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ABSTRACT
The Brazilian Atlantic Forest (BAF) is hotspot for conservation priorities due to the high concentra
tion and maintenance of biodiversity, comprising more than 600 species of amphibians, of which 
88% are endemic to this biome. Many of these species are under some level of threat, especially 
those with restricted distributions to mountainous regions. Hylodes is the most speciose genus 
within Hylodidae, housing 26 recognized species of the diurnal frogs related to streams of forest 
massifs in the BAF. Hylodes pipilans is endemic to the state of Rio de Janeiro, considered restricted to 
the Serra do Órgãos mountains. Here, we updated its records based on fieldwork, bioacoustics 
analysis, and museum data, enhancing the species distribution comprehension. Additionally, we 
evaluate its occurrence inside of protected areas, updating information to subsidize conservation 
actions for this poorly known Torrent frog. We recorded individuals of H. pipilans in Parque Nacional 
da Serra dos Órgãos and Reserva Biológica do Tinguá. The vocalizations analyzed were compatible 
with the bioacoustics traits of H. pipilans. Its distribution covers part of six municipalities in the Serra 
dos Órgãos Mountain range, northern portion of Serra do Mar, between 245 and 814 meters above 
sea level. The new record to the Reserva Biológica do Tinguá is the species southernmost record. 
Despite the previous assessment on the conservation status of H. pipilans suggest as a least concern 
species, little is known about its occurrence extension, occupancy area, population trends, and 
ecological information. Thus, the present study is particularly important to enhance the under
standing of altitudinal and geographic distribution range for H. pipilans. These will assist in the 
species conservation status reassessment.
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Brazil comprises 14% of amphibian species of the 
world with 1,136 species [1,2]. The Neotropical 
Brazilian Atlantic Forest (BAF) is one of the biodiversity 
hotspots [3] being reduced into small-disrupted frag
ments totaling 12% of its original area [4] but still 
harboring more than 600 species of amphibians, of 
which around 80% are endemic to this biome [5, 6]. 
Therefore, many species are under some level of threat, 
even those categorized as Least Concern (LC) are 
restrictedly distributed and associated with mountains 
tops, or mountainous complexes [7–9]. This occurs due 
to the little knowledge concerning its occurrence 
extension, occupancy area, population trends, and 
ecological information. The lack of species distribution 
data is the main problem related to public policy 
implementation and conservation programs for 
amphibians [10], especially in regions suffering severe 
habitat destruction [11, 12].

The Torrent frog Hylodes Fitzinger 1826 is an ende
mic BAF genus, and the most speciose within 
Hylodidae Family, housing 26 recognized species [2]. 
Allocated into four taxonomic groups, the Hylodes 
lateristrigatus group is the most abundant with 19 
species [2, 13]. Among these species, four might be 

distinguishable by having nuptial tubercles on the 
thumb of males: Hylodes phyllodes Heyer and Cocroft, 
1986, H. fredi Canedo and Pombal, 2007, H. pipilans 
Canedo and Pombal, 2007, and H. caete Malagoli, Sá, 
Canedo and Haddad, 2017. They are distributed in the 
Serra do Mar Mountain range from the state of São 
Paulo to the central region of state of Rio de Janeiro, 
southeastern Brazil [14].

Nowadays Hylodes pipilans is known from near to 
Soberbo River at Serra dos Órgãos, municipality of 
Guapimirim (type locality) [15], from the Reserva 
Ecológica de Guapiaçu, municipality of Cachoeiras de 
Macacu [16], and Parque Natural Municipal da Taquara, 
municipality of Duque de Caxias [17], state of Rio de 
Janeiro, Brazil. Due to the insufficient data related to its 
geographic distribution, population abundance ecologi
cal and natural history [15–18], this species was consid
ered Data Deficient (DD) according to International Union 
for Conservation of Nature (IUCN) criteria [19] and more 
recently it was classified as LC by the Brazilian Red List of 
threatened species [20]. Here, we reported new records of 
H. pipilans within Serra do Mar, BAF, state of Rio de 
Janeiro, southeastern Brazil, enhancing species distribu
tion comprehension. Additionally, we evaluate its 
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occurrence inside of protected areas updating its data to 
subsidize conservation actions for this poorly known tor
rent frog.

We conducted visual encounter surveys [21] for 
amphibian sampling in two protected areas including in 
Category II of the IUCN [see [22]]: Parque Nacional da 
Serra dos Órgãos (hereafter PARNASO; 22°34ʹ22.1” S; 43° 
9ʹ49.7” W) and Reserva Biológica do Tinguá (hereafter 
REBIO Tinguá; 22°34ʹ34.00” S; 43°27ʹ52.40” W), both 
located in the central region of the state of Rio de 
Janeiro, southeastern Brazil. We observed the resting 
and vocalization sites of the species and the streams 
width was measured using a tape measure. Collected 
specimens were identified as H. pipilans according mor
phological and bioacoustics characters described by 
Canedo and Pombal [15]. Calls of two recorded males 
were used for the comparisons. Bioacoustics analyses 
and its relative figures were performed using Raven Pro 
1.5 software from the Cornell Laboratory of Ornithology 
[23]. Spectrograms were produced using a window func
tion Hann, 1024 point DFT size, 99% time grid overlap, 
filter bandwidth (Hz) 135, brightness 55% and contrast 
60%. For description of the calls we followed the same 
terminology used by Canedo and Pombal [15] (note- 
centered terminology; sensu Köhler et al. [24]). 
Quantitative parameters are summarized in Table 1 and 
are shown as ranges [Minimum (Min) – Maximum (Max)] 
followed by Mean (x) ± Standard Deviation (SD), and 
sample size (N) [Min – Max (x ± SD, N)]. Voucher speci
mens were collected, anesthetized, and killed with lido
caine 2%, fixed with formaldehyde 10% for posterior 
preservation in 70% alcohol, and deposited in the 
Museu Nacional, Universidade Federal do Rio de Janeiro 
(MNRJ). The Sound files are deposited in the audio collec
tion (MNVOC) of the same institution and also available at 
the Fonoteca Neotropical Jacques Vielliard (FNJV). 
Additional data were obtained from analyzed specimens 
of Hylodes pipilans deposited in the museum collections 
of MNRJ and Amphibian Collection of the Departamento 
de Zoologia, Universidade Federal do Rio de Janeiro 
(ZUFRJ). A geographic range map was generated in 
QGIS 2.6 software and coordinates expressed in WGS 84.

We recorded a total of 20 individuals of H. pipilans, 
of which 18 were recorded in the PARNASO (Figure 1) 
and two in the REBIO Tinguá. Calling males were 
observed in PARNASO from January to March and 

from October to December 2019 at 245 to 311 m 
above sea level (a.s.l.), in the municipality of Magé. 
These males were vocalizing on stones associated 
with permanent streams with about 2 to 4 m of 
width, with lower abundance in October (N = 1) and 
higher in December (N = 9). We analyzed 50 calls (100 
notes) of two males, where only one type of acoustic 
signal was emitted (Figure 2). This call was classified as 
advertisement call and clearly refers to Hylodes pipilans 

(see [15] and listen to FNJV 45920). The advertisement 
call of H. pipilans from PARNASO (municipality of 
Magé) consists of two short notes with duration of 
0.07–0.09 s (0.08 ± 0.002; N = 50 calls), note repetition 
rate of 23.87–26.79 notes/s (25.42 ± 0.617; N = 100) and 
inter-call intervals of 0.566–1.4 s (0.82 ± 0.172; N = 48). 
The inter-note intervals varied between 0.075 and 
0.084 s (0.079 ± 0.002, N = 49), with each note during 
of 0.020–0.028 s (0.024 ± 0.002; N = 100). Harmonics 
are visible in the spectrogram. The dominant fre
quency (third harmonic) of first note varied of 
5156.2–5625 (5466.2 ± 111.72; N = 50) and of second 
note varied of 4968.8–5531.2 (5377.5 ± 129.52; N = 50).

Individuals from REBIO Tinguá in the municipality of 
Nova Iguaçu were observed in August 2018 and 
July 2020. These individuals were captured during 

Table 1. Records of Hylodes pipilans for the state of Rio de Janeiro, southeastern Brazil. Elevation is provided in meters above sea 
level. * = outside of protected area.

Site Municipality Latitude (S) Longitude (W) Elevation Sources Voucher numbers

Parque Nacional da Serra dos Órgãos Guapimirim 22°29’ 43°00’ 683 [15] MNRJ 33765
Parque Nacional da Serra dos Órgãos Petrópolis 22°30’ 43°10’ 814 Museum collections MNRJ 79905
Reserva Biológica de Guapiaçu Cachoeiras de Macacu 22°23ʹ15.18” 42°43ʹ45.58” 556 [16] ZUFRJ 10319–20
Reserva Biológica de Guapiaçu Cachoeiras de Macacu 22°24ʹ16.90” 42°44ʹ38.00” 300–500 [43] MNRJ 68739–40
Parque Natural Municipal da Taquara Duque de Caxias 22°34ʹ60.00” 43°13ʹ60.00” ~ 366 [17] MNRJ 54602–3
Parque Natural Municipal da Taquara Duque de Caxias 22°35ʹ17.38” 43°13ʹ33.80” ~ 275 [14] MNRJ 79501–3
BR040, Caxias/Petrópolis* Petrópolis 22°33ʹ0.65”S 43°14ʹ15.23” ~ 400 [14] MNRJ 83331–4
Parque Nacional da Serra dos Órgãos Magé 22°34ʹ18.40” 43°9ʹ51.50” 245–311 This study MNRJ
Reserva Biológica do Tinguá Nova Iguaçu 22°34ʹ34.00” 43°27ʹ52.40” 707 This study MNRJ

Figure 1. (A) Voucher specimen of Hylodes pipilans (MNRJ 
92155) collected in the municipality of Magé, state of Rio de 
Janeiro, southeastern Brazil. Aspects of breeding sites in the 
(B) municipality of Magé (PARNASO) and (C) Nova Iguaçu 
(REBIO Tinguá).
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nighttime surveys around 700 m a.s.l. Both males were 
found at rest, under rocks on the margin of a stream 
with about 1 m of width. Vocalizing males were not 
observed during the day’s surveys. This is the south
ernmost locality of the species. Based on the species’ 
original description [15] and analyzed specimens 
housed in the amphibian collection of MNRJ, we con
cluded that some individuals of H. charadranaetes from 
the municipality of Saquarema, state of Rio de Janeiro, 
were mistakenly identified as H. cf. pipilans [25]. Thus, 
the record for the Reserva Biológica de Guapiaçu, in 
the municipality of Cachoeira de Macacu, is the north
most record for the species.

Amphibians are among the most threatened ver
tebrate group, with approximately one-third of the 
species under threat of extinction [26, 27], also have 
the highest percentage of species remaining comple
tely outside of protected areas [12, 28]. Associated 
with the aforementioned information, the lack of 
knowledge about the different biological aspects of 
amphibian species may place them at a higher 
extinction risk than is currently recognized [29]. 
Regarding species of Hylodes, nine of the 25 species 
evaluated (except H. caete) by the Brazilian Red List 
of threatened species [20] are categorized as DD. For 
the other species categorized as LC, such as 
H. pipilans, further investigations are necessary to 
get a better basis for the establishment of this cate
gorization, since there are few criteria used for them 
not to be within some level of threat. This scarcity of 
species data associated with the attempts of expand
ing and/or filling the species distribution reminds us 
of the urgency in monitoring and mapping the 
poorly known species to clarify the awareness 
about the most varied aspects of biodiversity [30, 
31]. Hylodes pipilans has the geographical and altitu
dinal distribution updated for two municipalities of 
the state of Rio de Janeiro, southeastern Brazil: 
Municipality of Nova Iguaçu, in the REBIO and muni
cipality of Magé, in the PARNASO. Both protected 

areas are between the largest remnants of Atlantic 
Forest in the state of Rio de Janeiro. Herein, we 
enlarge the acquaintance about the pattern of dis
tribution of H. pipilans, which remains until now 
restricted to the Serra dos Órgãos mountains. The 
record of the species to the municipality of Magé 
adds its occurrence to another municipality that 
comprise the PARNASO (Guapimirim, Magé, 
Petrópolis and Teresópolis). Additionally, the record 
of the H. pipilans for the municipality of Magé repre
sents the lowest altitudinal grade of occurrence 
reported for the species (245 m a.s.l). Vocalizing 
males of this sample site were recorded for compar
ison with the previous description of this species of 
call. According to Canedo and Pombal [15] and con
firmed by our analysis, the advertisement call of 
Hylodes pipilans can be distinguished from the calls 
of all species of Hylodes phyllodes group by its num
ber of notes per call (consists of two notes). 
Furthermore, others analyses quantitative parameters 
had little variation among the samples, such as dura
tion of call, note repetition rate, note duration and 
dominant frequency. Thus, we are confident that the 
bioacoustics analyzes presented in this study facili
tated the identification of the species in the munici
pality of Magé. In addition, the record of species to 
the REBIO Tinguá extends its distribution 78 km 
southwest of the type locality and constitutes the 
southernmost record for the species, with approxi
mately 25 km from nearest previously known distri
bution. Of the nine localities where H. pipilans was 
recorded, only one is outside of protected area 
(Table 1). Evaluation of patterns of species distribu
tion that exhibit low environmental plasticity is 
required from the conservation viewpoint [32, 33]. 
Although some Hylodes species have restricted dis
tributions to elevations above 800 meters (e.g. H. japi 
and H. sazimai [34, 35]), species with distribution 
associated to the Serra do Mar mountain range, 
whose males have nuptial thumb tubercles, seem 

Figure 2. Advertisement call of Hylodes pipilans (MNRJ 92155) from the Parque Nacional da Serra dos Órgãos, municipality of 
Magé, state of Rio de Janeiro, southeastern Brazil. Oscilogram and spectrogram showing three calls emitted in sequence. Note the 
presence of a high number of highlighted harmonics (ca. ten harmonics). Horizontal scale bars have 0.2 s; vertical scale bars have 
1 kHz. Filter bandwidth (Hz): 135.
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to have more variable elevational distributions. 
Hylodes phyllodes is widely distributed, occurring 
along a variable elevational gradient (50–1100 
meters; L. Malagoli pers. obs.), whereas H. caete 
seems restricted to medium and high elevations 
(450–900 [14]), as well as H. pipilans apparently also 
restricted to medium elevational range (245–814). 
Such studies provide essential information to desig
nate priority areas for conservation, as well as to 
determine species extinction vulnerability [36]. 
Hylodes pipilans require attention concerning their 
conservation due to their high habitat specificity 
(stones associated with permanent streams) and 
restricted distribution (Serra do Órgãos mountains). 
Some Hylodes species were reported by having chy
tridiomycosis, a highly virulent disease caused by the 
fungus Batrachochytrium dendrobatidis [36–38]. The 
modification habitats and emerging infectious dis
eases may accelerate the population declines of the 
species that, such as H. pipilans, are closely asso
ciated with streams in forested areas [39]. 
Therefore, data about its distribution and ecological 
parameters are necessary to ascertain its conserva
tion status.

As well as the IUCN Red List criteria for species [40], 
the Brazilian Red List of threatened species uses several 
objective and quantitative criteria to categorize the spe
cies conservation status on a global scale [41]. The first 
one is the range of current species distribution and how 
these geographical areas have been affected by anthro
pogenic actions. Hence, an accurate categorization of 
the conservation status relies on the species geographi
cal distribution assessment. Finding new occurrence 
records can contribute to reduce the chance of 
a species to be included in a threat category during an 
assessment [42]. Thus, the present study is particularly 
important to enhance the understanding of altitudinal 
and geographic distribution range for H. pipilans.
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