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Plastics have become indispensable in 
contemporary society due to their versatility, 
durability, and wide range of applications 
(Andrady and Neal, 2009; Khoshoue et  al., 

2026). Although first synthesized in the early 
20th century, their large-scale production and use 
intensified significantly after World War II. Today, 
it is challenging to envision modern life without 
plastics—synthetic organic polymers whose mass 
production has led to a dramatic increase in waste 
generation (Geyer et al., 2017; Yang et al., 2021). 
Their ability to be molded under heat and pressure 
has enabled the replacement of numerous natural 

Microplastics are ubiquitous in aquatic ecosystems and raise concerns due to their persistence and potential 
toxicity. Given their known impacts on marine species and the use of bivalves as sentinel species for 
contamination monitoring, this study aimed to experimentally investigate the selectivity of the brown mussel Perna 
perna (Linnaeus, 1758) when exposed to the chlorophyte microalga Tetraselmis sp. F. Stein, 1878 and plastic 
microbeads of similar morphology and size. The study hypothesis is that when microplastics resemble natural 
food in shape and size, P. perna can discriminate between particles, preferentially ingesting microalgae and 
rejecting microplastics. Experiments included three treatments in triplicate: microalgae only (MA), polystyrene 
microbeads only (MB), and a 1:1 mixture of microalgae and polystyrene microbeads (MA+MB). Aliquots 
were collected at the beginning and end of the incubation period and quantified using an optical microscope. 
Clearance and ingestion rates were calculated for each replicate, and mean values were determined. Although 
ingestion rates did not differ significantly among treatments, the clearance rate was significantly higher in the 
MB treatment (627.07 mL g dw-1 h-1) than in MA (270.59 mL g dw-1 h-1) and MA+MB (518.39 mL g dw-1 h-1), 
suggesting increased filtering activity. Ingestion rates ranged from 6.80 x 104 to 1.22 x 105 particles g dw-1 
h-1 across treatments. Mussels ingested microbeads regardless of microalgal availability, indicating no particle 
selectivity. Hence, the study hypothesis was not supported. Ecologically, this inability to discriminate among 
particles may have detrimental consequences for mussels. A similar pattern may occur in natural environments, 
where microplastics are present in the water column of coastal areas and interact with plankton and suspended 
organic particles, facilitating ingestion and subsequent contamination.
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resources and the development of products for 
diverse sectors, including medicine, textiles, 
agriculture, technology, packaging, construction, 
and transportation (Khoshoue et  al., 2026). 
Common applications range from disposable 
food and beverage containers to medical devices, 
toys, insulation materials, and household goods 
(Hale et  al., 2020). However, because most 
plastics are designed for single use (e.g., plastic 
bottles and packaging), they account for an 
estimated 61–87% of marine litter (Bellou et  al., 
2021; Neves et  al., 2022, 2024). As plastics are 
synthetic and derived from fossil hydrocarbons, 
they are not fully biodegradable; instead, macro- 
and mesoplastics fragment into smaller particles 
that persist in ecosystems (Geyer et  al., 2017; 
Ghobish et  al., 2025). The United Nations 
estimates that marine environments worldwide 
contain around 75–199 million tons of plastic 
debris (Ghobish et al., 2025).

Microplastics (MPs), defined as plastic 
particles ranging from 5 mm to 1 μm in 
size, originate either as primary particles, 
manufactured for specific applications, 
or as secondary fragments derived from the 
breakdown of larger plastic items (Geyer et al., 
2017; Yang et al., 2021). MPs are of increasing 
concern due to their persistence, resistance 
to degradation, and potential toxic effects 
(Eerkes-Medrano et  al., 2015; Ghobish et  al., 
2025; Law and Thompson, 2014). MPs can 
affect a wide range of marine organisms, from 
zooplankton and meiofauna to invertebrates and 
mammals, via trophic transfer within food webs 
(Botterell et  al., 2019; Gusmão et  al., 2016; 
Santana et al., 2016; Tansel 2026; Zantis et al., 
2021). For example, MP exposure has been 
shown to impair the embryonic development 
of mollusks, with larval stages exhibiting high 
mortality rates (Gandara e Silva et al., 2016).

Bivalves—benthic, mostly sessile, filter-
feeding organisms—are particularly vulnerable 
to MP exposure due to their feeding strategy 
(Lima et al., 2022). By filtering large volumes of 
water, they indiscriminately accumulate particles 
and substances regardless of nutritional 
value, making them effective bioindicators of 
contaminants (e.g., metals, hydrocarbons, and 

emerging contaminants) and environmental 
stressors (Azizi et  al., 2018; Morley, 2010). 
Consequently, bivalves are frequently employed 
in ecotoxicological research, including studies 
on MP bioaccumulation (reviewed in Silva 
dos Santos et  al., 2022a). Mussels have 
been proposed as sentinel species for MP 
contamination in marine ecosystems (Beyer 
et  al., 2017; Bråte et  al., 2018), including the 
brown mussel Perna perna (Linnaeus, 1758) 
(Staichak et al., 2021).

Perna perna is abundant along the Brazilian 
coast, especially between the states of Rio 
de Janeiro and Santa Catarina (Fernandes 
et  al., 2008; Klappenbach, 1965). This species 
exhibits characteristics that make it suitable 
for biomonitoring, including tolerance to 
environmental variability and the capacity to 
bioaccumulate numerous pollutants (Birnstiel 
et al., 2019; Cortez et al., 2019; Dailianis, 2011; 
Oliveira et  al., 2016; Silva dos Santos et  al., 
2018). As filter feeders, P. perna may experience 
adverse physiological effects when exposed 
to environmental stressors. For instance, 
exposure to phycotoxins produced during 
harmful algal blooms can cause histopathological 
damage in mussels and pose health risks to 
human consumers (Neves et  al., 2021). Fecal 
contamination has also been reported as a 
threat to mussel farming in coastal areas with 
limited water circulation, where elevated coliform 
levels have been detected in both aquaculture 
systems and mussel hemolymph (Silva dos 
Santos et  al., 2022b). Regarding MPs, mussel 
embryos were shown to be sensitive to leachates 
from both virgin and beached pellets (Gandara 
e Silva et  al., 2016). However, 48 h exposure 
to additive-free polyethylene (PE), polystyrene 
(PS), polypropylene (PP), and PP with additives 
(PPa) MP particles did not significantly affect 
larval development of P. perna (Palanch et  al., 
2026). Additionally, no significant physiological 
effects were observed in adult P. perna following 
long-term exposure to polyvinyl chloride (PVC) 
nano- and microparticles (Santana et al., 2018). 
Despite declines in wild populations in areas such 
as Santos Bay (Henriques et al., 2004) and along 
the Santa Catarina coast (Suplicy, 2018) due to 
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overexploitation, this species holds substantial 
social and economic value for both aquaculture 
and artisanal harvesting (Lage & Jablonski, 2008; 
Valenti et al., 2021).

MP contamination has been reported in 
wild P. perna from the states of Santa Catarina 
(microfibers only) (Gusmão et al., 2016), Paraná 
(Machado et  al., 2021), São Paulo (Santana 
et al., 2016; Ribeiro et al., 2023), Rio de Janeiro 
(Birnstiel et  al., 2019; Carvalho et  al., 2024; 
Rocha et  al., 2025), and Espírito Santo (Bom 
et  al., 2022; Costa et  al., 2023) coasts, as well 
as in farmed mussels from Guarapari, Espírito 
Santo State (Bom and Sá, 2022) and at the 
Island Bay, Santa Catarina State (Brocardo et al., 
2025). Although the ecological impacts of MPs 
in marine systems have become a critical global 
issue, research in Brazil remains limited given 
the country’s extensive coastline. Studies have 
focused primarily on the occurrence, distribution, 
and chemical characterization of MPs and 
plasticizers (i.e., additives incorporated into 
plastic polymers to confer specific properties) 
in sediments and coastal waters along the 
northeastern and southeastern coasts (e.g., 
Araújo et  al., 2018; Carvalho and Baptista 
Neto, 2016; Castro et  al., 2020; Olivatto et  al., 
2019; Neves et  al., 2023a, 2024), as well as in 
invertebrates (e.g., Neves et al., 2023b; Pantoja 
et al., 2024; Ribeiro et al., 2024) and vertebrates 
(e.g., Justino et al., 2021; Nunes et al., 2021).

Considering the global concern over MP 
contamination and the suitability of bivalves as 
sentinel species, this study aimed to experimentally 
investigate the particle selectivity ability of P. perna 
when exposed to a chlorophyte microalga and 
plastic microbeads of similar morphology and size. 
To this end, clearance and feeding rates were 
determined for mussels incubated under three 
treatments: microalgae only (MA), microbeads 
only (MB), and a 1:1 mixture of microalgae and 
microbeads (MA+MB). The study hypothesis is 
that when MPs resemble natural food in shape 
and size, P. perna can discriminate between 
particles, preferentially ingesting microalgal cells 
while rejecting MPs.

Adult specimens of P. perna were manually 
collected using stainless steel spatulas from 

the rocky shore of Vermelha Beach, located 
in the Urca neighborhood at the city of Rio 
de Janeiro, Brazil (Figure 1). Sampling was 
conducted on May 22, 2023, during low tide, 
when part of the rocky shore was exposed. 
A total of 80 individuals were collected and 
placed in a 20 L container filled with seawater 
from Vermelha Beach to keep the organisms 
fully submerged. Simultaneously, approximately 
40 L of seawater was collected using buckets 
and stored in a thermal container. Both the 
specimens and seawater were transported to 
the laboratory. Scientific research and collecting 
permits authorizing field studies were obtained 
from the Chico Mendes Institute for Biodiversity 
Conservation (ICMBio) (permit numbers: 35192-
3 and 56897-1).

Mussel shells were cleaned using tweezers 
and soft biodegradable coconut-fiber sponges 
to remove surface biofilm, algae, barnacles 
attached to the valves, and excess byssus 
threads. For acclimation, 20 individuals 
measuring 53.01–75.72 mm in total length 
(mean ± standard deviation = 65.31 ± 4.93 mm) 
were placed in a previously decontaminated 
glass aquarium with constant aeration (290 L h-1) 
and a biological filtration system (Boyu ZJ-
401). Glass decontamination for MP analysis 
followed a standardized protocol involving 
thorough rinsing with filtered ultrapure water and 
filtered denatured alcohol (Frias et  al., 2018). 
The aquarium was filled with 40 L of pre-filtered 
seawater using a stainless-steel mesh (100 μm). 
Mussels were acclimated to the experimental 
conditions at 20 ºC for 72 h prior to the trials and 
were fed the chlorophyte Tetraselmis sp. F. Stein, 
1878 ad libitum until 24 h before the assays.

The chlorophyte Tetraselmis sp. (10–20 μm) 
used for mussel acclimation and assays was 
isolated using the single-cell method from a water 
sample collected in Guanabara Bay (22°46′05.73″ 
S, 43°10′04.31″ W), Rio de Janeiro State, Brazil. 
This microalga is commonly used for feeding 
invertebrates and as a control in assays with filter-
feeding mollusks (Neves et  al., 2021). Cultures 
were maintained in filtered seawater (FSW; 0.7 
μm, AP-40 glass-fiber filter, Millipore, Brazil) at 
salinity 34 and enriched with L2 medium (Guillard 
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and Morton, 1995), modified by omitting silicate, 
nickel, vanadium, and chromium. Stock culture 
were kept in a temperature-controlled cabinet at 
24 ± 2 ºC under a 12:12 h light–dark cycle, with a 
photon flux density of 60 μmol m−2 s−1 provided by 
cool-white fluorescent tubes. Photosynthetically 
active radiation was measured with a QSL-100 
quantum sensor (Biospherical Instruments, 
San Diego, CA, USA). Microalgal cells were 

harvested during the exponential growth phase 
to ensure optimal nutritional quality. Before the 
assay, an aliquot of the culture was preserved 
in buffered Lugol’s solution for cell counting and 
to estimate the volume required to achieve the 
target experimental concentration. The sample 
was quantified using a Neubauer chamber under 
an optical microscope, yielding an estimated 
concentration of 2.15 × 106 cells mL−¹.

Figure 1. Geographical location of Vermelha Beach, Rio de Janeiro City, southeastern Brazil. The sampling site is indicated 
by a red circle. Google satellite image.

For the MP solution, additive- and pigment-
free polystyrene microbeads (15 ± 0.2 μm), 
similar in shape and size to the microalga, were 
purchased from Sigma (74964). A stock solution 
using the particles in aqueous suspension (10% 
solids) was prepared in filtered seawater (FSW) 
to obtain a final concentration of 1.15 × 106 
particles mL−¹. Polystyrene MPs have previously 
been reported in coastal systems in Rio de 
Janeiro, including the Cagarras Islands (Neves 
et  al., 2024) and beaches in Guanabara Bay 
(Alonso, 2014; Pegado et al., 2024), as well as 
Vermelha Beach, where mussels were collected 
for the present assays.

Experimental trials comprised three treatments. 
Working solutions (2.8 L each) were prepared in 6 
L glass aquariums as follows:
MA = FSW + Tetraselmis sp. (1 × 10³ cells mL−¹);

MB = FSW + polystyrene microbeads (1 × 10³ 
particles mL−¹);
MA + MB = FSW + Tetraselmis sp. (5 × 10² cells mL−¹) 
+ polystyrene microbeads (5 × 10² particles mL−¹).

Solutions were homogenized and transferred 
to clean 1 L glass aquariums, with three 
replicates per treatment, each receiving 500 mL 
of working solution. Two previously acclimated 
P. perna individuals were added to each 
replicate. Additionally, two negative controls per 
treatment (working solution without bivalves) were 
included to detect changes in microalgal and/or 
microbead concentrations unrelated to mussel 
activity. During the 60 min of incubation, all 15 
aquariums (experimental replicates and negative 
controls) were maintained at 20 ºC under constant 
illumination (light photoperiod). Based on a pilot 
assay, the incubation time was selected to prevent 
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fecal production, which could affect food selectivity. 
Aliquots (10 mL) were collected at the beginning 
and end of each incubation using an automatic 
pipette and preserved in buffered Lugol’s solution. 
After incubation, mussels were removed, placed 
in labeled zip-lock bags, and frozen for further 
analysis.

Aliquots (1 mL) collected at the beginning and 
end of the incubation period from each aquarium 
(experimental replicates and negative controls) 
were quantified using a Sedgewick–Rafter 
chamber under an optical microscope. Mussel 
shells were opened, soft tissues were removed, and 
wet tissues were weighed using a semi-analytical 
balance (0.0001 g). Tissues were then oven-dried 
at 80 °C for 48 h to determine dry weight, also 
measured using a semi-analytical balance. The 
combined dry weight (dw) of individuals from each 
replicate was used to calculate feeding rates.

Feeding rates were estimated based on 
changes in particle concentrations between 
the beginning and end of the incubation period. 
Clearance (mL gdw 

−¹h−¹) and ingestion rates 
(particles gdw

−¹ h−¹) were calculated independently 
for each replicate and corrected using mean values 
of the corresponding negative controls (Coughlan, 
1969), according to the following equations:

Clearance rate (mL gdw
−¹ h−¹) = 

Ingestion rate (particles gdw
−¹ h−¹) = clearance 

rate x [initial]
in which, K = 

, V = suspension 
volume (mL), w = total dry weight of individuals 
in each aquarium (g), t = incubation time (h), 
[initial] = geometric mean of the initial and final 
particle concentrations in the replicate.

Mean values and standard deviations (SD) were 
calculated for each treatment. Data normality and 
homogeneity of variances were assessed using 
the Shapiro–Wilk and Levene tests, respectively. 
Differences in clearance and ingestion rates 
among treatments were evaluated using one-way 
analysis of variance (ANOVA) followed by Tukey’s 
post hoc test, as the assumptions of parametric 
testing were met (Shapiro–Wilk test: p = 0.049 
and p = 0.037 for clearance and ingestion rates, 
respectively; Levene’s test: p = 0.093 and 
p = 0.245, respectively). Differences in the average 

proportion of microbead and microalgal particles 
in the mixture treatment (MA + MB) were analyzed 
using a paired t-test comparing samples collected 
at the beginning and end of the incubation period, 
as well as the corresponding negative controls. 
Statistical analyses were conducted using 
Statistica 10.0 (StatSoft). The map was produced 
using QGIS 3.34.8.

Feeding rates of P. perna were successfully 
estimated for all experimental replicates (n = 3 per 
treatment). Data on feeding rates are shown in 
Table 1. Clearance rate was significantly affected 
by treatments (one-way ANOVA, F2,6 = 9.27, 
p = 0.0146; Figure 2). Specifically, clearance was 
significantly higher in MB than in MA (Tukey’s test, 
p = 0.0135). In MA + MB, clearance rates did not 
differ significantly from those observed in either 
MA or MB (Tukey’s test, p > 0.060). The higher 
clearance rate observed in the MB treatment 
may suggest that, in the absence of organic 
particles, mussels increased their filtering activity 
in response to limited food availability.

Table 1. Clearance (mL g dw-1 h-1) and ingestion (particles g  
dw-1 h-1) rates of the brown mussel Perna perna under the 
following treatments: chlorophyte microalga Tetraselmis sp. 
(MA), a 1:1 mixture of microalga and polystyrene microbeads 
(MA + MB), and polystyrene microbeads only (MB). Values are 
presented as mean ± standard deviation (SD) of replicates.

Clearance rate Ingestion rate

Treatment Mean SD Mean SD

MA 270.59 72.61 6.80 x 104 1.49 x 104

MA + MB 518.39 254.05 8.10 x 104 2.08 x 104

MB 627.07 169.62 1.22 x 105 3.40 x 104

Despite the significant treatment effect on 
clearance rate and a slight increasing trend 
in feeding activity under the MB treatment, 
no significant effect of treatment was observed 
on ingestion rates of P. perna (one-way ANOVA, 
F2,6 = 3.88, p = 0.0831; Figure 2). This result 
indicates that, although mussels increased 
their particle clearance in the MB treatment, 
ingestion rates of MPs were not significantly 
higher than in the other treatments. This behavior 
diverges from the expected pattern, as filter-
feeding organisms typically show parallel trends 
in clearance and ingestion rates, with an initial 
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Figure 2. Clearance (mL g dw-1 h-1) and ingestion (particle g dw-1 h-1) rates of the brown mussel 
Perna perna under experimental treatments with the chlorophyte microalga Tetraselmis sp. (MA), 
a mixture of the microalga and polystyrene microbeads (MA + MB), and polystyrene microbeads 
only (MB). Data are presented as mean ± standard deviation. Different letters denote significant 
statistical differences (Tukey’s test, p = 0.0135).

increase followed by stabilization (Resgalla Jr. and 
Piovezan, 2009; Rodrigues et al., 2023a,2023b). 
These findings are consistent with a previous 
experimental study on Mytilus galloprovincialis 

Lamarck, 1819, which reported clearance rates 
of high-density polyethylene MPs comparable 
to those observed for similarly sized microalgae 
(Fernández and Albentosa, 2019).

Bivalves may avoid ingesting previously 
cleared particles by means of pre-ingestive 
mechanisms such as the production of pseudo-
feces (reviewed in Neves et al., 2021). However, 
in this study, mussels did not produce feces or 
pseudo-feces during incubations, indicating the 
absence of a pre-ingestive mechanism during 
short-term experimental conditions. It is well 
established that most MPs cleared by bivalves are 
later eliminated in biodeposits (feces and pseudo-
feces) (e.g., Birnstiel et al., 2019; Fernández and 
Albentosa, 2019). In Mytilus galloprovincialis 
exposed to polyethylene MPs and microalgae, 
pseudo-feces production during the first four 
hours eliminated MPs larger than 10 µm; after 
six days of depuration, approximately 85% of the 
cleared MPs were eliminated (Fernández and 
Albentosa, 2019).

The relative abundances of microalgae 
and microbeads were assessed to test for 
selective ingestion in the MA + MB treatment. 

After incubation, 47.99% of the residual 
particles were microalgae and 52% were 
microbeads, with no significant difference 
between them (t-test, p = 1.00). Moreover, 
the final relative abundance of particles in the 
MA + MB treatment was very similar to that of 
the negative control and in the initial working 
solution (Figure 3). These results suggest that 
mussels ingested microbeads regardless of 
organic particle availability, showing no particle 
selection. Hence, the study hypothesis was 
fully refuted. Although bivalves may reduce 
clearance and ingestion rates as an active 
avoidance response via particle recognition—
such as in the presence of harmful algal cells 
(reviewed in Neves et  al., 2021)—under the 
present experimental conditions P. perna was 
unable to distinguish polystyrene microbeads 
from chlorophyte microalga of similar shape 
and size, whether offered in mixture or alone. 
Ecologically, this inability to sort particles has 
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harmful implications. In natural environments, 
P. perna also appears unable to discriminate 
between MPs and organic matter, which is 
consistent with reports of MP contamination in 
the species (e.g., Carvalho et  al., 2024; Costa 
et al., 2023; Machado et al., 2021; Ribeiro et al., 
2023; Rocha et al., 2025). This limitation may be 
associated with the relatively recent emergence of 
plastic pollution in marine environments, for which 
no evolutionary adaptations for detection and 
avoidance are known. Consequently, increasing 
evidence documents MP contamination in 
mussels, including P. perna. Although most 
cleared MPs may be eliminated, a fraction of 
microparticles may remain in their tissues, 
especially smaller particles (< 6 µm) (Fernández 
and Albentosa, 2019). Accumulated MPs may 

induce physiological responses such as oxidative 
stress, histological inflammation, metabolic 
alterations, and reduce fitness (Afeniforo et al., 
2026; Wei et  al., 2021). Therefore, this study 
raises concerns about contamination dynamics 
in shellfish destined for human consumption, 
both in natural environments and aquaculture 
systems where microalgae, suspended organic 
particles, and MPs coexist. Further research 
is needed to clarify uptake and depuration 
dynamics across different polymer types, shapes, 
and particle sizes commonly found in coastal 
systems. The findings align with Sustainable 
Development Goal 14 (Life Below Water), 
reinforcing the need to advance research efforts 
to improve ocean health and environmental and 
human safety.

Figure 3. Relative abundance (%) of particles in the mixture treatment containing the 
chlorophyte microalga Tetraselmis sp. and polystyrene microbead (MA + MB) at the 
beginning of incubation (initial aliquot), in the negative control (without mussels), and after 
one hour of incubation.

AI Use statement
The authors declare that no generative artificial 

intelligence (AI) tools were used in the preparation, 
writing, or editing of this manuscript.

Data availability statement
All data are available from the corresponding 

author upon reasonable request.

Supplementary material
This article does not include any supplementary 

materials.

Acknowledgments
The authors are grateful to Dr. Igor Christo 

Miyahira for assistance with map elaboration, 
to Professors Dr. Tatiana Maria and Dr. André 



Microplastic selectivity in Perna perna mussel

Ocean and Coastal Research 2026, v74:e26022 8

Pires et al.

Zaú from the Federal University of Rio de Janeiro 
(UNIRIO) for their suggestions to improve the 
manuscript, and to the two anonymous reviewers.

Funding
This study is part of the PlastiTox® and 

Emerging Contaminants projects supported by 
the Foundation Carlos Chagas Filho Research 
Support of the State of Rio de Janeiro – FAPERJ 
(E-26/204.410/2024 and E-26/210.024/2024, 
respectively) via research grants attributed to RAF 
Neves and by L’Óreal Brazil-UNESCO-ABC via 
the “Women in Science” grant awarded to RAF 
Neves (18th edition in Brazil/ 2023). This study was 
also funded by the Brazilian National Council for 
Scientific and Technological Development (CNPq) 
via the research grant attributed to RAF Neves 
(PQ2; 306212/2022-6).

Author contributions
E.T.P.:  Conceptualization; Investigation; Writing – original 

draft; Writing – review & editing.
B.L., M.E.S.M., I.M.B.F.M.: Conceptualization; Investigation; 

Writing – original draft.
C.X.C.: Investigation; Writing – original draft.
R.A.F.N.: Conceptualization; Methodology; Formal Analysis; 

Investigation; Supervision; Project Administration; 
Funding Acquisition; Writing – review & editing.

Conflicts of interest
The authors declare no conflicts of interest.

REFERENCES
Afeniforo, T., D’Iglio, C., Famulari, S., Natale, S., Di Paola, D., 

Saccardi, L., Spanò, N., Capillo, G. & Savoca, S. 2026. 
The combined effects of polystyrene microplastics 
and temperature stress on Mytilus galloprovincialis, 
Lamarck, 1819. Marine Pollution Bulletin, 226, 119350. 
DOI: https://doi.org/10.1016/j.marpolbul.2026.119350

Alonso, A. L. F. 2014. Avaliação de microplásticos em praias 
da Baía de Guanabara, Rio de Janeiro, RJ, Brasil. 
(Master’s in Chemistry: Polymers). Rio de Janeiro: 
Universidade do Estado do Rio de Janeiro.

Andrady, A. L. & Neal, M. A. 2009. Applications and societal 
benefits of plastics. Philosophical Transactions of the 
Royal Society B: Biological Sciences, 364, 1977–1984. 
DOI: https://doi.org/10.1098/rstb.2008.0304

Araújo, M. C. B., Silva-Cavalcanti, J. S.  & Costa, M. F. 
2018. Anthropogenic litter on beaches with different 
levels of development and use: a snapshot of a coast 
in Pernambuco (Brazil). Frontiers in Marine Science, 5, 
1–10. DOI: https://doi.org/10.3389/fmars.2018.00233

Azizi, G., Akodad, M., Baghour, M., Mostafa, L.  & 
Moumen, A. 2018. The use of Mytilus spp. mussels 
as bioindicators of heavy metal pollution in the 
coastal environment: a review. Journal of Materials 
and Environmental Science, 9, 1170–1181. DOI:  
https://doi.org/10.26872/jmes.2018.9.4.129

Bråte, I. L. N., Hurley, R., Iversen, K., Beyer, J., 
Thomas, K. V., Steindal, C. C., Green, N. W., 
Olsen, M. & Lusher, A. 2018. Mytilus spp. as sentinels 
for monitoring microplastic pollution in Norwegian 
coastal waters: A qualitative and quantitative 
study. Environmental Pollution, 243, 383–393.  
DOI: https://doi.org/10.1016/j.envpol.2018.08.077

Bellou, N., Gambardella, C., Karantzalos, K., 
Monteiro, J. G., Canning-Clode, J., Kemna, S., 
Arrieta-Giron, C. A.  & Lemmen, C. 2021. Global 
assessment of innovative solutions to tackle marine 
litter. Nature Sustainability, 4, 516–524. DOI:  
https://doi.org/10.1038/s41893-021-00726-2

Beyer, J., Green, N. W., Brooks, S., Allan, I. J., Ruus, A., 
Gomes, T., Bråte, I. L. N.  & Schøyen, M. 2017. Blue 
mussels (Mytilus edulis spp.) as sentinel organisms 
in coastal pollution monitoring: A review. Marine 
Environmental Research, 130, 338–365. DOI:  
https://doi.org/10.1016/j.marenvres.2017.07.024

Birnstiel, S., Soares-Gomes, A.  & da Gama, B. A. P. 
2019. Depuration reduces microplastic content in 
wild and farmed mussels. Marine Pollution Bulletin, 
140, 241–247. DOI: https://doi.org/10.1016/ 
j.marpolbul.2019.01.044

Bom, F. C., Brito, W. V. F. & Sá, F. 2022. Microplastics 
concentration in bivalve of economic importance, 
a case study on the southeastern Brazilian coast. 
Regional Studies in Marine Science, 52, 102346. 
DOI: https://doi.org/10.1016/j.rsma.2022.102346

Bom, F. C.  & Sá, F. 2022. Are bivalves a source of 
microplastics for humans? A case study in the Brazilian 
markets. Marine Pollution Bulletin, 181, 113823.  
DOI: https://doi.org/10.1016/j.marpolbul.2022.113823

Botterell, Z. L. R., Beaumont, N., Dorrington, T., Steinke, M., 
Thompson, R. C. & Lindeque, P. K. 2019. Bioavailability 
and effects of microplastics on marine zooplankton: 
A review. Environmental Pollution, 245, 98–110.  
DOI: https://doi.org/10.1016/j.envpol.2018.10.065

Brocardo, G. S., Saldaña-Serrano, M., Bertoldi, C., 
Gomes, C. H. A. M., Nogueira, D. J., Leonel, J., 
Fernandes, A. N. & Bainy, A. C. D. 2025. Microplastics 
in commercial bivalves and their association 
with farm structures: A case study in a relevant 
aquaculture area of Brazil. Regional Studies in Marine 
Science, 81, 103965. DOI: https://doi.org/10.1016/ 
j.rsma.2024.103965

Carvalho, D. G. & Baptista Neto, J. A. 2016. Microplastic 
pollution of the beaches of Guanabara Bay, Southeast 
Brazil. Ocean  & Coastal Management, 128, 10–17. 
DOI: https://doi.org/10.1016/j.ocecoaman.2016.04.009

Carvalho, T. F., de Luca, G., Santos, L. N. & Neves, R. A. F. 
2024. Plastitox®: Níveis de contaminação e toxicidade 
de poluentes plásticos à bivalves de sistemas 
marinhos e costeiros na cidade do Rio de Janeiro. In: 
Livro de Resumos SIA 2024 UNIRIO. Rio de Janeiro: 
Even 3. Available from: https://www.even3.com.br/

https://doi.org/10.1016/j.marpolbul.2026.119350
https://doi.org/10.1098/rstb.2008.0304
https://doi.org/10.3389/fmars.2018.00233
https://doi.org/10.26872/jmes.2018.9.4.129
https://doi.org/10.1016/j.envpol.2018.08.077
https://doi.org/10.1038/s41893-021-00726-2
https://doi.org/10.1016/j.marenvres.2017.07.024
https://doi.org/10.1016/j.marpolbul.2019.01.044
https://doi.org/10.1016/j.marpolbul.2019.01.044
https://doi.org/10.1016/j.rsma.2022.102346
https://doi.org/10.1016/j.marpolbul.2022.113823
https://doi.org/10.1016/j.envpol.2018.10.065
https://doi.org/10.1016/j.rsma.2024.103965
https://doi.org/10.1016/j.rsma.2024.103965
https://doi.org/10.1016/j.ocecoaman.2016.04.009
https://www.even3.com.br/anais/uniriosia2024/945203-plastitox%ae--niveis-de-contaminacao-e-toxicidade-de-poluentes-plastic


Microplastic selectivity in Perna perna mussel

Ocean and Coastal Research 2026, v74:e26022 9

Pires et al.

anais/uniriosia2024/945203-plastitox%ae--niveis-
de-contaminacao-e-toxicidade-de-poluentes-plastic. 
Access date: 2026 Apr. 13.

Castro, R. O., Silva, M. L., Marques, M. R. C. & Araújo, F. V. 
2020. Spatio-temporal evaluation of macro, meso and 
microplastics in surface waters, bottom and beach 
sediments of two embayments in Niterói, RJ, 
Brazil. Marine Pollution Bulletin, 160, 111537. DOI:  
https://doi.org/10.1016

Cortez, F. S., Guimarães, L. L., Pusceddu, F. H., 
Maranho, L. A., Fontes, M. K., Moreno, B. B., Nobre, C. R., 
Abessa, D. M. S., Cesar, A. & Pereira, C. D. S. 2019. 
Marine contamination and cytogenotoxic effects 
of fluoxetine in the tropical brown mussel Perna 
perna. Marine Pollution Bulletin, 141, 366–372. DOI:  
https://doi.org/10.1016/j.marpolbul.2019.02.065

Costa, M. B., Beatriz, M., Otegui, P., Carvalho, G., 
Barcellos, F., Cozer, R., Pelletier, E. & Bernardes, J. 
2023. Abundance, composition, and distribution of 
microplastics in intertidal sediment and soft tissues 
of four species of Bivalvia from Southeast Brazilian 
urban beaches. Science of the Total Environment, 
857, 159352. DOI: https://doi.org/10.1016/ 
j.scitotenv.2022.159352

Coughlan, J. 1969. The estimation of filtering rate from the 
clearance of suspensions. Marine Biology, 2, 356–358.

Dailianis, S. 2011. Environmental impact of anthropogenic 
activities: the use of mussels as a reliable tool for 
monitoring marine pollution. In: McGevin, L. E. (ed.) 
Mussels: Anatomy, Habitat and Environmental Impact 
(pp. 43-72). New York: Nova Science.

Eerkes-Medrano, D., Thompson, R. C.  & Aldridge, D. C. 
2015. Microplastics in freshwater systems: a review 
of the emerging threats, identification of knowledge 
gaps and prioritization of research needs. Water 
Research, 75, 63–82. DOI: https://doi.org/10.1016/ 
j.watres.2015.02.012

Fernandes, F. C., Souza, R. C. C. L., Junqueira, A. O. R., 
Rapagnã, L. C.  & Ramos, A. B. 2008. Distribuição 
mundial e o impacto da sua introdução no Brasil. In: 
Resgalla Jr., Weber, L. I.  & Conceição, M. B. (Ed.). 
O mexilhão Perna perna (L.): biologia, ecologia e 
aplicações (pp. 25–30). Rio de Janeiro: Interciência.

Fernández, B.  & Albentosa, M. 2019. Insights into the 
uptake, elimination and accumulation of microplastics 
in mussel. Environmental Pollution, 249, 321-329.  
DOI: https://doi.org/10.1016/j.envpol.2019.03.037

Frias, J., Pagter, E., Nash, R., O’Connor, I., 
Carretero, O., Filgueiras, A., Viñas, L., Gago, J., 
Antunes, J., Bessa, F., Sobral, P., Goruppi, A., 
Tirelli, V., Pedrotti, M. L., Suaria, G., Aliani, S., Lopes, C., 
Raimundo, J., Caetano, M., Palazzo, L., De Lucia, G. A. C., 
Muniategui, S., Grueiro, G., Fernandez, V., Andrade, J., 
Dris, R., Laforsch, C., Scholz-Böttcher, B. M. & Gerdts, G. 
2018. Standardised protocol for monitoring microplastics 
in sediments. JPI-Oceans BASEMAN Project, 33.  
DOI: https://doi.org/10.13140/RG.2.2.36256.89601/1

Gandara e Silva, P. P., Nobre, C. R., Resaffe, P., 
Pereira, C. D. S.  & Gusmão, F. 2016. Leachate 
from microplastics impairs larval development in 
brown mussels. Water Research, 106, 364–370.  
DOI: https://doi.org/10.1016/j.watres.2016.10.016

Geyer, R., Jambeck, J. R. & Law, K. L. 2017. Production, 
use, and fate of all plastics ever made. Science 
Advances, 3, e1700782. DOI: https://doi.org/10.1126/
sciadv.1700782

Ghobish, S. A., Motti, C. A., Bissember, A. C.  & 
Vamvounis, G. 2025. Microplastics in the marine 
environment: Challenges and the shift towards 
sustainable plastics and plasticizers. Journal 
of Hazardous Materials, 491, 137945. DOI:  
https://doi.org/10.1016/j.jhazmat.2025.137945

Guillard, R. R. J. & Morton S. L. 1995. Culture methods. In: 
Hallegraeff, G. M., Anderson, D. M. & Cembella, A. D. 
(Ed.) Manual on Harmful Marine Microalgae (pp. 77-98). 
France: UNESCO.

Gusmão, F., Di Domenico, M., Amaral, A. C. Z., Martínez, A., 
Gonzalez, B. C., Worsaae, K., Ivar do Sul, J. A. & Cunha 
Lana, P. 2016. In situ ingestion of microfibres by 
meiofauna from sandy beaches. Environmental 
Pollution, 216, 584–590. DOI: https://doi.org/10.1016/ 
j.envpol.2016.06.015

Hale, R. C., Seeley, M. E., La Guardia, M. J., Mai, L.  & 
Zeng, E. Y. 2020. A global perspective on microplastics. 
Journal of Geophysical Research: Oceans, 125, 1–40. 
DOI: https://doi.org/10.1029/2018JC014719

Henriques, M. B., Marques, H., Pereira, O.  & Bastos, G. 
2004. Aspectos da estrutura populacional do mexilhão 
Perna perna, relacionados à extração em bancos 
naturais da Baía de Santos, Estado de São Paulo, 
Brasil. Boletim do Instituto de Pesca, 30, 117–126.

Justino, A. K. S., Lenoble, V., Pelage, L., 
Ferreira, G. V. B., Passarone, R., Frédou, T. & Lucena 
Frédou, F. 2021. Microplastic contamination in tropical 
fishes: An assessment of different feeding habits. 
Regional Studies in Marine Science, 45, 101857.  
DOI: https://doi.org/10.1016/j.rsma.2021.1

Khoshoue, F. M., Kärki, T. & Leminen, V. 2026. Recycled 
plastics utilization in packaging converting processes: 
a semi-systematic review. Advances in Polymer 
Technology, 1728680. DOI: https://doi.org/10.1155/
adv/1728680

Klappenbach, M. A. 1965. Lista preliminar de los Mytilidae 
brasileños con claves para determinación y notas 
sobre su distribución. Anais da Academia Brasileira de 
Ciências, 37, 327–352.

Lage, H.  & Jablonski, S. 2008. Mussel Perna perna 
extraction and commercialization in Guanabara Bay, 
Brazil. Atlântica, 30, 161–169.

Law, K. L. & Thompson, R. C. 2014. Microplastics in the 
seas. Science, 345, 144–145. DOI: https://doi.org/ 
10.1126/science.1254065

Lima, D. F., Di Beneditto, A. P. M.  & Franco, R. W. A. 
2022. Bivalves como biomonitores ambientais: uma 
revisão de literatura. Conjecturas, 22, 1142-1156. DOI:  
https://doi.org/10.53660/CONJ-817-F09

Machado, J. A., Oliveira, S., Nazário, M. G., Fernandes, H. & 
Krelling, A. P. 2021. Análise da presença de microplástico 
em bivalves (Perna perna): um estudo de caso em 
Matinhos, litoral do Paraná. Guaju, 7, 156. DOI:  
https://doi.org/10.5380/guaju.v7i1.76916

Morley, N. J. 2010. Interactive effects of infectious 
diseases and pollution in aquatic molluscs. Aquatic 

https://www.even3.com.br/anais/uniriosia2024/945203-plastitox%ae--niveis-de-contaminacao-e-toxicidade-de-poluentes-plastic
https://www.even3.com.br/anais/uniriosia2024/945203-plastitox%ae--niveis-de-contaminacao-e-toxicidade-de-poluentes-plastic
https://doi.org/10.1016
https://doi.org/10.1016/j.marpolbul.2019.02.065
https://doi.org/10.1016/j.scitotenv.2022.159352
https://doi.org/10.1016/j.scitotenv.2022.159352
https://doi.org/10.1016/j.watres.2015.02.012
https://doi.org/10.1016/j.watres.2015.02.012
https://doi.org/10.1016/j.envpol.2019.03.037
https://doi.org/10.13140/RG.2.2.36256.89601/1
https://doi.org/10.1016/j.watres.2016.10.016
https://doi.org/10.1126/sciadv.1700782
https://doi.org/10.1126/sciadv.1700782
https://doi.org/10.1016/j.jhazmat.2025.137945
https://doi.org/10.1016/j.envpol.2016.06.015
https://doi.org/10.1016/j.envpol.2016.06.015
https://doi.org/10.1029/2018JC014719
https://doi.org/10.1016/j.rsma.2021.1
https://doi.org/10.1155/adv/1728680
https://doi.org/10.1155/adv/1728680
https://doi.org/10.1126/science.1254065
https://doi.org/10.1126/science.1254065
https://doi.org/10.53660/CONJ-817-F09
https://doi.org/10.5380/guaju.v7i1.76916


Microplastic selectivity in Perna perna mussel

Ocean and Coastal Research 2026, v74:e26022 10

Pires et al.

Toxicology, 96, 27–36. DOI: https://doi.org/10.1016/ 
j.aquatox.2009.09.017

Neves, R. A. F., Miralha, A., Guimarães, T. B., Sorrentino, R., 
Marques Calderari, M. R. C.  & Santos, L. N. 2023a. 
Phthalates contamination in the coastal and marine 
sediments of Rio de Janeiro, Brazil. Marine Pollution 
Bulletin, 190, 114819. DOI: https://doi.org/10.1016/ 
j.marpolbul.2023.114819

Neves, R. A. F., Guimarães, T. B. & Santos, L. N. 2023b. 
First record of microplastic contamination in the non-
native dark false mussel Mytilopsis leucophaeata 
(Bivalvia: Dreissenidae) in a coastal urban lagoon. 
International Journal of Environmental Research and 
Public Health, 21, 44. DOI: https://doi.org/10.3390/
ijerph21010044

Neves, R. A. F., Nascimento, S. M. & Santos, L. N. 2021. 
Harmful algal blooms and shellfish in the marine 
environment: an overview of the main molluscan 
responses, toxin dynamics, and risks for human health. 
Environmental Science and Pollution Research, 28, 
55846–55868. DOI: https://doi.org/10.1007/s11356-
021-16256-5

Neves, R. A. F., Rodrigues, N., de Luca, G., Oliveira, M. A. A., 
Carvalho, T. F., Santos, N. S., Adelino, M. E. S., Caldas, L. B., 
Miralha, A., Naveira, C., Rodrigues, A. J. S., Miyahira, I. C., 
Gomes, R., Lagares, N., Bastos, M., da Silva, M. D. C., 
Gomes, R. S., Fernandes, A. N. & Santos, L. N. 2024. 
Evidence of plastics contamination and sewage-derived 
residues in a Brazilian Hope Spot for conservation of 
marine biodiversity - Cagarras Islands and surrounding 
waters. Marine Pollution Bulletin, 203, 116407. DOI: 
https://doi.org/10.1016/j.marpolbul.2024.116407

Neves, R. A. F., Seixas, J. T. C., Rodrigues, N.  & 
Santos, L. N. 2022. Impacts of the COVID-19 
pandemic restrictions on solid waste pollution in the 
worldwide iconic Copacabana Beach (Rio de Janeiro, 
Brazil). Marine Pollution Bulletin, 181, 113865. DOI:  
https://doi.org/10.1016/j.marpolbul.2022.113865

Nunes, L. S., Silva, A. G., Espínola, L. A., 
Blettler, M. C. M.  & Simões, N. R. 2021. Intake of 
microplastics by commercial fish: A Bayesian approach. 
Environmental Monitoring and Assessment, 193, 402. 
DOI: https://doi.org/10.1007/s10661-021-09156-1

Olivatto, G. P., Martins, M. C. T., Montagner, C. C., 
Henry, T. B.  & Carreira, R. S. 2019. Microplastic 
contamination in surface waters in Guanabara Bay, 
Rio de Janeiro, Brazil. Marine Pollution Bulletin, 
139, 157–162. DOI: https://doi.org/10.1016/j.
marpolbul.2018.12.042

Oliveira, G. F. M., Couto, M. C. M., 
Lima, M. F. & Bomfim, T. C. B. 2016. Mussels (Perna 
perna) as bioindicators of environmental contamination 
by Cryptosporidium species with zoonotic potential. 
International Journal for Parasitology: Parasites 
and Wildlife, 5, 28–33. https://doi.org/10.1016/ 
j.ijppaw.2016.01.004

Palanch, M. F., França, L. A., Moura, P. H. P., Santana, F. T., 
Prieto, C. M., Castro, J. V., Guimarães, M. V., Pereira, V. G., 
Oliveira, O. M. P., Belem, A. L. & Cesar-Ribeiro, C. 2026. 
Interactions between microplastics and trace elements: 
Ecotoxicological implications for tropical marine 
invertebrates, mussel Perna perna (Linnaeus, 1758) and 

sea urchin Echinometra lucunter (Linnaeus, 1758). Bulletin 
of Environmental Contamination and Toxicology, 116, 14. 
DOI:  https://doi.org/10.1007/s00128-025-04163-1

Pantoja, J. C. D., Oliveira, A. E. P., Ferreira, M. A. P., 
Costa, L. P., Nunes, Z. M. P.  & Rocha, R. M. 2024. 
First register of microplastic contamination in oysters 
(Crassostrea gasar) farmed in Amazonian estuaries. 
Marine Pollution Bulletin, 201, 116182. DOI:  
https://doi.org/10.1016/j.marpolbul.2024.116182

Pegado, T., Andrades, R., Noleto-Filho, E., Franceschini, S., 
Soares, M., Chelazzi, D., Russo, T., Martellini, T., Barone, 
A., Cincinelli, A.  & Giarrizzo, T. 2024. Meso- and 
microplastic composition, distribution patterns and 
drivers: A snapshot of plastic pollution on Brazilian 
beaches. Science of the Total Environment, 907, 167769. 
DOI: https://doi.org/10.1016/j.scitotenv.2023.167769

Resgalla Jr., C. & Piovezan, A. C. 2009. Fisiologia alimentar 
do berbigão Anomalocardia brasiliana (GMELIN, 1791) 
(MOLLUSCA: BIVALVIA). Atlântica, 31, 69–78.

Ribeiro, V. V., Avelino Soares, T. M., De-la-Torre, G. E., 
Casado-Coy, N., Sanz-Lazaro, C.  & Castro, Í. B. 2024. 
Microplastics in rocky shore mollusks of different 
feeding habits: An assessment of sentinel performance. 
Environmental Pollution, 346, 123571. DOI: https://doi.
org/10.1016/j.envpol.2024.123571

Ribeiro, V. V., Nobre, C. R., Moreno, B. B., Semensatto, D., 
Sanz-Lazaro, C., Moreira, L. B. & Castro, Í. B. 2023. Oysters 
and mussels as equivalent sentinels of microplastics 
and natural particles in coastal environments. Science 
of the Total Environment, 874, 162468. DOI: https://doi.
org/10.1016/j.scitotenv.2023.162468

Rocha, L. A. L., Portela, H. A., Calderari, M. R. M.  & 
Araújo, F. V. 2025. Assessment of macro- , meso- and 
microplastics in wild and cultivated Perna perna mussels 
( Mollusca : Bivalvia ). Scientia Marina, 89, 1–10.  
DOI: https://doi.org/10.3989/scimar.05569.094

Rodrigues, N., Ribeiro, D., Miyahira, I. C., Portugal, S. G. M., 
Santos, L. N.  & Neves, R. A. F. 2023a. Do feeding 
responses of a non-native bivalve outperform the 
native one in a coastal lagoon? A possible explanation 
for the invasion success of the dark false mussel 
Mytilopsis leucophaeata. PeerJ, 11, e15848. DOI:  
https://doi.org/10.7717/peerj.15848

Rodrigues, N., Ribeiro, D., Miyahira, I. C., Portugal, S. G. M., 
Santos, L. N. & Neves, R. A. F. 2023b. Hypereutrophic 
conditions limit the removal of suspended particulate 
matter by the invasive bivalve Mytilopsis leucophaeata 
(Conrad, 1831) (Dreissenidae). Hydrobiologia, 850, 
1461–1476. DOI: https://doi.org/10.1007/s10750-023-
05158-x

Santana, M. F. M., Ascer, L. G., Custódio, M. R., 
Moreira, F. T.  & Turra, A. 2016. Microplastic 
contamination in natural mussel beds from a Brazilian 
urbanized coastal region: Rapid evaluation through 
bioassessment. Marine Pollution Bulletin, 106, 183–189. 
DOI: https://doi.org/10.1016/j.marpolbul.2016.02.074

Santana, M. F. M., Moreira, F. T., Pereira, C. D. S., 
Abessa, D. M. S. & Turra, A. 2018. Continuous exposure 
to microplastics does not cause physiological effects in the 
cultivated mussel Perna perna. Archives of Environmental 
Contamination and Toxicology, 74, 594–604. DOI: https://
doi.org/10.1007/s00244-018-0504-3

https://doi.org/10.1016/j.aquatox.2009.09.017
https://doi.org/10.1016/j.aquatox.2009.09.017
https://doi.org/10.1016/j.marpolbul.2023.114819
https://doi.org/10.1016/j.marpolbul.2023.114819
https://doi.org/10.3390/ijerph21010044
https://doi.org/10.3390/ijerph21010044
https://doi.org/10.1007/s11356-021-16256-5
https://doi.org/10.1007/s11356-021-16256-5
https://doi.org/10.1016/j.marpolbul.2024.116407
https://doi.org/10.1016/j.marpolbul.2022.113865
https://doi.org/10.1007/s10661-021-09156-1
https://doi.org/10.1016/j.marpolbul.2018.12.042
https://doi.org/10.1016/j.marpolbul.2018.12.042
https://doi.org/10.1016/j.ijppaw.2016.01.004
https://doi.org/10.1016/j.ijppaw.2016.01.004
https://doi.org/10.1007/s00128-025-04163-1
https://doi.org/10.1016/j.marpolbul.2024.116182
https://doi.org/10.1016/j.scitotenv.2023.167769
https://doi.org/10.1016/j.envpol.2024.123571
https://doi.org/10.1016/j.envpol.2024.123571
https://doi.org/10.1016/j.scitotenv.2023.162468
https://doi.org/10.1016/j.scitotenv.2023.162468
https://doi.org/10.3989/scimar.05569.094
https://doi.org/10.7717/peerj.15848
https://doi.org/10.1007/s10750-023-05158-x
https://doi.org/10.1007/s10750-023-05158-x
https://doi.org/10.1016/j.marpolbul.2016.02.074
https://doi.org/10.1007/s00244-018-0504-3
https://doi.org/10.1007/s00244-018-0504-3


Microplastic selectivity in Perna perna mussel

Ocean and Coastal Research 2026, v74:e26022 11

Pires et al.

Silva dos Santos, F., Neves, R. A. F., Crapéz, M. A. C., 
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