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Abstract
Bokermannohyla martinsi utilizes iron caves as shelter, especially during the dry season (autumn and winter), when external climatic condi-
tions become adverse. During the rainy season, they seek external habitats for reproduction. In locations with suitable environmental condi-
tions, the species exhibits continuous activity and reproduction throughout the year. Here, we investigate the ecological plasticity of B. mar-
tinsi in caves with perennial water bodies, examining whether it is active (including reproductive activity) year-round in these caves. We also 
list the environmental factors that, along with morphological, physiological, and behavioral adaptations, facilitate the colonization of caves by 
the species. Bokermannohyla martinsi is endemic to the Iron Quadrangle (Quadrilátero Ferrífero) region (Minas Gerais, Brazil), has a saxicolous 
habit, and occurs restrictively in rocky streams and creeks at high altitudes. The loss of quality and extent of its habitat is the primary threat fa-
ced by this vulnerable species. This study reinforces the importance of caves as habitats for B. martinsi, particularly due to mining, highlighting 
the need for the conservation of caves in Iron Quadrangle as well as the adjacent areas.

1.	 Introduction
Most amphibians exhibit an aquatic larval phase and a terrestrial 

adult phase (WELLS, 2007). Adult anurans, in addition to pulmonary 
respiration, also breathe through the skin (WELLS, 2007). Thus, mainte-
nance of skin moisture is important for adequate gas exchange (WEBER, 
2004; WELLS, 2007). Consequently, they are highly dependent on humid 
environments, being found in areas of high humidity or near water sites 
(WELLS, 2007). As ectothermic animals, the body temperature of anurans 
varies with ambient temperature, making them susceptible to changes 
in temperature and humidity in the environment (WEBER, 2004; WELLS, 
2007). Most caves exhibit high humidity and mild temperatures (WEBER, 
2004), and are also characterized by environmental stability, with little 
daily and annual variation in temperature and humidity (FERREIRA, 2005; 
ANDRADE et al., 2021). Thus, various species of anurans utilize natural 
cavities to shelter from unfavorable environmental conditions in the 
surrounding epigean environment, avoiding adverse temperatures and 
desiccation (WEBER, 2004).

Many anurans use caves to temporarily shelter from climatic ad-
versities (WEBER, 2004). Species that return to the surface to complete 
their life cycle, such as for feeding or reproduction, can be classified 
as trogloxenes (SKET, 2008). However, when environmental resources 
are available, caves are also used as foraging and breeding sites by 
some species of anurans (WEBER, 2004), allowing them to complete 
their entire life cycle within the caves. In this case, some species may 
maintain permanent subterranean populations, being classified as 
eutroglophiles (SKET, 2008).

In this context, a study conducted in Serra do Gandarela National 
Park (SGNP) showed that Bokermannohyla martinsi utilizes iron caves 
year-round as shelter (ANDRADE et al., 2021). Increased usage was 
recorded during the dry and cold period (autumn and winter), when 

external climatic conditions become adverse (ANDRADE et al., 2021). In 
the upper part of the SGNP, where these caves are located, most streams 
are temporary and remain mostly dry during the dry season (ANDRADE 
et al., 2021). Thus, during this period, the species takes advantage of 
caves for shelter, as these have high humidity and are more environ-
mentally stable (ANDRADE et al., 2021). Most iron caves in SGNP do not 
contain watercourses inside due to their altimetric positioning in the 
landscape, above 1,500 meters, being close to the top of the relief (PILÓ 
et al., 2015). During the rainy season, when temporary streams have 
water, most individuals leave the caves to reproduce in these streams 
(ANDRADE et al., 2021).

Ecological plasticity is the ability of organisms to respond diffe-
rently to various environmental stimuli even with the same genetic 
background (NOVOPLANSKY, 2002). Bokermannohyla martinsi is a 
territorial species that is normally active year-round in mountainous 
streams (MAGALHÃES et al., 2018). In the Santuário do Caraça Private 
Natural Heritage Reserve, another site within its distribution, B. martinsi 
tadpoles have been recorded throughout the year (AFONSO & ETERO-
VICK, 2007), indicating that the species has continuous reproduction 
in locations with suitable environmental conditions. At the Santuário 
do Caraça and the Itacolomi State Park, both tadpoles and adults of B. 
martinsi have been recorded in quartzitic caves with perennial water 
bodies (ANDRADE et al., 2021; 2023). Therefore, we aim to investigate 
the ecological plasticity of Bokermannohyla martinsi regarding the use of 
caves under different environmental conditions. Our hypothesis is that 
the species exhibits activity, including reproductive activity, throughout 
the year in caves with perennial water bodies. We also discuss whether 
morphological, physiological, and behavioral adaptations influence 
cave occupancy by the species.
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2. Materials and Methods
We visited twenty caves distributed across two conservation units 

within the Iron Quadrangle (IQ), namely: (1) Serra do Gandarela National 
Park (SGNP) (20°06’03”S, 43°39’50”W), located in the central-northeastern 
region of the IQ; and (2) Itacolomi State Park (ISP) (20°26’32”S, 43°27’46”W), 
located in the southeastern region of the IQ (Fig. 1). The IQ is a geologically 
distinct area located in central-southeastern region of the state of Minas 
Gerais, Brazil, comprising iron-rich and quartzitic mountains and covering 
an area of approximately 7,000 km² (AZEVEDO et al. 2012).

Figure 1: Altimetric map showing the region of the Iron Quadrangle and 
the conservation units studied: Serra do Gandarela National Park (SGNP) 
and Itacolomi State Park (ISP). Author: Tiago Castro Silva.

The area studied in the ISP is characterized by being drained by grou-
ndwater that flows between blocks, within caves, at the bottom of dolines, 
and in canyons (Fig. 2A and 2B) (GLÖCKNER, 1981). In contrast, the iron caves 
investigated in SGNP do not exhibit watercourses within them due to their 
altimetric positioning in landscape, as previously reported (Fig. 2C and 2D).

Each cave was visited four times between October 2022 and Sep-
tember 2023, keeping a minimum interval of two months between 
data collections. The sampling was undertaken within each of four 
three-month periods that we considered as early wet season (Spring: 
October‒December), late wet season (Summer: January–March), 
early dry season (Autumn: April‒June), and late dry season (Winter: 
July‒September).

The search for anurans (adults and tadpoles) and reproductive ac-

tivities (e.g., vocalization, amplexus, spawning) was carried out during 
daylight hours by two researchers, using flashlights, through active 
searching without time constraints, based on vocalization and visual 
observation. It is important to note that we did not employ any form of 
marking for individual identification of specimens. Thus, a specimen 
may have been recorded in more than one season.

We recorded the activity level of each adult anuran at the time of 
its location as (1) inactive: resting with eyes closed, unresponsive to the 
flashlight, body on the surface and limbs curled, with hands and feet 
beneath the body (sensu ANDRADE et al., 2021); (2) active: awake with 
limbs extended and responsive to the flashlight.

The light incidence at the location of the adult was classified into three 
categories: (1) photic: near the entrance, with direct sunlight incidence at 
some point during the day and the presence of photosynthesizing orga-
nisms; (2) dysphotic (twilight): with indirect light incidence (without direct 
sunlight); and (3) aphotic: without light incidence (adapted from SOARES et 
al., 2013). We classified the substrates of the microhabitat where the adults 
were found as: (1) rock, (2) soil, and (3) sand. To investigate the lithology 
of the caves, we utilized the National Register of Speleological Information 
(Canie) from the National Centre for Research and Conservation of Caves 
(ICMBio/Cecav) and bibliographic surveys, with subsequent validation of the 
information during field activities. The bodies of water present within the 
caves were classified as perennial or intermittent, as well as lentic or lotic. 

Figure 2: (A) External environment in the Itacolomi State Park (ISP), showing 
the sinkholes where caves and underground watercourses are located; (B) 
Quartzite cave in the ISP, showing a lotic water body; (C) External environ-
ment in Serra do Gandarela National Park (SGNP), showing the ferruginous 
rock field (canga); (D) Ferruginous cave in SGNP. Author: Maurício Andrade.

3. Results
We obtained 419 records (111 records of adults and 308 in the larval 

stage – tadpoles) in 16 (80%) of the 20 sampled caves, comprising nine 
caves in the ISP and seven in the SGNP. From these records, 75 (67.5%) 
were obtained in the SGPN and 36 (32.5%) in the ISP. Adults were ob-
served in all seasons within the caves of both conservation units. The 
seasons with the highest number of adult records were autumn in the 
SGNP (n=24) and spring and summer in the ISP, both with ten records. 
Conversely, the seasons with the lowest number of adult records were 
summer in SGNP (n=15) and autumn and winter in ISP (n=8) (Fig. 3 and 
4A). In caves of the ISP, seven adults were recorded vocalizing in spring, 
three in summer, one in autumn, and one in winter. We did not record 
any individual vocalizing in caves of the SGNP.

Tadpoles were recorded only in caves of the ISP and in all seasons 
of the year. Winter and summer were the seasons with the highest num-
ber of tadpole records (n=94 and n=93, respectively), while spring had 
the lowest number of records (n=43) (Fig. 3, 4B, and 4C). The tadpoles 
exhibited diff erent sizes, suggesting multiple breeding events. No am-

plexus, spawning, or recently metamorphosed froglets were recorded 
within the caves.

Figure 3: Number of adults and tadpoles of Bokermannohyla martinsi 
recorded per season in caves of Serra do Gandarela National Park (SGNP) 
and Itacolomi State Park (ISP).
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Most adults (n=100; 90%) were found in the dysphotic zone of the 
caves. Ten individuals (9%) were found in the aphotic zone, and only one 
individual (1%) was recorded in the photic zone. In SGNP, 97% of the 
adults were found in the dysphotic zone and 3% in the aphotic zone. In 
ISP, 75% of adults were recorded in the dysphotic zone, 22% in aphotic 
zone, and 3% in photic zone (Fig. 5).

In SGNP, 98.5% of individuals were recorded on rocks and 1.5% on 
soil. In ISP, 69.5% were recorded on rocks, 8.5% on sand, and 2.5% on 
soil. In this conservation unit, we recorded seven (19.5%) individuals 
only acoustically. It was not possible to visualize the substrates due 
to unfeasible access to the places where they were positioned (Fig. 6).

Figure 5: Number of adults of Bokermannohyla martinsi found in caves of 
Serra do Gandarela National Park (SGNP) and Itacolimi State Park (ISP) 
according to the incidence of light in the location where they were found.

Figure 6: Number of adults of Bokermannohyla martinsi found in caves of 
Serra do Gandarela National Park (SGNP) and Itacolimi State Park (ISP) 
according to substrate used. Legend: not recorded (nr).

In SGNP, the majority of adult B. martinsi were inactive during both 
the rainy (85%) and dry (88%) seasons. In contrast, at ISP, most adults 
were active during the rainy period (65%) and exhibited both active and 
inactive states during the dry period (Fig. 7).

Regarding the lithologies of the surveyed caves, all caves at the ISP 
are composed of quartzitic rocks. At this location, we recorded bodies of 
water in eight caves, all classified as perennial and lotic. At the ISP, nearly 
all individuals were recorded in caves with watercourses, with only one 
individual recorded in a cave without any water body. In SGNP, half of 
the sampled caves are quartzitic, while the other half are composed of 
ferruginous rocks. At this site, we recorded individuals in four ferrugi-
nous caves and three quartzitic caves. However, in quartzitic caves, we 
recorded only five individuals (6.5%). Thus, ferruginous caves accounted 
for 93.5% of the adult records in SGNP. Water bodies were recorded in 
two quartzitic caves in SGNP, classified as intermittent and lentic. Four 
individuals of B. martinsi were recorded in these caves.

Figure 7: Activity level of adults of Bokermannohyla martinsi, by dry and 
rainy season, found in caves of Serra do Gandarela National Park (SGNP) 
and Itacolimi State Park (ISP).

4. Discussion
Bokermannohyla martinsi exhibited continuous use (throughout all 

seasons) of the ferruginous caves of the SGNP and the quartzitic caves 
of the ISP, either with or without water bodies. As recorded by ANDRADE 
et al. (2021), we also observed that the species utilized the ferruginous 
caves more during the dry period. Therefore, these caves represent a 
potential refuge for the species when the streams are dry and external 
climatic conditions become adverse (ANDRADE et al., 2021). The redu-
ced use of these caves during the rainy season is likely related to the 
more favorable climatic conditions in the epigean environment and the 
search for streams for reproduction (ANDRADE et al., 2021). During this 
period, temporary streams retain water, allowing the reproduction and 
development of tadpoles (ANDRADE et al., 2021).

 To avoid water loss during the day, nocturnal anurans typically rest 
in an “inactive” posture, thereby reducing the exposed surface area (e.g., 
ETEROVICK et al., 2020). Although we sampled during the day, adults 
varied in activity patterns, being predominantly inactive throughout the 
year in the SGPN, whereas in the ISP they were predominantly active 
in the rainy season and either active or inactive in the dry season. The 

record of activity in the ISP may be related to the availability of breeding 
habitats (with evidence of reproduction in these habitats, i.e., records 
of tadpoles in the bodies of water within the caves).

Fidelity to breeding, feeding, and estivating sites is a common 
characteristic among anurans (SINSCH, 1990). ANDRADE et al. (2021) 
demonstrated the fidelity of specimens of B. martinsi to the ferruginous 
caves of SGNP. Due to this fidelity and the territoriality of the species, 
we believe that specimens likely use the quartzitic caves of the ISP 
throughout the year.

The reproduction and feeding of anurans in caves are significantly 
influenced by the presence of water (SPERANDEI et al., 2024). In quart-
zitic caves of the ISP, which contain perennial and lotic water bodies, 
vocalizing adults and tadpoles have been recorded in all seasons. In 
these caves we observed a greater abundance of B. martinsi during 
the rainy period, as also recorded in epigean environments (AFONSO 
& ETEROVICK, 2007). Six caves surveyed in ISP have watercourses that 
are not connected upstream with other external water bodies. Thus, 
the hydromorphology of these caves prevents the transport of tadpoles 
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from outside. In these caves, although we did not record any spawn 
or couples in amplexus, we did observe tadpoles, females, and calling 
males, indicating the occurrence of reproduction. Therefore, we can 
conclude that the species exhibits ecological plasticity, remaining active 
and reproducing throughout the year in caves that provide the required 
environmental conditions.

The degree of association of species with the cave environment is 
intrinsically linked to the combination of morphological, physiological 
and behavioral adaptations (HOWARTH & MOLDOVAN, 2018). The saxi-
colous habit, the presence of digital discs, interdigital membranes, and 
nocturnal activity pattern are eco-physiological characteristics found 
in some anuran species that utilize caves (BISWAS, 2014) and are also 
present in B. martinsi.

In our study, the species showed a preference for the disphotic zone 
of the caves, followed by the aphotic zone, as also observed by ANDRADE 
et al. (2021). Most troglophilic and trogloxenic species, including anurans, 
are found in twilight (disphotic) zones of caves, characterized by high 
humidity and mild temperatures, favorable microclimatic conditions 
(OSEEN & WASSERSUG, 2002; WEBER, 2004; LUNGHI et al., 2018). In these 
areas, which have lower visibility, anurans are also better protected from 
predators that rely on visual orientation (OSEEN & WASSERSUG, 2002).

Regarding the microhabitat, most recorded adults were found on 
rocky substrates, as observed by LIMA et al. (2013) in epigean environment. 
Records of males vocalizing in rock crevices in streams demonstrate their 
adaptation and strong association with the rocky environment (SILVEIRA 
et al., 2019). The presence of rocky substrates in both epigean and hypo-
gean microhabitats, combined with the saxicolous and nocturnal habits 
of the species, are factors that enable its use of caves and adaptability 
to the cave environment.

Anurans exhibit a sedentary habit, with migratory behavior limited 
by the demands of water balance and thermoregulation (SINSCH, 1990). 
To date, studies conducted in the SGNP have characterized B. martinsi as 
a trogloxene species (ANDRADE et al., 2021). However, given its sedentary 
habit and a favorable environment for reproduction, thermoregulation, 
and maintenance of water balance, it is possible that some individuals 
may complete their entire life cycle in caves and could be classified as 

eutroglophilic, what remains to be tested. 
Although foraging in caves has been reported for anurans (LU-

RÍA-MANZANO & RAMÍREZ-BAUTISTA, 2017), there is currently no data 
demonstrating that the species feeds on cave-dwelling invertebrates. 
Nevertheless, it is highly likely that it does so due to the availability of 
prey in this environment, as noted by FERREIRA (2005).

Bokermannohyla martinsi is an endemic species of the Iron Quadran-
gle (IQ), with an estimated range of occurrence of 3,816 km² (BASTOS et 
al., 2023), occurring restrictively in rocky streams at high altitudes (SIL-
VEIRA et al., 2019). Thus, given the species’ limited range and restricted 
habitat preferences, caves constitute an environment that the species has 
colonized, thereby increasing its niche within its small distribution area.

In addition to being endemic, B. martinsi is classified as “Vulnerable” 
(VU) due to its limited range of occurrence (< 20,000 km²) and the ongoing 
decline in the extent and quality of its habitat (IUCN, 2023). The primary 
threat to the species is mining, which is responsible for the continuous 
decline in the quality and extent of its habitat (BASTOS et al., 2023). 
The IQ is one of the world’s major iron mining areas (PINHEIRO et al., 
2014), posing an increasing threat to the caves and the species’ habitat. 
Furthermore, wildfires, urban expansion, and agricultural development 
in the region also contribute to the degradation and fragmentation of 
its habitat (IUCN, 2023). The species does not adapt well to disturbed 
environments, and some subpopulations are no longer found, possibly 
being locally extinct (BASTOS et al., 2023). Therefore, this study corrobo-
rates the importance of conserving the areas where the species occurs 
as a whole, including the caves.

Bokermannohyla martinsi, like other anurans, is negatively affected 
by global warming, which is causing droughts and rising temperatures 
in its distribution range (IUCN, 2023). However, habitat loss is the most 
urgent threat faced by this species, affecting approximately 70% of its 
distribution area (IUCN, 2023), less than 30% of which is protected by 
conservation units (IUCN, 2023). Thus, we strongly recommend the 
establishment of fully protected conservation units in IQ to preserve 
caves, breeding habitats, and populations of this sedentary species. 
Monitoring populations is also essential for the ongoing assessment of 
anthropogenic impacts on the species and its risk of extinction.

5.	 Conclusion
Our study provides new insights into the ecology of Bokermannohyla 

martinsi and contributes to the understanding of the use and adaptation 
of anurans to caves, highlighting the importance of this environment 

in their life history and generating support for the planning and imple-
mentation of conservation actions that take into account caves and 
their inhabitants.
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