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Caves are by definition a subterranean environment ranging from very small
spaces such as canaliculi of a few millimeters to large spaces that allow human
entry and transit (Tobin et al. 2013). Its characteristics are very peculiar when
compared to the surface environment, such as the permanent absence of light
(and consequently little or no primary productivity), humidity that tends to satura-
tion, mild temperature, and energy resources of allochthonous origin (Barr 1968).

It is important to note that caves are formed in the most varied types of rock,
mainly by the mechanical and chemical factors caused by the action of water
on the matrix rock in landscapes known as karst (Ortufio et al. 2013). Water
also acts directly in the transport of trophic resources to subterranean environ-
ments, coming from its entire water recharge area (Souza-Silva et al. 2012).
Furthermore, it can remain stored in these environments for prolonged periods
due to underground water dynamics, attracting organisms that take advantage
of the more stable and less disturbed environment (Souza-Silva et al. 2012).
Thus, caves form a favorable environment for amphibians, for instance, to shel-
ter due to the high relative humidity and low incidence of sunlight (Eterovick
et al. 2010; Matavelli et al. 2015; Andrade et al. 2021), factors that prevent
skin dryness. Moreover, the subterranean environment provides conditions for
other fundamental activities in the life cycle of anurans, such as feeding (due
to the wide range of diversity and abundance of invertebrates; Bernarde 2012)
and reproduction (due to the frequent presence of water bodies in caves), in
addition to reducing the exposure of these species to predators (Faraone and
Lo Valvo 2018).

However, studies on reptiles and amphibians linked to speleology in South
America are still scarce, so much so that the works focused on this type of hab-
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itat occupation recorded about 6% of the 1144 Brazilian frog species (Segalla
etal. 2021) inside caves (Matavelli et al. 2015; Bichuette et al. 2022; dos Santos
et al. 2022). The reason for this scarcity of studies is also linked to the fact that
frogs are considered accidental animals in the subterranean environment, that
is, they eventually enter the cave and do not stay there, leaving in a short period;
or failing to get out, dying inside the cave (Trajano and Bichuette 2006).

But are frogs merely accidental inside caves? Through the evidence obtained
during our research, we observed that they are not, and for this reason, we
consider that several species can be classified as trogloxenes. Following the
Schiner-Racovitza classification and adapted by Sket (2008), trogloxenes are
animals that can inhabit the cave environment for reproduction, food, or shel-
ter. In the latter case, it resembles the group of anurans with cryptozoic habits
(hidden in galleries or small cavities in the ground or ravines) and rheophilic (on
rocks located next to or besides small streams or rapids). Preliminary studies
already show signs that anurans become inhabitants that are more suited to
being classed as trogloxenes rather than accidents, and are already treated in
this way in other parts of the world (Luria-Manzano and Ramirez-Bautista 2017
Suwannapoom et al. 2018; dos Santos et al. 2022).

Allied to this thought, our records and those of partners in the area of re-
search in biospeleology show us several species of frogs found in caves of four
different types of lithologies, distributed from the north to the south of Brazil, in
the Amazon, Atlantic Forest, Caatinga, Cerrado, and nearby Pantanal (Figs 1-4).
Given this, we are faced with several important questions to be investigated by
biospeleology in the future, such as: are frogs able to complete their entire life
cycle inside caves? Can they maintain a diet without a nutritional deficit in this
environment? Are they preyed upon, and if so, by whom? How does the use
of cave habitat differ from the rocky environment? To answer these and oth-
er questions, studies in controlled laboratory environments can bring new evi-
dence to fill the knowledge gap (due to the impossibility of systematically fol-
lowing the life cycle of an anuran in this difficult-to-access environment), as well
as an increase in long-term population studies with frogs in caves would help to
improve the ecological understanding of the taxon (Andrade et al. 2021).

Finally, thinking about conservation, there is a huge problem when all anurans
are considered accidental fauna, precisely because of the lack of support for
these species in the environmental legislation for subterranean environments in
force in Brazil (Brasil 2008, 2017). Currently, there is no legal obligation to collect
and register anurans in caves, and the companies responsible for the projects
are optional to register these species in studies of relevance, impacts, and envi-
ronmental monitoring. Thus, anurans are going against the grain of other groups,
such as Chiroptera and invertebrates, which served as the basis for studies that
leveraged research in subterranean biology from Decree 6640 (Brasil 2008).
For these groups, there has since been a significant increase in descriptions of
cave invertebrates, research of paramount importance for bats, in addition to
the description of hotspots of subterranean fauna in various regions of Brazil
(Souza-Silva and Ferreira 2016; Trajano et al. 2016). Despite these advances in
research on different groups, the herpetofauna remains completely neglected.

The cave environment is one of the most threatened habitats in the face of
mineral exploration and urban development, even though it is classified as a
Brazilian cultural, biological and geological heritage (Ferreira et al. 2022). More
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Figure 1. Map of the geographical location of anurans records found in caves of four different types of lithologies (iron
ore, limestone, quartzite, and sandstone) distributed from north to south of Brazil, in the Amazon, Atlantic Forest, Caat-
inga, Cerrado, and nearby Pantanal. The boundaries of Brazilian phytogeographic domains were adapted from shape-
files available from the Instituto Brasileiro de Geografia e Estatistica (2022) and the global ecoregions of Dinerstein
et al. (2017). Points: 1-2 = Parauapebas, PA. 3 = Caverna do Remanso dos Botos, PA. 4 = Natividade, TO. 5 = Arraias,
TO. 6 = Ourolandia, BA. 7 = Caverna da Ponte de Pedra, GO. 8 = Caverna das Pitangueiras, MS. 9 = Serra da Piedade,
MG. 10 = Belo Horizonte, MG. 11 = Serra do Rola Moga State Park, MG. 12 = Ribeirao Bonito, SP. 13 = Caverna do Cafezal,
SP. 14-16 = Caverna do Zé, PR. Map design: Cassio Cardoso Pereira.
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Figure 2. Anuran species found in Brazilian caves. The specimens correspond to records numbered 1 to 6 shown in Fig. 1,
respectively. (A, B) Adelphobates galactonotus (Steindachner, 1864), and Rhaebo guttatus (Schneider, 1799). Photo cred-
its: Marcel Aratjo. (C—F) Rhinella diptycha (Cope, 1862), Scinax x-signatus (Spix, 1824), Leptodactylus labyrinthicus (Spix,
1824), and Bokermannohyla sp. Photo credits: Vinicius Sperandei.
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Figure 3. Anuran species found in Brazilian caves. The specimens correspond to records numbered 7 to 12 shown in
Fig. 1, respectively. (A, B) Scinax fuscovarius (Lutz, 1925). Photo credits: Vinicius Sperandei. (C, D) Ischnocnema verruco-
sa (Reinhardt & Liitken, 1862), and Physalaemus cuvieri Fitzinger, 1826. Photo credits: Opilido grupo de estudos espele-
olégicos (OGrEE). (E) Bokermannohyla martinsi (Bokermann, 1964). Photo credit: Gabriele Pacheco. (F) Crossodactylus
caramaschii Bastos & Pombal, 1995. Photo credit: Vinicius Sperandei.

Figure 4. Anuran species found in Brazilian caves. The specimens correspond to records numbered 13 to 16 shown in
Fig. 1, respectively. (A) Cycloramphus eleutherodactylus (Miranda-Ribeiro, 1920). Photo credit: Vinicius Sperandei. (B, C)
Leptodactylus labyrinthicus (Spix, 1824), and Aplastodiscus albosignatus (Lutz & Lutz, 1938). Photo credits: Henrique
Sim&o Pontes. (D) Boana bischoffi (Boulenger, 1887). Photo credit: Kawany Lohmann Schwebel.
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and more on the margins of the impacts of human activities, today Brazilian
caves are under high pressure for licensing, including those classified as of max-
imum relevance, hitherto prevented from being impacted. The diversification of
ecological and conservation studies expanded to other groups, such as herpe-
tofauna, can bring new insights into subterranean environments and increas-
ingly consolidate the paths for the recognition of their ecological importance.
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