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The order Anura (Amphibia) comprises about 7,700 spe-
cies, of which 1,187 occur in Brazil (Segalla et al. 2021; 

Frost 2024). These vertebrates are particularly sensitive to 
changing ecosystems (Becker et al. 2007), climate change 
(Pounds et al. 2006; Luedtke et al. 2023), and environ-
mental pollution (Goessens et al. 2022; Jacinto-Maldonado 
et al. 2023). Additionally, many species are habitat special-
ists, requiring heterogeneous and pristine habitats to survive 
(Trochet et al. 2016; Cândido et al. 2024). Consequently, 
they are frequently used as bioindicators of environmental 
quality (Toledo 2009). These organisms also play important 
trophic roles as both predators or prey, either in larval or adult 
stages, for a wide variety of animals (Brandão et al. 2020; 
M.S. Oliveira et al. 2023).

Anurans are declining globally (Luedtke et al. 2023), 
with diminishing population and extinctions directly attrib-
utable to human activities. For example, water pollution 
(Jacinto-Maldonado et al. 2023) by agricultural contami-
nants (Goessens et al. 2022), even in sublethal amounts, 
can be harmful and has been shown to alter the ability of 
immature individuals to detect predators (Polo-Cavia et al. 
2016). However, loss and fragmentation of natural habitats 

(Becker and Zamudio 2011; Trochet et al. 2016; Luedtke et 
al. 2023), the spread of diseases (Becker and Zamudio 2011; 
Luedtke et al. 2023; Jacinto-Maldonado et al. 2023), and the 
introduction of exotic species (Falaschi et al. 2020) are the 
principal factors responsible for declines and increased risks 
of extinction for Brazilian anurans.

In southeastern Brazil, the state of Minas Gerais boasts a 
rich (Haddad et al. 2013; Rossa-Feres et al. 2017) and largely 
endemic anuran fauna (Lima et al. 2021), reflecting the vari-
ous ecosystems in the state (Drummond et al. 2005). Among 
the phytogeographic domains present in Minas Gerais, 
Atlantic Forest harbors the greatestest amphibian diversity in 
Brazil (Segalla et al. 2021) and the Cerrado supports the third 
highest richness in the country (Toledo and Batista 2012). 

Despite the existing alterations and reductions of natural 
areas, both Atlantic Forest and Cerrado biomes suffer from 
ongoing antropogenic threats (Fines and Curvo 2019; Branco 
et al. 2021). Nevertheless, information regarding the anuran 
fauna, especially in areas that are not part of Conservation 
Units (CUs), is lacking. However, many of these areas have 
a high potential to become CUs, and/or to become parts of 
mosaics of protected areas, such as the sites sampled in this 
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study (G.C.S. Oliveira et al. 2021; Gouvêa et al. 2023). 
Conservation Units are areas with relevant natural character-
istics, established by public authorities, the purposes of which 
include conservation of biota and natural resources and sus-
tainable use and recovery of ecosystems (Salvio 2017), largely 
because they contain contiguous forest remnants or constitute 
transition regions between different domains. Understanding 
the anuran fauna, especially in these areas, can be useful for 
monitoring environmental quality as well as developing con-
servation strategies for these organisms, in itself a critical need 
due to the large number of species threatened with extinction 
in Brazil; 58 of which were listed by ICMBio (2022).

Methods
The study was conducted in the municipalities of Barroso 
(-21.18694 -43.97583) and Prados (-21.22583 -44.07972), 
in Campos das Vertentes, a mesic region in south-central 
Minas Gerais (Cruz et al. 2006) (Fig. 1). The Campos das 
Vertentes is in a transition area between Atlantic Forest and 
Cerrado, characterized by isolated forest remnants among 
agroecosystems, pastures, and monocultures (Morikawa et al. 
1998; Menini-Neto et al. 2004; Sousa et al. 2010). According 
to Spatial Data from the State System of Environment and 
Water Resources of Minas Gerais (IDE-SISEMA 2024), the 
two municipalities are located in a zone of “extreme prior-
ity” (Prados) and a “special” zone (Barroso) for conservation, 
an area of “very high” priority for recovery. Additionally, 
they border the buffer zone of the Conservation Unit: 
Environmental Protection Area (APA) Serra de São José and 
Wildlife Refuge (REVIS) Libélula da Serra de São José, in the 
municipality of Tiradentes.

We conducted surveys in gallery forests called 
“Cachoeiras” in three non-continuous forest fragments, 
named Cachoeira da Lajinha (Fig. 2A–B; 32.25 hectares; 
-21.22591, -44.02888), Cachoeira do Padeiro (Fig. 1C–D; 
26.43 hectares; -21.22388, -43.99166), and Mata do Baú 
(Fig. 1E–F; 38.4 hectares; -21.20194, -43.93027). The 
three sampled fragments have remnants of gallery forests, a 
phytophysiognomy of the Cerrado characterized by arbo-
real vegetation forming corridors along watercourses, and 
Semideciduous Seasonal Forest, a forest formation belong-
ing to the Atlantic Forest domain in which approximately 
50% of tree species lose their leaves during the dry season 
(Oliveira Filho 2006) and with lotic (streams) and lentic 
environments (swamps and ponds) (Fig. 1). They are sub-
ject to anthropogenic pressures such as fragmentation, wild-
fires, livestock farming, uncontrolled tourism, and eucalyptus 
cultivation (Gouvêa et al. 2023). We actively searched each 
fragment once during each sampling campaign (continuous 
days of field sampling in a given period) (Conte and Rossa-
Feres, 2006) in October and December 2020 and January 
and March 2021, totaling 24 non-consecutive days. Four 
researchers conducted active searches from 1800 h to 2100 
h each day (this period was defined by transport logistics in 
the area), totaling 288 hours over the four sampling events. 
Anurans were photographed in the field and some specimens 
were collected and anesthetized using a lethal dose of 60–100 
mg/kg Thiopental administered intraperitoneally after apply-
ing a topical sedative (lidocaine) to the abdomen to avoid 
physiological stress or pain. Specimens were then preserved 
and deposited in the amphibian collection of the Museum 
of Biological Diversity (MDBio), Unicamp, Campinas, São 

Figure 1. Ecotonal area between Atlantic Forest (deep green) and Cerrado (brown) in the municipalities comprising the Campos das Vertentes region, 
Minas Gerais, southeastern Brazil, noting those with information on the anuran fauna: Ritápolis National Forest in Ritápolis (RIT) (red marker) and the 
present study in Barroso (BA) and Prados (PRA) Municipalities (yellow stars).
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Paulo. Species were identified by LFT with the assistance of 
specialists João Victor Andrade de Lacerda, Jose Perez Pombal 
Junior, and Pedro Paulo Goulart Taucci. Lacking DNA 
samples or recordings of vocalizations from collected frogs, 
we were unable to identify all of the specimens to species. 
Nevertheless, all were deposited in the museum and future 
examinations might provide additional insights.

A collection permit was granted by ICMBio (SISBio 
#76125-1) and all activities were regulated by the university’s 
animal ethics committee (CEUA #402407052). Data regard-
ing the conservation status of the species were obtained from 
IUCN (2023) and the Chico Mendes Institute for Biodiversity 
Conservation (ICMBio 2024). To assess regional sampling 
effort, we built a species-accumulation curve using observed 
abundance (numbers of individuals per species collected and 
accessioned in a biological collection or documented with 
photographs taken in the field) and richness, with a 95% con-
fidence interval, and a Bootstrap 1 estimator, using EstimateS 
9.1.0 Software (Cowell and Elsensohn 2014).

Results and Discussion
We documented a total of 109 anurans of 26 species, of which 
84 were collected (Table 1; Fig. 3). Most (55% of all records) 
were in the family Hylidae, which has a wide geographic dis-
tribution (Duellman 1988) both in Atlantic Forest (Moura et 
al. 2012; Guimarães et al. 2020; Lima et al. 2021; Mendonça 
et al. 2022) and in Cerrado (Maffei et al. 2011; Teixeira et al. 
2022). Due to their morphology and climbing habits, most 

hylids readily adapt to different microhabitats (Gondim et al. 
2013), occupying all levels of various phytophysiognomies. 

Most of the recorded anuran species are abundant in 
preserved natural habitats (Haddad et al. 2013). However, 
our records indicated exactly the opposite for the sampled 
region, with most species encountered in low numbers and 
in only one sampling campaign (Table 1), except for Ololygon 
flavoguttata (Lutz and Lutz 1939) (Hylidae) and Vitreorana 
parvula (Boulenger 1895) (Centrolenidae), with frequencies 
of 60% and 30%, respectively. 

These two species have been reported to have been 
infrequently encountered in natural habitats (Haddad et 
al. 2013). However, in our samples, we found them dur-
ing all sampling events in all campaigns (Table 1). Ololygon 
flavoguttata is considered a habitat specialist, usually found 
in primary and secondary forests and rocky fields in the 
Atlantic Forest domain in southeastern region of Brazil, but 
sensitive to open modified areas such as pastures and crops, 
as it requires more natural lotic environments for reproduc-
tion (IUCN SSC Amphibian Specialist Group & Instituto 
Boitatá de Etnobiologia e Conservação da Fauna 2023a). 
However, O. flavoguttata can tolerate forest formations with 
some anthropic disturbance (Lima et al. 2021). Therefore, 
the high abundance and sampling frequency recorded in this 
study suggests that the conservation of forest fragments can 
sustain populations of these frogs, and expanding efforts to 
restore surrounding areas could be an effective conservation 
strategy for the regional biota.

Figure 2. Forest fragments of the Cerrado and Atlantic Forest in the Campos das Vertentes region, Barroso and Prados Municipalities, Minas Gerais, Brazil: 
Lajinha Waterfall (A–B), Bakers Waterfall (C–D), and Baú Forest (E–F). Photographs by Marcos Magalhães.
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The status of Vitreorana parvula was listed as Data Deficient 
(DD) until the most recent assessment, in which they were 
considered vulnerable (VU) (IUCN SSC Amphibian Specialist 
Group & Instituto Boitatá de Etnobiologia e Conservação 
da Fauna 2022). However, a recent study (Zucchetti and 
Castroviejo-Fisher 2024) indicated that the distribution of V. 

parvula in Brazil extends beyond the state of Santa Catarina and 
includes the states of Rio Grande do Sul, Paraná, São Paulo, Rio 
de Janeiro, Espírito Santo, Minas Gerais, and Bahia, differing 
from the range described in the IUCN Red List. This suggests 
that a future reassessment of the species likely will result in an 
adjustment of its conservation status.

Table 1. Anuran species recorded in the ecotonal area between Atlantic Forest and Cerrado in the Campos das Vertentes region, Minas 
Gerais, southeastern Brazil, documented by photographs or specimens deposited at MDBio, Unicamp; month of sampling; threat of extinc-
tion according to the IUCN Red List (VU = Vulnerable, LC = Least Concern); and MDBio specimen numbers.

Species Status Oct Dec Jan Mar (N) MDBio numbers

Brachycephalidae

Ischnocnema cf. juipoca Sazima and Cardoso 1978 LC 1 1 0 0 2 25484, 25531

Bufonidae

Rhinella rubescens (Lutz 1925) LC 1 1 2 0 4 25480–11

Centrolenidae

Vitreorana parvula (Boulenger 1895) VU 2 4 4 0 10 25483, 25518, 25542, 25552, 25555

Craugastoridae

Haddadus binotatus (Spix 1824) LC 4 0 3 0 7 25492, 25499–500, 25503,  25527, 25548

Hylidae

Aplastodiscus cf. albosignatus (Lutz and Lutz 1938) LC 1 0 0 0 1 25541

Aplastodiscus cf. arildae (Cruz and Peixoto 1987) LC 5 1 0 0 6 25515, 25517

Aplastodiscus cf. leucopygius (Cruz and Peixoto 1985) LC 2 0 0 0 2 25563

Boana albopunctata (Cruz and Peixoto 1985) LC 0 0 1 0 1 25510

Boana cf. pardalis (Spix 1824) LC 1 0 2 0 3 25488, 25504, 25560

Boana cf. crepitans (Wied-Neuwied 1824) LC 1 3 3 1 8 25488, 25501, 25504, 25525

Boana faber  (Wied-Neuwied 1821) LC 3 3 0 3 9 25482, 25486–7, 

Ololygon cf. cosenzai Lacerda, Peixoto and Feio 2012 LC 4 1 2 0 7 25497–8, 25530–40

Ololygon luizotavioi Caramaschi and Kisteumacher 1989 LC (declining) 1 0 0 0 1 25556

Ololygon flavoguttata (Lutz and Lutz 1939) LC 5 5 8 2 20 25485, 25493, 25507, 25534, 25543–6,  

       25553–4, 25557–8

Scinax fuscovarius (Lutz 1925) LC 1 2 1 2 6 25559

Scinax sp. 1 — 1 0 0 0 1 25505

Scinax sp. 2 — 0 1 0 0 1 25516

Scinax sp. 3 — 1 0 0 0 1 25519

Hylidae sp. 1 — 1 0 0 0 1 25495

Hylidae sp. 2 — 1 0 0 0 1 25521

Leptodactylidae

Leptodactylus latrans (Steffen 1815) LC 2 0 0 0 2 25512

Adenomera sp. 1 — 1 0 0 0 1 25490

Adenomera sp. 2 — 0 0 0 1 1 25562

Physalaemus sp. — 0 0 1 0 1 25511

Odontophrynidae

Odontophrynus cultripes Reinhardt and Lütken 1861 LC 2 1 0 0 3 25508–9

Proceratophrys sp. — 0 4 0 0 4 25494
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The main threats to amphibian populations, in order of 
importance, are effects of climate change, habitat fragmen-
tation, and diseases (Luedtke et al. 2023), such as panzoic 
chytridiomycosis (Scheele et al. 2019). In addition to favor-
ing generalist species, the destruction and/or conversion of 
natural habitats contribute to geographic isolation and limits 
gene flow between populations in forest fragments, resulting 
in population declines (Rivera-Ortíz et al. 2014; Ferrante et 
al. 2017), and could be responsible for the large number of 
poorly represented species in our samples. However, another 
contributing factor likely is the difficulty in sampling certain 
taxa, such as Odontophrynus cultripes, the semi-fossorial hab-
its of which render encounters rare (Vaz-Silva et al. 2020). 
Regardless of which factors are most responsible for the rela-
tive rarity of some species in our samples, noting that the 
bootstrap 1 estimator (Fig. 4) suggested that regional richness 
could increase to 31 species is important.

Also worth noting is that Aplastodiscus cf. albosignatus, 
Aplastodiscus cf. arildae, Aplastodiscus cf. leucopygius, Boana 
pardalis, Ololygon flavoguttata, Ololygon luizotavioi, and 
Vitreorana parvula were not recorded during a seven-year her-

petological survey in the Ritápolis National Forest (FLONA), 
located 104 km from our study area (Hudson 2020). This 
reinforces the importance of sampled forest fragments for the 
regional species pool in the Campos das Vertentes, as they can 

Figure 3. Anurans encountered in forest fragments in Barroso and Prados Municipalities in the Campo das Vertentes region, Minas Gerais, Brazil: Rhinella 
rubescens (A); Vitreorana parvula (B); Aplastodiscus cf. leucopygius (C); Boana faber (D); Boana crepitans (E); Scinax fuscovarius (F); Leptodactylus latrans (G); 
Odontophrynus cultripes (H). Photographs by Marcos Magalhães.

Figure 4. Accumulation curve of anuran species collected in forest frag-
ments of Barroso and Prados Municipalities, Minas Gerais, Brazil, based 
on observed species richness with a 95% trustworthy interval and esti-
mated species richness (Bootstrap 1).
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serve as corridors for anurans and other vertebrates with lim-
ited dispersal capabilities. Additionally, the presence of spe-
cies such as Aplastodiscus cf. albosignatus, A. cf. arildae, A. cf. 
leucopygius, Boana cf. pardalis, Haddadus binotatus, Ololygon 
flavoguttata, O. luizotavioi, and V. parvula, which are endemic 
to the Atlantic Forest (Rossa-Feres et al. 2017), as well as 
Rhinella rubescens, which is typical of open habitats such as 
Cerrado and Caatinga (Valdujo et al. 2011), illustrates the 
ecotonal nature of this region.

Another species deserving attention is Ololygon luizo-
tavioi, this frog is endemic to the Atlantic Forest, occurring 
in the central, eastern, and Zona da Mata regions of Minas 
Gerais (Rossa-Feres et al. 2017). Although generally more 
abundant in natural habitat, populations are declining (IUCN 
SSC Amphibian Specialist Group & Instituto Boitatá de 
Etnobiologia e Conservação da Fauna 2023b), which might be 
the case in the study area, explaining the single record of one 
individual in one sampling event. Local expansion of livestock 
farming and eucalyptus cultivation has led to reductions of the 
studied fragments, as also was indicated by studies on dragon-
flies (Souza et al. 2013; Gouvêa et al. 2023) and social wasps 
(Souza and Prezoto 2005; Coelho et al. 2023) in the region.

On the other hand, the presence of generalist species such as 
Boana faber and Boana albopunctata, which occur in open areas 
or within or at the edges of forests (Santana et al. 2008), and 
have extensive ranges (IUCN SSC Amphibian Specialist Group 
2023), could be indicative of an increase in anthropogenic pres-
sure, represented mainly by pastures and monocultures, which 
form the vegetational matrix in which the forest fragments 
are embedded (Lima et al. 2021). This could affect the rich-
ness, abundance, and composition of amphibian communities 
(Ferrante et al. 2017). Another threat to the anurans of Campos 
das Vertentes is the possible contamination of water resources 
by metals and other substances from irregular mining and other 
industrial activities in the region (Zuliane et al. 2017; Hudson 
2020; Amâncio et al. 2021). Although the species recorded dur-
ing this study are not in imminent risk of extinction, some are 
under some degree of threat (e.g., ICMBio 2022).

This study contributes to the knowledge of the herpeto-
fauna in an under-sampled region in Minas Gerais. Although 
the region’s reptiles have been examined (Sousa et al. 2010; 
Rios et al. 2017), the anuran fauna of Campos das Vertentes 
was known previously only from Hudson’s (2020) study in the 
Ritápolis National Forest (Fig. 1), during which he recorded 
31 species, ten of which (Boana cf. crepitans, B. albopunctata, B. 
faber, B. cf. pardalis, Haddadus binotatus, Ischnocnema cf. juipoca, 
Leptodactylus latrans, Odontophrynus cultripes, Rhinella rubescens, 
and Scinax fuscovarius) were also recorded in the present study.

Acknowledgements
We thank João Victor Andrade de Lacerda (INMA), Jose 
Perez Pombal Junior (UFRJ), and Pedro Paulo Goulart 

Taucci (UNICAMP) for assistance in identifying frogs; Dr. 
Gabriel de Castro Jacques (IFMG) for aid with statistical anal-
yses; Msc. Ana Bárbara Barros for the Sisbio license; biologist 
Taiguara Pereira de Gouvêa for the maps; Dr. Diogo Vilela 
for reviewing and translating the manuscript; the city hall of 
Barroso for transportation; the city legislative representatives, 
Vera Rodrigues, Antônio Claret, Sandro da Copasa, Evelyn 
Costa, and Lavínia Araújo for hosting us; IFSULDEMINAS 
campus Inconfidentes; SISBio for granting the license; and 
the ethics committee “Comitê de Ética de Uso dos Animais” 
(CEUA), for approving our protocol.

Literature Cited
Amâncio, D.V., G. Coelho, R.F.P.V. Marques, L.L. Campos, and R.A. Silva. 

2021. Principal component analysis for heavy metals in hydrographic sub-
basins of the rivers Capivari and Mortes/MG. Revista Ibero-americana de 
Ciências Ambientais 12: 93–104. http://doi.org/10.6008/CBPC2179-
6858.2021.004.0010.

Becker, C.G. and K.R. Zamudio. 2011. Tropical amphibian populations experience 
higher disease risk in natural habitats. Proceedings of the National Academy of 
Sciences of the United States of America, Biological Sciences 108: 9893–9898. 
https://doi.org/10.1073/pnas.1014497108.

Becker, C.G., C.R. Fonseca, C.F.B. Haddad, R.F. Batista, and P.I., Prado. 2007. 
Habitat split and the global decline of amphibians. Science 318: 1775–1777. 
http//doi.org/10.1126/science.1149374.

Branco, A.F.V.C., P.V.P.S. Lima, E.S.M. Filho, B.M.G. Costa, and T.P. Pereira. 
2021. Avaliação da perda da biodiversidade na Mata Atlântica. Ciência 
Florestal 31: 1885–1909. https://doi.org/10.5902/1980509853310. 

Brandão, R.A., J. Fenker, B.E.P.C. Lopes, E.B. Andrade, V.M.A. Sena, and B.D. 
Vasconcelos. 2020. Diet of terrestrial anurans in an ephemeral and simplified 
habitat during the dry season in the Brazilian Cerrado. Ethology Ecology & 
Evolution 32: 527–550. https://doi.org/10.1080/03949370.2020.1755373.

Cândido, C.E.R., A.C.H. Del-Prette, and R.A. Brandão. 2024. Reproductive biol-
ogy of the phyllomedusid frog Pithecopus oreades (Brandão 2002), a Cerrado 
endemic species related to altitude streams. Studies on Neotropical Fauna and 
Environment 59: 324–338. https://doi.org/10.1080/01650521.2022.21293
36.

Coelho, S.C.F., T.P. Gouvêa, L.G.T. Rubim, G.C. Jacques, and M.M. Souza. 
2023. Social wasps (Vespidae: Polistinae) in Cerrado and Caatinga conserva-
tion units, Minas Gerais, Brazil. Biota Neotropica 23: e20231563. https://doi.
org/10.1590/1676-0611-BN-2023-1563.

Conte, C. and D.C. Rossa-Feres. 2006. Diversidade e ocorrência temporal de 
anurofauna (Amphibia, Anura) em São José dos Pinhais, Paraná, Brasil. 
Revista Brasileira de Zoologia 23: 162–175. https://doi.org/10.1590/
S010181752006000100008.

Cowell, R.K. and J.E. Elsensohn. 2014. Estimates turns 20: statistical estimation 
of species richness and shared species from samples, with non-parametric 
extrapolation. Ecography 37: 609–613. https://doi.org/10.1111/ecog.00814.

Cruz, F.O., C.G. Ribeiro, and I..B. Lima. 2006. A modernização agrícola nos 
municípios da Mesorregião Campo das Vertentes: uma aplicação de métodos 
de análise multivariada, no. 148315. In: Proceedings of the 44th Congress, 
23–27 July 2006, Fortaleza, Ceará, Brazil. Sociedade Brasileira de Economia, 
Administracao e Sociologia Rural (SOBER), Brasilia, D.F., Brasil. https://doi.
org/10.22004/ag.econ.148315.

Drummond, G.M., C.S. Martins, A.M. Machado, F.A. Sebaio, and Y.O. Antonini. 
2005. Biodiversidade em Minas Gerais: um atlas para sua conservação. 2nd ed. 
Fundação Biodiversitas, Belo Horizonte, Minas Gerais, Brasil.

Duellman, W.E. 1988. Patterns of species diversity in anuran amphibians in the 
American tropics. Annals of the Missouri Botanical Garden 75: 79–104. 
https://doi.org/10.2307/2399467.

Falaschi, M., A. Melotto, R. Manenti, and G.F. Vicetola. 2020. Invasive spe-
cies and amphibian conservation, Herpetologica 76: 216–227. https://doi.
org/10.1655/0018-0831-76.2.216.

Ferrante, L., F.B. Baccaro, E.B. Ferreira, M.F.O. Sampaio, T. Santos, R.C. Justino, 
and A. Angulo. 2017. The matrix effect: how agricultural matrices shape for-

http://lattes.cnpq.br/2910168467280471
https://doi.org/10.1590/S0101-81752006000100008
https://doi.org/10.1590/S0101-81752006000100008
https://doi.org/10.1655/0018-0831-76.2.216
https://doi.org/10.1655/0018-0831-76.2.216
https://onlinelibrary.wiley.com/authored-by/Ferrante/Lucas
https://onlinelibrary.wiley.com/authored-by/Baccaro/Fabricio+Beggiato
https://onlinelibrary.wiley.com/authored-by/Ferreira/Eric+Batista
https://onlinelibrary.wiley.com/authored-by/Ferreira/Eric+Batista
https://onlinelibrary.wiley.com/authored-by/Sampaio/Maria+Fernanda+de+Oliveira
https://onlinelibrary.wiley.com/authored-by/Santos/Thays
https://onlinelibrary.wiley.com/authored-by/Santos/Thays
https://onlinelibrary.wiley.com/authored-by/Justino/Rodrigo+Ces%C3%A1rio
https://onlinelibrary.wiley.com/authored-by/Justino/Rodrigo+Ces%C3%A1rio
https://onlinelibrary.wiley.com/authored-by/Angulo/Ariadne
https://onlinelibrary.wiley.com/authored-by/Angulo/Ariadne


PEREIRA ET AL.  REPTILES & AMPHIBIANS  •  31: e21862  •  2024

7

est fragment structure and amphibian composition. Journal of Biogeography 8: 
1911–1922. https://doi.org/10.1111/jbi.12951.

Fines, B. and L.R.V. Curvo. 2019. O uso indevido do Cerrado brasileiro reduz 
as chances de uma agricultura sustentável. El mal uso del Cerrado Brasileño 
reduce las posibilidades de una agricultura sostenible. Desarrollo Local 
Sostenible 12: 35.

Frost, D.R. 2024. Amphibian Species of the World: An Online Reference. Version 
6.2. American Museum of Natural History, New York, New York, USA. 
https://doi.org/10.5531/db.vz.0001. <https://amphibiansoftheworld.amnh.
org/index.php>.

Goessens, T., S. Baere, A. Deknock, N. Troyer, R. Van-Leeuwenberg, A. Martel, 
F. Pasmans, P. Goethals, L. Lens, P. Spanoghe, L. Vanhaecke, and S. 
Croubels. 2022. Agricultural contaminants in amphibian breeding ponds: 
Occurrence, risk and correlation with agricultural land use. Science of The 
Total Environment 806, Part 2: 150661. https://doi.org/10.1016/j.scito-
tenv.2021.150661.

Gondim, P.M., M.J. Borges-Leite, L.T. Pinheiro, D.M. Borges-Nojosa, and P. 
Cascon. 2013. Microhabitat use (vertical distribution) by a population of 
Dendropsophus gr. microcephalus (Anura, Hylidae) in a forested area of coastal 
tableland of north-eastern Brazil. Herpetology Notes 6: 363–368.

Gouvêa, T.P., G.S. Stefani, D.S. Vilela, W.F. Avila Junior, and M.M. Souza. 2023. 
Odonata community in transition areas between Cerrado and Atlantic Forest 
biomes in south-central Minas Gerais, Brazil. Acta Scientiarum. Biological 
Sciences 45: e63434. https://doi.org/10.4025/actascibiolsci.v45i1.63434.

Guimarães, M.V.B., J.A. Pereira, J.P. Francisco, M.M. Souza, and A.B. Barros. 
2020. Anurofauna (Amphibia) do sul do estado de Minas Gerais, Brasil. 
Revista IFES Ciência 4: 54–66. https://doi.org/10.36524/ric.v6i4.655.

Haddad, C.F.B, L.F. Toledo, C.P.A. Prado, D. Loebmann, J.L. Gasparini, and I. 
Sazima. 2013. Guia dos Anfíbios da Mata Atlântica: Diversidade e Biologia. 
Anolis Books Editora, São Paulo, São Paulo, Brasil.

Hudson, A.A. 2020. Répteis e anfíbios da Floresta Nacional de Ritápolis. 
Unpublished Doctoral Thesis in Ecology, Universidade Federal de Juiz de 
Fora, Juiz de Fora, Minas Gerais, Brasil.

ICMBio (Instituto Chico Mendes de Convervação da Biodiversidade). 2022. Anexo 
I. Lista Oficial da Fauna Brasileira Ameaçadas de Extinção, pp. 81–102. In: 
Ministério do Meio Ambiente/Gabinete do Ministro. Portaria MMA No 
148, de 7 de Junho de 2022. <https://www.icmbio.gov.br/cepsul/images/
stories/legislacao/Portaria/2020/P_mma_148_2022_altera_anexos_P_
mma_443_444_445_2014_atualiza_especies_ameacadas_extincao.pdf>.

ICMBio (Instituto Chico Mendes de Convervação da Biodiversidade). 2024. Salve. 
Risco de Extinção da Fauna Brasileira. <https://salve.icmbio.gov.br/#/>.

IDE-SISEMA (Infraestrutura de Dados Espaciais). 2024. Minas Gerais. <https://
idesisema.meioambiente.mg.gov.br/webgis>.

IUCN (International, Union for Conservation of Nature and Natural Resources). 
2023. The IUCN Red List of Threatened Species. <https://www.iucnredlist.
org/>.

IUCN SSC Amphibian Specialist Group. 2023. Boana albopunctata. The IUCN 
Red List of Threatened Species 2023: e.T55378A61397601. https://dx.doi.
org/10.2305/IUCN.UK.2023-1.RLTS.T55378A61397601.en. 

IUCN SSC Amphibian Specialist Group & Instituto Boitatá de Etnobiologia e 
Conservação da Fauna. 2022. Vitreorana parvula. The IUCN Red List of 
Threatened Species 2022: e.T55027A116037680. https://dx.doi.org/10.2305/
IUCN.UK.2022-2.RLTS.T55027A116037680.en.

IUCN SSC Amphibian Specialist Group & Instituto Boitatá de Etnobiologia e 
Conservação da Fauna. 2023a. Ololygon flavoguttata. The IUCN Red List of 
Threatened Species 2023: e.T55955A172212412. https://dx.doi.org/10.2305/
IUCN.UK.2023-1.RLTS.T55955A172212412.en.

IUCN SSC Amphibian Specialist Group & Instituto Boitatá de Etnobiologia e 
Conservação da Fauna. 2023b. Ololygon luizotavioi. The IUCN Red List of 
Threatened Species 2023: e.T55974A172213586. https://dx.doi.org/10.2305/
IUCN.UK.2023-1.RLTS.T55974A172213586.en.

Jacinto-Maldonado M., C. González-Salazar, M.D. Basanta, G.E. Garcia-Pena, 
B. Saucedo, D. Lesbarrères, D. Meza-Figueroa, and C.R. Stephens. 2023. 
Water pollution increases the risk of chytridiomycosis in Mexican amphib-
ians. EcoHealth 20: 74–83. https://doi.org/10.1007/s10393-023-01631-0.

Lima, L.M.C., A. Yves, V.G. Almeida, M.O. Neves, and B.M. Sousa. 2021. 
Anurans of a protected area from Mantiqueira Complex, Atlantic Forest 
of Minas Gerais state, Brazil. Biota Neotropica 21: e20200993. https://doi.
org/10.1590/1676-0611-BN-2020-0993.

Luedtke, J.A., J. Chanson, K. Neam, L. Hobin, A.O. Maciel, A. Catenazzi, A. 
Borzée, A. Hamidy, A. Aowphol, A. Jean, Á. Sosa-Bartuano, G.A. Fong, A. 
de Silva, A. Fouquet, A. Angulo, A.A. Kidov, A.M. Saraiva, A.C. Diesmos, A. 
Tominaga, B. Shrestha, B. Gratwicke, B. Tjaturadi, C.C.M. Rivera, C.R.V. 
Almazán, C. Señaris, S.R. Chandramouli, C. Strüssmann, C.F.C. Fernández, 
C. Azat, C.J. Hoskin, C. Hilton-Taylor, D.L. Whyte, D.J. Gower, D.H. 
Olson, D.F. Cisneros-Heredia, D.J. Santana, E. Nagombi, E. Najafi-Majd, 
E.S.H. Quah, F. Bolaños, F. Xie, F. Brusquetti, F.S. Álvarez, F. Andreone, 
F. Glaw, F.E. Castañeda, F. Kraus, G. Parra-Olea, G. Chaves, G.F. Medina-
Rangel, G. González-Durán, H.M. Ortega-Andrade, I.F. Machado, I. Das, 
I.R. Dias, J.N. Urbina-Cardona, J. Crnobrnja-Isailovi’, J.H. Yang, J. Jianping, 
J.T. Wangyal, J.J.L. Rowley, J. Measey, K. Vasudevan, K.O. Chan, K.V. 
Gururaja, K. Ovaska, L.C. Warr, L. Canseco-Márquez, L.F. Toledo, L.M. 
Díaz, M.M.H. Khan, M. Meegaskumbura, M.E. Acevedo, M.F. Napoli, 
M.A. Ponce, M. Vaira, M. Lampo, M.H. Yánez-Muñoz, M.D. Scherz, M.O. 
Rödel, M. Matsui, M. Fildor, M.D. Kusrini, M.F. Ahmed, M. Rais, N.G. 
Kouamé, N. García, N.L. Gonwouo, P.A. Burrowes, P.Y. Imbun, P. Wagner, 
P.J.R. Kok, R.L. Joglar, R.J. Auguste, R.A. Brandão, R. Ibáñez, R. von May, 
S.B. Hedges, S.D. Biju, S.R. Ganesh, S. Wren, S. Das, S.V. Flechas, S.L. 
Ashpole, S.J. Robleto-Hernández, S.P. Loader, S.J. Incháustegui, S. Garg, S. 
Phimmachak, S.J. Richards, T. Slimani, T. Osborne-Naikatini, T.P.F. Abreu-
Jardim, T.H. Condez, T.R. de Carvalho, T.P. Cutajar, T.W. Pierson, T.Q. 
Nguyen, U. Kaya, Z. Yuan, B. Long, P. Langhammer, and S.N. Stuart. 2023. 
Ongoing declines for the world’s amphibians in the face of emerging threats. 
Nature 622: 308–314. https://doi.org/10.1038/s41586-023-06851-6.

Maffei, F., F.K. Ubaid, and J. Jim. 2011. Anurofauna em área de cerrado aberto 
no município de Borebi, estado de São Paulo, Sudeste do Brasil: uso do habi-
tat, abundância e variação sazonal. Biota Neotropica 2: 221–233. https://doi.
org/10.1590/S1676-06032011000200023. 

Mendonça, R.F., T.H. Condez, A.L. Vieira, G.C. Lima, L.G. Prado, and A.B. 
Barros. 2022. Anfíbios, Anuros, um remanescente de Mata Atlântica área 
urbana de Pouso Alegre, sul de Minas Gerais, Brasil. Biota Neotropica 19: 
139–152. https://doi.org/10.5216/rbn.v19iesp.73836.

Menini-Neto, L., L.C.S. Assis, and R.C. Forzza. 2004. A família Orchidaceae em 
um fragmento de floresta estacional semidecidual, no município de Barroso, 
Minas Gerais, Brasil. Lundiana: International Journal of Biodiversity 5: 9–27. 
https://10.35699/2675-5327.2004.21896.

Morikawa, C.K., V. Faquin, N. Curi, E.S. Marques, M.R.J. Wernek, and A.R. 
Evagelista. 1998. Crescimento e produção de gramíneas forrageiras em amostra de 
latossolo da região dos Campo das Vertentes-MG. Pasturas Tropicales 2: 18–23.

Moura, M.R., A.P. Motta, V.D. Fernandes, and R.N. Feio. 2012. Herpetofauna da 
Serra do Brigadeiro, um remanescente de Mata Atlântica em Minas Gerais, 
sudeste do Brasil. Biota Neotropica 12: 209–235. https://doi.org/10.1590/
S1676-06032012000100017.

Oliveira, G.C.S., N.R. Henriques, M.A. Clemente, and M. M Souza. 2021 . 
Conservation Units as a protection tool for social wasps in Minas Gerais state, 
Brazil. Papéis Avulsos de Zoologia  61: 1–10. https://doi.org/10.11606/1807-
0205/2021.61.25.

Oliveira, M.S., N.L.A. Rodrigues, K.C. Araújo, and E.B. Andrade. 2023. Eating on 
the city: Diet composition of Leptodactylus troglodytes Lutz, 1926 in Pedro II 
Municipality, Piauí, Brazil. Ensaios e Ciência C Biológicas Agrárias e da Saúde 
27: 161–166. https://doi.org/10.17921/1415-6938.2023v27n2p161-166.

Oliveira-Filho, A.T. 2006. Definição e delimitação de domínios e subdomínios das 
paisagens naturais do estado de Minas Gerais, pp. 21–35. In: J.R. Scolforo and 
L.M.T. Carvalho (eds.), Mapeamento e Inventário da Flora e dos Reflorestamentos 
de Minas Gerais. Universidade Federal de Lavras, Lavras, Minas Gerais, Brasil.

Polo-Cavia, N., P. Burraco, and I. Gomez-Mestre. 2016. Low levels of chemical 
anthropogenic pollution may threaten amphibians by impairing predator 
recognition. Aquatic Toxicology 172: 30–35. https://doi.org/10.1016/j.aqua-
tox.2015.12.019.

Pounds, J.A., M.R. Bustamante, L.A. Coloma, J.A. Consuegra, M.P.L. Fogden, 
P.N. Foster, E. La Marca, K.L. Masters, A. Merino-Viteri, R. Puschendorf, 
S.R. Ron, G.A. Sánchez-Azofeifa, C.J. Still, and B.E. Young. 2006. 
Widespread amphibian extinctions from epidemic disease driven by global 
warming. Nature 439: 161–167. https://doi.org/10.1038/nature04246.

Rios, C.H.V., I.A. Novell, A.A. Hudson, P. Cozendey, L.C. Lima, and B.M. Sousa. 
2017. Communities and occurrences of Squamata reptiles in different vegeta-
tion types of the Serra de São José, Minas Gerais, Brazil. Biota Neotropica 17: 
e20150103. https://doi.org/10.1590/1676-0611-BN-2015-0103.

Rivera-Ortíz, F.A., R. Aguilar, M.D.C. Arizmand, M. Quesada, and K. Oyama. 
2014. Habitat fragmentation and genetic variability of tetrapod populations. 

https://doi.org/10.60024/odon.v52i3-4.a5


PEREIRA ET AL.  REPTILES & AMPHIBIANS  •  31: e21862  •  2024

8

Animal Conservation 18: 249–258. https://doi.org/10.1111/acv.12165.

Rossa-Feres, D.C., M.V. Garey, U. Caramaschi, M.F. Napoli, F. Nomura, A.A. 
Bispo, C.A. Brasileiro, M.T.C. Thomé, R..J. Sawaya, C.D. Conte, C.A.G. 
Cruz, L.B. Nascimento, J.L. Gasparini, A.P. Almeida, and C.F.B. Haddad. 
2017. Anfíbios da Mata Atlântica: lista de espécies, histórico dos estudos, 
biologia e conservação, pp. 237–314. In: E.L. de Araujo and C.E. Conte 
(eds.), Revisões em Zoologia: Mata Atlântica. Editora da Universidade Federal 
do Paraná, Curitaba, Paraná, Brasil.

Salvio, G.M.M. 2017. Áreas Naturais Protegidas e Indicadores Socioeconômicos: o 
Desafio da Conservação da Natureza. Paco Editorial, Jundiaí, São Paulo, Brasil.

Santana, G.G., W.L.S. Vieira, G.A. Pereira-Filho, F.R. Delfim, Y.C.C. Lima, and 
K.S. Vieira. 2008. Herpetofauna em um fragmento de Floresta Atlântica no 
Estado da Paraíba, Região Nordeste do Brasil. Biotemas 21: 75–84. https://
doi.org/10.5007/2175-7925.2008v21n1p75.

Scheele, B.C., F. Pasmans, L.F. Skerratt, L. Berger, A. Martel, W. Beukema, A.A. 
Acevedo, P.A. Burrowes, T. Carvalho, A. Catenazzi, I. de la Riva, M.C. Fisher, 
S.V. Flechas, C.N. Foster, P. Frías-Álvarez, T.W.J. Garner, B. Gratwicke, 
J.M. Guayasamin, M. Hirschfeld, and L.F. Toledo. 2019. Amphibian fungal 
panzootic causes catastrophic and ongoing loss of biodiversity. Science 363: 
1459–1463. https://doi.org/10.1126/science.aav0379.

Segalla, M.V., B. Berneck, C. Canedo, U. Caramaschi, C.A.G. Cruz, P.C.A. 
Garcia, T. Grant, C.F.B. Haddad, A.C.C. Lourenço, S. Mângia, T. Mott, 
F.P. Werneck, L.B. Nascimento, L.F. Toledo, and J.A. Langone. 2021. List of 
Brazilian amphibians. Herpetologia Brasileira 10: 121–216. https://10.5281/
zenodo.4716176.

Sousa, B.M., A.E.R. Nascimento, S.C. Gomides, C.H.V. Rios, A.A. Hudson, and I.A. 
Novelli. 2010. Répteis em fragmentos de Cerrado e Mata Atlântica no Campo 
das Vertentes, estado de Minas Gerais, sudeste do Brasil. Biota Neotropica 2: 
129–138. https://doi.org/10.1590/S1676-06032010000200016.

Souza, M.M. and F. Prezoto. 2005. Diversity of social wasps (Hymenoptera: 
Vespidae) in semideciduous forest and cerrado (savanna) regions in Brazil. 
Sociobiology 47: 135–147.

Souza, M.M., B. Souza, M.C.S.A. Pereira, and A.B.M. Machado. 2013. List of 
odonates from Mata do Baú, Barroso, Minas Gerais, Brazil. Check List 6: 
1367–1370. https://doi.org/10.15560/9.6.1367.

Teixeira, A.C.M., V.R. Marcelino, J. Alexandrino, C.F.B. Haddad, and A.A. 
Giaretta. 2022. Populational differentiation in Boana bischoffi (Anura, 
Hylidae): Revisiting the issue using molecular, morphological, and acoustic 
data. Journal of Herpetology 56: 110–119. https://doi.org/10.1670/20-121.

Toledo, L.F. 2009. Anfíbios como bioindicadores, pp. 196–208. In: S. Neumann-
Leitão and S. El-Dier (eds.), Bioindicadores da Qualidade Ambiental. Instituto 
Brasileiro Pró-Cidadania, Recife, Pernambuco, Brasil.

Toledo, L.F. and R.F. Batista. 2012. Integrative study of Brazilian anurans: 
Geographic distribution, size, environment, taxonomy, and conservation. 
Biotropica 44: 785–792. https://doi.org/10.1111/j.1744-7429.2012.00866.x.

Trochet, A., J. Dechartre, H.L. Chevalier, B. Baillat, O. Calvez, S. Blanchet, and 
A. Ribéron. 2016. Effects of habitat and fragmented-landscape parameters 
on amphibian distribution at a large spatial scale. The Herpetological Journal 
26: 73–84.

Valdujo, P.H., A. Camacho, R.S. Recoder, M.T. Junior, J.M.B. Ghellere, T. Mott, 
P.M.S. Nunes, C. Nogueira, and M.T. Rodrigues. 2011. Anfíbios da Estação 
Ecológica Serra Geral do Tocantins, região do Jalapão, estados do Tocantins 
e Bahia. Amphibians from Estação Ecológica Serra Geral do Tocantins, Jalapão 
region, Tocantins and Bahia States. Biota Neotropica 11: 251–261. https://doi.
org/10.1590/S1676-06032011000100025.

Vaz-Silva, W., N.M. Maciel, N. Fausto, A.R. Morais, V.G. Batista, D.L. Santos, 
S.P. Andrade, A.A.B. Oliveira, R.A. Brandão, and R.P Bastos. 2020. Guia 
de Identificação das Espécies de Anfíbios (Anura e Gymnophiona) do estado de 
Goiás e do Distrito Federal, Brasil Central. Sociedade Brasileira de Zoologia,  
Curitiba, Paraná, Brasil. https://doi.org/10.7476/9786587590011.

Zuliani, D.Q., L.B. Abreu, N. Curi, G.S. Carvalho, A.M. Costa, and J.J.G.S.M. 
Marques. 2017. Elementos-traço em águas, sedimentos e solos da bacia do 
Rio das Mortes, Minas Gerais. Holos 4: 308–326. https://doi.org/10.15628/
holos.2017.5451.

http://lattes.cnpq.br/7548286300603675
http://lattes.cnpq.br/5193603524417435

