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ARTICLE INFO ABSTRACT

Keywords: After two years of the most extensive (2890 km of coastline affected) oil spill on the Brazilian coast (2019), a new
Oil stain event of unknown origin brought about 1.3 tons of plastics and oil to the Fernando de Noronha Archipelago;
Plastics

formed by 21 oceanic islands with high endemism, productivity and unique ecosystems such as rich seagrass and
rhodolith beds and the only insular mangrove ecosystem in the South Atlantic. The no-take marine protected area
of the Fernando de Noronha National Park has been affected by marine debris from Africa and weathered oil that
brings ecological risks to biodiversity and ecosystems services in the only pristine seagrass beds and mangrove in
Brazil. In this note, we describe this novel event and argue that the maritime surveillance system of the Brazilian
coast remains non-operational, making it challenging to find the responsible parties for such a recent accident
(2021) and the extensive event beginning in 2019. This new event shows that past mistakes have not been
learned and that the Brazilian federal government continues to have a low capacity in detecting environmental
accidents in its Exclusive Economic Zone and potential polluters. Moreover, this new event in unique insular
marine environments shows how vulnerable the South Atlantic coastline and islands are to the growing impacts
of increasing plastics in the ocean basin and accidents involving the fossil fuel production chain, shipwrecks, and
shipping lines, especially when extreme climate events are expected due to global environmental change.
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Almost two years (September 2019) after the first mysterious regis-
ters of oil stains on the Brazilian coast [1], which caused the most
extensive oil spill event in the Atlantic Ocean Basin and tropical oceans
worldwide [2], new oil stains (now together with marine debris)
reached Brazil. This time (August 2021), the affected area is the Archi-
pelago of Fernando de Noronha (Fig. 1); a unique cluster of 21 islands
(26 Km?) with high rates of endemism, productivity, a hotspot of marine
biodiversity, and a UNESCO Natural World Heritage [3,4].

This scientific note is the first preliminary assessment of an

unprecedented event in the history of these South Atlantic islands,
which have never before been hit by a disaster involving oil and plastic
at the same time, mainly considering the quantity found. Given its
oceanic position (Fig. 1) and the South Atlantic surface current system,
this Archipelago has already been affected by marine debris and
microplastics [5-7], showing its vulnerability to acute events of low
predictability as the one described in this article. Between August 13 and
16, 2021, ~ 1.3 tons of marine debris (mostly plastics) and oil stains
were collected from around 3.6 km of the windward coast of the main
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island, distributed at four different beaches and the insular mangrove
ecosystem [8] (Fig. 2). The area affected by the oil and debris may be
larger since there are inaccessible areas in the Marine Park of Fernando
de Noronha [9,10], making it impossible to clean these areas. In this
Marine Protected Area (MPA) occurs 40 threatened species [8], endemic
species (e.g., Elaenia ridleyana, Shaper, 1888 and Vireo gracilirostris,
Sharpe, 1890) [11], large concentrations of the spinner (Stenella long-
irostris, Gray, 1828), and spotted dolphins (S. attenuata, Gray, 1846)
[12], and some areas are used by humpback whales (Megaptera
novaeangliae, Borowski, 1781) [13] and sea turtles (Chelonia mydas
Linnaeus, 1758 and Eretmochelys imbricata Linnaeus, 1766) as breeding or
feeding grounds [14]. Furthermore, the affected areas have extensive
rhodolith beds [4], pristine seagrass meadows, and the only mangrove
on the South Atlantic islands [15-17].

Fernando de
Noronha
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In the 2021 event, the response to the arrival of oil and plastics on the
beaches in Fernando de Noronha was quick and efficient, appearing that
we have learned so much from the 2019 disaster since, in the latter case,
the response was very slow, disjointed, and inefficient [2,16,18,19].
Even considering that the 2021 event in the oceanic Archipelago
affected a smaller area (~ 18.3 km) than the 2019 event, which affected
2890 km along the Brazilian coast [2,20]. The rapid response in 2021
took dozens of ICMBio servers, Navy personnel, Island Administration
technicians, and volunteers to do the initial cleaning that involved col-
lecting debris and scraping the oil off of volcanic stones in the oceanic
islands. Although the source of this oil and plastic spill in Fernando de
Noronbha is still under investigation and it is probably not related to the
2019 oil spill [1,2], in June 2021 (a few months previous to the events
here described), oil stains from the same origin as the 2019 event arrived
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Fig. 1. Primary sites of debris and oil collection (highlighted by the black lines on the beaches) in the Fernando de Noronha Archipelago (3°51’ S, 32°25' W) in
August 2021. Marine Protected areas: multiple-use Environmental Protection Area (EPA), no-take Marine National Park (MNP) with its marine boundaries. High-
lighted the Sueste bay location for the unique mangrove area and seagrass meadows on the archipelago.
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Fig. 2. Debris and oil collection in the Fernando de Noronha Archipelago (South Atlantic, Brazil). A) Collection effort at Leao beach, the most affected area; b) Insular
mangrove at Sueste bay with debris deposition; ¢) Fauna (crustacean Johngarthia lagostoma) affected by the oil stains at Abreu’s beach; d) Bird affected by the debris
and oil; e) Aspect of the debris deposited in the mangrove; f) Oil sample containing mangrove seeds from plants (Dioclea sp.) not established in the South Atlantic
archipelago. Photos: Claudio Bellini (a, b, and e); Ana Marinho (c and d); Clemente Coelho (f).

in Bahia coast [21].

While we wait for further analysis of the oil samples collected in
Fernando de Noronha, this new event in 2021 shows us how vulnerable
are the Brazilian marine ecosystems and protected areas to acute events.
The surface circulation (0-100 m) in the Tropical South Atlantic Ocean
is driven by the westward South Equatorial Current System (SEC) that
bifurcates, forming the north-flowing North Brazil Under-current
(NBUC) and North Brazil Current (NBC) and the south-flowing Brazil
Current (BC) (Fig. 3). The SEC current system has three different
branches (north, central and south) that transport debris [22] and pol-
lutants [23] present in the tropical area between Brazil and Africa to-
ward the Brazilian shelf. Those materials can then be transported
northward by the NUBC and NBC and/or southward by the BC, along the
Brazilian continental slope from where they can enter the shelf due to
eddies, meanders, upwelling events, and other cross-shore circulation
mechanisms [23]. Due to the absence of a unified ocean surveillance
system in the South Atlantic [2,18], many acute environmental events
such as oil and plastic spills occurring in international (or national)
waters will impact the tropical Southwest Atlantic coast [24].

The mangrove ecosystems, rhodolith, and seagrass beds of the Fer-
nando de Noronha Archipelago were affected by the 2021 event. About
500 kilos of plastic waste and oil were removed from the Sueste bay
area, being ~200 kilos inside the mangrove [8]. Although mangroves
are usually driven by tides, this unique insular mangrove is regulated by
the rainfall regime, as it is isolated from the beach by a vegetated dune
system that is open to the Sueste bay (Fig. 1) only for short periods of
time in the rainy season [25]. Plastic residue is often seen in the

mangrove lagoon as it reaches the island transported by the South
Equatorial Current central branch (cSEC) (Fig. 3) and is trapped inside
the mangrove forest, staying there as long as the connection to the bay is
closed [25]. Litter deposited in this mangrove can have a strong and
long-lasting impact, given the low predictability of when it will be
washed from there. As there is no systematic monitoring program of
residues in the mangrove, we cannot be sure that all the debris collected
after this new event was recently deposited, but the oil stains are the first
major event of mangrove deposition in Fernando de Noronha.

In 2020 we argued that Fernando de Noronha sheltered the only
seagrass meadows not touched by the oil in 2019 [26] because that
extensive event mainly affected the coast and not the oceanic islands [2,
19,20]. The ecological damage extension to ecosystem services and
biodiversity is still to be accessed and monitored, but with this 2021
event, these meadows are added to the ~ 325 km? seagrass area affected
by some oil after 2019 [27]. As for the subtidal rhodolith beds, damages
are still not reported as the first resources were directed to mechanical
clean the visible residues in the intertidal zone.

Now, three years after the first large-scale accident, we still do not
know the source of the 2019 oil (e.g., shipwreck or dumping vessel) [20,
28], but its origin is a Venezuelan sedimentary basin [27], and all oil
comes from the same source [29]. Even though ~ 5379 oil tons were
collected from the 2019 event, the volume leaked is still unknown [2]
and estimated between 5000 and 12,000 m® [30]. We still do not know
how much oil is still out there on the seafloor or trapped in marine and
mangrove sediments. Without knowing the source of this recent leak in
2021, despite the gigantic proportion of the 2019 disaster, it is not
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Fig. 3. Tropical South Atlantic Surface Circulation averaged for 2021. Currents data from the Operational Mercator Global Ocean Analysis and Forecast System
Model. Colors denote currents speed (m/s). The small panel in the right corner shows the surface circulation around FN.

possible to hold anyone responsible or determine who should pay for
cleaning, environmental remediation, and the economic damage to the
tourist sector [31] and, most importantly, to mitigate the public health
and economic damage on the artisanal fishers involved in cleaning
processes and food security also affected in 2019 [32,33]. It is also
important to remember that these social, economic, and environmental
consequences were amplified by Brazil’s still not controlled COVID-19
pandemic [16].

The Brazilian Navy and scientists have organized online meetings to
discuss: (1) the possible origin of the materials; (2) physicochemical
characteristics of the collected samples, the synthesis of the knowledge
acquired about this event, and what are the resulting propositional ac-
tions. However, multiple stakeholders have not yet been involved in the
discussions. Understanding the impacts of this recent 2021 accident on
the oceanic and insular environment will require efforts including
multidisciplinary teams that consider the effects on chemical, physical
and biological characteristics. It will be necessary to monitor medium
and long-term changes in the characteristics of water and sediments and
the structure and functioning of biological communities. This 2021 ac-
cident should also be an opportunity to propose protocols to identify and
monitor the impacts of high intensity and low predictability events on
tropical oceanic islands already affected by other impacts such as
climate change [10] and invasive lionfish [34]. In addition to moni-
toring changes in the environment, the cumulative impacts on island
communities, mainly on social and economic activities, should be
considered since Fernando de Noronha is one of the most important
tourist destinations on the Brazilian coast, and tourism is the primary
source of income for islanders [35,36].

While we are preparing to monitor the area and wait to know the
fingerprint of the oil, this recent event shows us that even after the 2019
oil accident on the Brazilian coast, we still are not prepared to anticipate
or prevent new events. The current event shows that past mistakes have
not been learned and that the Brazilian federal government continues to
have a low capacity in detecting accidents in its Exclusive Economic
Zone and potential polluters. Despite global needs regarding the urgent
mitigation of the climate change crisis, the Brazilian federal government
signalize bidding 92 blocks of oil and gas exploitation in their Economic
Exclusive Zone [36]. The potential oil production from these new ma-
rine areas will add to the pre-salt reserves already contracted, multi-
plying the fossil fuel emissions up to the beginning of 2030 [37].
Moreover, the dismantling of environmental laws and interference in
Federal Government agencies fosters disasters such as futures oil spills
[2]. The government action to put down the contingency plan to manage
the extensive 2020 oil spill [18,19] exposed critical vulnerabilities
concerning the increases in oil exploitation areas and volume as sug-
gested by new oil and gas blocks offered [37].

This new event in unique insular ecosystems shows how vulnerable
the South Atlantic marine protected areas and islands are to the ongoing
impacts of increasing marine debris in the ocean basin and events
involving the fossil fuel production chain, shipwrecks, and shipping
lines. Monitoring and observational systems [24] are crucial as these
events may end without a responsible party to pay for the cleaning and
restoration of impacted environments in this unique South Atlantic
archipelago.



K.M. Magalhaes et al.
Acknowledgments

AMCS thank the Conselho Nacional de Desenvolvimento Cientifico e
Tecnoldgico (CNPQ) for her master’s scholarship (Proc. 88887.635401/
2021-00). MCSL thank the Coordenacao de Aperfeicoamento de Pessoal
de Nivel Superior (CAPES) for her doctorate scholarship (Proc.
88887.497010/2020-00). MOS thank the Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico (Research Productivity
Fellowship No. 313518/2020-3), PELD Costa Semiarida do Brasil-CSB
(No. 442337/2020-5), CAPES-PRINT, CAPES-Alexander Von Hum-
boldt (AVH), and Fundacao Cearense de Apoio ao Desenvolvimento
Cientifico e Tecnolégico (Chief Scientist Program) for their financial
support. CEPT thanks the Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldégico (Research Productivity Fellowship No.
313518/2020-3), CAPES-PRINT, I-plastic (JPI Oceans Consortium), and
Fundacao Cearense de Apoio ao Desenvolvimento Cientifico e Tec-
noldgico (PRONEN) for the financial support. KMM thanks the Fundacao
de Amparo a Ciéncia e Tecnologia do Estado de Pernambuco, FACEPE
(APQ-0628-1.08/19 and APQ-0685-2.05/19) and the Conselho Nacio-
nal de Desenvolvimento Cientifico e Tecnoldgico, CNPq (No. 440826/
2020-9) for the financial support on oil spill related projects.

References

[1] H. Escobar, Mystery oil spill threatens marine sanctuary in Brazil, Science 366
(6466) (2019) 672, https://doi.org/10.1126/science.366.6466.672.

[2] M.O. Soares, C.E.P. Teixeira, L.E.A. Bezerra, S. Rossi, T. Tavares, R.M. Cavalcante,
Brazil oil spill response: time for coordination, Science 367 (6474) (2020) 155,
https://doi.org/10.1126/science.aaz9993.

[3] R.P.S. Campelo, F.K. Bonou, M. Melo Junior, X.F.G. Diaz, L.E.A. Bezerra,

S. Neumann-Leitao, Zooplankton biomass around marine protected islands in the
tropical Atlantic Ocean, J. Sea Res. 154 (2019), 101810, https://doi.org/10.1016/
j.seares.2019.101810.

[4] P.C. Veras, . Pierozzi-Jr, J.B. Lino, G.M. Amado-Filho, A.R. Senna, C.S.G. Santos,
G.H. Pereira-Filho, Drivers of biodiversity associated with rhodolith beds from
euphotic and mesophotic zones: insights for management and conservation,
Perspect. Ecol. Conserv. 18 (1) (2020) 37-43, https://doi.org/10.1016/j.
pecon.2019.12.003.

[5] J.A.L Sul, A. Spengler, M.F. Costa, Here, there and everywhere. Small plastic

fragments and pellets on beaches of Fernando de Noronha (Equatorial Western

Atlantic), Mar. Pollut. Bull. 58 (8) (2009), 1236-123ht8. tps://doi.org/10.1016/j.

marpolbul.2009.05.004.

J.P. Carvalho, T.S. Silva, M.F. Costa, Distribution, characteristics and short-term

variability of microplastics in beach sediment of Fernando de Noronha

Archipelago, Brazil, Mar. Pollut. Bull. 166 (2021), 112212, https://doi.org/

10.1016/j.marpolbul.2021.112212.

A.C. Grillo, T.J. Mello, Marine debris in the Fernando de Noronha Archipelago, a

remote oceanic marine protected area in tropical SW Atlantic, Marine Pollut. Bull.

164 (2021), 112021, https://doi.org/10.1016/j.marpolbul.2021.112021.

[8] C.C.C. Guaitanele, F.S. Silva, L.P.S. Santos, R.F. Costa, R.A. Camilo, R. Aratjo,
Operacao emergencial ao aporte atipico de fragmentos de 6leo e lixo marinho nas
localidades do mar de fora de Fernando de Noronha. Relatorio técnico e detalhado
a respeito deste evento: Levantamento de informacoes, Inst. Chico Mendes De.
Conserv. da Biodivers. - ICMBio (2021) 1-21.

[9] P.F. Lopes, S. Villasante, Paying the price to solve fisheries conflicts in Brazil’s
marine protected areas, Mar. Policy 93 (2018) 1-8, https://doi.org/10.1016/j.
marpol.2018.03.016.

[10] M.O. Soares, Climate change and regional human pressures as challenges for
management in oceanic islands, South Atlantic, Mar. Pollut. Bull. 131 (2018)
347-355, https://doi.org/10.1016/j.marpolbul.2018.04.008.

[11] A.C. Ewbank, F. Esperon, C. Sacristan, I. Sacristan, R. Krul, E.C. de Macedo, J.

L. Catao-Dias, Seabirds as anthropization indicators in two different tropical
biotopes: a One Health approach to the issue of antimicrobial resistance genes
pollution in oceanic islands, Sci. Total Environ. 754 (2021), 142141, https://doi.
org/10.1016/j.scitotenv.2020.142141.

[12] M.C. Tischer, A. Schiavetti, F.J. Lima Silva, J.M. Silva Junior, Dolphin watching
tourists in Fernando de Noronha, Brazil: knowledge and conservation, Ocean
Coast. Manag. 198 (2020), 105325, https://doi.org/10.1016/].
ocecoaman.2020.105325.

[13] M. Marega-Imamura, F. Michalski, K. Silva, A. Schiavetti, Y. Le Pendu, L. Carvalho
Oliveira, Scientific collaboration networks in research on human threats to
cetaceans in Brazil, Mar. Policy 112 (2020), 103738, https://doi.org/10.1016/j.
marpol.2019.103738.

[14] C. Bellini, Reproduction and feeding of marine turtles in the Fernando de Noronha
archipelago, Mar. Turt. Newsl. 74 (1996) 12-13.

[15] R.L. Barcellos, C. Coelho-Jtnior, S.R. Lins, M.S. Silva, P.B. Camargo, P.E.P.

F. Travassos, Island beaches morphological and sedimentary short-term
variations—the case of SE Fernando de Noronha Island, South Atlantic, Brazil, Rev.

[6

[}

[7

—

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Marine Policy 140 (2022) 105076

De. Gest. Coste Integr. -J. Integr. Coast. Zone Manag. 11 (4) (2011) 471-478,
https://doi.org/10.5894/rgci283.

K.M. Magalhaes, K.V. Souza Barros, M.C.S. Lima, C. Almeida Rocha-Barreira, J.
S. Rosa Filho, M.O. Soares, Oil spill+ COVID-19: a disastrous year for Brazilian
seagrass conservation, Sci. Total Environ. 764 (2021), 142872, https://doi.org/
10.1016/j.scitotenv.2020.142872.

R.A. Magris, M.D. Costa, C.E. Ferreira, C.C. Vilar, J.C. Joyeux, J.C. Creed, S.

R. Floeter, A blueprint for securing Brazil’s marine biodiversity and supporting the
achievement of global conservation goals, Divers. Distrib. 27 (2) (2021) 198-215.
H.D. Brum, J.V. Campos-Silva, E.G. Oliveira, Brazil oil spill response: government
inaction, Science 367 (6474) (2020) 155-156, https://doi.org/10.1126/science.
aba0369.

M. Nasri Sissini, F. Berchez, J. Hall-Spencer, N. Ghilardi-Lopes, V.F. Carvalho,

N. Schubert, G. Koerich, G. Diaz-Pulido, J. Silva, E. Serrao, J. Assis, R. Santos, S.
R. Floeter, L. Rorig, J.B. Barufi, A.F. Bernardino, R. Francini-Filho, A. Turra, L.
C. Hofmann, J. Aguirre, L. Le Gall, V. Pena, M.C. Nash, S. Rossi, M.O. Soares,

G. Pereira-Filho, F. Tamega, P.A. Horta, Brazil oil spill response: protect rhodolith
beds, Science 367 (2020) 156, https://doi.org/10.1126/science.aba2582.

M.O. Soares, C.E.P. Teixeira, L.E.A. Bezerra, S.V. Paiva, T.C.L. Tavares, T.

M. Garcia, J.T. Aratjo, C.C. Campos, S.M.C. Ferreira, H. Matthews-Cascon,

A. Frota, T.C.F. Mont’Alverne, S.T. Silva, E.F. Rabelo, C.X. Barroso, J.E.P. Freitas,
M. Melo Junior, R.P.S. Campelo, C.S. Santana, P.B.M. Carneiro, A.J. Meirelles, B.
A. Santos, A.H.B. Oliveira, P. Horta, R.M. Cavalcante, Oil spill in South Atlantic
(Brazil): environmental and governmental disaster, Mar. Polut. 115 (2020),
103879, https://doi.org/10.1016/j.marpol.2020.103879.

Brazilian Navy - Marinha do Brasil. Comando de Operacoes Navais, 2021. Note the
press. (https://www.marinha.mil.br/cpba/sites/www.marinha.mil.br.cpba/files/
06jul_nota_a_imprensa_ressurgimento_de_fragmentos_de_oleo.pdf) (accessed 31
August 2021).

C.E.P. Teixeira, R.M. Cavalcante, M.O. Soares, F.B. Ribeiro, L.E.A. Bezerra, Marine
debris from the past-Contamination of the Brazilian shore by a WWII wreck, Mar.
Environ. Res. 169 (2021), 105345, https://doi.org/10.1016/j.
marenvres.2021.105345.

G.C. Lessa, C.E.P. Teixeira, J. Pereira, F.M. Santos, The 2019 Brazilian oil spill:
insights on the physics behind the drift, J. Mar. Syst. 222 (2) (2021), 103586,
https://doi.org/10.1016/j.jmarsys.2021.103586.

G. Franz, C.A.E. Garcia, J. Pereira, L.P.F. Freitas, M. Rollnic, L.H.P. Garbossa, L.
C. Cunha, C.A.D. Lentini, P. Nobre, A. Turra, J.R. Trotte-Duha, M. Cirano, S.

F. Estefen, J.A.M. Lima, A.M. Paiva, M.A. Noernberg, C.A.S. Tanajura, J.

L. Moutinho, F. Campuzano, E.S. Pereira, A.C. Lima, L.F.F. Mendonga, H. Nocko,
L. Machado, J.B.R. Alvarenga, R.P. Martins, C.S. Bock, R. Toste, L. Landau,

T. Miranda, F. Santos, J. Pellegrini, M. Juliano, R. Neves, A. Polejack, Coastal ocean
observing and modeling systems in brazil: initiatives and future perspectives,
Front. Mar. Sci. 8 (2021) 1038, https://doi.org/10.3389/fmars.2021.681619.
V.C. Almeida, C. Coelho-Junior, L.P. Assad, R.L. Barcellos, P.E.P.F. Travassos, F.A.
N. Feitosa, Contaminagao de residuos sélidos no manguezal da Baia do Sueste -
Fernando de Noronha, Trop. Oceanogr. 42 (2013) 1-12, https://doi.org/10.5914/
1679-3013.2013.0088.

K.M. Magalhaes, C.B. Amaral, First description of seagrass meadows from
Fernando de Noronha archipelago in the tropical Southwestern Atlantic, Aquat.
Bot. 168 (2021), 103305, https://doi.org/10.1016/j.aquabot.2020.103305.

R.A. Magris, T. Giarrizzo, Mysterious oil spill in the Atlantic Ocean threatens
marine biodiversity and local people in Brazil, Mar. Pollut. Bull. 153 (2020),
110961, https://doi.org/10.1016/j.marpolbul.2020.110961.

D.C. Zacharias, C.M. Gama, A. Fornaro, Mysterious oil spill on Brazilian coast:
analysis and estimates, Mar. Pollut. Bull. 165 (2021), 112125, https://doi.org/
10.1016/j.marpolbul.2021.112125.

O.M.C. Oliveira, A.F.S. Queiroz, J.R. Cerqueira, S.A.R. Soares, K.S. Garcia, A.

P. Filho, M.L.S. Rosa, C.M. Suzart, L.L. Pinheiro, I.T.A. Moreira, Environmental
disaster in the northeast coast of Brazil: forensic geochemistry in the identification
of the source of the oily material, Mar. Pollut. Bull. 160 (2020), 111597, https://
doi.org/10.1016/j.marpolbul.2020.111597.

R.A. Lourenco, T. Combi, A. Rosa M., S.T. Sasaki, E. Zanardi-Lamardo, G.T. Yogui,
Mysterious oil spill along Brazil’s northeast and southeast seaboard (2019-2020):
trying to find answers and filling data gaps, Mar. Pollut. Bull. 156 (2020), 111219,
https://doi.org/10.1016/j.marpolbul.2020.111219.

S.C. Cristiano, G.C. Rockett, L.C. Portz, J.R. de Souza Filho, Beach landscape
management as a sustainable tourism resource in Fernando de Noronha Island
(Brazil), Mar. Pollut. Bull. 150 (2020), 110621, https://doi.org/10.1016/j.
marpolbul.2019.110621.

M.O. Estevo, P.F. Lopes, J.G.C. Oliveira Janior, A.B. Junqueira, A.P. Oliveira
Santos, J.A. Silva Lima, J.V. Campos-Silva, Immediate social and economic impacts
of a major oil spill on Brazilian coastal fishing communities, Mar. Pollut. Bull. 164
(2021), 111984, https://doi.org/10.1016/j.marpolbul.2021.111984.

K.M. Magalhaes, R.S. Carreira, J.S. Rosa Filho, P.P. Rocha, F.M. Santana, G.

T. Yogui, Polycyclic aromatic hydrocarbons (PAHs) in fishery resources affected by
the 2019 oil spill in Brazil: short-term environmental health and seafood safety,
Mar. Pollut. Bull. 175 (2022), 113334, https://doi.org/10.1016/j.
marpolbul.2022.113334, Epub 2022 Jan 25.

0.J. Luiz, W.C. dos Santos, A.P. Marceniuk, L.A. Rocha, S.R. Floeter, C.E. Buck, C.
E. Ferreira, Multiple lionfish (Pterois spp.) new occurrences along the Brazilian
coast confirm the invasion pathway into the Southwestern Atlantic, Biol. Invasions
(2021) 1-7, https://doi.org/10.1007/s10530-021-02575-8.

J.C.M. Moreira, G.B. Guimaraes, Fernando de noronha archipelago: a paradise
formed by volcanism in Brazil, in: P. Erfurt-Cooper (Ed.), Volcanic Tourist


https://doi.org/10.1126/science.366.6466.672
https://doi.org/10.1126/science.aaz9993
https://doi.org/10.1016/j.seares.2019.101810
https://doi.org/10.1016/j.seares.2019.101810
https://doi.org/10.1016/j.pecon.2019.12.003
https://doi.org/10.1016/j.pecon.2019.12.003
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref5
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref5
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref5
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref5
https://doi.org/10.1016/j.marpolbul.2021.112212
https://doi.org/10.1016/j.marpolbul.2021.112212
https://doi.org/10.1016/j.marpolbul.2021.112021
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref8
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref8
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref8
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref8
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref8
https://doi.org/10.1016/j.marpol.2018.03.016
https://doi.org/10.1016/j.marpol.2018.03.016
https://doi.org/10.1016/j.marpolbul.2018.04.008
https://doi.org/10.1016/j.scitotenv.2020.142141
https://doi.org/10.1016/j.scitotenv.2020.142141
https://doi.org/10.1016/j.ocecoaman.2020.105325
https://doi.org/10.1016/j.ocecoaman.2020.105325
https://doi.org/10.1016/j.marpol.2019.103738
https://doi.org/10.1016/j.marpol.2019.103738
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref14
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref14
https://doi.org/10.5894/rgci283
https://doi.org/10.1016/j.scitotenv.2020.142872
https://doi.org/10.1016/j.scitotenv.2020.142872
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref17
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref17
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref17
https://doi.org/10.1126/science.aba0369
https://doi.org/10.1126/science.aba0369
https://doi.org/10.1126/science.aba2582
https://doi.org/10.1016/j.marpol.2020.103879
https://www.marinha.mil.br/cpba/sites/www.marinha.mil.br.cpba/files/06jul_nota_a_imprensa_ressurgimento_de_fragmentos_de_oleo.pdf
https://www.marinha.mil.br/cpba/sites/www.marinha.mil.br.cpba/files/06jul_nota_a_imprensa_ressurgimento_de_fragmentos_de_oleo.pdf
https://doi.org/10.1016/j.marenvres.2021.105345
https://doi.org/10.1016/j.marenvres.2021.105345
https://doi.org/10.1016/j.jmarsys.2021.103586
https://doi.org/10.3389/fmars.2021.681619
https://doi.org/10.5914/1679-3013.2013.0088
https://doi.org/10.5914/1679-3013.2013.0088
https://doi.org/10.1016/j.aquabot.2020.103305
https://doi.org/10.1016/j.marpolbul.2020.110961
https://doi.org/10.1016/j.marpolbul.2021.112125
https://doi.org/10.1016/j.marpolbul.2021.112125
https://doi.org/10.1016/j.marpolbul.2020.111597
https://doi.org/10.1016/j.marpolbul.2020.111597
https://doi.org/10.1016/j.marpolbul.2020.111219
https://doi.org/10.1016/j.marpolbul.2019.110621
https://doi.org/10.1016/j.marpolbul.2019.110621
https://doi.org/10.1016/j.marpolbul.2021.111984
https://doi.org/10.1016/j.marpolbul.2022.113334
https://doi.org/10.1016/j.marpolbul.2022.113334
https://doi.org/10.1007/s10530-021-02575-8

K.M. Magalhaes et al.

Destinations, Geoheritage, Geoparks and Geotourism, Springer-Verlag, Berlin,
2014, pp. 315-323, https://doi.org/10.1007/978-3-642-16191-9.

[36] J.M. Silva, Parque Nacional Marinho de Fernando de Noronha: Uso ptblico,
importancia economica e proposta de manejo. Simpésio de Areas Protegidas:

[37]

Marine Policy 140 (2022) 105076

conservacao no ambito do cone sul. 2, Pelotas-Rs. An. Univ. Catdlica De. Pelotas
(2003) 335-342.

P. Horta, M. Sissini, C.M. Mueller, P. Pagliosa, L. Rorig, J. Barufi, F. Berchez, A.
L. Fonseca, Brazil foster fossil fuel exploitation despite climate crises and the
environmental vulnerabilities, Mar. Policy (2022).


https://doi.org/10.1007/978-3-642-16191-9
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref35
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref35
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref35
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref35
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref36
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref36
http://refhub.elsevier.com/S0308-597X(22)00123-3/sbref36

	Oil and plastic spill: 2021 as another challenging year for marine conservation in the South Atlantic Ocean
	Acknowledgments
	References


