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A B S T R A C T   

Microplastics (MPs) are ubiquitous in marine compartments, and their transboundary distribution favours the 
dispersion and accumulation of particles in ecosystems. This study investigated MP contamination in four coastal 
fish species (Haemulon squamipinna, Chaetodon ocellatus, Syacium micrurum, and Alphestes afer) from the south
western Tropical Atlantic. An alkaline treatment was applied to extract MPs from the digestive tracts, and a Laser 
Direct Infrared (LDIR) system was used to identify polymers. All species analysed were contaminated with MPs, 
with Alphestes afer being the most contaminated (1.45 ± 1.09 MPs individual− 1; frequency of occurrence 80 %). 
No significant differences were found in the number and size of detected particles among species. The most 
common shapes were fibres and films, and polyethylene was the most abundant polymer. This study provides 
important baseline data on MP contamination in coastal fish species inhabiting complex habitat areas relevant 
for conserving marine biodiversity.   

1. Introduction 

Plastic is a versatile, resistant and cheap material, and society is 
becoming increasingly dependent on this synthetic material (Geyer, 
2020). However, the incorrect disposal of plastic waste makes its pres
ence in ecosystems progressively hazardous. About 80 % of plastics from 
continental sources enter the oceans, mainly through riverine discharges 
(Andrady, 2011; Meijer et al., 2021). Once in the marine environment, 
these anthropogenic materials are easily distributed through ocean 
currents and degraded by physicochemical and biological weathering (e. 
g. solar radiation and interaction with marine organisms; (Jambeck 
et al., 2015; Thompson et al., 2004). The breakdown of larger plastics 
results in particles of different sizes, the ones smaller than 5 mm being 
called microplastics (MPs; Arthur et al., 2009). 

MPs are widely available in marine ecosystems and can be mistaken 
for natural prey by marine species or swallowed by accident while 
breathing (Boerger et al., 2010; Li et al., 2021). MPs can pose various 
threats to marine biota (Galloway et al., 2017); their intake is associated 
with damage to the digestive system and decreased predation efficiency 

(de Sá et al., 2015; Moore, 2008). In addition, MPs can release additive 
burdens into the environment and adsorb other available pollutants 
(Fauvelle et al., 2021; Rochman et al., 2013; Teuten et al., 2007). 
Furthermore, MPs can serve as habitats for microorganisms such as vi
ruses and bacteria (Amaral-Zettler et al., 2020; Pinheiro et al., 2021), 
carrying these organisms as well as their potential pathogenicity. 

MPs have been detected in estuaries, coastal subsurface waters, and 
oceanic islands in the western equatorial Atlantic region (Lima et al., 
2016; Lins-Silva et al., 2021; Monteiro et al., 2020). Ingestion of MPs by 
marine species is widely documented (Savoca et al., 2021) and has also 
been reported for species in the equatorial Atlantic (Justino et al., 2023; 
Bruzaca et al., 2022; Ferreira et al., 2016; Morais et al., 2020; Vendel 
et al., 2017). However, globally, few information regarding the inges
tion of MP by reef fish species is available (Baalkhuyur et al., 2018; 
Garnier et al., 2019; Huang et al., 2023; Macieira et al., 2021; Nie et al., 
2019). Reefs are extremely important habitats for marine biodiversity 
and for maintaining the important ecosystem services they provide. 
Thus, monitoring contamination in reef-associated fishes contributes to 
a better understanding of the ecosystem's health. 
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Along the Southwestern Tropical Atlantic (SWTA), the coastal region 
of northeast Brazil is inhabited by nearly 30 million people and is a 
major tourist region on a global and regional scale, which receive 
tourists throughout the year. In addition to tourism, the primary eco
nomic sectors are located in or near the coastal region, represented by 
industries, agriculture and commercial and subsistence fisheries (IBGE, 
2011). Artisanal fishing in this area involves >200,000 people and is 
responsible for the highest sea fishes volume landed in the country 
(Nóbrega et al., 2009). This large volume of fish landings is due to the 
high fish diversity and abundance found on the continental shelf of 
northeast Brazil (MMA, 2006), a region included in Ecologically or 
Biologically Significant Marine Areas (EBSA; CBD, 2014). The incredible 
biodiversity is explained by the presence of complex habitats in this 
region, such as mangroves, seagrass meadows and reefs (Eduardo et al., 
2018). 

Given the relevance of this ecosystem, both in terms of biodiversity 
and importance to fisheries, and considering that one-quarter of marine 
fish species are coral reef-associated (Spalding et al., 2001), but they 
represent <10 % of marine species evaluated for MP contamination 

(Wootton et al., 2021), our study aims to identify and characterise MP 
contamination in coastal demersal fish species from the Northeast Bra
zilian coast, along with verifying the differences in MP ingestion rates 
among species. 

2. Materials and methods 

2.1. Study area 

The studied coastal area is located on the continental shelf along the 
Northeast Brazilian coast in the Southwestern Tropical Atlantic and 
comprise the states of Rio Grande do Norte, Paraíba, and Pernambuco 
(Fig. 1). The tropical climate offers air temperature between 20 and 
25 ◦C throughout the year, with a seasonality defined according to the 
rainfall patterns, comprised of a dry and a rainy season (Macêdo et al., 
2004). In proximity, several Marine Protected Areas (MPA) have been 
established (e.g., “APA dos Recifes de Corais” and “APA Costa dos Cor
ais”) (Ferreira and Maida, 2006; Prates et al., 2007). 

Fig. 1. Map of the continental shelf on Northeast Brazil in the Southwestern Tropical Atlantic. The red dots represent the stations where fishes were sampled. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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2.2. Sample collection and laboratory procedures 

Two scientific expeditions were performed on the R/V ANTEA in the 
years 2015 (August and September) and 2017 (April and May), whereby 
6 stations were selected for the study along the continental shelf through 
the Acoustics Along Brazilian Coast (ABRACOS) campaign (Eduardo 
et al., 2018). The coastal fish samples were collected using a bottom 
trawl (mesh: 40 mm; bag mesh: 25 mm; mouth dimensions: 28 × 10 m), 
between 15 and 65 m depth, and the haul was carried out for about 5 
min at 3.2 kt. The SCANMAR system estimated the net's height, depth, 
and width. During the second cruise, bobbins were added to the ground 
rope to reduce the impact on the benthic habitat caused by trawling and 
avoid damage to the net. 

A total of 47 individuals from four species were selected in this study 
due to their ecological and economic importance in the region. The 
coastal demersal species collected were: Haemulon squamipinna Rocha & 
Rosa, 1999; Chaetodon ocellatus Bloch, 1787; Syacium micrurum Ranzani, 
1842 and Alphestes afer (Bloch, 1793). Individuals were measured for 
standard and total length in cm and weighed for total weight in g. Af
terwards, they were frozen at − 18 ◦C in the laboratory, and each indi
vidual had their organs (stomach and intestine) carefully removed, 
weighed and stored again for MP analysis. 

2.3. Contamination control and microplastic identification 

Several steps were carried out to ensure quality assurance and 
quality control to avoid cross-contamination, following the protocol 
proposed by Justino et al. (2021). This includes using cotton lab coats 
and the filtration of all solutions through a glass fibre filter (47 mm GF/ 
F, 0.7 μm pore size, ©Whatman) mounted on a vacuum pump system 
equipped with laboratory glassware. Blank procedures were done for 
each set of 10 samples and received the same treatment as the samples. 
Particles found in the samples with similarities to the particles in the 
blank samples were excluded from the study. Only two black fragments 
were found in the blank samples and were identified as chitin. Addi
tionally, the particles classified as biopolymers were excluded from 
further analysis. 

To extract MPs from the digestive tract (stomach and intestine) of 
fishes, we used an alkaline digestion protocol with sodium hydroxide 
(NaOH, 1 mol L− 1; PA 97 %), which removed the organic matter around 
the particles (Justino et al., 2021). The digestive tracts were placed in a 
beaker and submerged in the NaOH solution (the proportion used was 
1:100 w/v), covered by a glass lid and oven-dried at 60 ◦C for 24 h. Later, 
samples were filtered through a 47 mm GF/F 0.7 μm pore size glass fibre 
filter (©Whatman) using a vacuum pump system. After filtration, sam
ples were oven-dried again at 60 ◦C for 24 h and proceeded to visualise 
MPs using a stereomicroscope (©Zeiss Stemi 508; size detection limits 
0.04–5 mm). 

All the particles suspected to be MPs were counted, photographed 
(©Zeiss Zen 3.2; Axiocam 105 Color), and measured in the longest axis 
(mm). Particles were first categorised according to their shape as fibres 
(filamentous shape), fragments (irregular shape), films (flat shape), 
foams (soft with an irregular shape), or pellets (spherical shape) (Justino 
et al., 2021). Thereafter, a subset of suspected MP particles (52 % of 
detected MPs) was analysed with a Laser Direct Infrared (LDIR) analyser 
Agilent 8700 Chemical Imaging System with the Microplastic Starter 1.0 
library (Ourgaud et al., 2022). The LDIR analyser scans the particles 
(size range 20–5000 μm) to obtain a spectral curve using a wavelength 
range of 1800–975 cm− 1. The information is collected with the Clarity 
image software (©Agilent version 1.3.9) and compared with the poly
mer spectrum library (~400 reference spectra). The polymer nature was 
confirmed when the identification match was >70 % (Ferreira et al., 
2022; Justino et al., 2022, 2023). 

2.4. Data analysis 

The frequency of occurrence (percentage of individuals in a given 
species in which MPs were recorded; FO%) was calculated to assess the 
general contamination status of the species. Since the data did not meet 
the parametric premises, the Kruskal-Wallis test was used to verify if the 
MP detected in the digestive tract presented significant differences 
among the species according to mean number and size. Additionally, 
Spearman's correlation test was used to evaluate the relationship be
tween MPs and the biometry (length and weight) of fishes. All statistical 
analyses were performed with the software R version 3.6.3 (R Core 
Team, 2020) and were conducted considering a significance level of 5 %. 

3. Results 

From the 47 individuals of four coastal fish species analysed in this 
work, 52 MP particles were recovered (FO = 70 %, Table 1). The mean 
number and size of ingested MPs did not vary between the species (p >
0.05). However, A. afer was the most contaminated species in terms of 
the number of MPs ingested (1.45 ± 1.09 particles indindividual− 1; FO 
= 80 %), followed by H. squamipinna (1.00 ± 0.81 part. Ind.− 1; FO = 71 
%), S. micrurum (0.90 ± 0.73 part. Ind.− 1; FO = 70 %), and C. ocellatus 
(0.70 ± 0.82 part. Ind.− 1; FO = 50 %) (Table 1, Fig. 2a and b). Alphestes 
afer showed the longest particle size ingested (0.63 ± 0.92 mm ind.− 1), 
followed by C. ocellatus (0.28 ± 0.72 mm ind.− 1), S. micrurum (0.24 ±
0.45 mm ind.− 1), and H. squamipinna (0.07 ± 0.10 mm ind.− 1). There 
was no relationship between the number and size of MPs and the bio
logical parameters of fishes (Spearman's rank correlation, p > 0.05). 

Regarding the shapes of the ingested MPs (Fig. 2d), A. afer registered 
41 % of fibres, 37 % fragments, 31 % films, and 10 % of pellets, while 
S. micrurum registered 44 % fragments, 22 % fibres and films each and 
11 % of pellets. Chaetodon ocellatus and H. squamipinna reported 57 % 
and 28 % fibres and 42 % and 71 % of films, respectively. The colours 
blue, black, and white were predominant (Table 1). 

Overall, plastic polymers were successfully identified in 33 % of 
particles from the subset of samples analysed by the LDIR (Fig. 2e and c). 
Partially identified particles (60–69.9 % of similarity to the plastic 
polymers from the reference spectrum) and comprised 45 % of the 
samples. Biopolymers identified as cellulose, natural polyamide, and 
polylactic acid were observed in 22 % of all particles. The most common 
polymers were identified as polyethylene (PE) at 16 % abundance, 
polyamide (PA), polyvinyl alcohol (PVA), polycarbonate (PC), poly
propylene (PP) at 11 % abundance, and alkyd varnish and styrene- 
butadiene rubber (SBR) with a similar abundance at 10 %. The other 
polymers, such as chlorinated polyethylene (CPE), polyurethane (PU), 
ethylene vinyl acetate (EVA) and polyvinyl chloride (PVC), contribute to 
a similar abundance of 5 %. 

4. Discussion 

This study provides new insights into the contamination of coastal 
fishes in Northeast Brazil, SWTA. Despite many studies evaluating MP 
contamination in fish species, there are limited reports on reef species 
(Baalkhuyur et al., 2018; Garnier et al., 2019; Huang et al., 2023; 
Macieira et al., 2021; Nie et al., 2019). Our results confirmed wide
spread contamination in reef species inhabiting the area, with a fre
quency of occurrence of 70 %. 

While MPs were detected in all the fish species, no statistical dif
ference was observed in the contamination rate and particle size among 
the four species, which varied between 0.70 ± 0.82 part. ind.− 1 (mean 
number) for C. ocellatus and 1.45 ± 1.09 part. ind.− 1 for A. afer. The 
number of MP found is similar to that in reef fish species at Guarapari 
Islands in Southeast Brazil (Macieira et al., 2021) and from Moorea Is
land in French Polynesia (Garnier et al., 2019). 

The four species analysed here are demersal and share similarities, 
such as their feeding habits and habitat use. They are classified as mobile 
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invertebrate feeders, primarily feeding on benthic invertebrates, 
catching prey on the bottom or in the water column (Pereira et al., 2015; 
Pinheiro et al., 2018). Despite having active swimming ability, they 
spend most of their time in association with the substrate. In fact, species 
which rely on substrate resources may be more susceptible to MPs 
available in the sediment (Justino et al., 2021) since they may acci
dentally ingest these particles by mistaking them for prey or foraging on 
the substrate. Besides the accidental ingestion of MPs mistaken for prey, 
small particles can be passively captured while fish breathe (Li et al., 
2021). Overall, the MPs detected in this study were, on average, smaller 
than 1 mm. 

Fibres and films were the most frequent MP shapes in this study. 
Fibre is the MP shape most frequently associated with ingestion by fish 
in different marine ecosystems (Ferreira et al., 2016; Foekema et al., 
2013), as was also observed in reef species (Baalkhuyur et al., 2018; 
Huang et al., 2023; Macieira et al., 2021). Possible sources of fibres in 
these regions can be either the fragmentation of fishing gear or the 
textile industry, which releases fibres through the flow of domestic 
sewage from the continent, reaching the continental shelf (Ferreira 
et al., 2016). However, not only fisheries but also touristic activities in 
reef areas may be impacting such habitats. Films and fragments can 
originate from maintenance or fragmentation by abrasion between the 
boats sailing in these regions that release paint particles (Lima et al., 
2014). 

The most abundant colours were blue, black and white, as observed 
in other studies, and are similar to the typical colour used in fishing nets 
(Baalkhuyur et al., 2018; Ferreira et al., 2016). The types of polymers 
identified in our study suggest that the primary source of MPs in this 
region is from fishing activities. Among the encountered polymers, the 
most abundant types were PE, PA and PP, which are used in fishing nets 
and fabrics and are frequently reported in fishes (Lima et al., 2021; Nie 
et al., 2019). In addition, we identified alkyd varnish, which is widely 
used in paints of boats, varnishes and synthetic enamels and as ther
mosetting plastics that can be moulded (Polymer DataBase, 2022). 
Finally, we identified other thermoplastics, such as PVA and PC; and 
SBR, used in manufacturing car tires and as a substitute for natural 
rubber (Polymer DataBase, 2022). 

MP particles can adsorb environmental pollutants and release toxic 
additives, posing significant risks to organisms (Fauvelle et al., 2021; 
Teuten et al., 2009). The ingestion of MP particles can lead to various 
detrimental effects, including digestive damage, reduced predation ef
ficiency, and the induction of toxic responses (Barboza et al., 2018; de Sá 
et al., 2015; Moore, 2008). Moreover, the uptake of progressively 
smaller particles can be particularly concerning as they have the po
tential to accumulate in tissues, exacerbating the risks for organisms 
(Dong et al., 2023). In addition to physical damage, MPs can disrupt the 

behavioural and neurological functions of fish, impact their metabolism, 
and alter the composition of their intestinal microbiome (Jacob et al., 
2020). 

In the environment, MPs can host a wide diversity of microorgan
isms, such as viruses and bacteria (Pinheiro et al., 2021), which may 
increase disease proneness on coral reefs (Lamb et al., 2018). In addi
tion, some polymers, such as polypropylene, can cause adverse effects on 
coral reefs and act as a stressor (Isa et al., 2023). The wide-ranging 
impacts of microplastic pollution underscore the pressing necessity to 
tackle this issue and mitigate its harmful consequences on aquatic 
organisms. 

Reef ecosystems on the continental shelf play a vital role in species 
conservation (Eduardo et al., 2018). However, a wide range of MP 
polymers in these ecosystems adds significant pressure, considering 
their crucial role in maintaining biodiversity. The fish species examined 
in this study, particularly those belonging to the Haemulon genus, hold 
substantial ecological importance and are extensively exploited by 
traditional communities in the Northeastern region of Brazil (Cardoso de 
Melo et al., 2020; Frédou et al., 2006). The contamination of 
H. squamipinna observed in this study reflects a global trend of plastic 
ingestion by marine resources (Savoca et al., 2021), raising concerns 
about the future sustainability of fish stocks and ecosystem functioning. 
Additionally, MPs in fishery stocks, which are essential for traditional 
communities, can pose potential risks to human health. Furthermore, by 
analysing the characteristics of MP particles (such as shape, colour, and 
polymer composition) identified in this study, we provide evidence 
suggesting that fishery and tourism activities in the region could be 
potential sources of contamination for the studied species. These find
ings significantly contribute to the expanding knowledge on MP 
contamination in the Southwestern Tropical Atlantic (SWTA) and offer 
valuable insights for developing effective mitigation strategies to safe
guard these vulnerable ecosystems. 
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Table 1 
Summary of results regarding the mean (±standard deviation) number (particles individual− 1), size (mm), and FO% (frequency of occurrence) of microplastics 
detected in fishes, according to shape and colours. SL = Standard length; TW = Total weight.  

Species/sample size  Haemulon squamipinna 
7 

Chaetodon ocellatus 
10 

Syacium micrurum 
10 

Alphestes afer 
20 

SLmin-max (mm)  10.7–14.4 8.5–10 8.6–20.5 11.6–16.4 
TWmin-ma (g)  30.3–75.8 33.3–56.4 10.1–149.3 32.5–118.2 
MP FO%  71 % 50 % 70 % 80 % 
MP size (mm)  0.07 ± 0.10 0.28 ± 0.72 0.24 ± 0.45 0.63 ± 0.92 
MP number  1 ± 0.81 0.70 ± 0.82 0.90 ± 0.73 1.45 ± 1.09 
Shape Fibre 0.28 ± 0.48 (29 %) 0.40 ± 0.69 (30 %) 0.20 ± 0.42 (20 %) 0.60 ± 0.68 (50 %) 

Fragment 0 % 0 % 0.40 ± 0.69 (30 %) 0.25 ± 0.44 (25 %) 
Film 0.71 ± 0.75 (57 %) 0.30 ± 0.48 (30 %) 0.20 ± 0.42 (20 %) 0.45 ± 0.82 (30 %) 
Foam 0 % 0 % 0 % 0 % 
Pellet 0 % 0 % 0.10 ± 0.31 (10 %) 0.15 ± 0.48 (10 %) 

Colour Blue 0.71 ± 0.75 (57 %) 0.50 ± 0.52 (50 %) 0.30 ± 0.48 (30 %) 0.45 ± 0.51 (45 %) 
White 0.14 ± 0.37 (14 %) 0 % 0.10 ± 0.31 (10 %) 0.35 ± 0.58 (30 %) 
Black 0.14 ± 0.37 (14 %) 0.20 ± 0.42 (20 %) 0.50 ± 0.70 (40 %) 0.65 ± 0.81 (45 %) 
Green 0 % 0 % 0 % 0.05 ± 0.22 (5 %) 
Red 0 % 0 % 0 % 0 %  
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Fauvelle, V., Brach-Papa, C., Sempéré, R., 2022. Identification and quantification of 
microplastics in the marine environment using the laser direct infrared (LDIR) 

A.K.S. Justino et al.                                                                                                                                                                                                                            

https://doi.org/10.1038/s41579-019-0308-0
https://doi.org/10.1016/j.marpolbul.2011.05.030
http://refhub.elsevier.com/S0025-326X(23)00519-2/rf0015
http://refhub.elsevier.com/S0025-326X(23)00519-2/rf0015
https://doi.org/10.1016/j.marpolbul.2018.04.040
https://doi.org/10.1016/j.marpolbul.2018.04.040
https://doi.org/10.1016/j.aquatox.2017.12.008
https://doi.org/10.1016/j.marpolbul.2010.08.007
https://doi.org/10.1016/j.marpolbul.2022.113659
https://doi.org/10.1016/j.marpolbul.2022.113659
https://doi.org/10.1016/j.rsma.2020.101226
https://doi.org/10.1016/j.rsma.2020.101226
http://refhub.elsevier.com/S0025-326X(23)00519-2/rf202305301319573111
http://refhub.elsevier.com/S0025-326X(23)00519-2/rf202305301319573111
https://doi.org/10.1016/j.envpol.2014.10.026
https://doi.org/10.1016/j.envpol.2014.10.026
https://doi.org/10.1016/j.scitotenv.2022.158686
https://doi.org/10.1016/j.csr.2018.07.002
https://doi.org/10.1016/j.csr.2018.07.002
https://doi.org/10.1038/s41467-021-24738-w
https://doi.org/10.1093/icesjms/fsw108
https://doi.org/10.1093/icesjms/fsw108
https://doi.org/10.1016/j.marpolbul.2021.113309
https://doi.org/10.1016/j.marpolbul.2021.113309
http://refhub.elsevier.com/S0025-326X(23)00519-2/rf7478
http://refhub.elsevier.com/S0025-326X(23)00519-2/rf7478
https://doi.org/10.1021/es400931b
https://doi.org/10.1016/j.icesjms.2005.11.019
https://doi.org/10.1016/j.icesjms.2005.11.019
https://doi.org/10.1038/s41559-017-0116
https://doi.org/10.1016/j.marpolbul.2019.01.038
https://doi.org/10.1016/b978-0-12-817880-5.00002-5
https://doi.org/10.1016/j.marpolbul.2022.114399
https://doi.org/10.1016/j.marpolbul.2022.114399
http://refhub.elsevier.com/S0025-326X(23)00519-2/rf0100
https://doi.org/10.1016/j.chemosphere.2023.138509
https://doi.org/10.1021/acs.est.9b05995
https://doi.org/10.1126/science.1260352
https://doi.org/10.1016/j.rsma.2021.101857
https://doi.org/10.1016/j.rsma.2021.101857
https://doi.org/10.1016/j.envpol.2022.118988
https://doi.org/10.1016/j.envpol.2023.121532
https://doi.org/10.1016/j.envpol.2023.121532
https://doi.org/10.1126/science.aar3320
https://doi.org/10.1126/science.aar3320
https://doi.org/10.1021/acs.est.1c01753
https://doi.org/10.1016/j.envres.2014.03.031
https://doi.org/10.1016/j.envres.2014.03.031
https://doi.org/10.1111/jfb.12838
https://doi.org/10.1016/j.jhazmat.2020.123796
https://doi.org/10.1016/j.marenvres.2021.105327
https://doi.org/10.1016/j.marenvres.2021.105327
http://refhub.elsevier.com/S0025-326X(23)00519-2/rf0165
http://refhub.elsevier.com/S0025-326X(23)00519-2/rf0165
http://refhub.elsevier.com/S0025-326X(23)00519-2/rf0165
https://doi.org/10.1016/j.marpolbul.2021.112371
https://doi.org/10.1126/sciadv.aaz5803
http://refhub.elsevier.com/S0025-326X(23)00519-2/rf0180
http://refhub.elsevier.com/S0025-326X(23)00519-2/rf0180
https://doi.org/10.1590/S2675-28242020068235
https://doi.org/10.1016/j.envres.2008.07.025
https://doi.org/10.1016/j.envres.2008.07.025
https://doi.org/10.1016/j.envpol.2020.114817
https://doi.org/10.1016/j.scitotenv.2019.134022
http://refhub.elsevier.com/S0025-326X(23)00519-2/rf0205
http://refhub.elsevier.com/S0025-326X(23)00519-2/rf0205


Marine Pollution Bulletin 192 (2023) 115087

7

technique. Environ. Sci. Technol. 56, 9999–10009. https://doi.org/10.1021/acs. 
est.1c08870. 

Pereira, P.H.C., Barros, B., Zemoi, R., Ferreira, B.P., 2015. Ontogenetic diet changes and 
food partitioning of Haemulon spp. coral reef fishes, with a review of the genus diet. 
Rev. Fish Biol. Fish. 25, 245–260. https://doi.org/10.1007/s11160-014-9378-2. 

Pinheiro, H.T., Rocha, L.A., Macieira, R.M., Carvalho-Filho, A., Anderson, A.B., 
Bender, M.G., Di Dario, F., Ferreira, C.E.L., Figueiredo-Filho, J., Francini-Filho, R., 
Gasparini, J.L., Joyeux, J.C., Luiz, O.J., Mincarone, M.M., Moura, R.L., Nunes, J. de 
A.C.C., Quimbayo, J.P., Rosa, R.S., Sampaio, C.L.S., Sazima, I., Simon, T., Vila- 
Nova, D.A., Floeter, S.R., 2018. South-western Atlantic reef fishes: zoogeographical 
patterns and ecological drivers reveal a secondary biodiversity Centre in the Atlantic 
Ocean. Divers. Distrib. 24, 951–965. https://doi.org/10.1111/ddi.12729. 

Pinheiro, L.M., Agostini, V.O., Lima, A.R.A., Ward, R.D., Pinho, G.L.L., 2021. The fate of 
plastic litter within estuarine compartments: an overview of current knowledge for 
the transboundary issue to guide future assessments. Environ. Pollut. 116908 
https://doi.org/10.1016/j.envpol.2021.116908. 

Polymer DataBase, 2022. Polymer database [www document]. https://polymerdatabase. 
com/ (accessed 4.29.22).  

Prates, A.P.L., Cordeiro, A.Z., Ferreira, B.P., Maida, M., 2007. Unidades de con- servação 
costeiras e marinhas de uso sustentável como instrumento para a gestão pesqueira. 
In: Brasília: Núcleo da Zona Costeira e Marinha, Ministério do Meio Ambiente (Ed.), 
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