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ABSTRACT
Citizen science has grown in importance in recent years: many projects have been launched and records
are being collected on an unprecedented scale. However, certain less charismatic invertebrate groups are
still underreported and the accuracy and quality of their records in crowd-sourced citizen-science projects
have rarely been investigated. Here, we used expert review to conduct quality control of nonmarine mollusc
observations from central Italy on the online citizen-science platform iNaturalist (https://www.inaturalist.
org/). As of December 2019, c. 400 observations of nonmarine molluscs had been reported from Tuscany on
iNaturalist. Most records (59.4%) were identified to species level by the iNaturalist community and included
a total of 90 taxa, providing interesting new chorological data of certain entities. Although identification
of more than half the observations uploaded by the community was confirmed by expert malacologists,
some major issues emerged: low quality of photographic vouchers; bias in favour of a few large common
species; poor taxonomic knowledge producing incorrect identifications; and difficulty of identifying many
taxa without anatomical study. Expert review remains an essential tool for verification and improvement of
data quality in citizen-science projects. In this regard, information on the main diagnostic characters of the
more common species (e.g. certain medium–large-sized snails and slugs) as well as tips on how to take good
quality photographic images could be provided to volunteers in the form of simple guides and tutorials.
High-quality training resources to support recorders and regular feedback and teamwork between scientists
and citizens could prevent unverified or inaccurate records from impairing the accuracy of citizen-science
datasets and offer a real opportunity to discover and conserve less charismatic taxa.

INTRODUCTION

Citizen or community science (Bonney et al., 2014; Eitzel et al.,
2017), namely public participation of nonprofessionals in scientific
programs (Bonney et al., 2009), has a long history with activities that
include museum collections, checklist and atlas surveys, and ama-
teur scientific expeditions. Although mainstream academics were
initially sceptical and the question was extensively debated (Burgess
et al., 2017), a large body of literature has demonstrated the poten-
tial of involving volunteers in this participative approach to science.
Project visibility, function and accessibility have been aided by in-
creased public scientific awareness and everyday use of digital tech-
nologies (Bonney et al., 2014).

With ever diminishing research funding, the pressing demand
for responses to global change and the need for a huge amount
of global biodiversity data, the citizen-science projects represent a
valuable way to collect records on an unprecedented scale. This

approach provides free access to a quantity of open-source biolog-
ical data that would otherwise be impossible to gather due to time
constraints and limited financial resources (Cohn, 2008; Braschler,
2009; Dickinson, Zuckerberg & Bonter, 2010). The secret of the
success of citizen science lies in the close relationship between soci-
ety, policy and scientific disciplines ranging from psychology, ecol-
ogy and environmental education to informatics (Wals et al., 2014).
The participation of volunteers in biodiversity science may play a
key role in conservation efforts by building scientific knowledge and
encouraging public action (McKinney, 2017). Citizen science can
provide information about the distribution of invasive (Adriaens
et al., 2015; Theobald et al., 2015) and rare species (e.g. Wilson et al.,
2020), as well as precious updates on environmental protection and
global climate change (Boyle & Sigel, 2015) at different temporal
and spatial scales (Silvertown, 2009).

The accuracy, quality and reliability of the data collected by non-
professional volunteers have long been a major issue of concern in
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citizen science (e.g. Dickinson et al., 2010; Crall et al., 2011; Bonney
et al., 2014; Kosmala et al., 2016; Wittman, Girman & Crocker,
2019). However, recent research indicates that citizens can collect
data of equal quality to that collected by professional scientists, pro-
vided they are properly informed, trained and tested (Kosmala et al.,
2016). When this is too challenging, new digital tools (e.g. machine
learning) can minimize data quality issues, such as sampling bias,
underdetection and misidentification. But what happens when data
are uploaded without a standardized protocol or outside a properly
regulated and monitored citizen-science project?

A user-friendly and popular citizen-science platform is iNat-
uralist (iNaturalist, 2020a), which is available in computer- and
smartphone-based app forms and allows a diverse range of users to
collect georeferenced biodiversity vouchers (photographic images,
videos and audio recordings). These records are uploaded and ver-
ified by an active social community (Kageyama et al., 2007) that
includes many experts among its subscribers. Is there a compro-
mise between crowd-sourced verification and expert-based valida-
tion? Can a crowd-sourcing approach ensure data quality? Data
accuracy clearly depends on many factors, including the difficulty
of the task and volunteer experience and familiarity with the target
organisms (Kosmala et al., 2016). The approach taken depends on
the target taxonomic group, with the skills or training required for
certain less charismatic groups of invertebrates (such taxa are not
usually targeted by citizen-science projects but are probably more
sensitive to global changes) likely to be substantial (Zapponi et al.,
2017).

Nonmarine molluscs are widespread. They contribute to the
functioning of ecosystems, living primarily in forests, grasslands
and wetlands, where they usually occur at ground level (Baur
& Baur, 1993; Douglas, Brown & Pederson, 2013), but also in
more disturbed habitats such as gardens, suburbs and other urban
environments (i.e. Horsák et al., 2009; Hodges & McKinney, 2018).
Since land molluscs do not move great distances over their lifetime,
they can be excellent indicators of site history and conditions
(Hotopp, 2002). Their relatively sedentary and vagile nature makes
them extremely susceptible to anthropogenic disturbance (Baur
& Baur, 1988). Despite its noteworthy role in ecological networks,
mollusc diversity generally suffers from taxonomic bias (Troudet et
al., 2017) and is underreported in many parts of the world (Reise,
Hutchinson & Robinson, 2006; Araiza-Gómez, Naranjo-García
& Zúñiga, 2017). Using volunteers could be useful for updating
malacofauna inventories, including the detection of accidental
introductions of nonnative species (Adriaens et al., 2015; Aravind,
2017; Vendetti, Lee & LaFollette, 2018).

A successful example of citizen science as applied to malacol-
ogy was the project ‘Snails and Slugs Living in Metropolitan Envi-
ronments’ (SLIME), a citizen-science-based inventory of land snails
and slugs in southern California launched by the Natural History
Museum of Los Angeles and hosted online by the iNaturalist plat-
form. Among other things, SLIME led to the discovery of five new
terrestrial gastropods introduced into southern California (Vendetti
et al., 2018) and the first documented record in North America since
1960 of a synanthropic slug species (Vendetti et al., 2019). Citizen
scientists were included as co-authors of an academic research pa-
per. To our knowledge, in this context, only two papers have ex-
plicitly dealt with the issue of the accuracy and quality of inverte-
brate records (Falk et al., 2019; Hochmair et al., 2020). Also, to date
no study of nonmarine molluscs has attempted to actively control
the quality of records generated by online citizen-science platforms
through expert review of photographic vouchers. The main objec-
tives of our research were thus four-fold: (1) to review observations
on land and freshwater molluscs from Tuscany on the iNaturalist
online platform and evaluate the major taxonomic groups, alien
species and species of conservation interest; (2) to critically anal-
yse data (i.e. with respect to geographical origin, taxonomic resolu-

tion and data quality) before validation by a group of professional
experts (prevalidation analysis); (3) to validate correct observations
and revise those considered incorrect, and to analyse data qual-
ity after expert review (postvalidation analysis); and (4) to highlight
positive and problematic aspects of using iNaturalist and citizen-
science records of terrestrial and freshwater molluscs.

MATERIAL AND METHODS

iNaturalist platform: use and functioning

iNaturalist, created in 2008 on the model of a Master’s thesis, is a
free, user-friendly online platform with more than 50 million bio-
diversity observations from citizen-science users all over the world
(iNaturalist, 2020a). To upload observations, it is first necessary to
register on the website using a computer or smartphone. Obser-
vations are reports of an organism in a specific place and time; a
media record (photograph, video or audio) can also be attached
(Anderson, 2018). Once uploaded, the observation is validated by
the iNaturalist community.

iNaturalist determines the reliability of observations by data
quality assessment, summarizing the accuracy, completeness and
suitability of records for sharing with data partners (iNaturalist,
2020b). Three data quality grades are available: (1) “casual”; (2)
“needs identification” (needs ID; if a record satisfies certain techni-
cal requirements and can be verified, that is it has a date, is georef-
erenced, is supported by photographs, video or audio, and does not
concern a human); and (3) “research grade”. Research-grade obser-
vations are important and subsequently added to the Global Biodi-
versity Information Facility, a database on global biodiversity avail-
able to scientists and researchers for their projects. Observations
become research grade when the community agrees on a species-
or subspecies-level identification (i.e. when two-thirds of identifiers
agree on the same identification). If the assessments do not agree, a
taxon of the next highest rank is chosen (iNaturalist, 2020b).

Another element of the iNaturalist platform, ‘computer vision’,
teaches the software to recognize patterns in uploaded observations.
The computer processes a database of hundreds of photos for each
taxon. When citizen scientists add further observations, the new im-
ages are entered into the database and associated with different
taxa. The aim of computer vision is not to replace the contribu-
tion of experts but to be a useful tool for beginners, giving them a
preliminary identification (iNaturalist, 2020b).

Data analysis

To evaluate the accuracy of identifications made on iNaturalist
by observers and community identifiers involved in data verifica-
tion, we reviewed all iNaturalist reports of nonmarine molluscs
in Tuscany (central Italy) before and after review by two profes-
sional malacologists (Andrea Benocci, Museo di Storia Naturale
dell’Accademia dei Fisiocritici, Siena, Italy, and Giuseppe Man-
ganelli, Department of Physical Sciences, Earth and Environment,
University of Siena, Siena, Italy). The data were entered in an Ex-
cel data sheet in December 2019 and reviewed manually. First, we
performed a critical analysis of ‘raw’ data (prevalidation analysis),
focusing on rare or alien species, geographical distribution, taxo-
nomic resolution and data quality (i.e. iNaturalist grades needs ID
and research grade) to assess accuracy and the number of verifi-
able records. After this preliminary analysis, we proceeded with
validation by the expert malacologists, who decided which ob-
servations to confirm and which to reject. Reported observations
follow the nomenclature used by iNaturalist platform, the source
of which is the MolluscaBase (http://www.molluscabase.org/
index.php).
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Figure 1. Comparison of taxonomic identifications for the 399 nonmarine
mollusc records before (A) and after (B) expert validation. The numbers are
percentages of records in each class relative to the total number of records.
‘Other taxonomic levels’ consists of all identifications made to taxonomic
ranks between class and genus.

RESULTS

Prevalidation analysis

As of December 2019, 540 records of molluscs were reported from
Tuscany on iNaturalist; 141 were marine molluscs and 399 were
land and freshwater molluscs. Of the latter, 7.3% (n = 29) were
identified by the community to class level (Gastropoda), 13.3%
(n = 53) to genus level and 59.4% (n = 237) to species level; the
remaining 20% (n = 80) were identified to other taxonomic levels
(i.e. to taxonomic ranks between class and genus) (Fig. 1A).

A total of 90 taxa, including 56 species (62%) (Fig. 2A), were
recorded. Of these, 52 were terrestrial and 4 were freshwater (i.e.
Lymnaea stagnalis, Physella acuta, Sinotaia quadrata and Sinanodonta wood-
iana). Interestingly, three of the four freshwater molluscs (Physella
acuta, Sinotaia quadrata and Sinanodonta woodiana) are alien species,
one of which is considered invasive (Physella acuta) (Ebbs, Loker &
Brant, 2018). Concerning data quality (Fig. 3A), 37.1% (n = 148)
of records were research-grade observations, while the rest (62.9%)
were rated as ‘needs ID’ (n = 251).

Remarkably, 26.6% of the records (n = 106) were uploaded to
the iNaturalist community after citizen-science projects, such as
BioBlitz and other collaboration initiatives between experts and cit-
izens, took place. The records on land and freshwater molluscs were
provided by 128 observers. Excluding the most active observer, who
loaded about 23% of all observations (92 records), an average of

Figure 2. Relative representation (%) by taxonomic level of identifica-
tions for the 399 nonmarine mollusc records before (A) and after (B) expert
validation. The change in representation is caused by the fact that differ-
ent records of the same taxon, formerly misidentified or identified only to
supraspecific level, were merged after expert validation. ‘Other taxonomic
levels’ consists of all identifications made to taxonomic ranks other than
class, family, genus and species.

three observations per user were recorded over a period of 5 years
and 10 months (16 February 2014 to 22 November 2019).

Concerning species composition (Fig. 4), Cornu aspersum, Pomatias
elegans and Massylaea vermiculata were the most abundant species and
accounted for 77 records, that is 19% of all observations at prevali-
dation analysis (Fig. 4A). Almost 41% of the remaining species were
singletons. As shown by the map (Fig. 5A), the highest densities of
reports were from Florence, the capital of Tuscany, followed by the
towns of Arezzo and Siena. Two other high-density localities indi-
cate the observations from two BioBlitz events. Apart from some
completely uncovered areas (Fig. 5A; Val d’Era and Val D’Orcia),
point records are fairly evenly distributed throughout the region.

Comparing the origin of the reports, 57% (n = 227) were col-
lected in a rural context and 43% (n = 172) in urban and suburban
environments; of the latter, 25% (n = 100) were from major urban
centres and 18% (n = 72) from small towns and villages.

Postvalidation analysis: the contribution of experts

Expert review confirmed 216 out of 399 initial reports (54%). The
determinations of the remaining 183 observations (46%) were not
confirmed; some identifications were incorrect or could not be im-
proved. Overall, 347 records (87%) were identified by experts to
species level and 43 (11%) to genus level. Only nine (2%) records
could not be determined, with no identification being provided
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Figure 3. Quality grade percentages (needs ID and research grade) for the
399 nonmarine mollusc records before (A) and after (B) expert validation.

Table 1. Quality of prevalidation data vs. quality after expert review (post-
validation).

Prevalidation Postvalidation

No. of

observations

Total no. of records

postvalidation

Research Research 142 203

Needs ID Research 61

Research Needs ID 6 196

Needs ID Needs ID 190

(Fig. 1B); this was mainly due to poor image quality or because the
diagnostic features of the specimen were not highlighted.

Although the contribution of the experts potentially increased
taxonomic resolution and data quality, this did not happen im-
mediately due to the iNaturalist rule requiring two-thirds of users
to reach a consensus to validate an observation at research level.
As things stand, experts can provide correct identification, but the
‘democratic’ support of the other users is necessary for validation.
Paradoxically, the increase in taxonomic resolution caused a de-
crease in the number of taxa (from 90 to 63; Fig. 2B) when differ-
ent records of the same taxon, formerly misidentified or identified
only above specie level, were merged (see, for example, the records
of Cornu aspersum identified as “Cornu sp.”, “Otalini”, “Helicinae”,
“Helicidae”, “Helicoidea” and “Gastropoda”).

With regard to data quality assessment (Table 1), a signif-
icant improvement was recorded after expert review [McNe-
mar’s chi-squared (χ 2) test with continuity correction: McNemar’s

χ 2 = 43.522, df = 1, P = 4.191e−11]: about half of the 399 total
records proved to be research grade (n = 203) and the other half
was rated as needs ID (n = 196) (Fig. 3B). About 67% (n = 137) of
the 203 research-grade observations from the prevalidation analysis
were confirmed and 61 additional non-research-grade observations
improved in quality to research grade. These observations were
cases where the path to research grade had already been traced
and/or the necessary number of experts had not yet attempted to
determine the specimen at species rank. Concerning the observa-
tions questioned by the experts, three records remained research
grade although they were at variance with the crowd-sourced val-
idation; two research-grade records were judged impossible to de-
termine at species level.

Despite the contribution of the experts, many records were still
in need of identification (n = 183), pending further validation by
the community. Six research-grade observations were downgraded
to non-research grade, while seven needs ID observations could not
be identified. These changes in data quality occurred immediately
after loading of the validation by the experts. Indeed, the commu-
nity’s activities are constantly changing and new validations con-
tinue to be added by users even after expert identification.

Concerning species composition (Fig. 4), no evident change with
respect to prevalidation analysis was found: Cornu aspersum, Pomatias
elegans and Massylaea vermiculata remained the most abundant enti-
ties, representing 19% of all observations in postvalidation analysis
(Fig. 4B).

DISCUSSION

The iNaturalist community uploaded a substantial number of non-
marine mollusc observations from Tuscany (n = 399), providing
new chorological data of freshwater alien species and contributing
to our knowledge of certain taxa. Species identifications were on
the whole quite good, as professional malacologists confirmed the
accuracy of more than half of the records. Other authors (Falk et al.,
2019) have observed that the active contribution of experts in the
postvalidation phase remains essential for verification and improve-
ment of data quality, although iNaturalist validation by a single ex-
pert has exactly the same value as that of any other intermediate- or
beginner-level user. The final taxonomic framework of an observa-
tion is always the result of teamwork between two-thirds of the users
involved in identifying a given record. This ‘taxonomic democracy’
obviously has some intrinsic limits, especially in the case of ‘click-
ers’, namely users who want to score as many observations as pos-
sible; once the specimens have been identified, it is very hard to
correct an obvious mistake without new positive feedback from the
community. Added to this, there is the ‘cascade imitative effect’, that
is when users tend to confirm a new determination proposal after
months or years of inactivity, sometimes through imitation rather
than scholarship. A system that ranks identifiers on the number of
good and bad determinations they upload could help avoid incor-
rect or misleading determinations.

Some interesting validation issues arose during expert review.
The main problem was the accuracy of determination for many
groups that cannot be identified to species level without dissec-
tion, since the diagnostic characters concern the distal genitalia
or molecular characterization. A typical case is that of Oxychilus
draparnaudi and Oxychilus meridionalis. These two Tuscan species
can only be distinguished by anatomical characters (Manganelli &
Giusti, 2001). A correct identification would require collecting the
specimens and studying their anatomy. Therefore, an identification
based only on a photographed specimen is not possible, neither by
the user, nor by the expert. Although it is very likely that the species
usually involved is Oxychilus draparnaudi, which is much more fre-
quent and widespread than Oxychilus meridionalis, this remains a sup-
position and not a certainty. Thus, the revised determination should
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Figure 4. Total number of records by species, as yielded by the prevalidation (A) and postvalidation (B) analyses.

always be considered an attempt in view of the species known for a
certain area.

Similarly, determination based only on photographs is not always
straightforward. There are at least three reasons for this: (1) poor
image quality, (2) no indication of scale and (3) diagnostic features
not being highlighted in uploaded pictures. Image quality has been
recognized as a general problem in other citizen-science projects
(Falk et al., 2019). Due to the inexperience of most users and lack

of familiarity with snails and slugs, it is common to find poorly fo-
cused/blurry photos, images with two different species in the same
frame, images of dirty shells and images that do not highlight the
diagnostic characters of the specimen; all these issues make de-
termination difficult if not impossible. The most problematic pho-
tos are those uploaded for small species. Smartphones, especially
older ones, cannot produce satisfactory images of small specimens
(Wittmann et al., 2019).
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Figure 5. Location of study region (A), geographical distribution (B) and areas of highest density (B) for the 399 iNaturalist nonmarine mollusc records from
Tuscany (n = 399).
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The technical difficulty of imaging small species has evidently
contributed to a bias towards recording mainly medium- to large-
sized species as well as common ones (e.g. Pomatias elegans, Rumina
decollata, Retinella olivetorum, Massylaea vermiculata and Cornu aspersum);
these are the taxa most frequently encountered by generalist users
but are also the taxa that are usually not included in mainstream
research datasets (Crall et al., 2011). Among the few smaller species
considered, there were only small- to medium-sized molluscs, such
as Ancylus fluviatilis, Discus rotundatus, Jaminia quadridens, Hohenwartiana
hohenwarti, Clausilia cruciata and Xerotricha conspurcata, resulting in se-
vere underreporting of small species. Most terrestrial and freshwa-
ter molluscs are tiny (maximum dimension <3–4 mm) and can-
not be easily found by direct visual search. These species can best
be sampled by sieving several litres of litter and sorting the minute
fraction under a binocular microscope, an operation that can take
hours and requires more motivation than that possessed by the typi-
cal of amateur iNaturalist user. This agrees with comments by other
authors; for example, small or elusive species of herpetofauna are
generally underreported in iNaturalist databases (Wittmann et al.,
2019).

This is but one bias caused by volunteer variability (Kosmala
et al., 2016). Participants are heterogeneous and differ in their
ability to identify organisms, in their desire to travel (resulting in
spatial clusters with higher data completeness near towns) and in
which organisms they engage with. The lack of volunteer expertise
and of baseline knowledge and familiarity with certain challenging
groups can make identification accuracy more difficult for certain
taxa (Kremen, Ullman & Thorp, 2011), while variability in detect-
ing specimens may affect data upload. For example, McLaughlin
& Hilts (1999) reported that observers did not detect 44% of the
herpetofauna species found by professionals, while Falk et al. (2019)
recorded that citizen scientists showed little skill in identifying
bumblebee species, despite free access to project identification
materials. It is worth noting here that iNaturalist does not allow the
quality level of identifications to be modified by adding a question
mark to underline uncertainty or by expanding the ID to a group
of species (i.e. making the determination more flexible).

Lack of taxonomic and biogeographical knowledge, often the
prerogative of specialists, can often produce incorrect determina-
tions, especially where similar looking species with different ranges
are concerned (Gardiner et al., 2012; Kelling et al., 2015; Swanson
et al., 2016). For example, the iNaturalist records of Solatopupa similis
were erroneous because this species has a distribution that extends
from Catalonia only as far as western Liguria. In Tuscany only So-
latopupa juliana is reported, with a distribution from central–eastern
Liguria to the north of Latium (Ketmaier, Giusti & Caccone, 2006).
Another case concerns the handful of records of a species identified
as Cochlodina laminata. This species is present in Tuscany but only
in high-altitude forests (Giusti, Castagnolo & Manganelli, 1985).
As the observations all concern reports from low-altitude sites, it
is very likely that the species involved is Cochlodina bidens. Similarly,
many specimens of the common and widespread species Massylaea
vermiculata were often assigned to the genus Otala; in the Tyrrhenian
area, this genus has been reported only from Sardinia and Corsica,
where it was introduced. This incorrect identification was presum-
ably a result of the artificial intelligence algorithm of iNaturalist,
given the remarkable morphological similarity of the shells of Otala
species with that of Massylaea vermiculata.

The iNaturalist community is large, active and growing. In coun-
tries such as the USA, citizen science has been decisive in collecting
a large amount of data on local flora and fauna. The abundance of
volunteers of all ages and social backgrounds has enabled enhanced
spatial and temporal coverage of the organisms studied and this
includes the generation of unusual occurrence data (McKinley et
al., 2017). However, our work shows that, at least for molluscs,
citizen-science initiatives, such as iNaturalist, need to combine the
enthusiasm of volunteers and the skills of experts in order to pro-
vide the high-quality data needed in monitoring projects, and this

is especially the case for certain taxonomically difficult taxonomic
groups. Citizen-science records have great potential to complement
experts’ collections in terms of geographic coverage and species
diversity (Hochmair et al., 2020), as well as to assist conservationists
in developing strategies to protect species and habitats (Wilson
et al., 2020). However, unverified or inaccurate records without
expert support may easily compromise and reduce the accuracy of
citizen-science datasets, leading to incorrect conclusions (Falk et al.,
2019).

Hence, while it is claimed by some that in order not to discour-
age participation mainstream science should not be unduly con-
cerned with data quality (Burgess et al., 2017), the issue of data qual-
ity remains important. Adequate high-quality training resources to
support recorders, regular feedback and compulsory teamwork be-
tween scientists and citizens could outweigh the risks of citizen sci-
ence and offer a real opportunity to discover and conserve even
cryptic and neglected groups of organisms (Lukyanenko, Parsons &
Wiersma, 2016; Troudet et al., 2017).
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