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ABSTRACT
In a world of constant change, biodiversity monitoring proves essential for the conservation of native species. Many of these 
changes are linked to the introduction of non-indigenous species (NIS), which alter ecosystem structure and community dynam-
ics and directly impact native species. New records of NIS are often obtained through traditional scientific surveys. However, cit-
izen science has provided significant insights into species distributions through volunteer observations by individuals outside of 
academia. Successful platforms for citizen science, such as iNaturalist, have revolutionised spatial and temporal understanding 
of biodiversity. Recently, the Green Mussel (Perna viridis), a NIS, was recorded in the states of Paraná, Rio de Janeiro and Ceará, 
Brazil. Nevertheless, there were no official records for other states along the Brazilian coast. This study aimed to use traditional 
scientific methods in conjunction with citizen science to update the distribution status of this species. Using traditional scientific 
surveys, one record of P. viridis was documented in the municipality of São Vicente, São Paulo state, while 42 records were ob-
tained through iNaturalist, spanning the states of Rio de Janeiro, São Paulo, Paraná and Santa Catarina. As a result, our study 
filled the distribution gap for this NIS along the southern Brazilian coast, highlighting the importance of citizen science in moni-
toring such species. Early detection of NIS is crucial for successful management, emphasising the utility of using non-traditional 
methods in biological invasion studies.

RESUMO
Em um mundo em constante mudança, o monitoramento da biodiversidade se mostra fundamental para a conservação de es-
pécies nativas. Muitas dessas mudanças estão associadas a espécies invasoras, capazes de alterar a estrutura dos ecossistemas e 
as comunidades locais, com impactos negativos diretos sobre as espécies nativas. Novos registros de espécies invasoras são fre-
quentemente obtidos por meio de métodos científicos tradicionais. No entanto, a ciência cidadã tem proporcionado importantes 
informações sobre a distribuição de espécies, através da observação voluntária por indivíduos fora do ambiente acadêmico. 
Plataformas como o iNaturalist têm revolucionado o entendimento espacial e temporal da biodiversidade. Recentemente, a es-
pécie invasora Mexilhão-verde (Perna viridis) foi registrada nos estados do Rio de Janeiro e Ceará, Brasil. Entretanto, não havia 
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registros oficiais para os demais estados ao longo da costa brasileira. Este estudo teve como objetivo utilizar métodos científicos 
tradicionais em conjunto com a ciência cidadã para atualizar o status de distribuição dessa espécie. Utilizando o método científ-
ico tradicional, um registro de P. viridis foi documentado no município de São Vicente, no estado de São Paulo, enquanto 42 regis-
tros foram obtidos pelo iNaturalist, distribuídos nos estados do Rio de Janeiro, São Paulo, Paraná e Santa Catarina. Dessa forma, 
nosso estudo preencheu lacunas na distribuição da espécie invasora ao longo da costa brasileira, demonstrando a importância 
da ciência cidadã no monitoramento dessas espécies. A detecção precoce de espécies invasoras é fundamental para um manejo 
eficaz, evidenciando a importância da utilização de métodos não tradicionais em estudos de invasão biológica.

1   |   Introduction

In a world where human modification is increasingly causing 
habitat loss and unsustainable use, biodiversity data are crucial 
for the detection and understanding of local to global biodiver-
sity changes (Stephenson and Stengel 2020). Changes made by 
anthropogenic pressures range from habitat modification and 
global warming to biological invasion. Biological invasion oc-
curs when a non-native species is transported and introduced 
to a region outside its natural range, successfully establishing a 
population (Simberloff 1986; Blackburn et al. 2011). This trans-
port can occur either unintentionally or intentionally through 
human activities (Vitousek et al. 1996).

Once well-established, these non-indigenous species (NIS) often 
cause numerous negative impacts on the ecosystems, such as sea-
scape modification (Capel et al. 2020) and changes to community 
structure (David et al. 2017; Bradley et al. 2019) that may result 
in significant financial losses (Zenni et al. 2021). Due to the sig-
nificance of these impacts on ecosystems, there is a need for re-
liable reference data for studies of current and future biodiversity 
distribution. Furthermore, it is important to understand the rela-
tionship between society and nature to place people as the main 
drivers of biodiversity changes (Dirzo et al. 2014; Mace et al. 2012).

Tipically, new records of non-indigenous species are gathered 
through traditional scientific surveys (de Paula and Creed 2004; 
Messano et al. 2019; Hidenburgo et al. 2022). However, citizen sci-
ence can provide an important source of species distribution data 
(Lodi and Tardin 2018; Hiller and Haelewaters 2019; Encarnação 
et al. 2021). Citizen science provides an engagement opportunity 
that encourages people to participate in the conservation of nat-
ural resources by involving volunteers in the monitoring of bio-
diversity (Bonney et al. 2009), which can be accomplished with 
citizen science research projects (Cohn  2008; Dickinson and 
Bonney 2012). This voluntary participation of non-scientists in sci-
ence comprises the inclusion of the non-academic community in 
science and helps land managers and conservationists understand 
patterns of species occurrence, biological invasion, erosion control, 
habitat restoration and changes over time (Schläppy et  al.  2017; 
Kelly et al. 2020; Wehn et al. 2025).

One of the most globally successful platforms of citizen science 
is iNaturalist (www.​inatu​ralist.​org), a multitaxa platform and 
joint initiative for the California Academy of Sciences and the 
National Geographic Society. Today, iNaturalist is revolutionising 
our understanding of biodiversity at multiple spatial and temporal 
scales across diverse segments of society (Callaghan et al. 2022; 
Stephenson and Stengel  2020). All data uploaded on this plat-
form are identified and verified to the highest possible taxonomic 

resolution by the iNaturalist community, in conjunction with 
the rapidly improving computer vision technologies (Callaghan 
et  al.  2022; Stephenson and Stengel  2020). However, sometimes 
due to the lack of specialists, the quality of the record and the rarity 
of the species, identification can sometimes be made only to broad 
taxonomic groups. The iNaturalist community—as of May 2024—
includes 7.6 million users, with 475 thousand species observed and 
approximately 190 million observations made to date.

Thus, the present study aims to couple new records with citizen 
science to bridge the gap in the invasion of the green mussel, Perna 
viridis (Linnaeus, 1758), along the Brazilian coast. This species 
is native to sub-tropical and tropical waters of the Indo-Pacific 
(Rajagopal et al. 2006) and has been previously reported on the 
Brazilian coast in the states of Paraná and Rio de Janeiro (Messano 
et al. 2019; Santos et al. 2023; Beltrão et al. 2024), and it is consid-
ered a marine high-risk invader worldwide (Dias et al. 2018). In 
2022, a specimen was recorded in Ceará State, on the northeastern 
Brazilian coast (Soares et al. 2022); however, upon recent reanal-
ysis, this record was confirmed to be misidentified and to belong 
to the Mytella genus (Arruda et al. 2024). This species has reached 
the North Atlantic in the last few decades (Rajagopal et al. 2006; 
Dias et al. 2018) causing economic losses due to its fouling capabil-
ities (Rajagopal et al. 1995, 2006). Therefore, this manuscript aims 
to provide more comprehensive records regarding the expansion 
of P. viridis towards South Brazil.

2   |   Material and Methods

Regarding open science platforms, we only used iNaturalist as 
a source of P. viridis records in the present study because other 
databases (e.g., OBIS and GBIF) either repeat the records from 
iNaturalist or lack data for Brazil. Thus, we considered iNatural-
ist as the most comprehensive platform for the data used herein. 
The data from citizen science were obtained through the iNatu-
ralist platform on October/2024.

The research protocol used to gather citizen science records fol-
lowed these steps: (1) a search was conducted for “Perna viridis” 
or “Mexilhão verde” (Brazilian Portuguese for green mussel); (2) 
the coverage area was delimited to Brazil using the filter section; 
and (3) the “Verifiable” and “Research level” boxes were selected, 
as shown in the workflow in the Supporting Information. The 
data were exported, and the registration locations and confirma-
tions made by members of the platform were evaluated by the 
research group (Supporting Information  1). We confirmed the 
identification based on unique characteristics of the external 
shell described by Arruda et al. (2024): outline mytiliform with 
anterior side pointed and downturned, umbo terminal, thick 
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hinge plate with one large tooth in each valve, anterior margin 
short and sharp rounded, long and broadly rounded posterior 
margin and straight ventral margin. All these characteristics 
combined are unique to P. viridis and most of the time more than 
one can be seen in the records uploaded on iNaturalist, which 
guarantee its correct identification. In cases when more than one 
characteristic is not possible to visualise, guaranteeing its correct 
identification, the record was discarded from the present study.

The records taken on artificial structures, such as floatsam 
bottles, or empty shells have been included as they could be an 
indication of the species reaching new areas and potentially es-
tablishing itself, which aligns with our goal. Since the photo-
graphic records on citizen science platforms do not provide any 
size scale, it was not possible to infer the age or developmental 
stage of the green mussel.

Traditional scientific surveys of new records were conducted 
during low tide using a spatula apparatus on rocky shores at 
Gonzaguinha Beach (23.972 S, 46.384 W; Figure 1) located in the 
municipality of São Vicente, SP, Brazil in April/2024. The col-
lected individuals were frozen at −20°C to ensure preservation 
and were later fixed and stored in 70% ethanol. Subsequently, the 
specimens were deposited in the IEAPM Scientific Collection. 
The present record, along with citizen science data, was con-
firmed using morphological characteristics based on literature 
(Micklem et al. 2016; Arruda et al. 2024).

3   |   Results

3.1   |   New Records and Citizen Science

Four specimens of P. viridis were sampled in São Vicente and de-
posited in the IEAPM Scientific Collection (IEAPM #4740). The 
data from iNaturalist revealed the occurrence of this species 
along the Brazilian coast in the following states: Rio de Janeiro 
(RJ), São Paulo (SP), Paraná (PR) and Santa Catarina (SC), with 
the data from SP and SC representing new records for P. viridis. 

We found 47 records from 37 distinct observers who had up-
loaded their data to the platform; however, only 42 of these re-
cords are valid identifications (Supporting Information 2). The 
selected figures show examples of identification of P. viridis on 
the Brazilian coast, recorded and uploaded to iNaturalist by vol-
unteer citizen scientists (Figure 2).

4   |   Discussion

Since its first report in Brazil in 2018 (Messano et al. 2019), the 
green mussel has considerably expanded its range further in the 
Southwest Atlantic. The rapid expansion of Perna viridis along 
the Brazilian coast has been underreported by traditional scien-
tific surveys. However, with the inclusion of citizen data, this 
study presents new records for the states of São Paulo and Santa 
Catarina, filling the gaps in the distribution of this species in 
southern Brazil. São Paulo borders Rio de Janeiro, where the 
first record was made. The introduction of P. viridis in Brazil 
is suggested to have occurred either through ballast water or as 
fouling on ships' hulls (Messano et al. 2019).

The expansion further south in Brazil may have occurred through 
fouling. Local marine transport has been found to facilitate the 
local spread of NIS (Ashton et  al.  2014; Lacoursière-Roussel 
et al. 2016; Minchin et al. 2009), with more marine species re-
ported due to the intensification of maritime traffic in recent de-
cades. Thus, P. viridis may have spread towards southern Brazil 
as fouling on local ships' hulls. In fact, in the past few months, we 
have observed P. viridis attached to artificial structures such as 
buoys in both Arraial do Cabo—Rio de Janeiro (da Silva personal 
observation) and São Vicente—São Paulo (Cirillo personal obser-
vation), although it is found in low population densities.

The present new records, whether through traditional scientific 
surveys or citizen science, are close to ports and harbours. São 
Vicente is a city close to Santos, which is home to the largest port 
in South America (Port of Santos); in Paraná, the records were 
primarily collected in Paranaguá, which has the state's largest 

FIGURE 1    |    Photos of one of the green mussels Perna viridis found at São Vicente, SP. (A) Solitary individual of Perna viridis found at intertidal re-
gion, (B) rock where the individual was found and (C) urban rocky shore where the four individuals used in traditional scientific survey were found.
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port (Port of Paranaguá) and in Matinhos, a touristic destination 
with marinas that is also close to Paranguá (~36 km); finally, the 
records from Santa Catarina were taken in Bombinhas and São 
Francisco do Sul, in which the first is a famous touristic desti-
nation in Brazil, featuring several marinas, while the second is 
situated near a port complex in Babitonga Bay, with the highest 
cargo movement in the state (Knie et al. 2003; São Francisco Port 
https://​www.​porto​saofr​ancis​co.​com.​br/​). The southward distri-
bution of P. viridis in Brazil extends from Rio de Janeiro state to 
Santa Catarina state, a continuous coastal strip that serves as a 
corridor for commercial, leisure and fishery vessels, highlight-
ing the probability and importance of these boats as dispersion 
vectors due to the fouling behaviour of the green mussel. Most 
records from citizen science were taken close to ports and highly 
populated areas, and it may be promoting more effort in those 
areas than in the least visited areas. Additionally, the southward 
expansion of P. viridis matches the environmental suitability 

models proposed for this species along the Brazilian coast (see 
Figure 2 in Messano et al. 2024).

The data gathered through iNaturalist suggest that the expan-
sion of green mussel has probably occurred over the past 2 years 
(Figure  3). The first observation of green mussels registered 
on iNaturalist occurred in September 2022 in Rio de Janeiro, 
and the southernmost observation was made in June/2023 in 
Bombinhas, Santa Catarina. This indicates that P. viridis has 
spread approximately 1.000 km south in a timespan of roughly 
5 years. Although these records were made in 2022 and 2023, 
this species may have arrived earlier, as citizen science data 
platforms have only recently gained popularity and widespread 
use (Callaghan et al. 2019). The timespan of sights through the 
iNaturalist platform has gathered more data than traditional 
scientific surveys; this highlights the importance of citizen 
science as a rapid tool for monitoring biodiversity in real time, 

FIGURE 2    |    Selection of Perna viridis records from iNaturalist. (A) Perna viridis by Áthila Bertoncini (@athilapeixe, record #199024440, CC-BY-
NC-SA); (B, C) Perna viridis in Matinhos, PR, by Helena Ody Neves (@lenaody, records #195840590 and #196195923, CC-BY-NC); (D) Perna viridis 
in Peruíbe, SP, by Mongue (@mongue, record #203267493, CC-BY-NC).

FIGURE 3    |    Distribution records of the green mussel Perna viridis according to (A) Year when the literature data from traditional scientific meth-
ods were published and (B) citizen science data from the iNaturalist platform for the years 2022, 2023 and 2024, these years represent when the data 
were logged.
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with the early detection of NIS being a crucial stage for manage-
ment efforts, especially when populations are at low densities 
(Blackburn et al. 2011).

Recently—October 2024—a new record of P. viridis was added 
to iNaturalist at the Jureia-Itatins Ecological Station (#ID 
246316350), located in the municipality of Peruibe/SP. This may 
be the first record, outside Rio de Janeiro state, for this NIS in 
Brazilian protected areas, being in one of the best-preserved and 
most biodiverse remnants of Atlantic rainforest along the São 
Paulo state coast. The presence of NIS in protected areas may 
impact native fauna at population, community and ecosystem 
scales (Carneiro et  al.  2024), threatening the balance of eco-
systems and vulnerable species in biodiverse hotspots (Bellard 
et al. 2014) by range displacement and changes in community 
structure and composition (Ziller et al. 2020). This record em-
phasises the importance of the iNaturalist observations of NIS 
for providing real-time data on a broader scale record than tra-
ditional scientific surveys.

Several projects that used citizen science to gather biodiversity 
records in recent years, mainly in Europe and North America, 
have yielded interesting and satisfactory results (van der Wal 
et al. 2015; Lodi and Tardin 2018; Hiller and Haelewaters 2019; 
Encarnação et al. 2021). However, some taxa are still underrepre-
sented in those programs and platforms (Marchante et al. 2024). 
These types of projects can be a vital tool for monitoring spe-
cies like Perna viridis, helping to understand, prevent and man-
age these rapidly spreading organisms. The green mussel is 
considered highly invasive (Rajagopal et  al.  2006), presenting 
reproductive and feeding competitive advantages over com-
mercially important species (e.g., brown mussel Perna perna) 
and native species, with the ability to displace them (Rajagopal 
et al. 2006; Garcia and Rangel-Buitrago 2020). Improved moni-
toring programmes based on citizen science can provide useful 
information for biodiversity research in marine environments, 
significantly reducing financial costs and time in the field. Such 
programmes contribute to biological knowledge, community 
awareness and environmental education.

In the study published by Beltrão et al. (2024), the sampling of 
P. viridis was conducted on 15 February 2023 in Paraná State, 
South Brazil, and it was published in July 2024. However, the 
first record published on open citizen science databases such 
as iNaturalist was made earlier, with the collection occurring 
on 2 September and the inclusion in the open database on 7 
September 2023. Most of the records made through specialised 
literature and citizen science were made on areas of rocky sub-
strate or artificial substrate. This supports the idea that citizen 
science databases help with the rapid response to the identifica-
tion of areas threatened by NIS, since the publication and valida-
tion of the record can be done instantaneously after the data are 
collected, in this case with only a few days between the collec-
tion and the inclusion and availability of the data. It is important 
to highlight that in these platforms the records are published 
with no delay compared to the editorial process of traditional 
scientific publications; however, experts, taxonomists and scien-
tists from related fields should be attracted to these platforms 
to ensure correct identification in order to avoid scientific bias.

Thus, citizen science is increasingly taking on the responsibility 
of bridging the complex interactions between research, society 
and policymaking in areas such as sustainability (Sauermann 
et al. 2020). As the open science movement continues to grow 
and strengthen, scientific research is tasked with fostering part-
nerships and sharing information, new knowledge and discov-
eries to address the rising complexity of scientific challenges 
and socio-environmental issues (Albagli et al. 2014). Therefore, 
citizen science data could be an important tool for biodiversity 
monitoring, providing a low-cost, efficient and real-time solu-
tion for the early detection of NIS species to Brazilian authorities 
and scientific centres, enhancing the effectiveness of managing 
these species.
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