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ABSTRACT
Amphibians are the most threatened vertebrate group in the world, with about 32% of  species under some category 
of  threat. Conservation strategies depend on basic data, such as species distribution and natural history, which are 
largely lacking for endemic species inhabiting mosaics of  highland grasslands and forest patches of  Southern and 
Southeastern Brazil. Highland grassland fields occur in the Serra do Mar ecoregion and harbor an endemic anuran 
fauna associated to rocky outcrops and open fields interspersed among Araucaria, Rain and Cloud Forests. Here, 
we assembled occurrence records of  anurans from mosaics of  highland grasslands and forest patches in Brazil 
from the literature. We also compiled the conservation status of  those species, including the spatial distribution of  
richness and endemism. We found that 75 species occur in this environment, of  which about 46% are endemic. 
Highland grassland areas in and around Protected Areas in the Serra do Mar and Serra da Mantiqueira are under 
strong pressure, including criminal fire, forestry, and mining. Additionally, anurans from high altitude areas are 
apparently more prone to get infected by the chytrid fungus, whose growth is favored in cool and humid weather. 
Since anuran species inhabiting such seasonal environments have behavioral and life history adaptations, gathering 
data on how these disturbances affect anuran populations is urging in order to better inform conservation practices 
and landscape management plans. 
Keywords: amphibians; biodiversity; Brazilian Atlantic Forest; open fields; Protected Area Network.

INTRODUCTION

We are currently facing a global biodiversity 
crisis caused by the increasing impact of human 
activities on natural environments, especially 
deforestation and conversion of natural habitats 
for agriculture (Dirzo & Raven 2003, Dirzo et al. 
2014). Human activities have unprecedentedly 
accelerated the rate of species loss of different 
groups (De Vos et al. 2015), including amphibians 
(Houlahan et al. 2000). The worldwide decline 
in amphibian populations has been documented 
since the early 90s (Alford & Richards 1999), but 
this remains a complex issue, since their causes 
are multifaceted and may be context dependent 
(reviewed in Blaustein & Kiesecker 2002, Collins 
& Storfer 2003). Additionally, another major 
drawback in amphibian conservation is the lack of 
basic data on species distribution (Bini et al. 2006) 
and population trends (Houlahan et al. 2000), 
especially in the Tropics.

Despite the recent improvement in 
conservation actions and spatial prioritization for 
Brazilian anurans, with the proposal of a national 
conservation action plan (Verdade et al. 2012), there 
are still a lack of studies on some ecosystems with 
an endemic anuran fauna. One of these regions are 
the highland grasslands (campos de altitude; sensu 
Safford 1999a) of the Atlantic Forest (Morellato 
& Haddad 2000). These are vegetation formations 
covering peaks of high mountains formed during 
the Tertiary in southeastern and southern Brazil 
(Vasconcelos 2011). The vegetation is largely 
composed of grasses, herbs, and shrubs, including 
hygrophilous forests, and cloud forests (Ribeiro & 
Freitas 2010, Vasconcelos 2011). 

There is evidence suggesting that highland 
grasslands of Southeastern Brazil had similar 
climate to the Andes in the past (Safford 1999a). 
This similarity in climate, along with climatic 
changes during the Pleistocene, may have 
determined phytogeographic similarity between 
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the two regions, influencing species distribution 
of plants (Safford 2007), mammals (Percequillo 
et al. 2011), birds (Sick 1984), and amphibians 
(Lynch 1979). For example, these two regions 
share about one third of plant genera (Safford 
2007). However, highland grasslands are poorly 
known in terms of species composition of several 
taxa, assessment of the impacts of fire, grazing, 
and other anthropogenic pressures. There is also 
a lack of population viability studies for endemic 
and threatened taxa.

The knowledge about species distribution 
of anurans in the Atlantic Forest has increased 
in the past few years, with about 570 species 
being known in this biome (Haddad et al. 2013). 
Additionally, recent studies have identified 
hotspots within the Atlantic forest that harbor 
a distinct anuran fauna with many endemics 
(Villalobos et al. 2013). Specifically, the Serra 
do Mar between São Paulo and Rio de Janeiro 
contains a high richness of small-ranged species, 
and was classified as a distinct biogeographic 
domain for anurans (Vasconcelos et al. 2014). Both 
past climatic and geologic factors seem to have 
played a larger role in driving this richness pattern 
(da Silva et al. 2014, Thomé et al. 2014). However, 
the processes determining the distribution of the 
anuran fauna of specific environments, such as 
highland grasslands remain poorly known, since 
the information on species distribution in those 
environments is anecdotal and fragmentary at 
best (e.g., Garey et al. 2014). Specially, studies 
evaluating population trends and threats as well 
as their correlates are lacking. Such data is crucial 
to inform better conservation plans.

Herein, we present (i) a species list of anurans 
occurring in mosaics of highland grasslands and 
forest patches and their conservation status; and 
(ii) a comment on potential threats to anurans and 
suggest possible actions for their conservation. 
The data provided here may help in designing both 
future research projects and conservation plans.

MATERIAL AND METHODS

Study region

Highland grasslands are part of the tropical 
and subtropical moist broadleaf forests biome 

(Olson et al. 2001), in the ecoregion of Serra do 
Mar (Olson et al. 2001), of the Atlantic Forest 
(Morellato & Haddad 2000). The Atlantic Forest 
is one of 25 global biodiversity hotspots (Myers 
et al. 2000) and is currently highly fragmented, 
with estimates of remaining vegetation between 
11.7% and 16% (Ribeiro et al. 2009). Due to the 
lack of consensus in the classification of highland 
grasslands and rocky fields, in this study we adopt 
the proposal by Safford (1999a) and Vasconcelos 
(2011). Highland grasslands are associated with 
outcrops of igneous or metamorphic rocks, with 
varying extents of bare rock, cliffs, and rocky 
peaks that occur sparsely in mountaintops of the 
Serra do Mar and Mantiqueira (Safford 1999a) in 
the Atlantic Forest of southeastern and southern 
Brazil. The vegetation of highland grasslands 
consists of a mosaic of grasses, herbaceous, and 
shrubby plants, and forest patches with short trees 
(Safford 1999a, Martinelli 2007, Mocochinski & 
Scheer 2008).

Highland grasslands occur in the states of 
Espírito Santo, Minas Gerais, Rio de Janeiro, 
São Paulo, Paraná, and Santa Catarina (Safford 
1999a, Mocochinski & Scheer 2008; Table 1), 
but specifically along the Serra do Mar and 
Mantiqueira sensu lato, with an estimated area of 
350 km2 (Safford 1999a). This formation is usually 
found above 1,500 m (Safford 1999b), except those 
in the Curucutu section of the Serra do Mar State 
Park, which occur up to 750 m (Garcia & Pirani 
2003) and in the state of Paraná, up to 1,000 m 
(Mocochinski & Scheer 2008). About 90% of 
highland grassland areas are inside Protected Areas 
(Aximoff 2011).

Data on species records

The list of anuran species occurring in 
highland grasslands was obtained by searching the 
scientific literature and unpublished dissertations. 
We searched for species lists of anurans in Protected 
Areas that harbor highland grasslands in the extent 
of the study region. Search was conducted from 
June to August 2014 in the Web of Science (ISI; 
www.webofknowledge.com), Scientific Electronic 
Library Online (SciELO; www.scielo.br), and 
Google Scholar (www.scholar.google.com) using 
different terms, such as the name of protected areas 
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along with the words “Amphibia” or “Anura”. 
We then checked each article for any information 
stating that a given species occurred in highland 
grassland environments. Species with uncertain 
identification that were not collected by us were 
not considered.

To determine the geographic distribution 
and endemicity, we consulted AmphibiaWeb 
(2014) and Amphibian Species of the World 
(Frost 2014), besides checking for information 
in the articles. Species were then classified as (i) 
restricted endemic, occurring at a single locality; 
(ii) endemic species that occur in more than one 
locality, but only in highland grasslands; (iii) wide-
spread species. The threat category for each species 
was obtained by consulting IUCN (2014) and the 
Brazilian National red list (Brasil 2014). 

RESULTS

We recorded 75 species occurring in 
highland grassland environments (Table 2). The 
highest richness was found in the Serra do Mar 
State Park, Serra da Bocaina National Park, 
and Itatiaia National Park, with 22, 21, and 20 
species respectively (Figure 1). Bokermannohyla 
ahenea, B. gouveai, Brachycephalus ferruginus, B. 
izecksohni, B. pernix, B. pombali, Crossodactylus 
grandis, Cycloramphus bandeirensis, C. carvalhoi, 
C. organensis, Fritziana sp., Holoaden bradei, 
Hylodes glaber, H. ornatus, H. regius, Ischnocnema 
concolor, I. melanopygia, I. paranaensis, 
Paratelmatobius gaigeae, P. lutzii, Physalaemus 
barrioi, Proceratophrys gladius, and Thoropa 
petropolitana are microendemic species that only 

Table 1. Location of the highland grasslands in Brazil, with information about amphibian species richness (S), number 
of restricted endemic species (Ser), and number of species richness under some degree of threat according to IUCN 
(Sut), and according to the Brazilian red list of threatened species (Sbl).

Region Protected Area S Ser Sut Sbl Geographic 
coordinates

Serra da Bocaina Parque Nacional da Serra da Bocaina 21 6 0 0 22º44’S; 44°36’W
Serra dos Órgãos Parque Nacional da Serra dos Órgãos 12 2 1 1 22°52’S; 42°09’W
Serra dos Órgãos Parque Estadual dos Três Picos 6 1 0 0 22º26’S; 42º55’W
Serra dos Órgãos Reserva Biológica de Araras 0 0 0 0 22º30’S; 43º18’W
Serra de 
Paranapiacaba

Parque Estadual da Serra do Mar, 
núcleo Curucutu

22 0 0 0 23°56’S; 46°39’W

Serra Ibitiraquire Parque Estadual do Pico do Paraná 2 1 0 0 25°14’S; 48°48’W
Serra do Marumbi Parque Estadual do Pico do Marumbi 1 1 0 0 25°27’S; 48°55’W
Morro do Anhangava Parque Estadual Serra da Baitaca 1 1 0 1 25°26’S; 49°05’ W
Serra da Igreja APA de Guaratuba 1 1 0 0 25º40’S; 48º51’W
Serra da Prata Parque Nacional Saint-Hilaire Lange 0 0 0 0 25º43’S; 48º38’W
Serra da Farinha Seca Parque Estadual da Graciosa 0 0 0 0 25°23’S; 48°55W
Serra do Gigante APA Guaraqueçaba 0 0 0 0 25°04’S; 48°19’W
Pedra Branca do 
Araraquara

APA Guaratuba 0 0 0 0 25º56’S; 48º52’W

Serra da Mantiqueira Parque Estadual de Campos do Jordão 12 0 0 1 22°40’; 45°27’W
Serra do Papagaio Parque Estadual da Serra do Papagaio 3 0 1 0 22°10’S; 44°43’W
Serra de Itatiaia Parque Nacional de Itatiaia 20 8 2 2 22°20’S; 41°35’W
Serra do Caparaó Parque Nacional do Caparaó 5 2 0 0 22°20’S; 41°45’W
Serra do Desengano Parque Estadual do Desengano 1 0 0 0 21°45’S; 41°41’W
Serra Fina APA Mantiqueira 1 0 1 0 22°25’S; 44°47’W
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occur in one locality in the study extent. These 
represent about 32% of the species in our list. 
Most of species (46%) occur only in the Atlantic 
Forest, about 13% are wide-spread in Brazil or 
South America, and 8% only occur in highland 
grasslands (Table 2). The Itatiaia and Serra da 
Bocaina National Parks had the highest richness of 
microendemic species, with eight and six species, 
respectively.

The majority of species (46.6%) are classified 
as Least Concern (LC), with Data Deficient (DD) 
comprising 30.6% of species, only one species is 
NT, another one is CR, and one is VU (Table 2). 
Only five species (6.66 %) species from highland 
grasslands appear in the Brazilian National red list 
(Table 2). The status of about 14 species (18.6%) has 
not yet been evaluated, since have been described 
in the past five years (Table 2). Furthermore, 
three species (Thoropa petropolitana, Holoaden 

Figure 1. Map with species richness of each locality 
of highland grasslands in southeastern and southern 
Brazil, along with altitude. Data from the literature.

bradei, and Melanophryniscus moreirae) are under 
some category of threat (3%), in either IUCN or 
Brazilian red lists. For example, H. bradei and 
T. petropolitana are Critically Endangered (CR) 
in both National and IUCN red lists. Conversely, 
Paratelmatobius lutzii is DD in the IUCN list, but 
is listed as CR in the Brazilian list. 

DISCUSSION

Anuran species richness and composition

We found 75 anuran species occurring in 
the study extent, which correspond to 7.6% of the 
anuran species known to occur in Brazil (Segalla 
et al. 2014), and 13.5% of the species known to 
occur in the Atlantic Forest (Haddad et al. 2013). 
The data gathered in this manuscript represent 
the first effort to organize the knowledge about 
anuran species richness in highland grasslands. 
However, our approach suffers from a number of 
shortcomings, but mainly the lack of systematic 
field surveys in many areas, especially in Paraná. 
As a result, there is a high variation in species 
richness among the areas (one to 22 species). 
Moreover, the sampling effort was not standardized 
among localities, so the high species richness 
and number of endemics species could be biased 
towards well-known places, such as Serra do 
Mar State Park, Itatiaia National Park, and Serra 
da Bocaina. This reinforces the need to increase 
samplings in poorly-known areas.

Our data show that about 15% of the 
species known to occur in the Atlantic Forest 
are endemic of the highland grasslands. The 
high number of endemic species found here may 
also be overestimated due to the lack of surveys 
in some areas. However, previous studies have 
already found a high level of endemism for 
vascular flora in the Southern tip of the Brazilian 
highland grasslands (e.g., Iganci et al. 2011) and 
for passerine birds for the Serra do Mar (Cardoso 
da Silva et al. 2004), which includes areas of 
highland grasslands.

Threats to anuran species

There are records of population declines of 
some anurans in mosaics of highland grasslands 
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and forest patches in southeastern Brazil (Eterovick 
et al. 2005), including Melanophryniscus moreirae 
(Guix et al. 1998), Cycloramphus granulosus 
(Heyer et al. 1988), Paratelmatobius lutzii (Heyer 
et al. 1988), and Thoropa petropolitana (Heyer 
et al. 1988). The lack of records of declines in 
other localities may suggest that these populations 
are more stable, but more long-term studies on 
population dynamics are needed.

The main threats to anurans in highland 
grasslands seem to be: erosion and soil instability 
due to anthropogenic activities, deforestation, 
biological invasion, fire, removal of ornamental 
plants, mining, urban expansion, climate change, 
installation of power transmission lines (Martinelli 
2007, Mocochinski & Scheer 2008). Based on 
our field experience and on the recent literature 
(e.g., Leivas et al. 2012, Rodriguez et al. 2014), 
“[apparently the main threats for anuran fauna 
in highland grasslands seem to be: fire, disease, 
expansion of disturbed areas associated with human 
activities] MV Garey (personal communication)”.

Fire

Fire is a major threat in areas of highland 
grasslands (Aximoff 2011), especially the man-
made ones that are also the most frequent (Safford 
2001). Man-made fire is used to clear and 
regrowth of vegetation used as pasture (Aximoff 
2011, Aximoff & Rodrigues 2011), but its real 
impact depends on frequency and intensity. Thus, 
preventing fire is an essential measure for the 
conservation and maintenance of biodiversity in 
these ecosystems. 

The immediate response of animals to fire 
is to escape and search for shelter, but not all 
individuals can escape, resulting in injuries and 
even death (Smith 2000). Several studies indicate 
that the animals most impacted by fire are those 
with low dispersal ability (e.g., Abreu et al. 2004, 
Koproski et al. 2006). Anurans have a permeable 
skin and their eggs are susceptible to dehydration, 
which increases their vulnerability to fire (Wells 
2007). Furthermore, their chance to survive to 
fires is reduced, since anurans have low dispersal 
ability in average, and population sizes can be 
strongly reduced after fire (Papp & Papp 2000, 
Rocha et al. 2008). Besides, fire could also affect 

anuran diet by decreasing prey availability (Rocha 
et al. 2008). Fire has also the potential to affect 
community structure, as observed in the Chaco, 
where fire promoted a decrease in species richness 
of amphibians (Cano & Leynaud 2010). The lack 
of such studies in highland grasslands prevents a 
better evaluation of the impact of fire on anurans. 
Long-term studies that use temporal asymmetrical 
designs to detect environmental disturbances 
(Underwood 1994) are urging. 

Fires are frequent during the dry season in 
highland grasslands. Currently, the number of 
fires recorded in the Serra da Bocaina and Itatiaia 
National Parks are higher than areas of Cerrado, 
where natural fire is more frequent (Aximoff 
2011). Furthermore, fires can occur with a lower 
frequency in the Araras Biological Reserve and 
in the Serra dos Órgãos National Park (Aximoff 
2011). These data show that fire is a real threat 
to anurans in those Parks. For example, some 
endemic and threatened species could potentially 
be impacted by fire, such as Physalaemus barrioi, 
which is endemic to highland grasslands of the 
Serra da Bocaina (Provete et al. 2012, Garey et 
al. 2014), Melanophryniscus moreirae, Holoaden 
bradei and Paratelmatobius lutzii of the Parque 
Nacional do Itatiaia, and Thoropa petropolitana of 
the Parque Nacional da Serra dos Órgãos e Área de 
Proteção Ambiental de Petrópolis (Aximoff 2011). 
Therefore, fire suppression in these environments 
should be a priority action to conserve flora and 
fauna (Aximoff 2011).

Diseases

One of the major threats to amphibians is 
emerging diseases. Chytridiomycosis is an emergent 
disease caused by the fungus Batrachochytrium 
dendrobatidis that has caused the decline and 
local extinction of over 200 amphibian species 
worldwide (Martel et al. 2013). Specifically, 
the fungus has been recorded in at least 18 
anuran species occurring in highland grasslands: 
Ischnocnema guentheri (Gründler et al. 2012), 
Rhinella icterica (Toledo et al. 2006), R. ornata 
(Toledo et al. 2006), Haddadus binotatus (Gründler 
et al. 2012), Aplastodiscus perviridis (Gründler 
et al. 2012), B. circumdata (Toledo et al. 2006), 
Bokermannohyla gouveai (Carnaval et al. 2006), 
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Dendropsophus microps (Gründler et al. 2012), 
D. minutus (Becker & Zamudio 2011), Hypsiboas 
albopunctatus (Toledo et al. 2006), H. pardalis 
(Gründler et al. 2012), H. prasinus (Gründler et al. 
2012), Scinax hayii (Gründler et al. 2012), Hylodes 
magalhaesi (Gründler et al. 2012), Thoropa 
miliaris (Toledo et al. 2006), Leptodactylus latrans 
(Herrera et al. 2005), and Lithobates catesbeianus 
(Toledo et al. 2006). Due to the wide distribution 
and eminent risks associated with contamination 
by the fungus, monitoring studies of threatened 
populations are necessary.

Agriculture and exotic species

The conversion of natural landscapes into a 
forestry matrix affects biodiversity by changing 
resource availability, shading, allelopathic effects, 
changes in soil, and water body’s physico - 
chemical characteristics (Richardson 1998, 
Bustamante & Simonetti 2005). Highland areas 
in Southeastern Brazil are commonly converted 
into forestry systems, using exotic species 
mainly Pinus and Eucalyptus. The introduction 
of exotic species has multiple impacts on natural 
ecosystems and native species (Stohlgren & 
Jarnevich 2009). Forestry may influence anuran 
species distribution (Parris & Lindenmayer 2004), 
community structure (Machado et al. 2012), and 
the ecosystem functioning by altering nutrient 
cycling and trophic interactions (Bustamante & 
Simonetti 2005). For example, Pinus has colonized 
areas outside plantations both in typical highland 
grasslands and nearby natural forests in Paraná 
(Mocochinski & Sheer 2008), Serra da Bocaina 
(pers. obs.), and Curucutu section of the Serra do 
Mar State Park (Malagoli 2013). The expansion of 
these cultures into natural grasslands may affect 
anurans negatively. Key actions to minimize the 
impacts of forestry involve the gradual removal, 
and the effective management of plantations in 
and at the edge of grasslands (Malagoli 2013). 
Furthermore, enforcement of land use regulations 
preventing Pinus plantation in highland grasslands 
is essential.

Exotic animals are also a threat to anurans 
of highland grasslands. The introduction of animal 
species in an environment may reduce and even 
eliminate prey populations and inferior competitors, 

alter the trophic structure, and nutrient cycling 
(Mack et al. 2000). The only area of highland 
grasslands where there are records of an exotic 
species (Lithobastes catesbeianus) is the Campos 
do Jordão State Park in the Serra da Mantiqueira 
(Gomes 2009). This species has been introduced in 
many localities in Brazil for commercial purposes 
(Both et al. 2011) and has many negative impacts 
on native anuran populations by competing 
(Kupferberg 1997) with preying (Leivas et al. 2012) 
upon native species and transmitting pathogens 
(Schloegel et al. 2010), which promoted the decline 
of some amphibian populations (Kats & Ferrer 
2003). This species was also recorded in areas of 
Montane Rain Forest (between 700 and 800 m) 
of the Curucutu section of the Serra do Mar State 
Park (Malagoli 2013), which suggest the imminent 
risk to anurans in this region. Additionally, niche 
modeling studies have found that L. catesbeianus 
has the potential to invade other areas of highland 
grasslands (Giovanelli et al. 2007), reinforcing 
the need to control populations of this species. 
Management actions may involve the active 
removal of these organisms.

Mining

Mining activities damage ecosystems 
mainly by the contamination of soil, water, and 
air. Contamination may occur by acid mine 
drainage (AMD), when the mineral or metal 
of interest is associated with sulfides (Mello & 
Abrahão 1998, Soares & Borma 2002). Moreover, 
mining activities produce heavy metal waste, 
such as Arsenic, Cadmium, Lead, Chromium, 
and Mercury, and organic compounds, such as 
polycyclic aromatic hydrocarbons, phenols, and 
alkenes (Silva et al. 2000, Leonard et al. 2004). 
Heavy metals and organic compounds from 
mining activities may change cellular and tissue 
processes, affecting metabolic and physiological 
condition of animals (Silva et al. 2000, Leonard 
et al. 2004), causing malformations and increasing 
mortality of amphibians (Lannoo 2008). However, 
the response of anurans to mining varies among 
species (Mazerolle 2003, Lannoo 2008). Mining 
has a negative impact on anurans both at the 
population, since it decreases the availability of 
aquatic environments, and at the community scale 
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(Muncy et al. 2014), reducing species abundance 
and richness (Mazerolle 2003, Muncy et al. 2014).

Currently, the only area of highland grasslands 
threatened by bauxite mining is the Serra Fina, 
within the Environmental Protection Area (APA) of 
Mantiqueira. Bauxite mining is highly detrimental, 
because it drastically transforms the environment 
by the removal of soil and associated biota. 
Information on species occurrence on the Serra 
Fina is scarce and systematic surveys are still 
lacking. The only species known to occur in this 
area is Melanophryniscus moreirae (Marques et 
al. 2006), which is considered Near Threatened 
by IUCN (2014). In order to conserve the anuran 
fauna of this locality, mining activities should be 
restricted or even banned in highland grasslands, 
due to its impacts on natural environments.

Expansion of urban and semi-urban areas

The primary impact of urban and semi-urban 
areas on biodiversity is the conversion of natural 
landscapes, resulting in habitat loss, fragmentation, 
and disconnection (Becker et al. 2007). The 
expansion of urban and semi-urban areas in 
mountainous regions, such as the construction of 
rural smallholdings and installation of telecom 
transmission towers (e.g., Pico do Caratuva, 
Serra do Ibitiraquire and Serra da Bocaina) could 
potentially harm the ecosystem of highland 
grasslands (Mocochinski & Sheer, 2008, MV 
Garey personal communication). The expansion 
of human habitations is a threat to highland 
grasslands outside Protected Areas, especially 
in the APA da Mantiqueira and Guaratuba, and 
the Serra da Bocaina, where a considerable part 
of the grasslands are outside the National Park 
boundaries. The supervision of constructions in 
Protected Areas and those of sustainable use are 
essential for anuran conservation. Furthermore, 
environmental education projects aiming to 
educate people about the need to conserve this 
unique ecosystem is urging.

Conclusion and prospective research areas

Highland grasslands have been poorly 
studied historically. In this study, we provided a 
preliminary list of anuran species occurring in this 

unique environment, pointing out endemic species 
and their conservation status. However, our data 
suffer from a number of shortcomings that prevented 
us from analyzing it in a more comprehensive way, 
mainly the lack of systematic surveys in some 
areas, such as Araras Biological Reserve, Pico 
do Paraná State Park, Pico do Marumbi State 
Park, Guaratuba Environmental Protection Area, 
Saint-Hilaire Lange National Park, Graciosa State 
Park, Guaraqueçaba Environmental Protection 
Area, Serra do Papagaio State Park, Caparaó 
National Park, and Mantiqueira Environmental 
Protection Area. Long-term field surveys (e.g., 
Garey et al. 2014) should be encouraged if a broad 
understanding of anuran species distribution in the 
Atlantic Forest is to be gained.

Due to the difficulty of access, terrain 
declivity, and severe weather, highland grasslands 
have historically suffered little interference from 
human activities compared to lowland areas. Most 
highland grasslands (approximately 90%) are 
within protected areas in Brazil (Aximoff 2011), 
yet these environments are affected by various 
anthropogenic impacts (Martinelli 2007), such as 
expansion of urban and semi-urban areas, seasonal 
and criminal fire, invasion by exotic species and 
mining. Additionally, anurans from high altitude 
areas are apparently more prone to get infected 
by the chytrid fungus, whose growth is favored 
in cool and humid weather. However, detailed 
studies testing the impact of such disturbances 
on the anuran fauna of highland grasslands are 
lacking. Since anuran species inhabiting such 
seasonal environments have specific behavioral 
and life history adaptations, gathering data on these 
disturbances is urging in order to better inform 
conservation practices and management plans. 
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