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ABSTRACT

Among living beings, the Amphibia Class has unique characteristics. The cutaneous tissue of these
animals has properties that provide ideal conditions for the establishment of microorganisms in their
skin, which act in several important functions. The present study aimed to characterize the cultivable
fungal microbiota of amphibians collected in the Santarém region, Western Para, Brazil. Two
species of toads were captured, totalling 25 individuals, being 15 specimens of Rhinella major and
10 individuals of R. marina. Collections were performed by active search at night, between the
months of November 2017 to April 2019. Cutaneous samples were collected by smear in the
dorsoventral region of the animal, using a swab soaked in sterile 0.85% saline solution with 10
dilution, and grown in Petri dishes containing Potato Dextrose Agar culture medium. The animals
were euthanized and deposited in the herpetological collection of Federal University of Western
Para. For identification, isolation, morphological characterization and microculture of fungal
colonies were used. In total, 75 fungal colonies representative of 11 genera were identified.
Penicillium and Aspergillus have been identified as the most representative genera in both
amphibian species. There were differences in the composition of the cutaneous mycobiota between
R. major and R. marina, but not related to seasonality, which may be linked to the environment they
inhabit, as well as to the physiological factors inherent to each species. The present work presents
the taxa Absidia, Curvularia, Scopulariopsis and the group mycelia sterilia as new records of fungi
associated with the skin tissue of adult anurans. Thus, it is suggested that further studies be carried
out in Amazonian environments, with a larger sample size, as well as the use of molecular tools, for
a better identification and understanding of the composition of the anuran skin microbiota.

Keywords: Anurans, Microbiota, Fungi, Amazonia.

RESUMO

Entre os seres vivos, a Classe Amphibia possui caracteristicas unicas, e precisam de mais estudos
para fornecer informacg6es sobre ecologia e interagdes com outros seres. O tecido cutaneo desses
animais possui propriedades que fornecem condicGes ideais para o0 estabelecimento de
microrganismos em sua pele, os quais atuam em diversas funcBes importantes. O presente estudo
teve como objetivo caracterizar a microbiota fungica cultivavel de anfibios coletados na regido de
Santarém, Oeste do Para, Brasil. Foram capturadas duas espécies de anfibios, totalizando 25
individuos, sendo 15 exemplares de Rhinella major e 10 individuos de Rhinella marina. O método
de coleta foi de buscas ativas em horério noturno, entre os meses de novembro de 2017 a abril de
2019. O material cutaneo foi colhido por esfregaco na regido dorsoventral do animal, utilizando um
swab embebido em solugdo salina 0,85% estéril até a diluicdo 103, e cultivado em placas de Petri
contendo meio BDA. Os animais foram eutanasiados e posteriormente depositados na colecdo de
anfibios da UFOPA. Utilizou-se o isolamento, a caracterizacdo morfolégica e o microcultivo das
col6nias fangicas. Foram identificadas 75 coldnias fungicas representativas de 11 géneros. Sendo
0s géneros Penicillium e Aspergillus os mais representativos em ambas as espécies de anfibios.
Houve semelhancas e diferencas na composi¢do da micobiota cutanea entre R. major e R. marina,
0 que pode estar ligado ao ambiente que habitam, bem como aos fatores fisioldgicos inerentes a
cada espécie. O presente trabalho apresenta os taxons Absidia, Curvularia, Scopulariopsis e o grupo
mycelia sterilia como novos registros de fungos associados ao tecido cutaneo de anuros. Dessa
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forma, sugere-se que novos estudos sejam realizados em ambientes amaz6nicos, com um maior
nmero amostral, assim como, a utilizagdo de ferramentas moleculares, para a melhor identificacao
e entendimento da composicéo da microbiota cutanea dos anuros.

Palavras-chave: Anuros, Microbiota, Fungos, Amazonia.

1 INTRODUCTION

Amphibians have unique characteristics among all animals, therefore, they represent a
valuable taxon for ecological and scientific purposes, since they bridge the evolutionary gap
between land and aquatic animals (Xu and Lai, 2015). The amphibian skin performs multiple
adaptive functions and possesses complex structures that make up an important set for the survival
of these animals. In addition to the skin tissue acting on breathing, an important function in
amphibians, it also acts as a first defensive barrier against external factors (Chuong et al., 2002;
Huang et al., 2016).

In many animals, skin tissue is considered a vital component of the immune system’s structure
against the establishment of pathogens and infections associated with the body, which activate
innate and adaptive immune responses (Proksch, Brandner, and Jensen, 2008; Bos and Luiten,
2009). In amphibians, the skin tissue harboring various types of cells, glands, and diverse metabolic
compounds from them (Pough, Janis, and Heiser, 2008; Vitt and Caldwell, 2013), the skin of these
animals also hosts a microbial community related to the immune system, acting together to defend
the organism (Lauer et al., 2007; Lam, Walke, Vredenburg, and Harris, 2010; Colombo, Scalvenzi,
Benlamara, and Pollet, 2015; Holden et al., 2015).

The amphibian skin presents an ideal environment for the establishment of microorganisms,
as it has optimal conditions for the permanence and survival of fungi and bacteria, such as humidity
and nutrients from mucous secretions and other metabolic processes (Culp, Falkinham I1I, and
Belden, 2007; Bletz, Perl, and Vences, 2017a). In addition to the host influencing the composition
of the microbial community, factors such as skin renewal, stage of life and environment can alter
and shape the microbiome of the cutaneous tissue of these animals (Cramp, McPhee, Meyer, Ohmer,
and Franklin, 2014; Kueneman et al., 2014).

The microbiome, defined as the community of microorganisms that live in the organisms, act
in many biological processes for their host, such as, acquisition of nutrients and energy; can affect
its development and behavior; and act in protection against pathogens (Ezenwa, Gerardo, Inouye,
Medina, and Xavier, 2012; Kelly and Mulder, 2012; Flérez, Biedermann, Engl, and Kaltenpoth,
2015).
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In Brazil, biological and ecological information is scarce for many species of amphibians
(Peloso, Machado, and Becker, 2019). These species are inserted in three orders: Anura, Caudata
and Gymnophiona, with anurans being the most abundant and the most studied among the others
(Pough, Janis, and Heiser, 2008). This order includes frogs and toads, and 1,076 species are known
in Brazil (Guerra, Jardim, Llusia, Marquez, and Bastos, 2020) distributed in 20 families and 90
genera (Segalla et al., 2016).

Rhinella Fitzinger, 1826 is a genus of toad of the Bufonidae family (Vitt and Caldwell, 2013;
Frost, 2020). The genus is composed of 92 species, naturally distributed in South and Central
America, in open and forested areas (Frost, 2020), with 40 species occurring in Brazil (Segalla et
al., 2016). Rhinella major Miiller and Hellmich, 1936 is a medium-sized species ranging between
33 and 81 mm in length (Narvaes and Rodrigues, 2009), with nocturnal habits, and which lives and
feeds almost exclusively in terrestrial environments, and is usually associated with anthropogenic
environments (Hamann and Gonzélez, 2015). Rhinella marina Linnaeus, 1758 is a large species
reaching more than 225 mm in length, lives in forests and open areas, and is often found in disturbed
areas and well adapted to urban life (AmphibiaWeb, 2020). Although this species is originally from
the Americas, it was introduced in several countries (Acevedo, Lampo, and Cipriani 2016;
Gonzalez-Bernal, Greenlees, Brown, and Shine, 2016).

So far, the knowledge about the in Brazilian Amazon is dispersed in many publications, like
taxonomic reviews, descriptions of new species or punctual fauna surveys (Avila-Pires, Hoogmoed,
and Vitt, 2007). There are no publications that address all set of amphibians, and also, there are no
records regarding studies of amphibian mycobioma in the region. However, the cutaneous bacterial
diversity of amphibians has been widely studied in different parts of the world, on different aspects,
whether it is in the performance of these bacteria against pathogens (Rebollar, Martinez-Ugalde,
and Orta, 2020), as sources of probiotics (Kueneman et al., 2016), or the composition of bacteria on
the skin in relation to environmental factors (Varela, Lesbarreres, Ibafiez, and Green, 2018),
revealing several phyla of bacteria to colonize the cutaneous tissue of these animals (McKenzie,
Bowers, Fierer, Knight, and Lauber, 2012; Walke et al., 2015).

Regarding research involving fungi, there are studies on the species Batrachochytrium
dendrobatidis, a pathogen belonging to the phylum Chytridiomycota, which colonizes the skin of
amphibians causing chytridiomycosis, a disease responsible for the death and decline of populations
of these animals in almost the entire world since the last century (Olson et al., 2013; Van Rooij,

Martel, Haesebrouck, and Pasmans, 2015). Other species of fungi and the interactions between them
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and amphibians correspond to an important knowledge gap to be filled, given that free-living fungi
are highly diverse and are known to play diverse ecological roles (Peay, Kennedy, and Talbot, 2016).

Research that addresses the composition and interrelation of the cutaneous fungal microbiota
of amphibians is still incipient, especially in the Amazon region (Kearns et al., 2017; Kueneman,
Weiss, and McKenzie, 2017). Therefore, these studies are important to understand the biological
and ecological process between amphibians and their microbiome, and have potential applications
in the biotechnological industry and conservation.

Thus, the present study aimed to characterize the cultivable fungal microbiota of R. major and

R. marina collected in the Santarém region, Western Para, Brazil.

2 MATERIALS AND METHODS
2.1 STUDY AREA AND ANIMAL COLLECTIONS

The study was carried out in the port area of the Federal University of Western Para (UFOPA),
at the Tapajos Unit (2°25'13.3” S, 54°44°26.7” W), located in the urban area of the municipality of
Santarém, Pard, Brazil.

Amphibians were captured between the months of November 2017 and April 2019,
comprising the rainy and drought seasons. The method of active search at night time was used, using
a pair of sterile gloves for each animal, there was no distinction of sex. Subsequently, the specimens
were transported in transparent zip-lock plastic bags to the Multidisciplinary Laboratory for
Teaching Applied Biology (LaBio) at UFOPA.

2.2 MICROBIAL MATERIAL COLLECTION

At LaBio, the cutaneous material was collected by smearing the animal's dorsoventral region,
using a swab soaked in sterile 0.85% saline solution, which was immediately placed in a test tube
containing 9 mL of the same solution. Subsequently, the test tube was shaken vigorously, and serial
dilutions of up to 10 were obtained. Then, the material was inoculated using the spread plate
technique, in petri dishes containing the culture medium Potato Dextrose Agar (PDA) Merck®, plus
chloramphenicol, in duplicates.

After obtaining the smear, specimens were euthanized with intracranial injection of 2%
lidocaine via foramen magnum (Sebben, 2007), followed by fixation with 10% formaldehyde and
deposited in the UFOPA herpetological collection (LECAN) for further studies (License collection
system: 52610-1; Animal Use Ethics Committee CEUA / UFOPA: 0320180023).
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2.3 OBTENTION AND IDENTIFICATION OF FUNGAL ISOLATES

After culture of inoculations, colony counts were recorded in colony forming units (CFU/mL).
The filamentous fungal cultures were isolated in PDA medium plus chloramphenicol, and grown at
room temperature (25 °C + 2) for about 7 to 10 days. Fungi purification occurred through successive
cultures in PDA, until the properly isolated fungi were obtained. Cultures were preserved using the
Castellani method (Capriles, Mata, and Middelveen, 1989).

The purified fungal isolates were morphologically characterized by being seeded at a central
point in Petri dishes with PDA medium to analyze types of edges, growth radius, surface, texture,
color, presence of pigmentation, among others. For the microscopic analysis, microculture
technique was used (Riddell, 1950).

Fungal identification was performed to the lowest taxonomic level by comparing the
morphological, macro and microscopic characteristics, and the available literature (Larone, 1993;
Lacaz, Porto, Martins, Heins-Vaccari, and Melo, 2002).

2.4 STATISTICAL ANALYSES

To compare fungal composition between the rainy and dry seasons, a T test was used; and to
compare the difference between the fungi genera, ANOVA was used, considering a significance
level of o = 0.05.

3 RESULTS AND DISCUSSION

In total, 25 individuals were captured, of these, 15 specimens belong to the species Rhinella
major and 10 individuals to Rhinella marina.

Of filamentous fungi, 75 isolates were obtained, 47 of which were from Rhinella major and
28 from R. marina. Ten genera of fungi from R. major and 7 from R. marina were identified.

The most frequently genera found in the samples of the two anuran species were Penicillium
spp. and Aspergillus spp. (Table 1).
Table 1. Frequency of filamentous fungi taxa isolated from the cutaneous microbiota of R. major and R. marina,

collected in the port area of UFOPA, Tapajés Unit, Santarém, Para, Brazil.
FA = Absolute Frequency; FR% = Relative Frequency.

Taxon Rhinella major___Rhinellamaring_ ;)
Penicillium spp. 18 38 10 36 28
Aspergillus spp. 11 23 9 32 20
Paecilomyces spp. 6 13 0 0 6
mycelia sterilia 2 4 3 11 5
Acremonium spp. 2 4 3 11 5
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Curvularia spp. 2 4 0 0 2
Scopulariopsis spp. 2 4 0 0 2
Cladosporium spp. 1 2 1 4 2
Mucor spp. 1 2 1 4 2
Trichoderma sp. 1 2 0 0 1
Bipolaris sp. 1 2 0 0 1
Absidia sp. 0 0 1 4 1

Total 47 28 75

Collections were made in the rainy season in November, February and April, and a total of 49
isolates of filamentous fungi were obtained. The collections in the dry season were carried out in
June and October, and for this period, a total of 26 isolates of filamentous fungi were obtained.

There was no significant statistical difference in the composition of identified fungi of R.
major between the sampled seasonal periods (p = 0.05), where the number of fungi obtained in the
rainy season was n = 42 and in the dry season n = 5. When compared without the seasonality factor,
the genera of fungi isolated from R. major showed a significant difference (p <0.05).

There was no significant difference in the number of fungi identified in R. marina, when
compared between the two sampled seasonal periods (p = 0.18), being the number of fungi obtained
in the rainy period n =7 and in the dry season n = 21. When compared without the seasonality factor,
the genera of fungi isolated from this species showed a significant difference (p <0.05). That is an
interesting result, because both R. major and R. marina, have some similar morphological and
behavioural characteristics, use the same substrate and the specimens were collected sintopically in
the present study, and could be exposed to the same agents.

When comparing the composition of the genus of fungi for the same seasonal periods between
the species R. major and R. marina there was no significant difference, in the rainy season (p = 0.06)
and in the dry season (p = 0.15). However, the genus Penicillium was more frequent in the rainy
season. Figure 1 shows the distribution of most common taxa found in both anuran species when

comparing the two seasonal periods.
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Figure 1. Distribution of the most common taxa present in both species, R. major and R. marina in different seasonal
periods (rainy and dry), collected in the port area of UFOPA, Tapajds Unit, Santarém, Par4, Brazil
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The predominant genera among the identified fungi were Penicillium and Aspergillus with
greater frequency, in both amphibian species. These results may be related to the proximity of
amphibians to the soil, as there are reports of these fungi present in these environments (Souchie,
Azcén, Barea, Saggin-Junior, and Silva, 2005; Douglas and Amuzie, 2017; Kearns et al., 2017). In
addition to being considered environmental fungi, Aspergillus and Penicillium, are also
characterized as toxin-producing fungi, which can cause damage to human and animal health
(Freire, Vieira, Guedes, and Mendes, 2007; Zain, 2011). However, the present study did not carry
out studies related to the production of toxins by these organisms.

Penicillium and Aspergillus have been reported in the skin, mouth, intestines and eggs of
different species of free-living and captive frogs, as well as in amphibians used in gastronomy
(Petrisko et al., 2008; Mendoza, Aguirre- Rojas, Sarria, and Giraldo, 2012; Douglas and Amuzie,
2017; Kearns et al., 2017; Ogoanah, Okafor, and Eyong, 2017). The occurrence of these fungi in
amphibians is not uncommon, and to date, no cases have been reported that evidence their
relationship to animal infections.

According to Kearns et al. (2017) Penicillium species found in amphibians and in the
environment may be a potential candidate for use in therapy as probiotics against B. dendrobatidis.
The use of fungal probiotics can cause the production of antimicrobial metabolites and lead to the
induction of host defenses against parasitic fungi that are not part of the animal's indigenous
microbiota (Kearns et al., 2017; Banik, Halder, Ghosh, and Mondal, 2019).

Genus Paecilomyces was among the three most frequent in the amphibian mucosa, and is

composed of species that occur in a wide variety of environments, and even incorporates many
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species that produce substances with biological activity (Li, Xu, Liu, and Zhang, 2020). Some
species of this genus, such as P. lilacinus and P. carneus, have antimicrobial and antioxidant activity
(Abdel-Wareth, Ghareeb, Abdel-Aziz, and El-Hagrassi, 2019; Sheeba, Ali, and Anuradha, 2019).
These species, and P. variotii, can also act as biocontrol agents (Li, Xu, Liu, and Zhang, 2020).
However, other species of Paecilomyces can cause diseases in humans and other vertebrates, in
addition to being cited as entomopathogenic (Liang, Han, Chu, and Liu, 2005).

The occurrence of Paecilomyces in anurans was reported in a survey with the cutaneous
microbiota of Dendropsophus columbianus (Hylidae) in Colombia (Mendoza et al., 2012) carried
out in a pasture-forestal zone with livestock activity and comparing the soil fungal samples, hooves
of cattle and skin of D. columbianus, being this fungal genus also found in the soil samples.

The mycelia sterilia group generically includes non-sporulated fungal isolates that are grouped
as morphospecies, based on similarities in the characteristics of the colonies (Lacap, Hyde and Liew,
2003). The fungi of the mycelia sterilia complex were classified as environmental without clinical
importance, however, this scenario has changed in recent years, as some studies have identified this
group as infectious agents in humans (Pounder et al., 2007; Singh et al., 2013; Garcia-Hermoso et
al., 2015). With regard to amphibians, this fungal group has been registered infecting eggs of species
of the families Centrolenidae and Phyllomedusidae in Central America (Villa, 1979).

Acremonium genus includes species with a worldwide distribution, being commonly found in
the environment, such as soil and decomposing plant material, and there are reports of some species
present in food (Das, Saha, Dar, and Ramachandran, 2010; Klimko, Khostelidi, Melekhina,
Gornostaev, and Semelev, 2016). Most species representing the Acremonium genus are saprophytic
and non-pathogenic, however, there are pathogenic species affecting plants and insects, some of
which are especially considered as causative agents in opportunistic infections in humans and other
mammals (Summerbell, 2003; Perdomo et al., 2011; Ballhausen et al., 2016).

The occurrence of Acremonium in anurans is reported in the species Dendrobates auratus
(Dendrobatidae), which is characterized as part of the cutaneous microbiota of the studied species
(Kearns et al., 2017). This genus has also been found in amphibians of the order Caudata, in aquatic
salamanders diagnosed with microbial infections in United States and Slovenia (Nickerson et al.,
2011; Bizjak-Mali et al., 2018).

The genus Curvularia is composed of environmental species, isolated from air, soil,
decomposing material, and fresh water (Manamgoda, Cai, McKenzie, Chukeatirote, and Hyde,
2012a; Manamgoda, Rossman, Castlebury, Chukeatirote, and Hyde, 2015). There are also reports

worldwide of plant and animal pathogens, including humans (Manamgoda et al., 2012b; Da Cunha
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et al., 2013; Krizsén et al., 2015). Curvularia also houses several species with biological activities
that produce several secondary metabolic compounds with antibacterial, antifungal and antioxidant
action, among others (Khiralla, Spina, Saliba, and Laurain-Mattar, 2019).

The presence of Curvularia in anurans is not reported in any study to date as part of the
cutaneous microbiota of these animals. However, the occurrence in injured tissues of the salamander
Cryptobranchus alleganiensis bishopi (Cryptobranchidae) has been recorded (Nickerson et al.,
2011). According to Reavill (2001) this genus may be one of the causative agents of chromomycosis
in amphibians.

Scopulariopsis comprises a genus of fungi with wide geographical distribution in natural
environments such as soil, air, plant debris, and decomposing animals (Sandoval-Denis et al., 2013;
Pérez-Cantero and Guarro, 2020). This genus includes saprobic, colonizing species and infection
agents in mammals, including humans and insects (Iwen, Schutte, Florescu, Noel-Hurst, and Sigler,
2012; Sandoval-Denis et al., 2013).

Regarding the occurrence of Scopulariopsis in anurans, this genus was not found in any study
as part of the microbiome of these animals, being reported for the first time in the present study.

Cladosporium, is a very heterogeneous genus of hyphomycetes that inhabit the most diverse
environments, occurring in a wide ecological range, being found in soil, air, plant debris, plants and
food (Bensch, Braun, Groenewald, and Crous, 2012). This genus groups endophytic,
phytopathogenic, saprobic, fungicidal and pathogenic species of humans and animals (Crous, Braun,
Schubert, and Groenewald, 2007; Sandoval-Denis et al., 2016).

The genus Cladosporium is presented in some studies as belonging to the amphibian
microbiome (Nickerson et al., 2011; Mendoza et al., 2012; Kearns et al., 2017; Ogoanah et al., 2017;
Medina et al., 2019) making it a relatively common genus occurring in these animals. However, this
genus is a major cause of chromomycosis in amphibians, which can affect both free-living and
captive animals (Densmore and Green, 2007; Kim, Eom, Park, and Ra, 2008).

The genus Mucor groups several species that are found in multiple environments such as in
soil, air, dust, supplies and in food, being it either raw or processed (Hermet, Méheust, Mounier,
Barbier, and Jany, 2012). There are saprobic species, some described as endophytes and others as
opportunistic pathogens in animals, including humans (Hoffmann et al., 2013).

Among the species of the genus Mucor, the best known specie to colonize amphibians is M.
amphibiorum, characterized as a pathogenic agent of these animals, both free-living and captive,
causing the infection known as mucormycosis (Reavill, 2001; Connolly, 2015). Despite this, the

genus has been isolated from animals with a healthy organism (Douglas and Amuzie, 2017
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Ogoanah et al., 2017), which leads to the assumption that other species of the genus can colonize
amphibians without causing damage to the host.

Trichoderma is a very diverse genus with species distributed all over the world. They are
commonly found in environments such as soil, decaying wood, plants and other fungi (Schuster and
Schmoll, 2010; Atanasova, 2014). The direct influence of Trichoderma on human health is
multifaceted. These fungi are potential sources of medicinal compounds, some are mycotoxin
producers and others are human pathogens (Mukherjee, Horwits, Singh, Mukherjee, and Schmoll,
2013; Sandoval-Denis et al., 2014).

Occurrence of Trichoderma in amphibians has been previously reported in some studies
(Petrisko et al., 2008; Mendoza et al., 2012; Ogoanah et al., 2017) and at the present time no species
of the genus has been identified as a potential pathogenic agent to anurans.

The genus Bipolaris includes various species with a worldwide distribution and are found in
association with various hosts, as epiphytes or pathogens (Khiralla et al., 2019). Most of the
Bipolaris species are not only saprobic and plant pathogens, but some of the saprobic species are
potentially capable of infecting humans and animals (Da Cunha et al., 2012).

Genus Absidia comprises species that inhabit soil, air, and saprobic species present in organic
matter (Hoffmann, Discher, and Voigt, 2007; Benny, 2008). There are reports of other species that
are facultative parasites of other fungi or plants, and opportunistic pathogens that mainly cause
mycoses in humans and animals (Thirion-Delalande, Guillot, Jensen, Crespeau, and Bernex, 2005;
Constantinides, Misra, Nassab, and Wilson, 2008; Garcia-Pajares et al., 2012).

Absidia, Curvularia, Scopulariopsis and the mycelia sterilia group have not been reported so
far in any work of cutaneous microbiome of adult anurans, making this the first work to present the
occurrence of these taxa in the species R. major and R. marina.

There were some similarities and differences in the composition of the cutaneous mycobiota
of R. major and R. marina, which may be linked to environmental variables such as temperature
and disturbance levels to which they are subject, since the environment, as well as the physiological
factors of each species, also play an important role in the composition of microorganisms from
amphibian skin (Kueneman et al., 2014; Bletz et al., 2017b).

Several genera of fungi found in this study as part of the cutaneous microbiota of R. major
and R. marina are recognized as environmental microorganisms commonly found in soil, water and
air. The horizontal transmission of symbiotic microorganisms to the host is influenced by the host’s
mucous layer that acts as a filter, selecting microorganisms, and free-living microorganisms

themselves can be attracted to the hosts by metabolites produced by them (Bright and Bulgheresi,
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2010). Thus, both the mechanism of horizontal transmission, as well as vertical transmission, can
be one of the elements to understand why there are microorganisms that are commonly found both
in the cutaneous microbiota of amphibians and in the surrounding environment, and why there are
microorganisms that can be found only in the cutaneous tissue of these animals, being little or not
found in the environment where the amphibian is inserted (Walke et al., 2014; Medina et al., 2019).

It is important to note that although some identified fungal genera are reported as pathogenic
for animals and humans, no evidence was found that these microorganisms were causing any harm
to the animals used in this study. Likewise, because these animals live in environments that are
directly influenced by anthropic activities, the relationship between the environment and the
microbiome of these animals should be considered, which can be colonized by opportunistic
microorganisms and coexist in mutualism until biotic and / or abiotic changes occur (Assis, 2012;
Rebollar and Harris, 2019).

In addition, Penicillium, Acremonium, Curvularia and Absidia present species with
antimicrobial properties, which, together with the amphibian host's immune system, can promote
resistance of these animals against the actions or establishment of microorganisms with pathogenic
potentials (Hoffmann, 2010; Kearns et al., 2017; Khan, 2017; Khiralla et al., 2019).

In the present study, it was demonstrated that there were no significant differences in the
fungal community of R. major and R. marina between the rainy and dry periods, however new
studies need to be carried out with a larger sample to verify the influence of the seasonal periods
effects on the fungal microbiota of these animals. Although studies with bacteria prove the influence
of seasonal periods on bacterial composition, for fungal communities there are still many knowledge
gaps (Varela, Lesbarréres, Ibafez, and Green, 2018). There is also a need to sample natural pristine
environments and other species, with different biological aspects, to detect possible differences.

Therefore, the importance of studies that clarify the fungal microbiota of amphibians in
Amazonian environments is emphasized, as these have varied habitats and diverse biotic and abiotic
influence, considering that the microbiota present in these animals can reveal important ecological
relationships and consequently promote strategies related to the preservation of species such as

amphibians, which are considered environmental bioindicators.

4 CONCLUSION
The present work presents the taxa Absidia, Curvularia, Scopulariopsis and the mycelia
sterilia group as new records of skin-associated fungi in adult anurans, increasing knowledge about

the microbiome of this group.
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According to the experimental conditions studied, it was possible to grow 75 fungal colonies
present in the species R. major and R. marina, with no statistically significant differences in the
composition of fungal taxa in the studied seasonal periods.

It is suggested that further studies be carried out in Amazonian environments, with a larger
sample size, other species and environments, as well as the use of molecular tools, for a better

identification and understanding of the composition of anuran skin microbiota.
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