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Abstract: Aim: The Atlantic Forest is a Brazilian biome whose biota plays a fundamental role in 
the preservation of water quality. Hyphomycetes play an important role in aquatic ecosystems as they 
can decompose organic matter and, consequently, contribute to nutrient cycling, maintaining aquatic 
life. The aim of this work was to determine the diversity and composition of the aquatic hyphomycetes 
community in two areas of Atlantic Forest in the state of Pernambuco (Charles Darwin Ecological 
Refuge) and Alagoas (Pedra Talhada Biological Reserve), in addition to comparing these communities 
with the water abiotic factors. Methods: For this, four collections of submerged decomposing leaves, 
for evaluation of the fungi community, and water for measuring the parameters: acidity, alkalinity, 
chlorides, electrical conductivity, total coliforms, color, BOD, COD, DO, total nitrogen, pH, total 
solids, sulfates, temperature and turbidity, and calculation of the Water Quality Index (WQI) were 
carried out. The samplings took place between July/2018 and May/2019, at six points along a stream 
in each study area. Results: Fifty-three taxa were identified, and 1926 occurrences were recorded in 
2592 leaf fragments. There was a predominance of Blodgettia aquatica, Blodgettia indica, Flagellospora 
penicillioides, Flagellospora sp., Mycoleptodiscus disciformis, Triscelophorus monosporus and Xylomyces 
acerosisporus, with similarity of these and other species between the studied areas. In the rainy season, 
there was a greater occurrence of aquatic hyphomycetes in both areas; however, the diversity of fungi 
was greater in the Charles Darwin Refuge. Abiotic factors such as temperature, DO and rainfall 
influence the occurrence of hyphomycetes, however, no community structure was detected or strongly 
correlated with the studied abiotic variables. Conclusions: The areas presented adequate values ​​for 
the variables indicative of water quality and high richness of hyphomycetes species, demonstrating 
the importance of legal protection for the conservation of natural areas. 
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Resumo: Objetivo: A Mata Atlântica é um bioma brasileiro cuja biota desempenha um papel 
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1. Introduction

Aquatic fungi can be defined as those that 
have their life cycle completely adapted to the 
aquatic environment, including sporulation 
on submerged substrates (Shearer  et  al., 2007). 
Aquatic hyphomycetes are polyphyletic (Belliveau 
& Bärlocher, 2005), which means that they do not 
have a common ancestor to all species. They are 
found on decomposing leaves and other vegetal 
substrates submerged in water bodies worldwide 
(Medeiros et al., 2009). This diversity of habitats 
promotes a great diversity of species that can be 
detected and isolated from these environments.

The hyphomycetes represent the asexual stage 
of the ascomycetes or basidiomycetes and form 
spores of mitotic origin named conidia, besides 
conidiophores simple or aggregate in synnema 
or sporodochium (Seifert  et  al., 2011). Aquatic 
hyphomycetes are divided into four groups 
according to morphology and lifestyle: ingoldian 
fungi, aero-aquatic fungi, terrestrial-aquatic fungi 
and facultative aquatic fungi (Goh & Hyde, 1996; 
Ittner et al., 2018) which represents a significant 
diversity in terms of evolution and taxonomy. The 
main environments in which these fungi inhabit are 
streams, creeks and rivers, with or without waterfalls 
(Ingold, 1975). They can also be found in lakes, 
ponds, and dams (Schoenlein-Crusius et al., 2009), 
either preserved or impacted by human activities. 
In these sites, the aquatic fungi colonize substrates 
such as leaves and twigs where they produce their 
conidia that will be dispersed by the water or 

fundamental na preservação da qualidade da água. Os hifomicetos têm um papel importante nos 
ecossistemas aquáticos, pois são capazes de decompor a matéria orgânica e, consequentemente, 
contribuem com a ciclagem de nutrientes, mantendo a vida aquática. O objetivo deste trabalho foi 
determinar a diversidade e composição da comunidade de hifomicetos aquáticos em duas áreas de 
Mata Atlântica no estado de Pernambuco (Refúgio Ecológico de Charles Darwin) e Alagoas (Reserva 
Biológica de Pedra Talhada), além de comparar essas comunidades com os fatores abióticos da água. 
Métodos: Para isso, foram realizadas quatro coletas de folhas submersas em decomposição, para 
avaliação da comunidade de fungos, e água para aferição dos parâmetros: acidez, alcalinidade, cloretos, 
condutividade elétrica, coliformes totais, cor, DBO, DQO, OD, nitrogênio total, pH, sólidos totais, 
sulfatos, temperatura e turbidez, e cálculo do Índice de Qualidade da Água (IQA). As coletas foram 
realizadas entre julho/2018 e maio/2019, em seis pontos ao longo de um riacho em cada área de estudo. 
Resultados: Foram identificados 53 táxons e registradas 1926 ocorrências em 2592 fragmentos foliares. 
Houve predomínio de Blodgettia aquatica, Blodgettia indica, Flagellospora penicillioides, Flagellospora sp., 
Mycoleptodiscus disciformis, Triscelophorus monosporus e Xylomyces acerosisporus, havendo similaridade 
dessas e de outras espécies entres as áreas estudadas. No período chuvoso houve maior ocorrência de 
hifomicetos aquáticos nas duas áreas, porém, a diversidade de fungos foi maior no Refúgio Charles 
Darwin. Fatores abióticos como temperatura, OD e pluviosidade influenciam na ocorrência de 
hifomicetos, no entanto, nenhuma estrutura de comunidade foi detectada ou fortemente correlacionada 
com as variáveis abióticas estudadas. Conclusões: As áreas apresentaram valores adequados para as 
variáveis indicativas da qualidade da água e alta riqueza de espécies de hifomicetos, demonstrando a 
importância da proteção legal para conservação de áreas naturais. 

Palavras-chave: Ascomycota; fungos conidiais; ecossistemas aquáticos; qualidade da água.

captured in naturally formed foam in the stream 
(Suresha et al., 2013).

Aquatic hyphomycetes frequently occur in lotic 
well aerated environments and are among the few 
fungal groups whose species can, in many cases, be 
identified based only on the observation of conidia 
(Descals, 2005; Fiuza et al., 2017), although this 
can also cause some confusion due to convergence to 
hydrodynamic forms. Conidia of the hyphomycetes 
present morphological adaptation for dispersion 
in the aquatic environment as they are typically 
branched or sigmoid, and accumulate easily in 
foams on the water surface (Ingold, 1966). Some 
species can also be found with lower frequency in 
lentic or non-aquatic environments (Descals & 
Moralejo, 2001).

In Brazil, there have been several studies on 
aquatic hyphomycetes in the state of São Paulo 
(Schoenlein-Crusius & Milanez, 1989; Schoenlein-
Crusius & Grandi, 2003; Moreira & Schoenlein-
Crusius, 2012; Schoenlein-Crusius  et  al., 2009, 
2016, 2018), especially in the Atlantic Forest. In the 
Northeast of Brazil, the studies on the hyphomycetes 
from aquatic environments were carried out mainly 
in the biome Caatinga (Almeida et al., 2011, 2012; 
Barbosa et al., 2008; Fiuza & Gusmão, 2013) and 
the Atlantic Forest of Pernambuco (Cavalcanti & 
Milanez, 2007; Oliveira, 2016; Silva et al., 2019).

Water scarcity, caused particularly by the elevated 
degree of pollution due to human activities (Gardner, 
2002), represents a growing environmental concern 
for human population. Aquatic hyphomycetes 
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are important for the decomposition of organic 
matter and nutrient cycling in aquatic ecosystems 
(Fiuza et al., 2017) and they depend on the water to 
carry out their metabolic activities and reproduction 
(Descals & Moralejo, 2001).

Although some efforts have been carried out, 
studies on the diversity of aquatic hyphomycetes 
in water bodies of the Northeast region of Brazil 
are as yet scarce. These fungi play an important 
role in the decomposition process and in the food 
web of aquatic ecosystems because, besides being 
the main decomposers, they improve substrate 
palatability (Suberkropp, 1992; Cheng et al., 1997; 
Duarte et al., 2006), promoting its consumption 
by detritivores. Thus, the aims of this study were 
to expand the knowledge about diversity and 
community structure of aquatic hyphomycetes, to 
provide data for characterization of water quality 
in two sites of the Atlantic Forest of the Northeast 
Brazil, and correlate these variables to the occurrence 
and diversity of hyphomycetes in the studied areas.

2. Material and Methods

2.1. Study areas

Two areas in the region of the Atlantic Forest of 
the northeast of Brazil were selected for this study. 
The Biological Reserve Pedra Talhada (REBIO 
PT) was created in 1989 (Decree Nº 98524, from 
December 13th 1989) with an area of 4,382.37 
hectares, and it is one of the most important 
fragments of Atlantic Forest in the region. It is 
located between the states of Pernambuco (Lagoa 
do Ouro) and Alagoas (Quebrângulo), with 
the latter holding the largest area (92% of the 
reserve, Guimarães et al., 2014). This is a region 
characterized by a tropical rainy climate with two 
well-defined seasons: dry summer (October to 
April) and rainy winter (May to September), with 
annual average of rain between 1,250 and 1,500 
mm, and annual average temperature around 25 
°C (Guimarães et al., 2014). Despite being a small 
conservation unit, this REBIO with altitude varying 

between 459 and 883 m.a.s.l. holds a great diversity 
of plants, animals, and fungi. The region has a rich 
hydrographic network with about 180 springs 
feeding a series of small rivers and streams, mostly 
perennial (Brasil, 2006), that facilitate aquatic 
hyphomycetes conidia dissemination.

The Charles Darwin Ecological Refuge (CD 
Refuge) is a private non-profit reserve, created in 
the mid-1950s, with the objective of guaranteeing 
a resting and breeding area for native species in 
the region. It is located in an area of ​​60 hectares 
of Atlantic Forest, in the municipality of Igarassu, 
Pernambuco, 34 km from Recife (Magalhães, 
2015). The main characteristic of the area is its 
highly preserved forest intersected by the Tabatinga 
River, with clear waters on this stretch. It also has an 
exuberant fauna and flora, which makes the place 
conducive to educational practices and scientific 
investigations (Santiago & Barros, 2003). The CD 
Refuge has a hot and humid tropical climate with 
autumn/winter rains. Current average temperature 
of 25 °C, average annual rainfall of 2000 mm 
(Santiago & Barros, 2003) and the altitude does not 
rise above 50 m.a.s.l. in the region of the sampling 
points.

In the study areas, six sampling points were 
determined on one of the banks of a watercourse, 
referenced by GPS (Table 1) and the search area 
for biological material consisted of 1 m upstream 
and 1 m downstream of the reference point. The 
sampling points were located along the margin 
and maintaining the minimum distance of 60 m 
between them. The sampling site at REBIO PT was 
considered natural because it is difficult to access 
and protected by legislation. At the CD Refuge, one 
point was considered impacted due to the proximity 
to the highway that gives access to the site. Four 
collections of water and submerged leaf litter were 
carried out from July/2018 to May/2019.

2.2. Leaf litter sampling, processing and analysis

Submerged leaf litter was collected manually 
and with the aid of a long-hand sieve, placed in 

Table 1. Geographic coordinates of the sampling points in the study sites.

Sampling points
Charles Darwin Refuge Biological Reserve Pedra Talhada

Lat Long Lat Long
1 07°48’58.8” S 034°57’20.2” W 09°14’44.3” S 036°25’12.3” W
2 07°48’57.0” S 034°57’19.1” W 09°14’44.6” S 036°25’13.2” W
3 07°48’55.8” S 034°57’18.3” W 09°14’44.6” S 036°25’14.5” W
4 07°48’53.1” S 034°57’17.6” W 09°14’45.5” S 036°25’14.4” W
5 07°48’49.7” S 034°57’17.0” W 09°14’45.9” S 036°25’14.3” W
6 07°48’48.3” S 034°57’16.0” W 09°14’46.9” S 036°25’13.9” W
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previously sterilized glass jars, with some water from 
the sampling site, and transported to the laboratory. 
In the laboratory, the leaf litter was gently washed 
under tap running water and cut into fragments of 
approximately 1 cm2. The fragments were incubated 
in sterile Petri dishes, to which was added water 
from the sampling site and sterile distilled water 
(1:1, v/v), at room temperature (Silva et al., 2019). 
Every 2-3 days, the water from the plates was 
drained and substituted by fresh sterile distilled 
water. On the fifth day, observations of the leaf 
fragments, mounted between microscope slide and 
cover slip, were started under a phase-contrast light 
microscope. Four plates (submerged chambers) 
were prepared containing 10 leaf fragments each 
for each sampling point, totaling 40 fragments 
per point, 240 per area in each collection (480 per 
collection event) and 1920 fragments in the study 
(four collection events).

Part of the collected leaf litter was used for 
incubation in moist chambers, according to the 
method of Castañeda-Ruiz  et  al. (2016). Briefly, 
the leaves were gently washed for 30 minutes 
in a perforated plastic container, with no direct 
incidence of water on the leaves. Then, the leaves 
were quickly dried on paper, cut into fragments of 
approximately 7 cm2 to fit two fragments in each 
Petri dish lined with filter paper moistened with 
sterile distilled water (moist chamber). Two moist 
chambers for the first collection and four moist 
chambers for the remaining sampling events were 
set up for each sampling point, with 2 leaf fragments 
in each, resulting in 336 fragments evaluated in the 
study by this method. After 72 hours incubation, 
the observation of this material was initiated in a 
stereo microscope to locate the fungal structures, 
followed by mounting microscope slides with lactic 
acid for later observation under a light microscope. 
The observation period extended up to 60 days.

The fungi structures were compared with the 
species descriptions in the literature (e.g., Ellis, 
1971, 1976; Ingold, 1975; Marvanová, 1997; 
Matsushima, 1985; Nilsson, 1964; Seifert  et  al., 
2011) for specimen identification. For conservation 
of the identified specimens, slides with the specimen 
mounted in lactic acid and covered by a coverslip 
were sealed with colorless nail varnish.

2.3. Analyses of the water abiotic variables

At the sampling site, during the collection, the 
water temperature was measured with a digital 
thermometer. A water sample was collected, in a 
BOD-type bottle, for analysis of dissolved oxygen 

(DO) using the Winkler method modified by 
Golterman (Jördening & Winter, 2005). This water 
sample was fixed in the field by the addition of 2 ml 
manganous sulfate solution and 2 ml sodium azide 
solution (Macêdo, 2005).

Water samples from each location were also 
collected in 500 ml plastic bottles, previously sanitized, 
for pH and electrical conductivity (EC) analysis. In 
the laboratory, a 50 ml aliquot was removed for pH 
analysis, using a pH indicator strip (ForlabExpress, 
Brazil). Another aliquot of the same volume, from the 
same bottle, was used for measuring the EC in a bench 
conductivity meter (Simpla EC150, Brazil).

In addition to these variables, a few other 
variables were also included for determining the 
water quality index (WQI), which are: sulfate 
content, biochemical oxygen demand (BOD), 
chemical oxygen demand (COD), total and partial 
alkalinity, apparent and real color, quantitative 
acidity index, chlorides, and coliforms (using 
Chromagar medium), according to the APHA 
(1995). Nitrogen and phosphorus were determined 
by stoichiometric calculations, in the proportion of 
2:3, from DO levels (Pohling, 2009). In addition 
to the water variables, the climatological data of the 
region, such as air temperature and rainfall, were 
obtained monthly from the website of the Agência 
Pernambucana de Águas e Clima (APAC).

2.4. Calculation of the water quality index (WQI)

The WQI of each study area was calculated 
using the product of abiotic variables raised to their 
respective weights (Table 2), using the Formula 1:

1

i

n
w

i
i

WQI q
=

=∏  	 (1)

in which WQI = Water Quality Index, represented 
by a number between 0 and 100; qi = quality of 

Table 2. Parameters that compose the calculation of 
the WQI used to determine water quality and their 
respective weight.

Water quality parameter weight (w)
Dissolved oxygen - DO 0.17
Thermotolerant coliforms 0.15
Hydrogenionic potential – pH 0.12
Biochemical oxygen demand - BOD5, 20 °C 0.10
Water temperature 0.10
Total nitrogen 0.10
Total phosphorus total 0.10
Turbidity 0.08
Total residue 0.08
Source: ANA (2020).
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the i-th parameter and wi = weight corresponding 
to the i-th parameter (ANA, 2020). The qi value, 
which refers to the quality of parameter i, is 
a number between 0 and 100 obtained from 
the graph of each parameter depending on its 
concentration (Libânio, 2005). To calculate 
the WQI values for the water of CD Refuge 
and REBIO PT, the arithmetic averages of all 
values obtained for each variable involved in the 
calculation (all sampling points of all collections) 
were calculated.

The WQI value obtained for each area was 
compared with the intervals of the water quality 
standard, which are: 80 <IQA≤100 (excellent), 
52 <IQA≤79 (good), 37 <IQA≤51 (regular), 20 
<IQA≤36 (bad) and IQA≤19 (poor) (ANA, 2020).

2.5. Statistical and ecological analyses

Numerical data referring to the fungal 
community, as well as the abiotic variables for 
environmental characterization, were submitted 
to analysis of variance (ANOVA), with Tukey’s 
test when appropriate, for comparison between 
the study areas, between sampling periods, and 
between sampling points of each area using 
Minitab 18 (Minitab LLC), according to Gotelli 
& Ellison (2011). Cluster analysis (Dice similarity 
coefficient) and non-metric multidimensional 
scaling (NMDS, Jaccard coefficient) were used 
to investigate patterns in the fungi community 
structure and principal component analysis (PCA) 
was used to investigate whether these patterns were 
influenced by abiotic variables (Gotelli & Ellison, 
2011; Hair Junior et al., 2009) using Statistica 8.0 
(Weiß, 2007). Correlation tests (Pearson) were used 
to indicate the relationship between water abiotic 
variables and the fungi community.

The richness, diversity, equitability and 
dominance of the hyphomycetes communities 
in each area were determined and the frequency 
of occurrence of species was calculated to classify 
species as dominant, most common, common and 
rare (Zhang et al., 2004).

3. Results

3.1. Occurrence, richness and diversity of aquatic 
hyphomycetes

In this work, 53 taxa of hyphomycetes were 
recorded with 1926 occurrences in 2592 fragments 
of decomposing leaves, 32 taxa and 1023 occurrences 
in 1296 fragments originating from the REBIO PT 
and 44 taxa and 903 occurrences in 1296 fragments 

of the CD Refuge (Table  3). Of the 53 taxa 
recorded, 11 are ingoldian fungi, 28 are lignicolous 
hyphomycetes (or facultative-aquatic) and 14 could 
not be identified due to the absence of diagnostic 
characteristics necessary for specimen confirmation, 
being designated as sp.

Xylomyces acerosisporus was detected in large 
quantities in all sampling points of the two 
collection areas, being considered typically tropical 
in the Atlantic Forest. In general, CD Refuge (44 
taxa) showed greater richness than REBIO PT 
(32 taxa). The dominant taxa in the study were X. 
acerosisporus (361 records), Triscelophorus monosporus 
(242), Flagellospora sp. (232), X. giganteus (231), 
Blodgettia aquatica (160), F. penicillioides (157) and 
B. indica (135).

The least representative taxon in the REBIO PT, 
which occurred only once, was Speiropsis scopiformis. 
As for the CD Refuge, the species with only one 
occurrence (rare) were: Acumispora verruculosa, 
Circinotrichum olivaceum, Dinemasporium 
lanatum, Endophragmiella curvata, Linodochium 
sideroxyli, Lunulospora curvula, Phaeoisaria 
infrafertilis, Phaeoisaria sp., Variocladium sp., 
Vermiculariopsiella cubensis and Wiesneriomyces 
laurinus (Table 3).

Some species had their occurrence detected 
in both the moist and the submerged chamber: 
F. penicillioides, Flagellospora sp., T. monosporus, 
W. laurinus, X. acerosisporus, X. aquaticus, 
X. chlamydosporus and X. giganteus.

Of the detected taxa, 15 were registered 
exclusively in CD Refuge, 36 were common 
between the two areas and none was exclusive of 
the REBIO PT. The similarity of the hyphomycetes 
communities between the two areas (~50%) is 
shown in Figure 1. The sampling points in each 
area formed two large groups with greater similarity 
between sampling points in the area (group) than 
with points in the other area, except for CD3, which 
was grouped with the PT community.

Species richness, which ranged from 44 in CD 
Refuge to 32 in REBIO PT, and evenness, with 
variation from 0.951 in CD Refuge to 0.992 in 
REBIO PT, were the two ecological indices that 
differed significantly between the study areas 
(Table 4). Diversity and dominance did not differ 
significantly (Table 4) and dominance was low.

The structure of the hyphomycetes community, 
according to the sampling points of each area is 
represented in Figure  2. The distance between 
the markings in the graph indicates dissimilarity 
between the hyphomycetes communities; therefore, 
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it is observed that the hyphomycetes community in 
CD Refuge is much more heterogeneous along the 
stream than that in the REBIO PT.

3.2. Physical-chemical characterization of the water

The averages of sampling point values of water 
physical and chemical variables in each collection 
expedition to CD Refuge and REBIO PT are shown 
in Table 5. All measured variables presented some 
significant difference between sampling periods.

Acidity and alkalinity are reported as 
concentration (mg.L-1) of CaCO3 in the water 
sample, but their values are obtained from titration 
with a strong alkali or strong acid, respectively, 
indicating the neutralizing capacity of the water 
sample up to a specific pH (Sekerka & Lechner, 
1984). Both variables showed significant difference 
between 2018 and 2019 for both study areas. 
Higher concentration for acidity was in the rainy 
season of 2018 in CD Refuge and dry season for 
REBIO PT (Table 5). Alkalinity was higher in the 
dry season 2019 for CD Refuge and rainy season 
2018 for REBIO PT (Table 5). Alkalinity was also 
significantly higher in CD Refuge when the two 
areas were compared. The water pH ranged from 
slightly acidic to slightly neutral in CD Refuge 

Table 4. Species richness, Shannon-Wiener’s diversity (H’), Pielou’s equitability (J’) and Berger-Parker’s dominance 
(d) of hyphomycetes on leaf litter submerged in streams of the Charles Darwin Ecological Refuge (CD) and Pedra 
Talhada Biological Reserve (PT).

Indices CD PT Perm p(eq)*
Richness 44 32 0.0066

Shannon_H 3.6 3,438 0.0851
Equitability_J 0.951 0.992 0.0002
Berger-Parker 0.046 0.035 0.24

*Perm p(eq): probability of having equal diversities. If p(eq)>0.05 = non-significant.

Figure 1. Similarity between the communities of 
hyphomycetes on submerged leaf litter from Pedra 
Talhada Biological Reserve (PT) and Charles Darwin 
Ecological Refuge (CD), according to Dice coefficient.

Figure 2. Non-metric multidimensional scaling analysis of the hyphomycetes communities on submerged leaf litter 
from Pedra Talhada Biological Reserve (PT) and Charles Darwin Ecological Refuge (CD), according to Jaccard 
coefficient (stress = 0.08243).
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(6.1 to 6.7) and in REBIO PT (6.0 to 6.9), and 
there was no significant difference between study 
areas.

The levels of dissolved oxygen (DO) in the water 
of CD Refuge varied from 0.27 to 5.9 mg.L-1 O2 
with significant difference in the averages between 
sampling periods. In the REBIO PT, DO variation 
was from 0.7 to 2.35 mg.L-1 O2 which was also 
significantly different between sampling periods. 
The areas did not differ significantly in relation 
to DO. The same difference between rainy and 
dry season was detected for BOD in both areas, 
however, COD differences did not seem to be 
related to the climatic seasons.

Electrical conductivity in the water of CD 
Refuge was significantly higher in the rainy period 
of 2018 while in REBIO PT this variable was 
significantly lower in the rainy period of 2019. 
Chloride content in the water was significantly 
higher in the rainy season of 2019 in both areas. The 
concentration of sulfates in CD Refuge varied from 
12 to 43.9 mg.L-1, representing a percentage increase 
of 73% between the rainy and dry seasons while, in 
REBIO PT, this increase was approximately 14.7% 
between the first and last sampling events. The color 
of the water in the two study areas was significantly 
darker in 2019 and did not vary according to the 
seasons. Turbidity increased from 0.33 to 1.11 NTU 
at the CD Refuge between the rainy and dry seasons, 
corresponding to an increase of 97%. For REBIO 
PT, turbidity varied from 0.5 to 4.2 NTU between 
the seasons, corresponding to an increase of 76%.

Water temperature was significantly lower in 
REBIO PT with lowest record in the dry season of 

2019. In CD Refuge, water temperature differed 
between 2018 and 2019 and did not follow season 
variation.

The analysis of abiotic variables (standardized by 
the LogX + 1 transformation) using the principal 
component analysis method (Figure  3) showed 
that there was no separation of the areas evidenced 
by these variables, however, there was a better 
structured grouping according to the collection 
periods for the CD Refuge. The two extracted 
components explained 55.63% of data variation.

The variables used for the analysis of the WQI 
are shown in Table 6. The calculation resulted in 
a WQI of 40.46 for CD Refuge and 39.77 for 
REBIO PT.

According to the ANA classification, the water 
in the two study areas was classified as regular, 
even though they have been sampled in areas of 
environmental protection.

4. Discussion

4.1. Hyphomycetes community

Richness and occurrence of hyphomycetes in 
submerged leaf litter of CD Refuge and REBIO 
PT were studied by methods of analyses that favor 
the development of ingoldian fungi, but does not 
prevent the development of other hyphomycetes. 
This allows a better diagnostic of the diversity.

The number of fungal species, registered from 
submerged substrates in studies in Brazil, indicates 
that richness of aquatic fungi is high in the CD 
Refuge and REBIO PT. Some studies carried out 
in the country showed fewer species, for example, 

Figure 3. Principal component analysis of the abiotic variables measured in the water collected from Charles Darwin 
Ecological Refuge (C) and Pedra Talhada Biological Reserve (P) along four sampling periods, plus the number of 
fungal species detected as supplementary variable.
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Moreira (2011) found 33 taxa and Schoenlein-
Crusius et al. (2014) detected 27 taxa in São Paulo, 
and Silva et al. (2019) found 23 taxa in Pernambuco. 
However, in streams of Paraná, Scoarize (2018) 
accounted to 56 identified species, that is a slightly 
larger number of species than the reported in 
this study. Studies carried out in several countries 
have reported smaller numbers of species than the 
present study e.g., Bärlocher & Rosset (1981): 42 
species in Germany, Gulis & Suberkropp (2003): 
33 species in the USA, Baudoin et al. (2008): 37 
species in France, Bärlocher et al. (2010): 33 species 
in Panama, but also, in addition to this list, some 
studies reported larger numbers than ours such 
as Chauvet (1991): 54 species in other locality of 
France, Bärlocher (2000): 77 species in Canada, 
Rajashekhar & Kaveriappa (2003): 66 species in 
India, Czeczuga et al. (2005): 65 species in Poland. 
This variation strongly indicates that specific local 
conditions are more important than geographic 
position to determine species richness (Duarte et al., 
2016).

The contribution of Brazilian studies to the 
knowledge of aquatic fungi in South America 
has been quite expressive (Schoenlein-Crusius 
& Grandi, 2003; Fiuza et al., 2017). The studies 
of aquatic hyphomycetes in Brazil started in São 
Paulo (Schoenlein-Crusius & Milanez, 1989), in 
the Atlantic Forest biome, and were later carried 
on to different regions and biomes like the Amazon 
(Monteiro & Gusmão, 2013; Fiuza  et  al., 2015; 
Krause et al., 2020), Caatinga (Almeida et al., 2011; 
2012; Barbosa & Gusmão, 2011; Fiuza & Gusmão, 
2013) and Cerrado (Malosso, 1999; Schoenlein-
Crusius, 2002). In the Atlantic Forest of the 
Northeast, Cavalcanti & Milanez (2007), Oliveira 
(2016) and Silva et al. (2019) added contributions 
to the knowledge. From a quantitative point of 
view, 59 species of aquatic hyphomycetes were 

known in Brazil until 2003 (Schoenlein-Crusius & 
Grandi, 2003). Fiuza et al. (2017) registered in their 
checklist the new taxa that had been described after 
2003 and increased the number of known species 
in Brazil to 85, with 53 species known from the 
Atlantic Forest. In this study, 11 species of aquatic 
hyphomycetes (ingoldian fungi) were detected, 
which represents ~13% of the known diversity for 
the country and ~21% for the biome.

There was a larger number of fungal species 
identified in the CD Refuge material when 
compared to the material from the REBIO 
PT. It was observed that Blodgettia aquatica, 
B. indica and Xylomyces acerosisporus were present 
in the CD Refuge in greater density of conidia or 
chlamydospores, arising from profusely branched 
mycelia. In the REBIO PT, they occurred as 
individual scattered conidia or chlamydospores on 
the leaf and/or petiole. In this work, this pattern of 
occurrence may be due to three factors: the botanical 
family of the collected leaves (Chauvet  et  al., 
2016; Fiuza et al., 2019), the quantity of nutrients 
dissolved in the water (Danger  et  al., 2016) and 
the period of leaf collection (Sridhar et al., 2011). 
All taxonomic structures of Blodgettia aquatica 
and B. indica were detected in angiosperm leaves 
(pinned venation). Xylomyces species were detected 
in heterogeneous litter, with a higher occurrence 
in angiosperms. Mycoleptodiscus disciformis was also 
easily detected in heterogeneous litter, although 
its occurrence has been detected specifically in the 
leaf blade. Ingoldiella hamata had its occurrence 
verified in the leaf petiole, usually of gymnosperms. 
Similar observations have not been found yet in 
the literature.

The incubation methods used for fungi 
development in the laboratory is crucial for 
detecting greater richness and diversity in a given 
group of hyphomycetes (lignicolous or facultative 

Table 6. Parameters included in the calculation of the WQI for Charles Darwin Refuge (CD) and REBIO Pedra 
Talhada (PT) and their respective weight.

Parameter name Unity
Result of the sample Qi

w(weight)
CD PT CD PT

Thermotolerant coliforms (q1) NMP/100ml 10-5 10-5 9.0 9.0 0.15
pH (q2) 6.46 6.67 80 80 0.12
BOD (q3) mg/L 1.33 0.55 95 92 0.10
Total nitrogen (q4) mg/L 1.06 0.46 92 90 0.10
Total phosphorus total (q5) mg/L 2.15 2.89 28 26 0.10
Temperature (q6) °C 24.5 19.5 9.0 9.0 0.10
Turbidity (q7) NTU 0.29 0.35 100 100 0.08
Total residue (q8) mg/L 0.13 1.78 80 80 0.08
DO (q9) mg/L 155.5 175.9 47 47 0.17
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aquatic, aero-aquatic and ingoldian). In this study, 
two methods were used: incubation in submerged 
chamber, to facilitate the detection of aquatic 
hyphomycetes and incubation in moist chamber, 
which is used to observe the structures of aero-
aquatic hyphomycetes. Although each method 
favors a specific group of fungi, in this study it 
was found that typical aquatic hyphomycetes can 
eventually be observed in moist chamber, like the 
ingoldian Triscelophorus monosporus, Flagellospora 
penicillioides and Flagellospora sp., as well as 
terrestrial hyphomycetes can also be detected in 
submerged chamber, for example, Wiesneriomyces 
laurinus. Although each technique is important for 
determining the occurrence of species in each group 
of hyphomycetes, none was completely restrictive to 
the detection of species of the other group, which 
agrees with the conclusions of Fiuza et al. (2019).

Most species had their occurrence reported in 
the two study areas. However, emphasis should be 
given to the species of Xylomyces, which was detected 
at all sampling points of all sampling periods in both 
study areas, and also to species of Triscelophorus 
(Sridhar  et  al., 2011; Schoenlein-Crusius  et  al., 
2014) and Flagellospora (Fiuza et al., 2019), which 
had high numbers of occurrence, mainly in the 
CD Refuge. An interesting observation is that 
Xylomyces spp. were detected more frequently at 
the edges of the leaf structure, showing abundant 
catenate chlamydospores. It is not yet clear whether 
this occurrence was fortuitous or if it really is a 
feature of this genus. The species of Flagellospora, 
in contrast, occurred similarly on the leaves parts 
and their conidiophores were detected frequently 
in the leaf litter found near foams produced by 
the natural movement of the water in the stream. 
Most aquatic fungi, especially hyphomycetes, are 
cosmopolitan (Wood-Eggenschwiler & Bärlocher, 
1985; Wong et al., 1998), and many can survive 
adverse conditions, which increases the similarity 
of the communities in different environmental 
conditions (Gulis & Suberkropp, 2003).

The collections were carried out over a period 
of one year, varying between rainy and dry seasons. 
In the rainy season, the number of species observed 
is greater than in the dry season. It is known 
that in the rainy season the quantity of nutrients 
increases, especially nitrogen and phosphorus 
components, making the water darker with 
increasing decomposition and BOD (Suberkropp & 
Chauvet, 1995; Sridhar & Bärlocher, 2000; Grattan 
II & Suberkropp, 2001; Rosemond et al., 2002). 
Eutrophication caused by anthropic activities, as 

observed in one of CD Refuge’s sampling points, 
also affects water quality due to the increase in 
nutrient content and consequent reduction of DO. 
In the dry season, the water in the sampling sites 
was clearer and with less natural foam.

Microorganisms associated with submerged leaf 
litter, such as hyphomycetes, can capture nitrogen 
(Sridhar & Bärlocher, 2000) and phosphorus 
(Mulholland  et  al., 1984) for their biological 
development directly from the water column, 
when these nutrients are abundant. This could 
cause, for example, a delay in the decomposition 
of leaf litter since it will be less colonized because 
more energy is needed to obtain from the litter the 
same compounds that are free in water (Gonçalves 
Junior et al., 2007; Sales et al., 2015). A delay in 
colonization was observed in the leaf litter of both 
CD Refuge and REBIO PT in the rainy periods, 
when the water was darker and full of debris. In the 
dry period, submerged leaf litter showed a higher 
degree of decomposition with more associated 
hyphomycetes. Graça et al. (2015) also reported that 
for tropical streams, in drier periods, the rate of leaf 
decomposition can be higher than in rainy periods, 
when the nutrients’ supply is higher.

The studied areas also showed differences in 
community composition, richness, and diversity of 
hyphomycetes, especially ingoldians. In the REBIO 
PT (688-699 m.a.s.l.), the number of typical aquatic 
hyphomycetes (ingoldians) was smaller than in the 
CD Refuge (36-44 m.a.s.l). Abiotic factors such as 
temperature (correlation -0.13), oxygen saturation 
(correlation +0.39) and altitude (Chauvet, 1991; 
Rajashekhar & Kaveriappa, 2003) can influence 
these numbers.

Altitude has not been specifically evaluated in 
this study, since the analyses of the areas imply 
the difference. Regarding the effect of elevation, 
Rajashekhar & Kaveriappa (2003) concluded 
that altitude did not have a direct effect on the 
occurrence of fungi. It had indirect effects such as 
variation in temperature, vegetation, and rainfall 
that may be responsible for the differences in species 
richness in their study. For the REBIO PT, when 
the temperature increased, a larger number of fungi 
was detected while in the CD Refuge, Pearson’s 
correlation coefficient for temperature and the 
number of fungi in general was negative (-0.66). 
This means that when temperature increases, a 
smaller number of hyphomycetes was detected in 
this site. Regarding the DO content, according 
to the correlation test (+0.69), the higher DO 
concentration the larger the number of fungi 
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detected, reinforcing the idea that this variable 
is important for occurrence of (typically aerobic) 
hyphomycetes in the water (Medeiros et al., 2009).

4.2. Water quality in the sampling sites and its 
relationship with the hyphomycetes

The range of variation of abiotic variables 
detected in this work fell within the ranges of 
studies in tropical streams (Bärlocher et al., 2010; 
Fernández et al., 2017; Fiuza et al., 2019; Moro & 
Schoenlein-Crusius, 2020). Four water variables 
are commonly discussed in studies of aquatic 
hyphomycetes (DO, EC, pH and temperature). 
DO is the main variable as it presents significant 
differences throughout the year in the CD Refuge 
and a positive correlation (0.69) with the occurrence 
of hyphomycetes. Ingoldian hyphomycetes are often 
found in well-aerated water, notably Flagellospora 
spp. and Triscelophorus monosporus (Bärlocher et al., 
2010; Schoenlein-Crusius  et  al., 2015; Moro & 
Schoenlein-Crusius, 2020). The DO is important 
for the occurrence of other organisms in the water; 
therefore, CONAMA Resolution 357/2005 
establishes that, in any sample, the concentrations 
of DO should not be lower than 6 mg.L-1 O2 
(Brasil, 2005). The fact that the detected DO is 
lower than the CONAMA recommendation in 
the studied areas can be understood when one 
confront these data with the values of COD, since 
high COD decreases DO. Medeiros et al. (2009) 
discussed that the low levels of DO directly affect 
leaf decomposition due to the decrease in the 
occurrence of fungi while Scoarize (2018) reported 
that when the DO is low, the organisms adapt to 
the scarcity of the element by producing more 
chlamydospores. Oliveira (2016) and Rasvailer et al. 
(2020) were able to detect aquatic hyphomycetes 
at low concentrations of DO. However, it was at 
higher concentrations, although below the values 
determined by Ordinance Nº 2914/2011 (Brasil, 
2011), that Moro & Schoenlein-Crusius (2020) 
were able to identify 39 species of hyphomycetes.

The electrical conductivity showed a correlation 
of -0.47 at CD Refuge with the occurrence 
of detected fungi, and of -0.37 at REBIO PT, 
confirming that the increase in EC (sometimes 
indicating pollution) reduces fungal occurrence. 
Bärlocher et al. (2010) reported that the number 
of fungal species was high in pristine streams (low 
EC) and declined in rural and urban streams (high 
EC). However, they did not consider any of the 
fungi species encountered as consistent indicators 
of pristine or stressed streams.

The temperature was significantly different 
between the two study areas and between the 
sampling events, and showed a strong correlation 
with the fungal community at the CD Refuge 
(-0.75). At the REBIO PT, however, the correlation 
between temperature and fungal community was 
weak and non-significant (-0.01).

In the present study, it was observed that 
specimens of Triscelophorus monosporus were 
not detected at temperatures above 24 °C and 
Xylomyces acerosisporus was detected at temperatures 
ranging from 19 °C to 24.5 °C. Flagellospora sp. 
was mainly detected at sampling points where 
temperature was 19.5 °C. At the REBIO PT, the 
altitude contributes to lower water temperature, 
compared to the CD Refuge, however, fungal 
occurrence did not differ significantly. In the 
dry season, the water temperature at the REBIO 
PT varied between 19 °C and 21.5 °C, when a 
larger number of facultative hyphomycetes was 
recorded. Several studies have related temperature 
to the occurrence of hyphomycetes: Chauvet & 
Suberkropp (1998) discussed that temperature 
may be a factor that selects certain species of 
hyphomycetes while Fernandes et al. (2009) found 
that changes in temperature altered the composition 
of fungal species and led to changes in leaf litter 
decomposition. Moro & Schoenlein-Crusius 
(2020) reported that temperature influenced the 
amount of hyphomycetes identified on an island 
in southeastern Brazil, and found more frequently 
Triscelophorus monosporus, Lunulospora curvula, and 
Tripospermum camelopardus in a temperature range 
between 18 °C and 24 °C.

Turbidity is not commonly assessed in aquatic 
hyphomycetes studies; however, it was one of the 
variables that correlated significantly with the 
occurrence of aquatic or facultative hyphomycetes 
in this work (correlation 0.47 for CD Refuge and 
0.63 for REBIO PT). At the CD Refuge, there 
was an increase in turbidity in C4, when a higher 
number of aquatic hyphomycetes was recorded. 
Xylomyces giganteus, X. aquaticus, Blodgettia indica, 
B. aquatica, Flagellospora sp., F. penicillioides, 
Triscelophorus monosporus, and Mycoleptodiscus 
disciformis were largely recorded in this period. This 
can be explained by the increase in the content of 
organic particulate matter in the water available for 
decomposition and, consequently, an increase in 
the occurrence of fungi. Contrarily, at the REBIO 
PT, during C4, turbidity decreased probably due to 
dilution caused by the rainfall, and the number of 
hyphomycetes detected nearly doubled, compared 
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to the previous sampling. The lack of consistency 
between the two areas could be discussed according 
to Bärlocher et al. (2010) that affirmed that total 
suspended solids and turbidity are potential 
indicators of more intensive land use resulting in 
increased runoff and erosion. This leads to oxygen 
limitation, which can interfere with the occurrence 
of microorganisms in the aquatic environment and 
reduce the efficiency of decomposition. However, 
it does not explain higher sporulation.

No significant pH variation was observed 
between the studied areas or between sampling 
points. The first studies of aquatic hyphomycetes 
reporting on the influence of pH date back to 
the 1960s (Suzuki & Nimura, 1960; 1961). They 
found more fungal species at what they considered 
to be harmonic pH (6.2-6.5) than in acidic waters 
(pH 3.8-5.8). Chamier (1992) compiled research 
findings from temperate regions and suggested 
that diversity is greater in circumneutral rivers 
and reduced in alkaline or acidic rivers. Since 
then, basically all studies with an ecological bias 
(Bärlocher et al., 2010; Schoenlein-Crusius et al., 
2015; Fernández et al., 2017; Fiuza et al., 2019) 
have measured pH and found very similar results, 
confirming Chamier’s suggestion.

BOD differed between sampling periods in both 
areas, being significantly higher in the REBIO PT, 
where it also presented a strong correlation with the 
fungal community (+0.71). Although the organic 
matter can be one source of nutrition to aquatic 
hyphomycetes, Sridhar & Raviraja (2001) discussed 
that increased BOD could be detrimental to the 
abundance and activity of aquatic hyphomycetes. 
Ortiz-Vera et al. (2018) conducted a study along 
the Tietê River, in São Paulo, and found that the 
physicochemical factors best explaining fungal 
diversity patterns were pH and dissolved iron, while 
community composition was mostly influenced by 
BOD, pH, DO, and seasonality. In their study based 
exclusively on molecular data, sites that presented 
higher pH and higher BOD showed enrichment 
of some specific OTUs (Ortiz-Vera et al., 2018).

COD did not vary significantly in the REBIO 
PT, except in the 2019 dry season, when the 
average value was almost twice the values ​​previously 
observed. At the CD Refuge, there were clearly 
two levels of COD that did not follow the wet and 
dry seasons. No direct relationship was detected 
between COD and the occurrence of hyphomycetes 
(correlation 0.02), which represents, for this study, 
that COD does not interfere in the detection of 
aquatic hyphomycetes. However, Pascoal  et  al. 

(2005) and Czeczuga et al. (2005) measured COD 
in water bodies in Portugal and Poland and found 
that the COD influence the occurrence of various 
fungal species in the aquatic environment.

Acidity and alkalinity are rarely used as 
parameters in studies of aquatic hyphomycetes, 
although they are known to interfere in the 
occurrence of aquatic organisms (Libânio, 2005). 
In this study, when acidity in the water decreased, 
higher occurrence of hyphomycetes was detected 
(correlation -0.52 for CD Refuge and -0.6 for 
REBIO PT). Acidity and alkalinity levels may 
interfere with pH, although the variation observed 
in this study for the former variables was not 
mirrored in the pH that remained reasonably stable 
throughout the year. It is yet to be proved whether 
the decrease in alkalinity in the third and fourth 
samplings in REBIO PT, coinciding with the 
maximum number of conidia, or other taxonomic 
structures of aquatic hyphomycetes detected, 
was random. Decrease in alkalinity was generally 
accompanied by an increase in the detection of 
facultative hyphomycetes of the genus Xylomyces.

Variables such as chloride, sulfates, and color 
were registered in some studies (Graça, 1994; 
Czeczuga et al., 2005; Bärlocher et al., 2010) for 
water characterization but have not been discussed 
relating to the fungal community. In this work, 
we noted that at the CD Refuge, higher chloride 
concentration coincides with a high occurrence 
of aquatic hyphomycetes and sulfates, commonly 
associated with pollution (Krauss  et  al., 2003), 
showed a moderate negative correlation (-0.52) with 
the fungal community.

4.3. Water quality index (WQI)

The CD Refuge and the REBIO PT had regular 
WQI (above 36 and less than or equal to 51), 
according to the ANA (2020) classification. The 
interpretation of the results of WQI evaluation must 
consider the intended use of water. For example, a 
low WQI value indicates the poor quality of water 
for human supply, but this water can be used in less 
demanding processes, such as navigation or power 
generation (Libânio, 2005). Both the CD Refuge 
and the REBIO PT showed values ​​much lower than 
79, indicating that physical and chemical treatment 
of the water are necessary before distribution to the 
population.

The preference for cleaner and clearer waters 
was an important factor to justify the occurrence of 
hyphomycetes in the studied areas that are protected 
by conservation laws. Although one sampling point 
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(point 6) at the CD Refuge presents strong human 
influence, it was the last sampled point downriver, 
and it has not contributed to a negative assessment 
of the water within the reserve. In REBIO PT, all 
sampling points are natural, with no anthropic 
influence, and the WQI showed no significant 
difference relating to CD Refuge despite one 
impacted sampling point.

Ingoldian hyphomycetes had their occurrence 
verified more frequently in CD Refuge, mainly 
in the more anthropized sampling point. When 
the two areas are compared in terms of ingoldian 
hyphomycetes, the highest occurrence in REBIO PT 
was at point 1, a pristine region with accumulated 
dead organic matter. The only study that mentions 
specifically WQI and aquatic hyphomycetes is that 
of Ortiz-Vera  et  al. (2018). They used Terminal 
Restriction Fragment Length Polymorphisms 
(TRFLP) to evaluate broad diversity patterns, 
and ITS DNA sequencing from seven locations, 
representing a gradient of water quality, to determine 
taxonomic identity and composition patterns. 
They recorded that the aquatic communities of 
hyphomycetes showed decreasing similarity with 
increasing geographic distance. However, based 
on the River Continuum Concept, they argued 
that this pattern could reflect an interaction of, 
for example, hydrological conditions, riparian 
vegetation, substrate, and dispersal factors. Either 
way, the WQI was considered a useful parameter 
to compare the number of microorganisms present 
in the water.

5. Conclusions

Preserving natural areas of the Atlantic 
Forest is essential for the conservation of aquatic 
communities and diversity of hyphomycetes that 
decompose submerged leaf litter. Conservation 
Units are important for keeping riparian forests 
preserved and the good water quality, therefore 
assuring the reproductive success of aquatic fungi 
in these environments. In addition, the structure 
of the aquatic hyphomycetes community is also 
influenced by water quality, with a higher amount 
of hyphomycetes being found in cleaner waters.

Geographical factors such as altitude, 
temperature, and rainfall influence oxygen saturation 
in the water and oxygen has a direct correlation with 
the fungal community.

The variables determined in this work, and 
which are related to water quality standards, present 
values within the expected range for sites under 
environmental protection. The calculation of the 

WQI is important for the determination of water 
quality and represents a useful ecological tool for 
detecting water pollution in natural reserves.
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