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Abstract

High prevalence of anomalies in Nyctimantis brunoi (Anura: Hylidae) from a restinga
protected area in southeastern Brazil. In the present study we monitored a population of
Nyctimantis brunoi, a species commonly found in restingas of southeastern Brazil. Field
activities were carried out in the Parque Nacional da Restinga de Jurubatiba (PNRJ), a
protected area located in the northern portion of the state of Rio de Janeiro. Specimens
were sampled through a complete species inventory. We analyzed 218 individuals, 32
(14.7%) of which have anomalies. Additionally, a subsample of 15 specimens were
radiographed to verify the occurrence of skeletal anomalies not externally detectable and
to verify if the classification of anomalies attributed by means of external examination are
detectable in the osteological structure of the specimen. There are 12 types of anomalies
recognized in this population, three of them only detectable through internal investigation
(radiography). We verified that most of anomalies externally detectable were correctly
classified when compared to the osteological morphology of the radiographed specimens.
Thus, in this investigation, the study of external malformations was capable to detect 60%
of the types of anomalies. We conclude that further ecotoxicological and epidemiological
studies of the population of N. brunoi in the PNRJ are necessary to establish the origins of
anomalies in this species.

Keywords: Amphibia, bioindicators, Casque-headed treefrogs, contaminants,
morphological abnormalities, skeletal deformities.

Resumo

Alta prevaléncia de anomalias em Nyctimantis brunoi (Anura: Hylidae) de uma area protegida
de restinga do sudeste do Brasil. No presente estudo, nés monitoramos uma populacido de
Nyctimantis brunoi, espécie comumente encontrada em restingas do sudeste do Brasil. As atividades
de campo foram realizadas no Parque Nacional da Restinga de Jurubatiba (PNRJ), uma unidade de
conservagdo federal localizada na por¢do norte do estado do Rio de Janeiro. Os espécimes foram
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amostrados por meio de inventdrio completo de espécies. Foram analisados 218 individuos, dos
quais 32 (14,7%) apresentaram algum tipo de anomalia. Além disso, uma subamostra de 15 espécimes
foi radiografada para verificar a ocorréncia de anomalias esqueléticas ndo detectaveis externamente
e para verificar se as classificacdes das anomalias atribuidas por meio do exame externo sao
detectdveis na estrutura osteoldgica dos espécimes. Foram encontrados 12 tipos de anomalias nesta
populacdo, sendo trés delas detectdveis apenas através de imagens de radiografia. Verificamos que a
maioria das anomalias detectdveis externamente foram corretamente classificadas quando comparadas
a morfologia osteoldgica dos espécimes radiografados. Assim, nesta investigacdo, o estudo das
malformacdes externas foi capaz de detectar 60% dos tipos de anomalias. Concluimos que mais
estudos ecotoxicoldgicos e epidemioldgicos da populagdo de N. brunoi no PNRJ sdo necessdrios para

estabelecer a origem das anomalias nessa espécie.

Palavras-chave: Amphibia, anomalias morfoldgicas, bioindicadores, deformidades esqueléticas,

pererecas—de—capacete, contaminantes.

Introduction

The global declines of amphibians and the
increasingly common records of species with
abnormal features have promoted concern among
researchers in the current century (Meteyer et al.
2000, Roelants et al. 2007, Hayes et al. 2010,
Green et al. 2020). Morphological abnormalities
in anurans have been relatively well reported to
several populations worldwide (Meteyer et al.
2000, Schoff et al. 2003, Thigpen et al. 2014,
Monroy-Vilchis et al. 2015, Rebougas et al.
2019). One of the most frequently reported
abnormalities in amphibians is the occurrence of
external malformations, mainly in the hindlimbs
and fingers (Mann et al. 2009). Although some
of these malformations are associated to natural
conditions (Stuart et al. 2004, Ballengée and
Sessions 2009, Lunde and Johnson 2012), many
others have unknown causes and may be related
to several factors, mostly related to recent
human-caused environmental changes, such as
contamination/alteration of soil and water (see
Ankley et al. 2004, Lanno 2008). One of the
main causes of amphibian population losses,
habitat destruction, does not seem to explain
declines occurring in undisturbed areas (Marco
et al. 1999). An apparently suitable habitat for
the stability of amphibian populations may be
considerably altered, for instance, by chemical
contaminants that permeate lakes, ponds and
streams (Marco et al. 1999). It is known that

anurans exposed to large amounts of chemicals
(e.g., pesticides and fertilizers) and/or solid,
liquid and suspension residues may show
abnormalities, which are increasingly frequent
(Miles and Pfeuffer 1997, Marco et al. 1999,
Shivaramaiah et al. 2005, Moreira et al. 2012,
Guerra and Ardoz 2016, Gongalves et al. 2017,
Aratijo et al. 2020). Anurans have a relevant
function as biological indicators of environmental
conditions (Almeida er al. 2019), as they have
permeable skin, unshelled eggs and often have
an aquatic larval stage before metamorphosing
into a terrestrial adult (Blaustein and Kiesecker
2002, Blaustein and Johnson 2003, Simon et al.
2011, Aguillén-Gutiérrez and Ramirez-Bautista
2018). Therefore, they are exposed to aquatic,
atmospheric and soil stressors (Almeida er al.
2019).

Nyctimantis Boulenger, 1882 comprises seven
species of Casque-headed treefrogs distributed in
the Amazonian and Atlantic rainforests (Blotto et
al. 2020). Nyctimantis brunoi (Miranda-Ribeiro,
1920) is the most well-known species of the
genus, with several studies related to ecological
issues (e.g., Trueb 1970, Andrade and Abe 1997,
Teixeira et al. 2002, Mesquita et al. 2004, Wogel
et al. 2006, Jared et al. 2015, Carmo and
Woitovicz-Cardoso 2018, Murta-Fonseca et al.
2020). As in other species of the genus, N. brunoi
has a heavily ossified skull, with cranial crests,
ridges, and flanges (Trueb 1970). Such anatomical
attributes were suggested as evolutionary
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adaptations to habitats with low water potential
(Trueb 1970) and associated to phragmotic (e.g.,
using the head to plug burrows) and other
defensive behaviors (Pimenta et al. 2009, Jared et
al. 2015). The species is endemic to Atlantic
Forest morphoclimatic domains, occurring from
the state of Sdo Paulo to the state of Bahia (Frost
2021), and is relatively common in sandy coastal
environments, being one of the anuran species
most frequently recorded in this ecosystem in
southeastern Brazil (Rocha er al. 2008). Although
the taxon is found mainly associated with
bromeliads (see Teixeira et al. 2002, Mesquita et
al. 2004), it uses temporary swamps and
periodically flooded areas for breeding and
spawning during the rainy season (Freire et al.
2019).

In the present study we reported the
morphological abnormalities found in N. brunoi
from Parque Nacional da Restinga de Jurubatiba,
a sandy coastal environment in southeastern
Brazil. Additionally, we verified if the
classification of malformations externally visible
are detectable in the osteological structure. We
also discussed possible causes for these
malformations that must be further investigated
and emphasize the importance of developing
plans for protecting the natural habitats of this
species and other possibly threatened anurans.

Materials and Methods
Study Area and Fieldwork

We collected individuals of N. brunoi from
August 2013 to June 2019 by means of complete
species inventory (Scott and Norman 2001). We
also included in our analysis specimens from
PNRIJ collected since 1999 (not included on the
map) and deposited in the Amphibian Collection
of Museu Nacional, Universidade Federal do Rio
de Janeiro (MNRJ). In sandy coastal
environments from southeastern Brazil, N.
brunoi is one of the most common anuran species
(Teixeira et al. 2002), being also abundant in the
present study area (Carmo et al. 2019). Therefore,
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we choose the species as a model to assess for
the first time the malformation rate in this type
of habitat.

Data Collection and Analysis

We categorized adults, juveniles, males, and
females based on Mesquita ez al. (2004). These
categorizations were made through direct
observation of gonads, vocal slits, nuptial pads
and snout-vent length (SVL). Morphological
abnormalities  detected  externally  were
photographed in a Leica M205C stereoscope
coupled to a DFC 450 camera. Additionally, a
subsample of 15 specimens were radiographed
to verify if the classification of externally visible
malformations are detectable in the osteological
structure, and to verify the occurrence of skeletal
anomalies not externally noticeable. This
subsample was randomly constituted, since it
was not possible to radiograph all malformation
individuals. As a criterion, if an anomaly was
detected more than once in the same individual,
it was quantified as a single case, rather than
being quantified as the number of times it was
detected. As all contingency tables showed
values of expected frequencies greater than five,
we performed chi-square tests (see Gotelli and
Ellison 2011) to examine the prevalence of
anomalies between juveniles and adults, males
and females, and to verify if the prevalence of
anomalies found in this study was similar to the
threshold of 5% of naturally expected
malformation proposed by Lunde and Johnson
(2012). For all tests performed, a significance
level of 0.05 was adopted.

Voucher specimens were collected,
anesthetized and killed with lidocaine 2%, fixed
in formaldehyde 10%, subsequently preserved in
70% ethanol [usual techniques described by
McDiarmid (1994)], and deposited in the
amphibian collection of MNRJ. We follow the
guide to malformations of frogs and toads
proposed by Meteyer (2000), Zaks (2008),
Vershinin (2015), and Henle et al. (2017) with
adaptations (for details, see Table 1).
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Figure 1. Map of the study area. Green: Parque Nacional da Restinga de Jurubatiba area. Black dots: surveyed start
points; gray area around black dots: sample area extrapolated by wrap convex; dark blue line: Campos-
Macaé Channel; open circles: farms in the municipalities of Carapebus and Quissama (IBGE 2017a), and
buildings of agricultural, farming, vegetal extraction and/or fishing activities (IBGE 2018). States of Sdo Paulo
(SP), Minas Gerais (MG), Rio de Janeiro (R)) and Espirito Santo (ES).

Results

We analysed 218 individuals of N. brunoi,
being 142 adults (45 males and 97 females) and
73 juveniles (29 young males, 39 young females

and five with sex undetermined). It was not
possible to determine sex and age for three
individuals in the sample.

We recorded a total of 32 malformed
specimens (14.7% of our sample): extra-
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numerical tubercle, absence of subarticular
tubercle, abnormal adhesive disc, brachydactyly,
microdactyly,  ectrodactyly,  polyphalangia,
phalanx rotation, syndactyly, scoliosis, tarsalia
abnormal and urostyle torsion (Table 1). Ten of
the 32 malformed specimens (4.6% of our
sample; 31.3% of the malformed specimens)
were affected by more than one type of anomaly
(maximum of five), totaling a number of 48
malformation cases of N. brunoi analyzed).

All  external anomalies affected the
locomotors appendages, specifically the digits
(45 cases of external anomalies out of 48 cases
of anomalies detected = 93.8%) (Figure 2).
Among the 12 recorded types of anomalies,
brachydactyly  (45.8%; N = 22  cases),
microdactyly (16.7%; N = 8 cases) and
abnormal adhesive disc (14.6%; N = 7 cases)
were the most frequent. From the 12 types of
morphological abnormalities recognized in this
population, three were only detectable through
internal investigation (radiography) and affected
the appendicular skeleton (tarsalia abnormal)
(Figure 2B) and the axial skeleton (vertebral
column and urostyle) (Figure 3). Additionally,
one radiographed specimen (MNRJ 66384) had
an enlargement on the right tibia-fibula (Figure
3B), resembling a tumor. Since it was not
possible to verify if this enlargement was really
a tumor or a consolidated fracture without a
histological analysis, we did not include this
observation as an anomaly. For the 15
radiographed specimens (six young and nine
adults), we registered 21 cases  of
malformations: three revealed only in the
radiographs and 18 externally detected prior to
radiography. From the 18 externally detectable
cases of malformations, 13 were correctly
classified when compared to the osteological
morphology of the specimens on the radiographs;
two were incorrectly classified; and three could
not be confirmed, since the portion affected by
the anomaly was not exposed on the radiograph.
The 21 cases of malformations registered for the
15 radiographed specimens corresponded to six
types of malformations, three of which were
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only detectable in the radiographs and three that
were externally detectable. Thus, the study of
external malformations alone would contribute
to the detection and correct classification of 60%
of the cases of anomalies and 50% of the types
of anomalies we found in our subsample of N.
brunoi.

Discriminating our sample by life stage, we
detected malformations in 21 (14.8%) of the 142
adults analyzed and in 11 (15.1%) of the 73
juveniles. Phalanx rotation, polyphalangia,
urostyle torsion, and scoliosis were found only
in juveniles. Ectrodactyly, syndactyly, abnormal
subarticular tubercles, and tarsalia abnormal
were found only in adults. There is no difference
in the prevalence of anomalies between adults
and juveniles (3 = 0.93; p = 0.34), then we
analyzed juveniles and adults altogether for the
comparison between sexes. We detected
malformations in 11 (14.9%) of the 74 males
analyzed and in 20 (14.7%) of the 136 females.
Phalanx rotation, ectrodactyly, urostyle torsion
and tarsalia abnormal were found only in males,
and abnormal subarticular tubercles,
polyphalangy, syndactyly and scoliosis were
found only in females. There is no difference in
the prevalence of anomalies between sexes
(x> = 0.85; p = 0.36). Thus, we considered the
prevalence of the population as a whole and
compared it to the threshold of 5% of naturally
expected malformation (Lunde and Johnson
2012). In the population of N. brunoi of PNRIJ,
14.7% of the analyzed specimens have some
anomaly, a prevalence that is far beyond what is
naturally expected (y> = 42.99; p < 0.01).

Discussion

Our results demonstrate that the prevalence of
anomalies in Nyctimantis brunoi from PNRIJ is
significantly higher than the expected natural rate
of 5% for amphibians (Lunde and Johnson 2012).
Nyctimantis brunoi has indirect development,
depending on aquatic environments to reproduce.
Their eggs and exotrophic larvae are found in
lentic waters (reproductive mode 1 sensu Haddad
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Figure 2. Anomalies detected with the naked eye and their respective radiographs (except for “G” and “H” images).
(A-B) Adult male with abnormal adhesive disc, ectrodactyly (yellow arrow) and tarsalia abnormal (red
arrow) in right hindlimb (MNR] 88014). (C-D) Adult male with brachydactyly and microdactyly in right
forelimb (yellow arrow) (MNR]J 92815). (E-F) Adult male with brachydactyly in right forelimb (yellow arrow)
(MNR] 89418). (G-H) Adult female with brachydactyly in right forelimb and in left hindlimb (yellow arrow)
(MNR] 92604).
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Figure 3. Anomalies in the axial skeleton detected via radiography. (A) Young male with urostyle torsion (MNRJ
92586); (B) Juvenile female with scoliosis (MNR] 66384) and enlargement on the right tibia-fibula (red

arrow).

and Prado 2005) in temporary puddles (Wogel et
al. 2006). These characteristics can influence the
exposure to factors that trigger anomalies, as well
as their prevalence in the species (Johnson et al.
2010, Laurentino et al. 2016). Among the
recorded specimens with anomalies, the most
frequent type was the absence and/or reduction of
the extremities of the limbs (brachydactyly,
microdactyly and abnormal adhesive disc).
Apparently, anomalies related to absence and/or
reduction of segments are common in anurans,
since it has been well reported in many other
studies (e.g., Meteyer et al. 2000, Fayzulin et al.
2018, Ascoli-Morrete et al. 2019, Ramirez-
Jaramillo 2019, Reboucgas et al. 2019, Pedroso-
Santos et al. 2020, Santana et al. 2020).
Different factors may be related to the
occurrence of anomalies in amphibians and,
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according to previous studies, it is possible to
correlate certain types of anomalies to potential
causal factors. Carmona-Zamora et al. (2020)
suggested that records of brachydactyly and
ectrodactyly in individuals of Rheohyla
miotympanum (Cope, 1963), a species that also
has records of parasitoidism by flies (Vazquez-
Corzas et al. 2018), could be related to
bioaccumulation of organochlorine pesticides
(see Valdespino et al. 2015). Anomalies in the
autopodia (e.g., brachydactyly and ectrodactyly)
have also been detected in individuals with
parasitic infection by nematodes, trematodes,
and a high incidence of pesticides and heavy
metal residues in body tissues (Linzey et al.
2003). In addition, reductions in the autopodia
were also detected in individuals sampled in
highly industrialized regions, with rates of
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anomalies being higher in species associated
with water bodies (Flyaks and Borkin 2004).
Besides the brachydactyly and ectrodactyly,
other anomalies recorded here have been
detected in individuals from agricultural areas in
other studies, such as polyphalangia and
syndactyly (Ouellet er al. 1997, Peltzer et al.
2011, Moreira et al. 2012, Agostini et al. 2013,
Ascoli-Morrete et al. 2019, Ferrante and
Fearnside 2020), which may be related to the
exposure to chemical contaminants. A recessive
and semi-lethal mutation denominated M, which
affects the tadpoles of Xenopus laevis (Daudin,
1802), has been shown to be involved in the
appearance of some anomalies (Droin and
Fischberg 1980), including brachydactyly,
syndactyly and ectrodactyly, which were also
recorded in our sample. The PNRJ is surrounded
by small farms of livestock and crops and the
study site is located at the municipality of
Carapebus (Figure 1). According to the federal
census, this municipality has 549 farms, of which
only 20 used pesticides and more than 350
applied fertilizers (IBGE 2017b). Since this data
are auto declaratory and not restricted to the
neighbouring areas of the PNRJ, we do not have
data to relate the occurrence of pesticides and
fertilizers with the high prevalence of
abnormalities observed in the population of
Nyctimantis brunoi.

Sub-lethal predation can also explain
anomalies involving the absence and/or reduction
of limbs and limb segments (Ballengée and
Sessions 2009). Such anomalies may represent
normal regenerative responses to the injuries
caused by predation attempts (Ballengée and
Sessions 2009), due to the regenerative capacity
of the amphibians (Kollros 1984). The greater
the stage of development in anurans, the greater
the possibilities of incomplete regeneration due
to the ontogenetic decline in regenerative
capacity (Ballengée and Sessions 2009). Based
on field observations and available literature,
macroinvertebrates such as Hirudinea,
Arachnida, Coleoptera (Dytiscidae), Odonata,
and Hemiptera, are the main sub-lethal predators
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of the anuran larvae (Franga and Callisto 2007,
Gambale ef al. 2014), and a great variety of them
occur in the PNRJ. Temporary water bodies
harbor smaller abundance of predators than
permanent water bodies (Santos et al. 2007).
Although N. brunoi uses mostly temporary
ponds for reproduction, we observed individuals
in reproductive activity in semi-permanent lentic
water bodies in the PNRJ. Our data is not
conclusive about the occurrence of sub-lethal
predation on early stages in N. brunoi as a cause
of anomalies. However, the similar prevalence
of anomalies between juveniles and adults may
indicate that there is no anomaly caused by sub-
lethal predation in adult specimens. So, if there
is sub-lethal predation on N. brunoi, it occurs in
the early stages of life.

In addition to the potential causes
aforementioned, UV-B radiation, viral infections,
infection caused by the trematodes Ribeiroia
ondatrae (Price, 1931) Price, 1942,
Acanthostomum  burminis (Bhalerao, 1926)
Bhalerao, 1936, and Strigea robusta (Szidat,
1928), and parasitic copepod invasion [Lernaea
cyprinacea (Linnaeus, 1758)] are also associated
with developing of limb malformations in
amphibians (Stocum 2000, Blaustein and
Johnson 2003, Johnson et al. 2004, Burton et al.
2008, Rajakaruna er al. 2008, Kupferberg et al.
2009, Svinin et al. 2020).

Anomalies in the limbs can affect species of
arboreal habit more severely than species of
terrestrial or semi-aquatic habits (Agostini et al.
2013). Nyctimantis brunoi belongs to the Hylidae
family (Blotto et al. 2020), which is known to
encompass arboreal species, which spend most
of their time perched (Almendériz et al. 2014).
As hylid frogs depend heavily on limbs and
digits to climb, malformed individuals may have
their activities related to arboreal habit
compromised. Despite being potentially negative,
the anomalies occur at a similar prevalence
between juveniles and adults, indicating they are
probably not affecting survival.

The expected natural rate of anomalies (5%)
adopted was proposed based only on studies
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from temperate amphibian populations (Lunde
and Johnson 2012) and maybe not apply properly
to Neotropical amphibians. However, the high
prevalence of anomalies found at PNRJ (almost
three times higher than the threshold naturally
expected) brings a warning sign that something
could be negatively impacting this population of
N. brunoi. Therefore, we encourage more studies
on abnormalities in Neotropical amphibians,
which may shed light on the relevance of the 5%
threshold in populations other than those of
temperate environments.

Although we have no evidences on the causes
of the high prevalence of anomalies observed in
the N. brunoi from PNRIJ, we must consider
chemical pollution. These insights are useful for
a better understanding of the potential causal
factors that should be investigated. The PNRIJ is
crossed by the Canal Campos-Macaé (Figure 1),
an artificial channel that receives effluents and
agrochemicals from various urban and
agricultural regions along its route outside the
park (ICMBio 2020b). Indirectly, the Canal
Campos-Macaé can act as a carrier of pollutants
and residual substances from agricultural
activities into the park, since it crosses several
agricultural regions (Silva et al. 2012). In
addition, chemical compounds from agricultural
areas close to the limits of the PNRJ can be
transported through leaching and surface
carrying, tending to result in contamination of
groundwater and favoring contamination of
surface water, respectively (Spadotto et al.
2004). Transport through volatilization and loss
to neighboring areas by drift can also occur with
some pesticides (Spadotto et al. 2004). Thus,
amphibians that inhabit close to agricultural
areas are subject to exposure to different
concentrations of chemical pollutants and the
effects of such substances in the wildlife are not
yet fully understood (Mann et al. 2009,
Gongalves et al. 2019). Thereby, interactions
between anurans and environmental stressors
can affect species at the population level and,
although a single stressor may not be sufficient
to generate damage, multiple stressors can be
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extremely severe, since amphibians are
susceptible to exposure to various abiotic agents
(Blaustein and Kiesecker 2002).

Here, we suggest that N. brunoi is a relevant
bioindicator species for studies of environmental
biomonitoring in sandy coastal environments,
since it is a species commonly found in this
ecosystem and uses aquatic environments for
oviposition. In conclusion, ecotoxicological and
epidemiological studies of N. brunoi from the
Parque Nacional da Restinga de Jurubatiba are
necessary to establish the causes of abnormalities
in this population. It is essential to expand the
knowledge about the several factors that can
influence the environmental quality of a region,
especially concerning protected areas and how
they can be affected by urban or agricultural
surrounding areas. The monitoring of these areas
is essential to recognize external factors which
can affect the biodiversity, and to develop
mitigation measures to reduce the impacts.
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