexual selection in frogs (Gerhardt 
and Huber 2002). Visual signals were underexplored in our 
records and focused on a few species (15), with three species 
concentrating more than half of the studies—Bufo gargarizans 
Cantor, 1842, Oophaga pumilio (Schmidt, 1857), and E. pustu-
losus. Visual signals are occasionally considered (Hödl and 
Amézquita 2001). According to our records, studies exploring 
visual signals in anuran mating preferences are much more 
recent (Marco et al. 1998, Summers et al. 1999) than studies 
on acoustic signals (Whitney and Krebs 1975). For a long 
time, visual signals were considered relevant only to diurnal 
species inhabiting unobstructed view sites (Endler 1992). 
Accordingly, O. pumilio, the most studied species regarding 
visual signal, has diurnal habits (Pröhl 1997). However, when 
visual signals alone and their interaction with acoustic signals 
were tested in frogs, they were shown to be important (Kaiser 
et al. 2018), even in nocturnal situations (Gomez et al. 2009). 
The few number of species explored in visual signals studies 
may also be explained by the fact that those signals in frogs 
are expected to be associated with aggressive interactions 
among males (Amézquita and Hödl 2004, Narins et al. 2005, 
Furtado and Nomura 2014). The latter, however, was not 
within the scope of our study. Expanding visual preferences 
studies to cover more species might help clarify the impor-
tance of visual communication in frog intersexual selection.

There are even more diversity gaps when we look at 
studies that consider both acoustic and visual signals simul-
taneously (i.e., multimodal signaling). Only eight species 
have been studied. Female mating decisions result from 
the evaluation of many characteristics signaled by different 
modalities (Bro-Jørgensen 2010). Females of O. pumilio, for 
example, base their mating decisions mainly on the colors 
of the male, a visual cue (Maan and Cummings 2008, 2009, 
Richards-Zawacki et al. 2012). However, females from this 
same species also choose their mates based on acoustic sig-
nals, for instance calling activity and positioning (Pröhl and 

Hödl 1999, Meuche et al. 2013). Studies on other species have 
shown that different modalities can interact and determine 
female mating decisions. For instance, in Amolops torrentis 
(Smith, 1923), males use limb displays to enhance the at-
tractiveness of their acoustic signal (Zhao et al. 2022). Still, 
female preferences are yet to be explored in a multimodal 
signaling context for several species.

Studied traits

As discussed above, the importance of acoustic signals, 
and the long tradition of playback studies with anurans (Mc-
Gregor 1992), explains why these traits are the most tested 
in mating preferences studies. Acoustic signals indeed play 
a major role in frog communication (Gerhardt and Huber 
2002). However, how mate choices are made in an acoustic 
multivariate perspective has been explored in very few spe-
cies (Ryan and Rand 2003). Most of those studies concentrate 
on a single acoustic trait or a few traits treated separately 
(Wagner and Sullivan 1995, Bosch et al. 2002, Lüddecke 2002).

In contrast to mating preference, studies on mating 
success were frequently associated with morphological traits. 
Most studies estimating mating success result from capturing 
amplectant pairs in the field (Mi 2013, Dreher et al. 2017, Wang 
et al. 2018), and for this reason, they do not sample acoustic 
information. Studying acoustic signals in this context requires 
researchers to record and mark the individuals beforehand, a 
more complex and less practical approach, which is likely why 
acoustic signals are less studied in mating success. Indeed, the 
morphological aspects of frogs (e.g., body size, body mass) are 
related to their acoustic features (Fletcher 2004, Gingras et al. 
2013, Rodríguez et al. 2015). For example, the dominant fre-
quency of calls is modulated by body size: larger frogs produce 
lower frequencies. This pattern has been extensively tested 
in frogs (Gingras et al. 2013, Bernardy et al. 2024). Only a few 
studies verified whether those acoustic preferences turn into 
mating advantages (i.e., mating success) for specific individu-
als in a natural environment (Lesbarrères et al. 2008, Botto and 
Castellano 2016). Moreover, only a minority of studies have 
explored how anuran intersexual selection varies in different 
conditions (159 out of 470 mating preference and or success 
studies) such as light (Underhill and Höbel 2017), temperature 
(Humfeld and Grunert 2015) and background noise (Zhu et 
al. 2022). This remains an important research topic.

Future directions

The number of Anuran intersexual selection studies 
have increased in terms of the number of publications per 
year. However, these studies are biased in species, signals, 
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and traits investigated, limiting generalizations. Increasing 
coverage and better distributing efforts in this research field 
are essential to develop evolutionary studies with broad 
comparative approaches (e.g., phylogenetic comparative 
methods). Since only a small portion of the frog diversity has 
been studied in tropical countries, it is necessary to increase 
the number of species studied. In the case of well-studied 
species, which are frequently associated with temperate 
zones, we suggest that future studies try to use all available 
information to deepen our knowledge by using the large 
amount of primary data. Targeting specific families should 
also be considered in future studies. For example, only a 
small portion of the diversity of some extremely diverse fam-
ilies like Mantellidae, Eleutherodactylidae, and Microhylidae 
has been studied, and families like Ceratobatrachidae and 
Hemiphractidae were not studied at all. Additionally, visual 
cues and their interaction with acoustic signals must be 
explored and expanded for more species. Finally, studies 
should focus on how different traits interact to determine 
mating preferences and how those preferences translate into 
the mating success of males in nature.
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