Aquat Ecol
https://doi.org/10.1007/s10452-023-10062-6

q

Check for
updates
West Atlantic coastal marine biodiversity: the contribution
of the platform iNaturalist
R. M. Rocha® - F. Azevedo® - U. Oliveira - M. N. M. Cardoso™ - P. H. B. Clerier® - R. R. Fortes
E. A. P. Lopes-Filho®™ - M. L. Lorini®® - L. S. Miranda® - R. B. Moura® - A. R. Senna® - F. M. Silva
S. N. Stampar® - V. Venekey

Received: 30 May 2023 / Accepted: 12 September 2023

© The Author(s), under exclusive licence to Springer Nature B.V. 2023

Abstract Data collection by citizen scientists is
emerging as an important practice for biodiversity
detection, mapping, and compilation of big data in
open online platforms such as iNaturalist, acting as a
source of biodiversity discovery. However, the vali-
dation of species identification is a central issue for
the scientific use of these data. Here we compared the
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list of marine species in the Western Atlantic Ocean
obtained in iNaturalist with that generated from sci-
entific collections to understand whether there are
taxonomic bias favoring some types of organisms,
and to understand the amount of trustful information
at the species level in iNaturalist. We also present the
first bioblitz results of marine biodiversity in Brazil,
an iNaturalist Citizen Science campaign advertised by
social media, as a case study. We found that marine
taxa with higher richness were well represented
in iNaturalist (Arthropoda, Mollusca and Chor-
data), nonetheless Annelida, Bryozoa, Nematoda,

P. H. B. Clerier

Zoology Department, National Museum, Universidade
Federal do Rio de Janeiro, Quinta da Boa Vista,

Rio de Janeiro 20940-040, Brazil

e-mail: pedroclerier @gmail.com

R. R. Fortes

Laboratory of Ecology and Biogeography, Department
of Ecology and Marine Resources, Federal University
of State of Rio de Janeiro, Avenida Pasteur 458, Urca,
Rio de Janeiro CEP 22290-240, Brazil

e-mail: rafaelfortes @hotmail.com

E. A. P. Lopes-Filho

Postgraduate Program in Botany, National Museum,
Federal University of Rio de Janeiro, Quinta da Boa Vista
S/N, Horto Botanico, Rio de Janeiro 20940-040, Brazil
e-mail: lopesf.erick@gmail.com

@ Springer


http://orcid.org/0000-0001-6712-7960
http://orcid.org/0000-0003-2510-305X
http://orcid.org/0000-0002-4384-2510
http://orcid.org/0009-0001-5882-3208
http://orcid.org/0000-0003-0909-1183
http://orcid.org/0000-0001-8085-6084
http://orcid.org/0000-0002-7783-093X
http://orcid.org/0000-0003-4121-8340
http://orcid.org/0000-0003-4002-2688
http://orcid.org/0000-0003-0976-849X
http://orcid.org/0000-0002-2263-0498
http://orcid.org/0000-0002-9782-1619
http://orcid.org/0000-0002-1061-2890
http://crossmark.crossref.org/dialog/?doi=10.1007/s10452-023-10062-6&domain=pdf
https://doi.org/10.1007/s10452-023-10062-6
https://doi.org/10.1007/s10452-023-10062-6

Aquat Ecol

Nemertea, Platyhelminthes, Porifera, Chlorophyta,
and Rhodophyta were under-represented. Taxa with
small, cryptic, parasitic and/or sessile organisms were
poorly represented. According to the methods applied
in this study, we showed that 72% of the records are
probably well identified, except for Bryozoa and Plat-
yhelminthes. Brazilian marine records in iNaturalist
add up to only 1/30 of the total West Atlantic records
analyzed but there was a steep increase from 2021 to
2022, as a possible contribution of our bioblitz cam-
paign especially for Arthropoda, Echinodermata, and
Annelida. We conclude that the record of marine
biodiversity by citizen scientists is a valuable tool,
but the engagement of taxonomists is strongly rec-
ommended to increase the correct identification of
species.

Keywords Marine diversity - Citizen science -
Identification validation - GBIF - OBIS - Biological
data mining
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Introduction

Biodiversity encompasses all levels of the complex
nature of organisms, which demands great efforts to
study and classify organisms (Hortal et al. 2015; Rug-
giero et al. 2015), as well as understand how popu-
lations and communities are being temporarily or
permanently altered (Wallingford and Sorte 2022).
Unfortunately, threats to biodiversity have increased
in recent decades, such as biological invasions, habi-
tat loss, climate change, ocean acidification, and
water pollution (Bellard et al. 2022), and they have
proven to be a challenge to conservation, monitor-
ing, and restoration programs, which are usually
highly costly, and often financially unsustainable for
long periods by government agencies (Monge-Néajera
and Seas 2018; Jesus et al. 2021b). Given the cur-
rent rapid rate of species extinctions (Grieneisen et al
2014) and the necessity to avoid mistakes in species
conservation (Ely et al. 2017), the effectiveness of
the conservation effort is strictly associated with the
biodiversity knowledge, highlighting the continuing
need for taxonomic expertise (Fromont et al. 2016)
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and considering a wide scope of taxa (Van Noordwijk
et al. 2017).

The small number of taxonomists, the significant
amount of time necessary to develop taxonomic
skills, and the high costs of collecting and main-
taining biodiversity collections, all contribute to the
“taxonomic impediment” (Carbayo and Marques
2011; Engel et al. 2021). Describing and identifying
biodiversity is especially challenging in the tropics,
where countries are usually megadiverse, with limited
human and financial resources, and lack infrastruc-
ture (Lodi and Tardin 2018; Kawabe et al. 2022; Rosa
et al. 2022a). This constitutes a serious obstacle to
rapidly responding to demands for listing the species
living in each type of biome, their ecological rela-
tions, and how they are (or are not) enduring the vast
threats of the Anthropocene to biodiversity (Seddon
et al. 2016; Johnson et al. 2017; Storch et al. 2022).
A further challenge is to map the distribution patterns
of species at a rate faster than the current rate of habi-
tat destruction or environmental change (Smith and
Nimbs 2022).

A rising way to go around this situation could
be the Citizen Science approach. Citizen Science
describes different forms of producing scientific
knowledge by means of the collaboration of volun-
tary general public and scientists, as well as increas-
ing social engagement with complex environmental
issues, the respective political actions, and manage-
ment decisions (Bonney et al. 2016; Lodi and Tardin
2018; Mesaglio and Callaghan 2021; Sherbinin et al.
2021; Kawabe et al. 2022; Souto and Batalhdo 2022).
Citizen Science can also be valuable for the educa-
tional process (Echeverria et al. 2021) besides being
important for building a collaborative research net-
work between the community and researchers (Bon-
ney et al. 2009; Mesaglio and Callaghan 2021).

Although the collection of scientific data by citi-
zen scientists is an ancient practice (Strasser et al.
2019), it has become incredibly popular in recent
years, especially because of new technologies such
as smartphones, social media, and specific databases
in which those data may be deposited and properly
curated (Bonney et al. 2009; Monge-N4jera and Seas
2018; Engel et al. 2021; Oliveira et al. 2021; Cran-
swick et al. 2022; Souto and Batalhdo 2022). Vol-
unteers that collect and/or process/analyze data that
make up scientific research have grown and been rec-
ognized as a powerful source of scientific information

in the last decades (Thornhill et al. 2016; Mesaglio
and Callaghan 2021). On the other hand, the avail-
ability of information and infrastructure for the
application of Citizen Science has socioeconomic,
historical, and cultural limitations, thus varying the
quality and quantity of information acquired by the
locals (Amano et al. 2016). Another limiting factor
is the uneven concentration of observations at differ-
ent times of the year and the specialization of records
focusing on a few taxa (Di Cecco et al. 2021). Nev-
ertheless, Citizen Science projects are experiencing
an increasing recognition of their importance world-
wide (Lodi and Tardin 2018) thanks to mechanisms
that ensure good quality data (Sherbinin et al. 2021),
despite prejudice by some scientists (Burgess et al.
2017). Additionally, social media (Goddard et al.
2018; Chowdhury et al. 2021; Hartmann et al. 2022)
and online databases may help to obtain important
data on several aspects of species (e.g., Winterton
2020; Forti et al. 2022; Mesaglio et al. 2021; Silva
et al. 2021; Fritz and Thlow 2022; Rosa et al. 2022a,
b). As a result, there are numerous examples of Citi-
zen Science data contributing to environmental and
biodiversity studies (e.g., Silvertown 2009; Castro
and Bager 2019; Gazdic and Groom 2019; Wilson
et al. 2020; Bennett-Smith et al. 2021; Fink et al.
2022; Simon et al. 2022; Tran et al. 2022; Yiu et al.
2022).

Marine and coastal Citizen Science programs are
less numerous than terrestrial initiatives (Earp and
Liconti 2020) despite the fact that marine environ-
ments comprise almost three-quarters of the plan-
et’s surface. Fortunately, they are gradually increas-
ing (Giovos et al. 2019), varying from biodiversity
(Sandahl and Tgttrup 2020) and marine litter moni-
toring (Kawabe et al. 2022), species responses to
climatic oscillations, such as El Niflo and heatwaves
events (Goddard et al. 2018; Lonhart et al. 2019;
Tanaka et al. 2021), shifts in species’ geographical
distributional ranges (Smith and Nimbs 2022; Wall-
ingford and Sorte 2022), monitoring invasive spe-
cies (Mannino et al. 2021; Tran et al. 2021), among
others. Marine Citizen Science projects are more
abundant in Europe, North America, and Oceania,
while in countries from South America, there are
few initiatives (Sandahl and Tgttrup 2020). In Bra-
zil, the participation of volunteers in environmental
research is still incipient (Cunha et al. 2017), but
the popularity of this movement has been growing,
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resulting in the founding of the Brazilian Citizen
Science Network (www.rbcc.ong.br), which the pri-
mary aim is to promote citizen science initiatives
in the country (Queiroz-Souza et al. 2023). There
are examples of Citizen Science data integrated
into professional scientific research, for example,
the tracking of oil spill pollution (Souto and Batal-
hdo 2022), functional delimitation and manage-
ment of Marine Protected Areas (Lodi and Tardin
2018), new occurrences and geographical distribu-
tion (Jesus et al. 2021b). Other initiatives can be
accessed on two platforms (https://civis.ibict.br/;
https://www.sibbr.gov.br/cienciacidada/projetos.
html).

One of the most popular biodiversity databases
is iNaturalist (inaturalist.org), in which users upload
audiovisual archives and volunteer identifiers pro-
vide identifications (Wilson et al. 2020; McMullin
and Allen 2022), which enhances the validity of that
data and encourages awareness of local biodiver-
sity (Rosa et al. 2022a). iNaturalist can also be used
for educational purposes (Martinez-Sagarra et al.
2022) by promoting campaigns designed to stimu-
late more people to participate and upload data, such
as bioblitzes (Rosa et al. 2022a). Currently, there
are dozens of millions of biodiversity observations
around the globe uploaded by its users (Barbato et al.
2021). These contributions, when reach the "Research
Grade" by the community validation, make up the
fourth-largest data provider to the Global Biodiver-
sity Information Facility platform—GBIF (Martinez-
Sagarra et al. 2022), yet very few studies address the
accuracy of data and especially the accuracy in spe-
cies identification (e.g., Hochmair et al. 2020; Koo
et al. 2022; McMullin and Allen 2022).

Here we evaluated the use of iNaturalist as a Citi-
zen Science tool to gather knowledge about marine
biodiversity on the Western Coast of the Atlantic
Ocean, answering two questions: 1. Are there taxo-
nomic biases in iNaturalist concerning the known
richness in each phyla? 2. Are records of marine bio-
diversity in iNaturalist labeled as “Research grade”
accurate? We also present the results of the first
bioblitz of marine biodiversity in Brazil, as a case
study, and evaluated if it succeeded in increasing the
number of records in iNaturalist platform compared
to the same period in years without this type of cam-
paign. We also compared iNaturalist records from
Brazil and the West Atlantic to understand what is its

@ Springer

contribution and whether rank of most represented
phyla is comparable.

Material and methods

We compiled the data from the iNaturalist database
using the online platform GBIF—Global Biodiversity
Information Facility (https://www.gbif.org/), where
only “research grade” data is uploaded, that is, regis-
ters for which the identifications were confirmed by at
least two-thirds of volunteer identifiers in iNaturalist.
For the search, we used as data filter criteria: 1 — the
countries along the Atlantic coast of Latin, Central,
and North America below 41° north latitude; 2 — the
invertebrates belonging to Annelida, Arthropoda,
Brachiopoda, Bryozoa, Cnidaria, Ctenophora, Echi-
nodermata, Mollusca, Nematoda, Nemertea, Platyhel-
minthes, Porifera; the chordates belonging to Ascidia-
cea, the Tetraodontiformes and Perciformes fish, and
mammals; and the algae belonging to Chlorophyta
and Rhodophyta. To check the taxonomic validity of
the species names (not identifications), the data were
cross-referenced with the WoRMS—World Register
of Marine Species database (https://www.marinespec
ies.org/) and checked by the authors which are tax-
onomists of most of the taxonomic groups retrieved.
Although iNaturalist opened to the public only in
2011, the platform receives uploads of pictures at any
date, and we did not limit a temporal window in our
database before 2021 (included), although most of the
data comes from the last ten years. This dataset will
be referred to as the iNaturalist database hereon.

We also compiled a second dataset based on
museum collections and scientific research pro-
jects from two online databases: GBIF and OBIS—
Ocean Information Biodiversity System (https://obis.
org/), complemented by data from the authors’ per-
sonal databases, using the same filters and temporal
window as described previously. All this data was
filtered to remove records that did not present geo-
graphic coordinates and were placed on land or in the
Pacific Ocean. Non-georeferenced data were georef-
erenced, when possible, by crossing the description
of the locality informed with the general data from
the GBIF database to obtain the coordinates. This
strategy is very effective for georeferencing data in
the terrestrial environment. However, for the marine
environment, it proved to be ineffective, resulting in
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a small volume of georeferenced data. This second
database will be named “collections” hereon, and
was used as a reference of a trustful species list for
the region. The iNaturalist and collections databases
were crossed to determine common species in both
databases, and only those species were used in further
analysis.

To check for biases with respect to taxonomic
groups in iNaturalist, we summarized the records by
high-category taxa (Phylum or Class) considering
both the number of species and the number of records
per species and compared the rank of the most repre-
sented taxa to the rank of the same taxa in WoRMS
statistics based on total number of valid species. We
also selected the species that had more than 500 reg-
isters in iNaturalist and classified them by high-cat-
egory taxa and type of habitat (rocky shore, beach,
mangrove, coral reef, open ocean) to verify which
taxa and habitats were more represented.

To test the identification confidence in iNaturalist
data, we assumed that records of species in iNatural-
ist that are geographically located outside and very
distant from the locations sampled in collections must
be records with identification errors. Thus, we meas-
ured the geographic distance between each iNatural-
ist record of a given species and its closest sample in
the collection data. We also calculated the average
geographic distance observed among all records in
the collection data for each species (Fig. 1a). Then
we compared those two values and calculated the
percentage difference between them. Negative val-
ues indicate that the iNaturalist record distance to the
closer collection record of the same species is smaller
than the average distance within the collection data-
base, and positive values indicate distances larger
than the average distance within collection data.
Thus the closer an iNaturalist record is to a collection
record of the same species, the higher the probability
of correct identification, and the closer its deviation
will be to the left blue part of Fig. 1b. We considered
that iNaturalist records beyond 10% distant to the
average distance among records of the species within
the collection data, as potential identification errors.
If one iNaturalist record falls within the geographical
distribution of a given species in the collection data-
base, then our method always validates it, considering
species with both a continuous distribution (Fig. 1,
species 1, 2, and 7) or disjointed distribution (Fig. 1,
species 3, 4, 5). In contrast, occurrences located out

of the limits of the geographical distribution of a spe-
cies were mostly unvalidated (Fig. 1, species 9-15),
but this validation method can fail to recognize as an
incorrect occurrence, new records that are out from
the limits of a species distribution with a disjointed
geographical distribution (Fig. 1, species 8).

The BioGeoMar Scientific Program is a network of
Brazilian marine scientists comprising taxonomists,
biogeographers, and ecologists. As an outreach activ-
ity of this program, we organized a bioblitz in Janu-
ary 2022 (austral summer) toward the biodiversity of
coastal Brazil. The bioblitz was advertised from the
beginning of December 2021 to the end of January
2022 using social media (Instagram and Facebook),
through messages to Brazilian users of the iNaturalist
platform, and emails to scientific partners of BioGeo-
Mar scientist collaborators. Data from Biogeomar
Facebook and Instagram followers were obtained
from the respective mobile applications and they were
compared to profiles of bioblitz observers and identi-
fiers, obtained from the iNaturalist platform, consid-
ering the gender and their geographic origin.

We also summarized Brazilian data in the same
way as iNaturalist West Atlantic total data (by high-
category taxa and the most recorded species, without
a temporal window) to see how the patterns compare.
To understand the possible effect of the 2022 sum-
mer bioblitz on the number of species and records
from Brazil, we retrieved the last 22-year data of the
Brazilian observations made in January of the taxa
included in this study.

Results

We gathered 396,326 entries from collections and
128,466 entries from iNaturalist, with 1,777 species
overlapping between the two sources. The groups
that exhibited higher species richness in iNaturalist
were Mollusca (947), Vertebrata (382), Arthropoda
(307), and Cnidaria (214). In terms of the number
of records per species, ranked in descending order
are Vertebrata (101), Cnidaria (76), Arthropoda
(75), and Echinodermata (55) (Fig. 2, Table 1S).
Nematoda and Nemertea were absent, while Annel-
ida, Bryozoa, Platyhelminthes, Porifera, and Rho-
dophyta were under-represented, both in terms of
species count and records when compared with the
total number of valid species in WoRMS (between

@ Springer
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Fig.1 Geographical distribution simulation that informed
the decision criteria for the validation of iNaturalist records. a
Hypothetical distribution of eight records of a species in col-
lection data; b Frequency distribution of deviations of iNatu-
ralist occurrence records from the closest collection data
record compared to the average distance within records in
collection data (a); ¢ Geographical distribution examples for

6,000 and 13,000). In terms of the number of
records per species, most taxa maintained their
respective ranks, except for Mollusca, which rose to
the fifth position (Fig. 2). Rhodophyta and Bryozoa,

@ Springer

Dy >70% Dgpyy

Dy >70% Dgp,,

Dy >105% Dy,

15 species and the calculation of iNaturalist record distance
(the color of the quadrat matches the color of the curve in b).
d=distances between two occurrences of the same species in
data collection, D;y=distance from one record in iNaturalist
from the closest record in collection data, Dy, =average geo-
graphical distance among all records of the species in collec-
tion data

on the other hand, dropped to the last and second-
to-last positions, respectively.

Among the 1,777 species considered in this study,
we found 60 species with more than 500 observations
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Fig. 2 Number of species 1000+
and records per species
(total number of records/
total number of species) by
taxonomic group (consider-
ing the complete iNaturalist
dataset for the West Atlantic
(40°N — 55°S) before 2021 1004
(included). Note that Y-axis
is logarithmic

Number

10

each in iNaturalist, belonging to five phyla only:
Chordata (20), Mollusca (17), Arthropoda (11),
Cnidaria (8), and Echinodermata (4) (Table 2S).
The five species with the most observations were
the ghost crab Ocypode quadrata (Fabricius, 1787)
(3,829 records), the blue crab Callinectes sapidus
Rathbun, 1896 (2,261), the Portuguese man o’ war
Physalia physalis (Linnaeus, 1758) (2,209), the com-
mon bottlenose dolphin Tursiops truncatus (Montagu,
1821) (2,086), and the pinfish Lagodon rhomboides
(Linnaeus, 1766) (2,016). Those species were mostly
photographed in reef systems and beaches, followed
by rocky shores and mangroves or estuaries.

The pattern of deviation of the distance between
iNaturalist records to its closer collection record of
the same species compared to the average distance
within collection records of that species was similar
among taxons (Fig. 3a), except for Bryozoa and Plat-
yhelminthes. These two groups exhibited a notable
concentration of records with a deviation exceeding
10%. Approximately 21% of the iNaturalist records
displayed a deviation similar to that observed within
the collection data (with a maximum deviation of
10%, as depicted in Figs. 3b and c¢). Moreover, 51%
of the iNaturalist records were closer to the same spe-
cies record in the collection database than the average

M species number

mrecords per species

distance of that species determined for the collec-
tion database. These findings indicate that 72% of
the samples from iNaturalist have a high potential for
correct identification. Conversely, around 28% of the
iNaturalist samples exhibit a deviation surpassing the
average distance observed in the collection samples,
indicating potential errors in identification.

The Brazilian data in iNaturalist encompass
roughly one-fifth of the total Western Atlantic marine
species count; however, those species have approxi-
mately 30 times fewer records, despite following the
same pattern of phylum representation in terms of
both species and records per species. Only 14 species
were observed more than 50 times, with half of them
belonging to the phylum Arthropoda (Table 3S).
The five most recorded species were the ghost crab
O. quadrata (311 records), the Portuguese man o’
war P. physalis (172), the mangrove root crab Goni-
opsis cruentata (Latreille, 1803) (144), the mottled
shore crab Pachygrapsus transversus (Gibbes, 1850)
(117), and the wedge clam Donax hanleyanus R. A.
Philippi, 1847 (88). By examining the time series of
Brazilian observations in January, we can observe a
notable increase in both the number of records and
species across most groups over the past five years
(Fig. 4). Notably, for Arthropoda, Echinodermata, and
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Echinodermata
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Porifera

Chlorophyta

Rhodophyta
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Chordata  Invertebrates

Fig. 3 Percentage of deviation of iNaturalist samples from the
average geographic distance of records within collection data-
base. a distribution of deviations in each analyzed group; b
pooled percentage considering all data; ¢ distribution of devia-
tions of all groups of organisms in relation to distances within

Annelida, there is an additional significant increase
from 2021 to 2022, which could be attributed to the
influence of our summer BioGeoMar bioblitz.

Out of the 74 naturalists who participated in the
bioblitz, a mere five contributors accounted for half
of the total 1,971 records. Interestingly, 35 of the par-
ticipants have professional or educational affiliations
related to the ocean, including 12 undergraduate stu-
dents and five graduate students. Although most fol-
lowers of the social media that advertised the bioblitz
were women, 65% of the pictures shared during the
bioblitz were uploaded by men (Fig. 1S). Conversely,
the participants’ origins aligned with the social media
followers, as the three states with the highest number
of followers also happened to contribute the most pic-
tures (Rio de Janeiro, Sao Paulo, and Santa Catarina)
(Fig. 2S). The collaborators that helped to identify the
records were mainly from Brazil (108) and the United
States (83), but also from other 41 countries.
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Discussion

In this study, we recovered data from 11 animal and
2 algae phyla representing, respectively, 30% and
60% of the phyla with marine species recognized
by WoRMS Editorial Board (2023). The three phyla
with higher species richness and number of records
in iNaturalist (Mollusca, Chordata, and Arthrop-
oda) were also the ones with more valid species in
the world, but Cnidaria was more represented in
iNaturalist than expected, given that Annelida and
Platyhelminthes have more valid species compared
to Cnidaria (WoRMS Editorial Board 2023). The
very few Platyhelminthes and Bryozoa species, and
the absence of Nematoda in iNaturalist was a sur-
prise, given that those phyla have 13,298, 6,461,
and 6,606 valid species, respectively (WoRMS
Editorial Board 2023). The algae Chlorophyta and
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Rhodophyta were also under-represented compared
to the total number of valid species.

It is clear that there is a taxonomic bias in iNatu-
ralist with a tendency to better record some taxa than
others. The null or under-representation of some
phyla could be explained by their small size and/
or cryptic habit (Gastrotricha, Gnathostomulida,
Kinorhyncha, Nematoda, Nemertea, Phoronida, Pri-
apulida, Rotifera, Tardigrada, Xenacoelomorpha),
and a lifestyle as parasites (Acanthocephala, Loricif-
era, Nematomorpha) or as sessile organisms (Porif-
era and Bryozoa). The absence of marine Nematoda
in iNaturalist is striking given its richness (more
than 6,5 thousand species) and the fact that it is one
of the most abundant metazoan groups in nearly all
environments (McIntyre 1971) and that in benthic
environments often occurs in millions/m?. When one
searches for Phylum Nematoda in iNaturalist it is pos-
sible to retrieve more than 5,000 records, but of 142

species only, and most of the records are in continen-
tal habitats. On the other extreme, large organisms
in habitats easily accessible to the public have more
records in iNaturalist. The Cnidaria exemplifies well,
with large and colorful corals, anemones, and jelly-
fish living in shallow water well recorded (Table 2S).
Physalia physalis, for instance, was the most recorded
cnidarian (Tables 2S, 3S), possibly because of its
conspicuous floating bag (pneumatophore) and col-
oration, and presence in sandy beaches, besides being
responsible for painful envenomations (Haddad-Jr
et al. 2013).

There are some taxa, especially within inverte-
brates, that cannot be identified by photos to the spe-
cies level because diagnostic characters are either
internal or very small. This is the case with micro-
scopic invertebrates such as Gastrotricha, Gnathos-
tomulida, Kinorhyncha, and Priapulida which are
less known and poorly studied even among scientists.
Other examples are the sponges for which skeleton
spicules are an essential character for species-level
identification (Lukowiak et al. 2022), and ascidians
that demand dissection to assess internal features
(Rocha et al. 2012).

Societal preferences and access to the organisms
can also orientate which biodiversity data are gath-
ered. The most popular groups among citizens, such
as birds and mammals, are also those with the most
records in databases, such as GBIF (Troudet et al.
2017). Among marine taxa, our results showed that
Vertebrata, Mollusca, and Arthropoda were the most
popular among iNaturalist contributors, both in the
total number of records per species and within the
group of most recorded species. Vertebrata was rep-
resented here by Cetacea and two orders of fish. Fish
were by far the most documented group, accounting
for one-third of the group of species with more than
500 records. Yet, more than 400 species of fish pre-
sent in iNaturalist were not considered in our analy-
sis and summary of data because they did not belong
to the two orders chosen for this study (Tetraodonti-
formes and Perciformes). Despite the popularity of
fish, it is surprising to see their dominance on the
platform, considering that most of the pictures were
taken by divers who require expensive photography
equipment. In contrast, among the 60 species with
over 500 records, only one cetacean—the common
bottlenose dolphin—was included. Although ceta-
ceans are highly appealing to the public, it seems
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that their oceanic habitat makes them challenging to
access and photograph.

The comparison between Mollusca and Arthropoda
is also interesting because Mollusca ranked higher in
species richness but Arthropoda ranked higher in the
number of records in the iNaturalist database (Fig. 2).
This was surprising given that shells are very popu-
lar, there are many amateur conchologists (Duncan
and Ghys 2019), and the animals are usually slow and
easy to photograph. Among the most photographed
species, there were 10 Gastropoda, 6 Bivalvia, and
1 Polyplacophora, with the Atlantic giant cockle
(Dinocardium robustum ([Lightfoot], 1786)) appear-
ing in the 12 position only (Table 2S). In contrast,
three crabs were among the 10 most recorded species
(Table 2S), and the ghost crab (Ocypode quadrata)
and the blue crab (Callinectes sapidus) were the two
species at the top of the list, probably because both
are very abundant, with a large geographic distribu-
tion and living in habitats accessible to the population
(Sakai and Tiirkay 2013; Mancinelli et al. 2021).

Our second question was whether we can trust
the identification of marine organisms in iNaturalist.
Considering the geographical distribution of records,
our results showed that almost 3% were within or
very close to the known geographical distribution of
the species, which suggests a correct identification.
INaturalist also uses the geographical location of the
record to suggest possible identifications, using the
same reasoning as our test. An important limitation
of this logic is the presence of two or more cogeneric
sympatric species, especially when the external mor-
phology depicted in photos is not sufficient to distin-
guish species (Koo et al. 2022). Again, small and not
very colorful organisms will not be well identified
in iNaturalist, or they will be recorded within higher
taxonomic categories (genus or family). In this case,
data will not be useful to answer questions that need
species-level resolution in fields such as biogeogra-
phy, distribution modeling, niche conservation, and
bioinvasion, among others.

Around one-fifth of the records were outside the
geographical distribution of the species established
by current records in scientific collections, and more
than 10% distant from the average distance among
records in those collections. Those could be inter-
preted as possible misidentifications, but part of those
records could also be correct new locations not pre-
viously recorded in GBIF or in the literature, both
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for native and non-native species. For instance, Rosa
et al. (2022a, b) showed that Citizen Science records
expanded the distribution of native species of terres-
trial mollusks outside their previously known area
in Brazil. In the case of non-native species, Citizen
Science can significantly reduce the time to the first
detection (Encarnacdo et al. 2021), for example, seven
non-native fish and one mollusk were recorded first
by citizens in Europe (Kousteni et al. 2022). In addi-
tion, Citizen Science also helps in understanding the
expanding distribution of non-native species (Lehti-
niemi et al. 2020; Langeneck et al. 2022; Mancinelli
et al. 2021). Citizen scientists are not constrained by
research methods in terms of how, where, and when
to look for organisms, they are thus more likely to
find a broader set of species, including rare species
(Roberts et al. 2022). Thus, compared to traditional
scientific studies, Citizen Science can scale up spe-
cies distribution records at a lower financial cost (Van
der Wal et al. 2015).

Additionally, local species extinctions in marine
environments are twice as high as in the terrestrial
environment (Pinsky et al. 2019), and because of
climate change, marine species are expanding their
areas of occurrence toward the poles an average of six
times faster than those on land (Lenoir et al. 2020).
Even with the need to curate data, the great volume
and geographical spread of citizen data can be a valu-
able tool to detect the expansion or decrease in the
geographical distribution of species due to climate
change or habitat degradation (Smith and Nimbs
2022). Our method can flag those species and records
that should be checked in more detail to verify if
they represent misidentifications, new detection of
invasive species, or distribution range expansions of
native species.

With the increasing use of iNaturalist, there is also
an increasing concern about the scientific use of all
this data, which depends on its identification accu-
racy. While our approach focused on a large number
of species from very different phyla, with a general
result of 72% of potential good identifications, stud-
ies testing identification accuracy in iNaturalist
that focused on a few species or genera by checking
all records or a sub sample of them retrieved fig-
ures between zero and 100% identification accuracy
(Hochmair et al. 2020; Koo et al. 2022; McMullin and
Allen 2022). All of those studies concluded that data
in iNaturalist should be curated before being used in
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scientific research, even when classified as research
grade, and that species identifications dependent on
microscopic structures, chemical information, behav-
ior, and sound information are not trustworthy. Best
practices include improving the quality of pictures
and training citizen scientists to get pictures of the
organisms from different angles, to register the sub-
strate and general habitat when taking pictures, and
training volunteer identifiers to not rely on the iden-
tifications suggested by the platform unless criti-
cal diagnostic structures are available in the pictures
(McMullin and Allen 2022). In the marine realm get-
ting good pictures is still more challenging, but we
are confident that technology is getting better and less
expensive even for underwater photography practice.

Our case study in Brazil showed that structured
Citizen Science campaigns increased the number of
records in iNaturalist by many folds, improving the
register of biodiversity toward scientific high-quality
data. Despite the very long littoral and its megadiver-
sity, the Brazilian contribution of records to iNatural-
ist is still very modest compared to some small coun-
tries in the West Atlantic (e.g., Bonaire, Cuba, Puerto
Rico). Thus increasing public engagement has a huge
potential to amplify our knowledge of species biodi-
versity, and to increase awareness and engagement of
society toward the necessity to preserve this biodiver-
sity and the ecosystem services it provides. We used
Instagram and Facebook to advertise the campaign,
where most of Biogeomar’s followers are female
(Fig. 1S), which agrees with the Brazilian estimated
population for 2022 (51% female, https://www.ibge.
gov.br/estatisticas/sociais/ populacao/9109-projecao-
da-populacao.html). However, most participants (both
observers and identifiers) in the 2022 summer bioblitz
were identified as men (Fig. 1S). It is not uncommon
that the demographics of participation in citizen sci-
ence do not reflect the demographics of the popula-
tion, with white wealthy men with some degree of
education usually over-represented (Pandya 2012;
Blake et al. 2020; Pateman et al. 2021). Although
race and wealth could not be inferred from iNatural-
ist profiles, 47% of our 2022 summer bioblitz observ-
ers and 50% of the identifiers indeed had professions
related to life sciences (including marine biology) or
the environment (such as photographers, journalists,
documentarists, and divers).

While public engagement in other volunteer pro-
grams such as protecting turtle nests (Marcovaldi and

Dei Marcovaldi 1999) and cleaning beaches of litter
and marine debris (Ribeiro et al. 2021) is currently
high in Brazil, we still have a long road to engaging
the general public to look for marine organisms and
get interested in identifying them. We also need to
engage more specialists to improve identifications and
agree with Callaghan’s et al. (2022) suggestion that
institutional support would be welcome in order that
experts dedicate part of their time to identify obser-
vations on the platform. The correct identification of
species is paramount to enhance the confidence of
scientists in the use of biodiversity data generated by
Citizen Science projects and the pictures shared pro-
vide a type of voucher that can be curated. The vali-
dation method described here permits researchers to
classify data by their probability of correct identifica-
tion and to easily determine records that need further
curation to assert their identity.
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