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ABSTRACT

The description of aquatic fungi is still new in the literature, and in Brazil, even with different climatic and
hydrological regimes, it still presents a low description of this group of microorganisms. Thus, the objective of
this work was to make a systematic review of the aquatic fungi identified in Brazilian biomes. The Scientific
Electronic Library Online (SCIELO), Science Direct and Google Scholar databases were used, using the
descriptors: Aquatic Fungi Brazil, Fungi igarape Brazil, Zoosporic fungi Brazil. Studies in the Portuguese and
English languages, published from 1999 to May 2019 entered the study. 41 works were selected, described 1293
aquatic fungi, distributed in 328 genera. The Atlantic Forest biome had the highest number of described fungi
(49,8%) the samples most used in studies in Brazil were the union of leaves and soil (16%) and the genus
Penicillium showed the highest frequency of occurrence in Brazil (3.4%). Thus, this study shows the lack of studies
on this group of fungi, mainly in the Pantanal and Pampa biome, where no work has been found, and the need for
further studies on the distribution, ecology and identification of aquatic fungi in Brazil.

Keywords: Aquatic microorganism; Fresh water; Brazilian biome.

1. INTRODUCTION

Aguatic systems are inhabited by a diversity of decomposers that use dead plant tissues
as energy source, among them, aquatic fungi [1]. These fungi occur most commonly and
abundantly in deciduous leaves that decompose in running water [2]. The species diversity of
these fungi tends to increase towards Ecuador, but this trend is less in the case of freshwater
organisms [3], and the richness of aquatic fungi species reaches its maximum in mid-latitudes
[4]. Due to their contrasting climatic and hydrological regimes, the tropics and subtopics
encompass diverse environments ranging from dry desert areas and dry forests to wetland
wetlands, also spanning a variety of altitudes [5].

Studies with diversity and abundance of aquatic fungi show generally low numbers in
tropical and subtropical systems, where some factors may be related to this, such as seasonality,
low conidia production, physical conditions, low nutrient content in running water, low quality
of substrates and competition from other decomposers in the colonization of organic matter [6].
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When submerged, aquatic fungi generally invest > 60% of their production in large,
hyaline and thin-walled conidia [7]. The sporulation rate can reach 7x10° conidia per gram of
dry mass per day, and often peaks before fungal biomass [8].

Colonization begins with the fixation of aquatic fungi spores to organic matter, being
mainly affected by surface morphology and structure, and is a precondition for spore
germination and substrate invasion by hyphae [5]. No effects of temperature on the fixation of
conidia on leaves or other surfaces have yet been observed, however, the species of fungi differ
in the chemical composition of their germination rates [9]. In addition, development requires
considerable metabolic investment and temperature is likely to affect fixation rates and
efficiency and, therefore, fungal colonization [10].

Its dominance over leaves that decompose in aquatic environments is related to the
ability to remain active at very low temperatures, and to the release of large amounts of
tetrarchic and sigmoid spores that facilitate the fixation of spores on surfaces with turbulent
waters [9].

Of the seven phyla proposed for the Fungi kingdom (Microsporidia, Chytridiomycota,
Blastocladiomycota,  Neocallimastigomycota, =~ Glomeromycota, = Ascomycota  and
Basidiomycota) [11], the majority of aquatic fungi belong to the Phylum Ascomycota and
Chytridiomycota, and are reported in a smaller number of Basidiomycota [12].

Temperate countries, due to their sampling effort, have described most of the knowledge
that is possessed about fungi present in aquatic environments [13]. Studies on the composition
of freshwater fungi have been done over the past 50 years with approximately 3,050 fungal taxa
reported for aquatic habitats (freshwater and oceanic) [14].

Despite being considered of ecological importance, freshwater fungi are still poorly

researched on diversity, ecology and distribution in Brazil, and studies are needed to understand
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the function and interaction in black, white and clay waters, as well as the high demand for
water new researchers trained in the identification of these organisms [15].
Thus, this work aimed to make a systematic review of the aquatic fungi described in

biomes occurring in Brazil.

2. MATERIAL AND METHODS

The present study is a systematic literature review, searching the Scientific Electronic
Library Online (SCIELO), Science Direct and Google Scholar databases, using the keywords:
Aquatic Fungi Brazil, Fungi igarapé Brazil and Zoosporic fungi Brazil. Studies in the
Portuguese and English languages, published between 1999 and May 2019, entered the study.

The number of works found in the search is organized in Table 1.

Table 1. Publications on aquatic fungi occurring in Brazil.

Keywords Scielo S;:iggf SC?: z%?;i Total
Aquatic Fungi Brazil 9 5 7 21
Fungi igarapé Brazil 0 0 5 5
Zoosporic fungi Brazil 8 0 7 15
Total 17 5 19 41

As exclusion criteria, duplicate papers (found in more than one search base) were
removed, outside the scope of the research and studies done outside Brazil.

The extraction of data after the selection of works, a total of 41 works were selected
(Table 2), 5 on the Amazon biome (12.2%), 10 on the Caatinga (24.4%), 8 on the Cerrado

(19.5%) , 18 from the Atlantic Forest (43.9%) (Table2), and none found for Pantanal and
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Pampa, these being used in the results of the present study. In addition to the selected works,

other works were also used to elaborate the introduction and enrich the discussion of this article.

The data synthesis was organized in graphs and described in the text according to the

Brazilian biome of occurrence.

Table 2. Biome, city, state, collected material, number of identified fungi and reference to
aquatic fungi described in Brazil.

No.
Biome City (State) Collected Material Identified Reference
Fungi
Barcelos (AM) water, soil 26 Silva; Oliveira, 2012
Belém (PA) submerged trash 2 Monteiro; Gusméo, 2014
Belém (PA) leaf, branch 220 Monteiro, 2014
Amazon Manaus, .
Presidente Figueiredo (AM) natural foam 17 Fiuzaetal., 2015
Iranduba (AM) submerged wood 18 Cortez, 2016
Serra da Jiboia (BA) plant material 18 Barbosa et al., 2007
Serra da Jiboia (BA) branch, bark, 42 Barbosa; Gusmdo, 2011
leaf, petiole
Jaboatdo dos Guararapes (PE) soil 54 Oliveira et al., 2011
Pindobacu (BA) leaf, branch, bark 17 Almeida et al., 2012
Chapada do Araripe e Serra water foam 4 Fiuza; Gusmao, 2013
de Ibiapaba (CE);
Brejo Paraibano (PB)
. Serra da Fumaca (BA) leaf 8 Almeida et al., 2014
Caatinga . - ;
Piripiri, Caracol, Teresina, water, soil 4 Rocha et al., 2016
Floriano, Campo Maior e
Demerval Lobdo (PI)
Serra da Tromba (BA) leaf, submerged wood, 15 Fiuza et al., 2017
branch, bark
Teresina, Pedro I, water, soil 5 Rocha et al., 2017
José de Freitas (PI)
Piatd, Serra da Tromba, leaf 75 Fiuzaet al., 2019
Chapada Diamantina (BA)
Itirapina (SP) water, soil 9 Baptista et al., 2004
Mogi Guagu (SP) soil 29 Nascimento, 2010
Mogi Guagu (SP) soil, leaf 5 Souzaetal., 2011
Cerrad Distrito Federal (DF) water 31 Nascimento et al., 2011
errado Mogi Guagu (SP) soil 29 Nascimento et al., 2012
Lagoa dos Patos (MG) water 15 Silveira et al., 2013
Distrito Federal (DF) leaf 15 Gomes et al., 2016
Betim (MG) water 5 Belgini et al., 2018
S&o Paulo (SP) water, soil 33 Rocha; Zottarelli, 2002
Cubatéo (SP) water, branch, leaf 272 Schoenlein-Crusius et al., 2006
Recife (PE) water, soil 5 Cavalcanti; Milanez, 2007
. S&o Paulo (SP) water 14 Zottarelli; Rocha, 2007
A;g?gst;c Santo André (SP) water, soil 29 Zottarelli; Gomes, 2007
Santo André (SP) water, soil 29 Zottarelli; Gomes, 2007
Santo André (SP) water, soil 35 Gomes; Zottarelli, 2008
S&o Paulo (SP) water, soil, 6 Miranda; Zottarelli, 2008

vegetable substrate
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Maringa (PR) root 10 Marins et al., 2009
Sé&o Paulo (SP) water, soil 18 Nascimento; Zottarelli, 2009
Sé&o Paulo (SP) leaf 24 Schoenlein-Crusius et al., 2009
Sé&o Paulo (SP) water, leaf 38 Jesus et al., 2013
S&o Paulo (SP) leaf 27 Schoenlein-Crusius et al., 2014
S&o Paulo (SP) leaf 25 Schoenlein-Crusius et al., 2015
Sé&o Paulo (SP) leaf 26 Schoenlein-Crusius et al., 2016
Vicosa (MG) plant part 11 Soares et al., 2017
Sé&o Paulo (SP) leaf 34 Schoenlein-Crusius et al., 2018
Recife (PE) leaf 23 Silva et al., 2019

3. RESULTS

41 works referring to aquatic fungi made in Brazil were selected, where 1,322 were
identified, 659 (49.8%) in the Atlantic Forest biome, 282 (21.3%) in the Amazon, 242 (18.3%)
in the Caatinga and 138 (10.4%) in the Cerrado. The identified fungi were distributed em 328

genera, the most frequent Penicillium (3.4%), Achlya (3.2%) and Phythium (3%) (Figure 1).

100- Thozetella sp.
] Rhizophydium sp.

Pythium sp.

Phaeoisaria sp.

Penicillium sp.
Kionochaeta sp.
Glomus sp.
Fusichalara sp.
Dictyochaeta sp.

Fungi described (%)
S

Dactylaria sp.
Chytriomyces sp.
Aspergillus sp.

Achlya sp.
Acaulospora sp.

Biomes

Figure 1. Five aquatic fungi most described in biomes in Brazil from 1999 to 20109.
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Samples of leaves and soil were the most used materials in study in Brazil with 16%,
followed by water (12%) and the other materials used foam, branches, submerged wood and

plant material (Figure 2).

Water
Water and leaf
Water and soil

100

Water foam

Leaf

Leaf and twig

Leaf, twig and bark
Garbage

50
| Submerged wood

Samples used (%)

mm Plant material
Bl Part of plant
Stalked

Root

Solo
Water, twig and leaf

Figure 2. Five samples most used in studies describing aquatic fungi in Brazil from 1999 to

2019.

For the Amazon Biome, 5 studies were found, describing 282 fungi, distributed in 153
genera. The samples used in the studies were water, leaf, branch, submerged garbage, natural
foam, submerged wood and soil. The most frequent genera were Thozetella (3.8%), Dactylaria

(3.5%) and Dictyochaeta (2.4%), all of the Ascomycota Phylum (Figures 3).
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Figure 3. Abundance of aquatic fungi described in the Amazon Biome in Brazil (Part 1).
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Figure 3. Abundance of aquatic fungi described in the Amazon Biome in Brazil (Part 2).

In the Caatinga Biome, 10 studies were observed, with 242 aquatic fungi identified in
120 genera. The materials used in the studies were leaf, branch, bark, plant material, petiole,
water foam, submerged wood and soil. The genera that showed the highest frequency were
Penicillium (7.8%), Aspergillus (3.7%) and Thozetella (3.3%), all of the Ascomycota Phylum

(Figure 4).
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Figure 4. Abundance of aquatic fungi described in the Caatinga Biome in Brazil.
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In the Cerrado Biome, 8 studies were reported, with the identification of 138 fungi
organized into 60 genera, the genera with the highest incidence Pythium (13.7%), Achlya
(7.9%), of the Phylum Oomycota, previously classified as a fungus, but currently classified as
algae in the Chromist kingdom, and Rhizophydium (7.2%), of the Phylum Chytridiomycota

(Figure 5). The samples used in the studies were leaves, wet and decomposing leaves, water

and soil.
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Cerrado Biome
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Figure 5. Abundance of aquatic fungi described in the Cerrado Biome in Brazil.
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In the Atlantic Forest Biome, 18 studies were described, with the identification of 652
aquatic fungi and 157 genera, the most identified of which were Achlya (4.6%), Phylum
Oomycota, Chromist kingdom, Glomus (4.3%), Phylum Glomeromycota. and Penicillium

(3.2%), Phylum Ascomycota (Figure 6). Water, soil, leaves, roots, plant substrate and plant part

were used as samples.
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Figure 6. Abundance of aquatic fungi described in the Atlantic Forest Biome in Brazil (Part 1).
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Figure 6. Abundance of aquatic fungi described in the Atlantic Forest Biome in Brazil (Part 2).
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4. DISCUSSION

In this study, we analyzed the works related to aquatic fungi in Brazil. The systematic
review identified 41 studies, describing 1,322 fungi, distributed in 328 genera with the most
frequent Penicillium (3.4%), Achlya (3.2%), Phythium (3%), Rhizophydium (2%) and Glomus
(2%). According to the Brazilian List of Plants and Fungi, the two most frequent groups of
fungi are Basidiomycota and Ascomycota, with more than 30 and 60 thousand species already
described [47], corroborating the findings of this work, where Penicillium was the most
frequent genus, from the Phylum Ascomycota. Achlya and Phythium are algae from the Phylum
Oomycota, previously classified in the Fungi Kingdom, but currently located in the Chromist
Kingdom. Glomus is from the Phylum Glomeromycota and Dactylaria from the Phylum
Ascomycota.

The samples used in most studies in Brazil were the combination of water and soil
(27.3%). Aquatic studies indicate that the leaves are primarily colonized by fungi [48], but
woody materials are usually colonized by aquatic fungi, due to the presence of resistance in
periods of dehydration when substrates emerge [49].

In the Amazon Biome, studies were carried out only in the states of Amazonas and Para,
thus showing the scarcity of studies in the other states of this biome. Fungi in the first
occurrence were identified, such as the genera Fusticeps and Triscelophorus. The knowledge
of fungi present in aquatic environments of the Amazon biome is very limited [50],
demonstrating the need for professional training, and the production of new studies in states
without identification of aquatic fungi, necessary to describe the fungi present in this
environment, as well as their importance for the region's ecosystem, especially in the black
waters that make up the hydrographic organization of the Amazon basin [50; 54; 13].

In the Caatinga Biome, studies were carried out in the states of Bahia, Pernambuco,

Piaui and Rio Grande do Norte, using samples of leaves, branches, bark, plant material, petiole,
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water foam, submerged wood and soil. Fungal diversity in arid and semi-arid ecosystems can
be considered equal or superior when compared to humid environments [17; 51; 22]. These
communities are affected by biotic and abiotic factors and are constantly changing, with a
complex interaction of organisms occurring. [22].

The Cerrado Biome used samples of wet and decomposing leaves, water and soil. The
Cerrado Biome is considered the third largest biome in Brazil, suffering intense deforestation
with the progress of the urbanization process and agricultural activities, especially in the State
of S&o Paulo [28]. Despite the pollution, in the studies carried out in the Cerrado, the diversity
of these organisms in this biome was also relevant [52].

The Atlantic Forest Biome, consisted of works done in S&o Paulo, Minas Gerais and
Pernambuco where the studied areas presented diversity in the fungi community associated with
submerged litter decomposition similar to other locations in tropical regions of Brazil [44]. The
organisms found are normally abundant in plant material, however, molecular studies have
shown the presence and the important contribution of these organisms in the process of fungal
succession in leaf substrates in lotic and lentic aquatic ecosystems [33]. The greater amount of
work carried out in this biome led to a greater description of aquatic fungi, and this result was
probably due to the greater number of specialists in these states and greater sampling effort.

Pampa and Pantanal did not present any work in this analysis, with a survey carried out
it was observed that changes in the soil directly affect the fungi community, especially when
these changes are due to anthropic action [53]. Although the Pantanal biome is known as a
wetland, with periodic flooding and responsible for the balance of the ecological system of the
entire region, these are considered to be unknown [53].

In view of the results presented, this study presents the scarcity of information on aquatic
fungi, thus showing the need for studies and training of specialized researchers to enable

increased knowledge about the distribution, ecology and identification of these fungi in the
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different biomes of Brazil, mainly in biomes rich in aquatic habitats, such as the Amazon and

Pantanal.

CONCLUSIONS

The bibliographic review on the diversity of aquatic fungi in Brazil revealed that the
Atlantic Forest biome had a greater number of described fungi confirming the expected
diversity in this rich forest biome. Leaves and soil were the most used materials in studies in

Brazil and the genus Penicillium had a higher frequency of occurrence in Brazil.
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