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ABSTRACT
Bivalves are known to be infected by filamentous fungi, many of which have pathogenic and
toxicogenic properties, and may represent a risk to human health. The present study
investigated the mycological characteristics of Perna perna obtained from Guanabara Bay,
Brazil. The mussels were sealed individually in sterile bags, weighed and measured, and the
internal organs were examined. The organs were grown in different culture media. All but
one of the 31 mussels (96.7%) examined contained fungi, and a total of 84 fungal colonies
were isolated. The genera identified were Aspergillus (40.5%), Didymella (35.7%), Penicillium
(10.7%), Aureobasidium (1.2%), Cladosporium (1.2%) and Phaeoisaria (1.2%). The molecular
sequences obtained 99.8 and 100% identity with Didymella sp., Phaeoisaria sp. and
Aureobasidium pullulans, and were deposited in GenBank. This is the first record of Didymella
and Phaeoisaria in a bivalve. The digestive gland was the organ with the greatest diversity
of fungi genera. A number of the fungi identified here, as Aspergillus awamori, Aspergillus
japonicus, Aspergillus niger, Aspergillus versicolor and Aspergillus sydowii, are known to
produce mycotoxins and others are opportunistic forms, which reinforces the need for the
systematic monitoring of the study area to guarantee the safe exploitation of these bivalves
for human consumption.
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Introduction

The brown mussel, Perna perna (Linnaeus, 1758), has a
very ample geographic distribution. It is considered to
native to Africa, but can also be found in the Mediterra-
nean Sea, Sri Lanka and southern India. In Europe,
P. perna is found only on the southern coast of Portugal.
In the Americas, the species has been recorded in the
Gulf ofMexico andon someCaribbean islands, in addition
to Venezuela, Uruguay and Brazil (Hicks and Tunnell 1995;
Acosta et al. 2006; Resgalla et al. 2008; Carranza and
Borthagaray 2009; Lourenço et al. 2012). On the Brazilian
coast, P. perna occurs between the states of Espírito Santo
and Rio Grande do Sul (Marques 1998), where it is con-
sidered an important source of income and subsistence,
in particular by coastal populations (Resgalla et al. 2008;
SAP/MAPA 2020).

Bivalve mollusks are sessile filter feeders that ingest
suspended material, and may retain microorganisms
and chemical substances in their tissue (Marques 1998;

Resgalla et al. 2008). The occurrence of filamentous
fungi has been investigated in a number of bivalve
species, including farmed mussels in France (Mytilus
edulis Linnaeus, 1758), Algeria (Mytilus galloprovincialis
Lamarck, 1819) and New Zealand (Perna canaliculus
(Gmelin, 1791)) (Sallenave-Namont et al. 2000; Matal-
lah-Boutiba et al. 2012; Li et al. 2022). Other species inves-
tigated include scallops, Nodipecten nodosus (Linnaeus,
1758), cultivated in southeastern Brazil (Santos et al.
2017a), and oysters, Crassostrea gigas (Thunberg, 1793),
mussels, Crenomytilus grayanus (Dunker, 1853) and Mod-
iolus modiolus (Linnaeus, 1758), and clams, Anadara
broughtonii (Schrenck, 1867), from the Russian waters
of the Sea of Japan (Zvereva and Vysotskaya 2005;
Borzykh and Zvereva 2012a, 2012b, 2014, 2015, 2018).
In the specific case of P. perna, only one mycological
study has been published, from southeastern Brazil
(Santos et al. 2020). These authors found no obvious
deleterious effects of fungal infection in these mollusks.
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Even so, the potential consequences of the infection of
bivalves by filamentous fungi are still unclear (Grovel
et al. 2003; Santos et al. 2017a, 2020).

Fungi are heterotrophic, eukaryotic microorganisms
that are able to act as symbionts, parasites, sapro-
phytes or decomposers, with an extensive distribution
in nature, being found in the soil, water, and even sus-
pended in the air (Dube 2013). Many species have
pathogenic and toxicological properties, which can
pose a risk to humans, animals and plants (Grovel
et al. 2003; Dube 2013).

Mussels were selected for this study because bivalves
are widely used in national and international environ-
mental monitoring actions, and are also resistant to
various environmental conditions (Marques 1998;
Resgalla et al. 2008). The biomonitoring of mussels,
especially to determine the presence of filamentous
fungi, is necessary for the safe exploitation of these
bivalves as a human food, given their economic value
and relevance for public health. Understanding the
diversity of fungi in marine environments, in particular
in areas impacted by human activities, is essential for
the evaluation of the quality of these environments
and the planning of adequate management strategies.
In this context, the present study investigated the occur-
rence of filamentous fungi in samples of the mussel
P. perna obtained from the vicinity of Jurujuba Beach
in the state of Rio de Janeiro, in southeastern Brazil.

Materials and methods

Sample collection and processing

The samples of P. perna were collected randomly by
local fishers from adjacent rocky shores near Jurujuba
Beach in Guanabara Bay (22°55’53’’ S, 43°06’35’’ W),
and subsequently were selected specimens with a
shell length greater than 50 mm. In this region, the
mussels serve as a significant source of income and
fishers own consumption, where they are sold primarily
to local population and restaurants. The samples were
collected in February, March and November 2019, and
January 2020, with a total of 31 specimens. These
months were based on the availability of the fishers to
provide the mussels for this study. The samples were
sealed individually in sterile plastic bags to avoid con-
tamination, numbered, packed in a polystyrene cooler
containing ice, and transported to the laboratory for
processing. The specimens were weighed while still in
the bags, and then removed from the bags, placed indi-
vidually in containers and washed externally with
Tween 80 (0.1%) for 5 min and sterile distilled water
for 10 min in a BSL-2 biological safety cabinet, to

remove any external microbial contamination. After
the valves were opened, the sex of each specimen
was determined, and the internal organs (foot, gills
and digestive gland) were extracted. Each organ was
approximately 5 mm in length. The 93 fresh samples
were numbered, washed in 0.85% phosphate-buffered
saline (PBS) (8 g NaCl, 0.2 g KCl, 1.44 g Na2HPO4,
0.24 g KH2PO4 in 800 ml of distilled water; pH 7.4) and
sterile distilled water, centrifuged, and placed in Petri
dishes containing 20 mL of potato dextrose agar
(PDA) (DifcoTM) and chloramphenicol (Sigma) (dissolve
50 mg of chloramphenicol in 10 ml of 95% alcohol and
add to the culture medium) (ANVISA 2004) before being
incubated for seven days at room temperature (Santos
et al. 2017a). The shells were then measured.

Fungal identification

The fungal colonies that developed on the Petri dishes
were transferred to test tubes containing PDA for iso-
lation. The morphology of all the strains that could
be identified to genus was examined microscopically
and macroscopically. The fungal strains were identified
macroscopically using the inoculum point technique
(Pitt and Hocking 2009) in Petri dishes containing
different culture media and incubated in biochemical
oxygen demand (BOD) climate chambers, at different
temperatures, for 7–21 days, using: malt extract agar
(MEA) (DifcoTM) at 25°C; czapek yeast extract agar
(CYA) (DifcoTM) at 25°C and 37°C; and CYA with 20%
sucrose (CYA20S) at 25°C. The texture, degree of spor-
ulation, production of sclerotia or cleistothecia, myce-
lial colouration, sporulation, soluble pigments,
exudates, and colony reverses were analyzed. The
growth of each colony was measured with a Mitutoyo
digital calliper (precision of 0.01 mm). The microscopic
morphological analyses were based on the microcul-
ture technique (Rivalier and Seydel 1932), using the
same culture media and temperatures described
above. Each colony was stained with lactophenol
blue-cotton and observed under a Zeiss Axiophot
optical microscope. The presence or absence of septa
in the hyphae, the formation of fruiting bodies or
other types of reproductive structure, the presence
or absence of melanized structures, as well as the
development pattern and characteristics of dispersal
structures, such as spores and conidia, were observed.
The morphological features were photographed using
an attached Moticam 10 mp camera equipped with the
Motic images plus v. 2.0 software (Motic China Group
Co.). All measurements are presented in micrometers.
The species were identified following the classifi-
cations of Raper and Fennell (1965), Ellis (1971, 1976),
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Alexopoulos et al. (1996), Pitt (2000), Klich (2002),
Webster and Weber (2007), Seifert et al. (2011) and
Bensch et al. (2012).

Genetic analysis

The fungi that were not accurately identified to genus
level by their morphological characteristics were separ-
ated for molecular analysis. The isolates were trans-
ferred to test tubes containing PDA for cultivation.
After seven days, the genomic DNA of these fungi
was extracted according to Ricci et al. (2011). The
26S rRNA gene was amplified using the NL1 (5′-GCA-
TATCAATAAGCGGAGGAAAAG-3′) and NL4 (5′-
GGTCCGTGTTTTTTCAAGACGG-3′) primers (Ricci et al.
2011), while the ITS1 (5’-TCCGTAGGTGAACCTGCGG-
3’) and ITS4 (5’-TCCTCCTCCGCTTATTATTGATATGC-3’)
primers were used to amplify the ITS1, 5.8S and ITS2
rDNA regions (White et al. 1990). The 18S rDNA gene
was amplified using the primers FF2 (5′-
GGTTCTATTTTGTTGGTTTCTA-3′) and FR1 (5′-
CTCTCAATCTCTGTCAATCCTTATT-3′) (Zhou et al.
2000) and EF4 (5′-GGAAGGG[G/A]TGTATTTATTAG-3′)
and EF3 (5′-TCCTCTAAATGACCAAGTTTG-3′) (Gontia-
Mishra et al. 2014). The PCRs were run in a total of 50
μl, containing 0.5 μl of Taq polymerase, 1.0 μl of each
primer with a final concentration of 10 pmol, 5.0 μl
of the kit buffer (10x), 5 μl of dNTPs, 3.0 μl of MgCl2,
29.5 μl of ultrapure water, and 5.0 μl of the DNA,
with the cycling parameters based on the protocols
of White et al. (1990), Zhou et al. (2000), Gontia-
Mishra et al. (2014) and Kurtzman and Robnett
(1998). A negative control reaction without DNA was
included. The PCR products were analyzed by electro-
phoresis in gels containing 1.5% agarose and Tris-
borate Ethylenediamine Tetraacetic Acid (EDTA)
stained with SybrGreen DNA gel Stain (Invitrogen,
Eugene, Oregon, USA), and photographed under ultra-
violet transillumination. The PCR amplicons were
purified using the EasyPure® PCR purification kit (Trans-
Gen Biotech Co., LTD). The DNA sequencing reactions
were based on the Sanger method and the sequences
were obtained automatically by the Sequencing Plat-
form of the Oswaldo Cruz Foundation (PDTIS/Fiocruz)
in Rio de Janeiro, Brazil. The newly-generated
sequences of both strands were verified and edited
in the MEGA software, version X (Kumar et al. 2018),
and the sequences were compared to those available
in the GenBank database using the BLAST programme
on the National Center for Biotechnology Information
(NCBI) server (http://www.ncbi.nlm.nih.gov/BLAST)
(Altschul et al. 1990).

Results

Total P. perna shell length ranged from 63 to 115 (91.6
± 11.8) mm, and the weight of the specimens varied
from 21.62–113.60 (60.7 ± 20.3) g. The specimens
included 17 females and 13 males, while one individual
could not be sexed. These organisms provide the local
fisher community with a subsistence resource and a
source of financial income.

No visible signs of fungi were apparent externally
but after culture, the presence of filamentous fungi
was detected in 30 of the 31 mussels (96.7%). The
only mussel with absence of fungi was a male. A
total of 84 fungal colonies were isolated of which 30
were isolated from the foot tissue, 27 from the gills,
and 27 from the digestive glands. Eight colonies
could not be identified due to the absence of repro-
ductive structures, and were thus classified as Mycelia
sterilia.

Overall, 48.4% (45/93) of the examined tissue
samples had only one fungal taxon. No more than
two taxa were identified in the foot and gill samples,
while as many as four taxa were found in the digestive
gland samples. No fungi were detected in 30 samples
(Table 1).

The fungi were identified by the macroscopic and
microscopic examination of their morphological
characteristics, except for the genera Aureobasidium
Viala & Bayer 1891, Didymella Saccardo, 1880 and
Phaeoisaria Höhn, 1909, which could only be diag-
nosed definitively with a complementary molecular
analysis. A total of six sequences were obtained: Didy-
mella – partial 26S rDNA sequence (GenBank accession
number: ON246999; 100% identity with Didymella glo-
merata Q. Chen & L. Cai, 2015, Didymella pedeiae
Q. Chen & L. Cai, 2015 and Didymella pomorum
Q. Chen & L. Cai, 2015 in a 593 bp) and ITS1, 5.8S
and ITS2 (GenBank: ON247031; 99.8% identity with
D. pedeiae in a 494 bp); Phaeoisaria – partial 26S
rDNA sequence (GenBank: ON246998; 100% identity
with Phaeoisaria sp. in a 588 bp) and one partial 18S
rDNA sequence (GenBank: ON246995; 99.8% identity
with Phaeoisaria fasciculata Réblová & Seifert, 2016 in

Table 1. The number and the prevalence (%) of different
filamentous fungi recorded per organ in the Perna perna
mussels collected off Jurujuba Beach in Rio de Janeiro, Brazil.
Number of fungi per
organ Foot Gills

Digestive
gland Total organs

0 8 8 14 30 (32,2%)
1 16 19 10 45 (48,4%)
2 7 4 5 16 (17,2%)
3 0 0 1 1 (1,1%)
4 0 0 1 1 (1,1%)
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a 1398 bp) and Aureobasidium – partial 18S rDNA
sequence (GenBank: ON246994; 100% identity with
Aureobasidium pullulans G. Arnaud 1918 and Aureoba-
sidium namibiae Zalar, Gostincar, Gunde-Cimerman,
2014 in a 406 bp) and ITS1, 5.8S and ITS2 (GenBank:
ON247030; 99.8% identity with A. pullulans in a
561 bp).

The most prevalent genus was Aspergillus Micheli,
1729, with a total of 34 colonies, observed in all the
organs analyzed (12 in the foot, 13 in the gills, and
nine in the digestive glands). Didymella was rep-
resented by 30 colonies, followed by Penicillium Link
1809 with nine colonies. These two genera were also
found in all three organs examined in P. perna. Aureo-
basidium, Cladosporium Link, 1816 and Phaeoisaria
were present in one colony each in the digestive
gland (Table 2).

The fungi identified to the species level were: Asper-
gillus awamori Nakaz. 1907, Aspergillus caespitosus
Raper & Thom 1944, Aspergillus carbonarius Thom
1916, Aspergillus flavipes Thom & Church 1926, Asper-
gillus japonicus Saito 1906, Aspergillus niger Tiegh.
1867, Aspergillus sydowii Thom & Church 1926, Asper-
gillus versicolor Tirab. 1908, Penicillium raistrickii
G. Sm. 1933, and A pullulans. The occurrence and the
macroscopic and microscopic morphological charac-
teristics of these species and the genera are reviewed
in Table 3.

Discussion

The gonads in the mantle of P. perna show a character-
istic colouration during the reproductive period, which
make it possible to determine the sex: female mussels
display a orange mantle colour, and males, creamy
white (Lunetta 1969; Resgalla et al. 2008). One speci-
men sampled was classified as an indeterminate sex
due to a transparent mantle, probably associated
with the emptying stage of the gonadal follicles
(Lunetta 1969).

All the mussels analyzed in the present study were
over 50 mm in length, and were therefore considered
to be adults, based on the criteria of the Brazilian Insti-
tute of the Environment and Renewable Natural
Resources (IBAMA 2006), which has established that
P. perna from natural stocks with a shell length of at
least 50 mm are adults and are suitable for sale and
human consumption. Despite previous studies shown
differences in metabolism between juvenile and
adult bivalves (Xião et al. 2014; Oliveira et al. 2023), it
is not yet known whether this could influence in the
presence of different fungi for each group. Nonethe-
less, the results found here represent the fungi associ-
ated with adult mussels.

Environmental pollution may influence the quantity
and diversity of fungi (Wellbaum et al. 2007), and as
the mussels examined here were obtained from an
area with clear signs of pollution (Fries et al. 2019; Oli-
veira et al. 2022), there is a clear need for the investi-
gation of the pattern of occurrence of fungi in
P. perna. Borzykh and Zvereva (2014) reported that
the species richness of the genera Aspergillus, Penicil-
lium, Cladosporium, and Chaetomium Kunze 1817 in
scallops increased in polluted coastal waters. Accord-
ing to Sarquis and Borba (1997), the human interven-
tion may lead to an increase in organic matter,
facilitating the development of fungal flora. At Juru-
juba Sound, which includes Jurujuba Beach, there are
non-treated industrial and domestic effluents and
urban runoff, as well as nautical activities and atmos-
pheric depositions (Baptista Neto et al. 2005). There-
fore, the Jurujuba Beach is under the influence of
anthropogenic activities, which make this area relevant
for investigation of filamentous fungi in P. perna.

In the present study, it was possible to verify a diver-
sity of filamentous fungi in the internal organs of
P. perna collected off the coast of Rio de Janeiro. The
highest percentage of fungi was found in the foot of
the molluscs, indicating the specificity of the area
where they settle since the foot into contact with the
rocky shores. After filtering and ingesting their food,
fungi in the gills and digestive glands occurred in
lower percentages. It is important to consider that
the fact that no colonies were obtained in some
organs does not mean that the sample contained no
fungi. There are fungi that are not easily cultivated
and may require different culturing conditions for
each species (Meletiadis et al. 2001). The absence of
visible signs of fungi in the specimens before culture
was expected. This was similar in other studies
(Grovel et al. 2003; Marrouchi et al. 2013; Santos
et al. 2017a, 2020). Nevertheless, it is important to
better understand the role of fungi in bivalve

Table 2. The number and the prevalence (%) of filamentous
fungal colonies (per genus) isolated from the organs of the
Perna perna mussels collected off Jurujuba Beach in Rio de
Janeiro, Brazil.
Filamentous fungi Foot Gills Digestive gland Total per genus

Aspergillus sp. 12 13 9 34 (40,5%)
Didymella sp. 11 11 8 30 (35,7%)
Penicillium sp. 5 2 2 9 (10,7%)
Aureobasidium sp. 0 0 1 1 (1,2%)
Cladosporium sp. 0 0 1 1 (1,2%)
Phaeoisaria sp. 0 0 1 1 (1,2%)
Mycelia sterilia 2 1 5 8 (9,5%)
Total per organ 30 27 27
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Table 3. Occurrence and macroscopic and microscopic morphological characteristics of identified filamentous fungi that were
isolated from the organs of the Perna perna mussels collected off Jurujuba Beach in Rio de Janeiro, Brazil.
Filamentous fungi Sites Colonies Morphological characteristics

Aspergillus awamori foot and gills 6 Surface of colonies black on all culture media. Colonies 60–68 mm in diameter on CYA at 25°C;
reverse furrowed cream. Colonies 58–63 mm in diameter on MEA at 25°C; reverse black to
grey. Colonies 40–45 mm in diameter with white border and yellowish tones on CYA20S at
25°C; yellow reverse. Colonies 50–58 mm in diameter on CYA at 37°C; reverse dark black with
yellowish border (Figure 1A–B). Globose vesicles with brown conidia and walls varying from
smooth to slightly rough (Figure 1C).

Aspergillus
caespitosus

foot and digestive
gland

5 Furrowed colonies 25–26 mm in diameter on CYA, and 33–34 mm on CYA20S at 25°C; green to
white surface, and yellowish reverse. Smooth green colonies with white border in surface and
reverse, reaching 18–20 mm in diameter on MEA at 25°C. No growth on CYA at 37°C (Figure
2A–B). Conidia slightly rough, greenish (Figure 2C).

Aspergillus
carbonarius

foot 1 Surface of colonies black on all culture media. Furrowed colonies with cream reverse, reaching
45–60 mm in diameter on CYA, and 65–68 mm on CYA20S at 25°C. Colonies 55–70 mm in
diameter on MEA at 25°C; grey reverse. Colonies 43–54 mm in diameter on CYA at 37°C;
reverse with grey to yellowish white border (Figure 3A–B). Conidiophore with brown to black
rough conidia (Figure 3C), larger vesicles with metulae and phialides, and conidiophores with
smooth wall. Conidia larger than 7 μm.

Aspergillus flavipes foot 1 Pinkish furrowed colonies with green and white tones, reaching 28–30 mm in diameter with
brown exudates on CYA at 25°C. Green and white colonies also ridged, reaching 43–45 mm in
diameter on CYA20S at 25°C, with soluble pigments. The reverse staining of both culture
media was red/brown. Green colonies 21–25 mm in diameter on MEA at 25°C; greenish
reverse with white border. No growth on CYA at 37°C (Figure 4A–B). Conidia greenish (Figure
4C).

Aspergillus japonicus digestive gland 1 Black to grey colonies on surface reaching 66–68 mm in diameter on CYA20S at 25°C; pale to
yellowish reverse (Figure 5A–B). Uniseriate conidial heads, conidia light brown, with
predominantly smooth and globose vesicle (Figure 5C).

Aspergillus niger foot, gills and
digestive gland

8 Surface of colonies black on all culture media. Colonies reaching 50–60 mm in diameter on
CYA, and 58–62 mm on CYA20S at 25°C. The reverse of both media was slightly yellowish.
Colonies reaching 50–60 mm in diameter on MEA at 25°C; reverse black with white tones.
Colonies reaching 55–60 mm in diameter on CYA at 37°C; reverse dark black with yellowish
tones (Figure 6A–B). Uniseriate conidial heads, conidia rough to spiny and small, with dark
brown to black colouration (Figure 6C).

Aspergillus sydowii foot, gills and
digestive gland

3 Green, white, and pink furrowed colonies reaching 19–20 mm in diameter with red to brown
exudates on CYA at 25°C; reverse staining was red/brown with diffuse pigmentation of the
same colour. Colonies on CYA20S at 25°C similar to CYA, but without exudates and pink in
colour, reaching 33–35 mm in diameter, with soluble pigments. Colonies reaching 22–23 mm
in diameter on MEA at 25°C; pale to yellowish reverse. Reverse with white border on all
media. No growth on CYA at 37°C (Figure 7A–B). Greenish conidia (Figure 7C).

Aspergillus versicolor gills 4 Green and white furrowed colonies reaching 22–23 mm in diameter with red to brown
exudates on CYA at 25°C; reverse staining red/brown with diffuse pigmentation of the same
colour. Colonies on CYA20S at 25°C similar to CYA, but without exudates, reaching 30–33 mm
in diameter. Colonies reaching 18–20 mm in diameter on MEA at 25°C; pale to yellowish
reverse. Reverse with white border on all media. No growth on CYA at 37°C (Figure 8A–B).
Conidia rather rough, greenish-grey colouration (Figure 8C).

Didymella sp. foot, gills and
digestive gland

30 Brown colonies with white borders on all culture media, and reverse with dark pigmentation of
the same colour. Furrowed colonies reaching 48–50 mm in diameter on CYA, and 40–41 mm
on CYA20S at 25°C. Velvety colonies reaching 45–48 mm in diameter on MEA at 25°C. No
growth in CYA at 37°C (Figure 9A–B). Mycelia strongly pigmented. Presence of pycnidia
(Figure 9C).

Penicillium raistrickii foot and digestive
gland

2 Green colonies on the surface and yellowish on the reverse, both with white borders, on all
culture media. Furrowed colonies reaching 35–40 mm in diameter with clear exudates on
CYA, and 43–45 mm on CYA20S at 25°C. Smooth colonies with slower growth on MEA at
25°C, reaching 23–25 mm in diameter. No growth on CYA at 37°C (Figure 10A–B).
Conidiophores with round, smooth conidia (Figure 10C).

Cladosporium sp. digestive gland 1 Dark green colonies with white border on the surface and reverse on all culture media.
Furrowed colonies reaching 26–29 mm in diameter on CYA, and 30–31 mm on CYA20S at
25°C. Smooth colonies reaching 12–15 mm in diameter on MEA at 25°C. No growth on CYA at
37°C (Figure 11A–B). Presence of septate hyphae with pigmentation and round conidia
(Figure 11C). Dark structures form when hyphae disrupted, so both conidiogenous cells and
conidia exhibit conidiogenous loci (scars) with a unique coronate structure. There are
connecting cells.

Phaeoisaria sp. digestive gland 1 Smooth green colonies on the surface and reverse, reaching 13–18 mm in diameter on CYA,
12–20 mm on MEA, and 5–7 mm on CYA20S, all at 25°C. The reverse of the colonies on MEA
with darkly pigmentated. No growth on CYA at 37°C (Figure 12A–B). Conidiogenous cells
light brown, acicular or cylindrical, with tapering apical portion. Presence of septate hyphae
(Figure 12C).

Aureobasidium
pullulans

digestive gland 1 No growth observed on any of the four Petri dishes after isolation of the fungus with brown
staining in the test tube with PDA (Figure 13A). Presence of black arthroconidia on PDA at
25°C (Figure 13B).
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Figure 1. Morphological characteristics of Aspergillus awamori after seven days of incubation. A- Macroscopic view of the colony
surface. B- Macroscopic view of the colony reverse. C- Microscopic view of the conidiophores with brown conidia and vesicle,
lactophenol staining on CYA at 25°C. Abbreviations: CYA-1 = czapek yeast extract agar at 25°C; CYA-2 = czapek yeast extract
agar at 37°C; CYA20S = czapek yeast extract agar with 20% sucrose; MEA =malt extract agar; C = conidia; S = stipe; V = vesicle.
Scale bar = 20 µm.

Figure 2.Morphological characteristics of Aspergillus caespitosus after seven days of incubation. A- Macroscopic view of the colony
surface. B- Macroscopic view of the colony reverse. C- Microscopic view of conidiophores with greenish conidia, lactophenol blue-
cotton staining on CYA at 25°C. Abbreviations: CYA-1 = czapek yeast extract agar at 25°C; CYA-2 = czapek yeast extract agar at
37°C; CYA20S = czapek yeast extract agar with 20% sucrose; MEA =malt extract agar; C = conidia; S = stipe; V = vesicle. Scale
bar = 50 µm.

Figure 3. Morphological characteristics of Aspergillus carbonarius after seven days of incubation. A- Macroscopic view of the
colony surface of colonies. B- Macroscopic view of the colony reverse. C- Microscopic view of conidiophores with brown and
black conidia, lactophenol blue-cotton staining on CYA at 25°C. Abbreviations: CYA-1 = czapek yeast extract agar at 25°C;
CYA-2 = czapek yeast extract agar at 37°C; CYA20S = czapek yeast extract agar with 20% sucrose; MEA =malt extract agar;
C = conidia; S = stipe. Scale bar = 50 µm.
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Figure 4. Morphological characteristics of Aspergillus flavipes after seven days of incubation. A- Macroscopic view of the colony
surface. B- Macroscopic view of the colony reverse. C- Microscopic view of conidiophore with greenish conidia, lactophenol
blue-cotton staining on CYA at 25°C. Abbreviations: CYA-1 = czapek yeast extract agar at 25°C; CYA-2 = czapek yeast extract
agar at 37°C; CYA20S = czapek yeast extract agar with 20% sucrose; MEA =malt extract agar; C = conidia; S = stipe. Scale
bar = 20 µm.

Figure 5. Morphological characteristics of Aspergillus japonicus after seven days of incubation. A- Macroscopic view of the colony
surface. B- Macroscopic view of the colony reverse. C- Microscopic view of conidiophores with light brown conidia, lactophenol
staining on CYA at 25°C. Abbreviations: CYA20S = czapek yeast extract agar with 20% sucrose; C = conidia; S = stipe; V = vesicle.
Scale bar = 20 µm.

Figure 6. Morphological characteristics of Aspergillus niger after seven days of incubation. A- Macroscopic view of the colony
surface. B- Macroscopic view of the colony reverse. C- Microscopic view of conidiophores with dark brown to black conidia, lacto-
phenol staining on CYA at 25°C. Abbreviations: CYA-1 = czapek yeast extract agar at 25°C; CYA-2 = czapek yeast extract agar at
37°C; CYA20S = czapek yeast extract agar with 20% sucrose; MEA =malt extract agar; C = conidia; S = stipe; V = vesicle. Scale
bar = 20 µm.
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Figure 7. Morphological characteristics of Aspergillus sydowii after seven days of incubation. A- Macroscopic view of the colony
surface. B- Macroscopic view of the colony reverse. C- Microscopic view of conidiophores with greenish conidia, lactophenol
blue-cotton staining on CYA at 25°C. Abbreviations: CYA-1 = czapek yeast extract agar at 25°C; CYA-2 = czapek yeast extract
agar at 37°C; CYA20S = czapek yeast extract agar with 20% sucrose; MEA =malt extract agar; C = conidia; S = stipe. Scale
bar = 20 µm.

Figure 8. Morphological characteristics of Aspergillus versicolor after seven days of incubation. A- Macroscopic view of the colony
surface. B- Macroscopic view of the colony reverse. C- Microscopic view of conidiophores with greenish conidia, lactophenol
blue-cotton staining on CYA at 25°C. Abbreviations: CYA-1 = czapek yeast extract agar at 25°C; CYA-2 = czapek yeast extract
agar at 37°C; CYA20S = czapek yeast extract agar with 20% sucrose; MEA =malt extract agar; C = conidia; S = stipe; FC = foot
cell. Scale bar = 50 µm.

Figure 9.Morphological characteristics of Didymella sp. after seven days of incubation. A- Macroscopic view of the colony surface.
B- Macroscopic view of the colony reverse. C- Microscopic view of conidiophores with brown perithecia, lactophenol staining on
CYA at 25°C. Abbreviations: CYA-1 = czapek yeast extract agar at 25°C; CYA-2 = czapek yeast extract agar at 37°C; CYA20S = czapek
yeast extract agar with 20% sucrose; MEA =malt extract agar; P = pycnidia. Scale bar = 20 µm.
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Figure 10. Morphological characteristics of Penicillium raistrickii after seven days of incubation. A- Macroscopic view of the colony
surface. B- Macroscopic view of the colony reverse. C- Microscopic view of conidiophores, lactophenol staining on CYA at 25°C.
Abbreviations: CYA-1 = czapek yeast extract agar at 25°C; CYA-2 = czapek yeast extract agar at 37°C; CYA20S = czapek yeast
extract agar with 20% sucrose; MEA =malt extract agar; C = conidia; M =metulae; P = phial. Scale bar = 20 µm.

Figure 11. Morphological characteristics of Cladosporium sp. after seven days of incubation. A- Macroscopic view of the colony
surface. B- Macroscopic view of the colony reverse. C- Microscopic view of conidiophores, lactophenol blue-cotton staining on CYA
at 25°C. Abbreviations: CYA-1 = czapek yeast extract agar at 25°C; CYA-2 = czapek yeast extract agar at 37°C; CYA20S = czapek
yeast extract agar with 20% sucrose; MEA =malt extract agar; C = conidia. Scale bar = 20 µm.

Figure 12. Morphological characteristics of Phaeoisaria sp. after seven days of incubation. A- Macroscopic view of the colony
surface. B- Macroscopic view of the colony reverse. C- Microscopic view of conidia and septate hyphae, lactophenol blue-
cotton staining on CYA at 25°C. Abbreviations: CYA-1 = czapek yeast extract agar at 25°C; CYA-2 = czapek yeast extract agar
at 37°C; CYA20S = czapek yeast extract agar with 20% sucrose; MEA =malt extract agar; C = conidia; CL = chlamydospore;
H = hyphae. Scale bar = 20 µm.
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metabolism. Thus, opens up a new area of research
that needs to be explored in subsequent studies.

The genera identified here are all members of the
Ascomycota, the largest phylum of the Fungi
kingdom. Ascomycetes include fungi of both ecologi-
cal and economic importance, some are edible, while
others act as pathogens (Watkinson et al. 2015). The
current taxonomy recognizes 339 species of Aspergil-
lus, 46 species of Aureobasidium, 218 species of Clados-
porium, 495 species of Didymella, 354 species of
Penicillium, and 39 species of Phaeoisaria (Samson
et al. 2014; Visagie et al. 2014; Bensch et al. 2018;
Index Fungorum 2022).

Cladosporium, Didymella and Phaeoisaria are darkly-
pigmented or dematiaceous fungi. In particular, the
last two genera, given the morphological similarities
of many members of the families Didymellaceae and
Pleurotheciaceae, the taxa could not be identified
reliably based on the macroscopic and microscopic
examination of their characteristics alone. Recent phy-
logenetic studies have sought to better define the
arrangements within these families (Dong et al. 2021;
Magaña-Dueñas et al. 2021). In the present study, the
complementary molecular analyses permitted a more
conclusive identification of Didymella and Phaeoisaria.

For the molecular analyses in this study, the 18S
rDNA gene was chosen because it represents a con-
served region of DNA, and by using universal primers
specific for fungi, makes it possible to obtain PCR pro-
ducts from most of these microorganisms (Gontia-

Mishra et al. 2013). On the other hand, the 28S rDNA
and ITS regions provide for certain fungi a better sep-
aration of closely related species (Smit et al. 1999).
Therefore, it is interesting to explore more than one
region of DNA.

Aspergillus, Didymella and Penicilliumwere observed
in all the different organs of P. perna analyzed here,
which appears to indicate that these fungi have no
preference for a specific organ. Overall, a greater diver-
sity of genera was found in the digestive gland, which
was the only organ infected with up to four different
fungal taxa. This may be related to the accumulation
of nutritional residues in this gland (Magalhães 1998).
Li et al. (2022) also found a slightly higher diversity
of fungal species in the digestive gland of
P. canaliculus in comparison with the gills, stomach,
hemolymph and seawater. Sallenave et al. (1999) and
Marrouchi et al. (2013) identified that the digestive
gland was the part of the mussels with the most myco-
toxins. The characterizing the microbiota by host parts/
organs can help in understanding host-microbiota
interactions and associations (Li et al. 2022).

Santos et al. (2020) isolated Aspergillus sp. and Peni-
cillium sp., as well as Fusarium Link, 1809 and Pestalo-
tiopsis Steyaert, 1949, from P. perna specimens
obtained from Tarituba in the municipality of Paraty,
in western Rio de Janeiro state but the prevalence of
these fungi was not reported in this study. This
means that it is not possible to identify the predomi-
nant fungal genus in this region. Studies of other

Figure 13. Morphological characteristics of Aureobasidium pullulans after seven days of incubation. A- Fungal growth in the test
tube containing potato dextrose agar. B- Microscopic view of black arthroconidia, lactophenol staining in potato dextrose agar at
25°C. Abbreviations: PDA = potato dextrose agar; A = arthroconidia. Scale bar = 20 µm.

132 A. G. L. DE OLIVEIRA ET AL.



bivalves have identified the same genera found here,
with the exception of Didymella and Phaeoisaria
(Zvereva and Vysotskaya 2005; Borzykh and Zvereva
2014; Santos et al. 2017a). Santos et al. (2017a) found
dematiaceous fungi in scallops (N. nodosus) from the
coast of Rio de Janeiro, although the taxon was not
identified, and only two colonies were recorded. Asper-
gillus and Penicillium were among the most abundant
genera identified in surveys of sandy beach substrates
on the Brazilian coast (Sarquis and Oliveira 1996;
Gomes et al. 2008), which confirms the presence of
these fungi in the marine environment. As Aspergillus,
Cladosporium and Penicillium are among the most fre-
quent genera in many of the mycological studies,
Santos et al. (2017a) inferred that the interaction
between bivalves and fungi may be symbiotic or that
the absence of detrimental effects may be due to the
short period of infection. Salazar-Vallejo and González
(1986) identified a symbiotic relationship between the
marine gastropod Collisella Dall, 1871 (considered to
be a synonym of Lottia Gray, 1833 by WoRMS (2021))
and Didymella conchae Bonar 1936, which punctured
the shell of the gastropod frequently. In the present
study, puncture marks were observed in the inner
portion of some of P. perna shells, although it is not
possible to confirm with certainty that these marks
are related to the presence of Didymella in these
bivalves. This further reinforces the importance of con-
tinuing research to ensure a better understanding of
this interaction.

The genera Aspergillus and Penicillium are opportu-
nistic fungi found in a variety of substrates and
environments, including the marine one. These fungi
have been isolated from marine animals, plants, sea-
water and sediments (Zuluaga-Montero et al. 2010;
Gonçalves et al. 2019; Li et al. 2023). The occurrence
of both genera in the foot, gills and digestive gland
may be related to the direct interaction of P. perna
specimens with seawater, sediments and marine
plants. Didymella is known as a worldwide fungus
that often takes advantage of specific conditions to
colonize terrestrial plants and is associated with
gummy stem blight disease in cucurbits, such as water-
melon and cantaloupe, and with respiratory infections
in humans, albeit very rarely (Paret et al. 2018; Salehi
et al. 2019; Chen et al. 2023). Brazilian studies have
also confirmed the role of this genus as a phytopatho-
gen (Santos et al. 2009; Santos et al. 2017b). Didymella
spp. have been also reported as abundant in aquatic
plants in China (Chen et al. 2023). The occurrence of
Didymella sp. on foot, gills and digestive glands of
P. perna could be due to an interaction with nearby
aquatic plants. There are few published reports the

occurrence of Didymella in mollusks, however, and
the fact that this genus was the second most
common in the P. perna samples analyzed here
reinforces the need for further research, given the
potential for public health problems related to the
consumption of infected mussels. To our knowledge
this is the first record of Didymella in bivalves. Phaeoi-
saria is also recorded here for the first time in bivalves,
although it was present in only one colony.

The genera Aspergillus, Cladosporium and Penicil-
lium are a group of opportunistic filamentous fungi
that produce secondary metabolites known as myco-
toxins (Borzykh and Zvereva 2015; Girisham et al.
2016). The level of toxicity of these compounds
varies considerably among the different genera,
however. Previous studies have shown that the
highest levels of toxicity were found in Penicillium
species isolated from bivalves, followed by Aspergillus
(Sallenave-Namont et al. 2000; Matallah-Boutiba et al.
2012).

Some fungal secondary metabolites have thera-
peutic properties, and are used in industrial pharma-
cology for the production of substances such as
immunosuppressive drugs, antibiotics and antioxi-
dants (Frisvad et al. 2018). Not all these metabolites
are beneficial, however. The effects of a mycotoxin
will depend on the dose and level of exposure, in
addition to the susceptibility of the individual, which
may vary from acute to chronic (Knechtges 2012).
Three of the fungi identified in the present study,
A. awamori, A. japonicus and A. niger, which all
belong to the Nigri section (black Aspergillus), are
known to produce Ochratoxin A, or OTA (Oliveri et al.
2008; Zouhair et al. 2017). This mycotoxin is believed
to be associated with degenerative effects in the
kidneys and tumours of the urinary tract in humans
(Petkova-Bocharova et al. 1988; Wafa et al. 1998). In
addition to OTA, A. niger can synthesize two other
types of mycotoxin – oxalic acid and fumonisins (B2,
B4 and B6). The principal effects of oxalic acid are pul-
monary and renal failure, and fumonisins may cause
renal and hepatic toxicity (Kimmerling et al. 1992;
Edrington et al. 1995; Botha et al. 2009; Månsson
et al. 2010; Mogensen et al. 2010). Many Aspergillus
species, including A. versicolor and A. sydowii,
produce sterigmatocystin or similar compounds (Pur-
chase and Van der Watt 1973; Davis 1981). Sterigmato-
cystin is considered to be carcinogenic and
hepatotoxic. In addition to liver damage, it can also
cause damage to the lungs, kidneys, pancreas and
stomach (Sumi et al. 1987; Tongxin et al. 1991). This
emphasizes the need for further research to monitor
mycotoxins in edible shellfish.
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Mussels are typically consumed fresh or even raw
(Ferreira and Magalhães 2004), and it is important to
note that it is extremely difficult to eliminate mycotox-
ins completely from food, even by cooking (Knechtges
2012). The Brazilian Health Regulatory Agency
(ANVISA) has established the maximum tolerable
limits for some mycotoxins in foods marketed in
Brazil (Brasil 2011, 2017). These mycotoxins include
OTA and fumonisins, although no limits have been
established for animal foods, such as bivalve mollusks.
In fact, no specific legislation has been established for
many different types of food. This is not restricted to
Brazil. Virtually all countries and organizations have
not established monitoring programmes or
maximum limits for mycotoxins in seafood. In
general, the legislations are directed at mycotoxins in
animal feed and vegetable food matrices (Smaoui
et al. 2023). Considering the economic importance of
P. perna and their human consumption, especially in
coastal areas, the absence of legal mycotoxin limits
in bivalves represents a public health concern. Thus,
further studies should be conducted in this regard to
discuss and determine the specific limits.

Due to insufficient data on the presence of fungi in
P. perna, it was not possible to compare which fungi
would be the same and different in areas with and
without anthropogenic activities. Eventually, more
studies will be needed with this mussel to identify poss-
ible patterns of fungal diversity that would help charac-
terize the environmental and the disease-causing fungi.

Conclusions

Although the brownmussel, P. perna, is common on the
coast of southern and southeastern Brazil where it is
widely cultivated, few data are available on the associ-
ation of fungi with in this mussel. The present study
identified a number of different fungi in the P. perna
samples analyzed, including opportunistic taxa and
fungi that produce mycotoxins. These findings indicate
potential risks to public health, and emphasize the need
for the systematic monitoring of the study area to
ensure the safe exploitation of these bivalves for
human consumption. Didymella and Phaeoisaria are
reported here for the first time in bivalves, together
with morphological and genetic data. New gene
sequences were deposited in GenBank and will
support the identification of species in future studies.
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