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Abstract  We present Citizen Science-based Jel-
lyfish Observation Initiatives (CS JOIs) across the 
Mediterranean Basin and propose a path toward 
standardization of the data they produce. We explored 
data collection and management through a shared 
database schema. Using an expert opinion question-
naire and adhering to standards that are recognized 

globally (e.g., by GBIF, OBIS, and EMODnet) such 
as Darwin Core and IOOS terminology, we propose 
a three-stage approach toward data management and 
standardization. JOIs vary in purpose, function, lan-
guage, data collection, validation methodology, out-
reach, and levels of citizen engagement and train-
ing. This diversity presents unique opportunities and 
challenges for data collection and management. JOIs 
typically combine the dual role of providing real-time 
alert systems and enhancing our long-term knowl-
edge of jellyfish distribution and, eventually, ecology. 
When global reporting systems are considered, local 
initiative identity, language, purpose, and commu-
nity must be preserved to allow meaningful CS pro-
cesses to evolve, while the integration of JOIs within 
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them (and data collection and management in gen-
eral) must be performed via standardized and shared 
methodologies. Finally, we discuss the contribution 
of novel technologies toward improving the activities 
and management of JOIs worldwide.

Keywords  Jellyfish · Citizen science · 
Crowdsourcing · Gelatinous zooplankton · Data 
standardization · Mediterranean Sea

Introduction

The twenty-first century has witnessed a surge in 
Citizen Science (CS) projects (Silvertown, 2009). 
Advances in technology (as smartphones became 

widely available) and communications help these 
projects realize the potential and effectivity of 
humans as sensors of the natural world in exciting 
new ways and scales (Newman et  al., 2012; Gar-
cia-Soto et al., 2021). At sea, CS has also been on 
the rise, enhancing ocean stewardship and benefit-
ing both science and society with projects ranging 
in size and trophic level from plankton to whales 
(Kelly et  al., 2020; Garcia-Soto et  al., 2021). 
Among marine species, jellyfish, defined here 
in the broader sense of gelatinous zooplankton, 
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including ctenophores, siphonophores, and thali-
aceans (salps, doliolids, and pyrosomes), represent 
a classic “win–win” situation for CS projects. The 
occurrence of stinging species compromises human 
health and safety as an ever-growing number of 
people enter the sea (Edelist et al., 2023), and thus, 
information about the whereabouts and occurrence 
of different species is of direct interest to the pub-
lic. Beachgoers, bathers, swimmers, SCUBA and 
free divers, surfers, kayakers, sailors, and fishermen 
are often eager to report on the presence of jelly-
fish, especially when these observations are used 
to improve life quality along the coast and contrib-
ute to public health and scientific knowledge. This 
facilitates the added value of partnership in trying 
to answer questions that interest both the public and 
scientists and an opportunity for a higher level of 
CS activity to emerge (Haklay et al., 2021).

Monitoring seasonal changes in jellyfish occur-
rence across the vast expanses of the oceans is still 
an expensive and challenging task for conventional 
science. Jellyfish largely elude satellite imagery and 
radar, particularly when submerged well below the 
surface. Acoustics were tested for swarm detection as 
early as three decades ago (Mutlu, 1996), and tagging 
has also been tested (e.g., Hays et al., 2008; Fossette 
et al., 2016; Diamant et al., 2023) but these are not yet 
available for tracking swarms effectively over large 
geographical ranges. In addition, submerged cameras, 
as one of the often-used techniques in jellyfish detec-
tion, require large-scale deployment and may be lim-
ited by poor visibility (Martin-Abadal et  al., 2020). 
As a result, over the past decade, human sensors, in 
the form of trained and untrained citizen scientists, 
aided by technology, are a viable alternative to the 
abovementioned technologies (Canepa et  al., 2020; 
Marambio et al., 2021; Dobson et al., 2023).

Over the past 15 years, many CS Jellyfish Obser-
vation Initiatives (JOIs) have been established, evolv-
ing in parallel in different places, particularly in the 
Mediterranean Sea. JOIs share the common will to 
contribute to our knowledge about gelatinous marine 
fauna but vary in purpose, scope, and methodology, 
highlighting the need for standardization.

The first jellyfish observation program was 
launched in 2001 by the Mediterranean Science 
Commission (CIESM) and named Jellywatch, with a 
dedicated web page asking citizens to submit jellyfish 

sightings (Boero et  al., 2008). The public response 
was limited, and the initiative was relaunched in 2008 
when the popular magazine Focus adopted the cam-
paign which was renamed Occhio alla medusa, under 
the CIESM umbrella and focusing on the Italian Seas. 
The first edition of a poster containing the common 
Mediterranean gelatinous plankters was produced in 
2009. In 2010, Focus released the smartphone app 
"Meteo Meduse" to receive jellyfish reports and pro-
vide maps of their distribution, and between 2013 and 
2015, the EU project Perseus adopted Jellywatch, and 
citizens from the entire Mediterranean were asked 
to send observations to local focal points based on 
poster methodology. Jellyfish scientists from 19 coun-
tries with Mediterranean coasts submitted weekly 
observation summaries, which were presented on an 
online map and stored in a joint database (https://​
www.​ciesm.​org/​marine/​progr​ams/​jelly​watch.​htm), 
and in 2018, the Italian database was integrated into 
the European Marine Observation and Data Network 
(EMODnet) platform.

The Catalan Jellyfish Observation Network was 
deployed in 2007 (Marambio et  al., 2021). Like the 
Italian initiative, it took several years to develop 
as a full-fledged Citizen Science endeavor. Other 
local initiatives began to appear in the second dec-
ade of the twenty-first century (Fig.  1). “Spot the 
Jellyfish” in Malta and “ACRI.ST” in France started 
in 2010, “Meduzot Baam” in Israel and “Observa-
dores del Mar” in Spain were established in 2011. 
In 2012, iMedjelly was launched in Spain, then in 
2013, “Infomedusa” was initiated also in Spain and 
“Meduse.Tunisie” in Tunisia. “Yayakarsa” was estab-
lished in Türkiye (2014), then in 2016, “Medusapp” 
was created in Spain and “JellyX” in Italy. In 2019, 
“avvistApp” in Italy and “Meduseo” (a private initia-
tive) were launched, and in 2023, “Crafting the Sea” 
was formed in Croatia and “I See Sea” in Romania.

One of the criticisms raised regarding citizen sci-
ence projects, such as the JOIs, is the lack of stand-
ardized data. Standardizing CS data is essential 
for maximizing the potential of JOIs to contribute 
meaningfully to scientific research, environmen-
tal monitoring, and community empowerment. 
Standardizing and data FAIRness (FAIR: Find-
able, Accessible, Interoperable, and Reusable) are 
crucial for many reasons (Wilkinson et  al. 2016; 
Bowser et  al., 2020): (a) Quality Assurance (QA) 

https://www.ciesm.org/marine/programs/jellywatch.htm
https://www.ciesm.org/marine/programs/jellywatch.htm
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and Quality Control (QC), for consistency and reli-
ability, which are the foundation for trust within 
the scientific community, (b) interoperability to 
facilitate data sharing, integration, comparison, and 
scale-up, (c) consistent and effective archiving and 
access to data over time while reducing data loss or 
corruption, (d) incorporation into scientific studies, 
modeling, and decision-making processes, and (e) 
engagement and transparency, enhancing trust and 
credibility among scientists, citizen scientists, poli-
cymakers, and the public.

Global projects

Global projects supporting data standardization 
include EMODnet, Global Biodiversity Information 
Facility (GBIF), and Ocean Biodiversity Informa-
tion System (OBIS), all implementing principles 
of Darwin Core (DwC)—an established framework 
for compiling biodiversity data from varied sources 
(Wieczorek et  al., 2012). GBIF was established in 
2001 to provide free and open data about all types of 
life on Earth and is the most comprehensive infor-
mation source on the diversity, distribution, and 

abundance of life (Heberling et  al., 2021). OBIS, 
the Ocean Biodiversity Information System, col-
laborates with GBIF and works with the same infor-
mation standards and tools as the Integrated Pub-
lishing Toolkit, which is used by OBIS and GBIF 
as the recommended platform for sharing marine 
data (Wieczorek et  al., 2012). Both organizations 
focus on scientifically backed and collected data, 
and both also feature a growing number of marine 
CS projects, such as Happywhale.com, Nature-
Watch NZ on OBIS, or iNaturalist and Observa-
tion.org (https://​obser​vation.​org) on GBIF. iNatu-
ralist released its biodiversity CS app in 2013, and 
by 2025, among its > 100 million validated obser-
vations, are available in GBIF (iNaturalist, 2025), 
these included > 30,000 observations of scyphozoan 
medusae (GBIF Occurrence download https://​doi.​
org/​10.​15468/​dl.​m5gt6s, January 30, 2025). Simi-
larly, Observation.org, founded in the Netherlands in 
2004, is a global hub for biodiversity data with > 230 
million observations and > 100 million validated 
observations and available in GBIF (Observation.
org, 2025), these included > 25,000 observations of 
scyphozoan medusae (GBIF Occurrence download 

Fig. 1   Descriptive properties for 13 Citizen Science Jellyfish 
Observation Initiatives in the Mediterranean Sea. Note that 
in Italy, Occhio alla Medusa changed their name to Meteo 

Medusae. Downloads and installations are until April 2024. 
(AI = Artificial intelligence and ML = Machine learning)

https://observation.org
https://doi.org/10.15468/dl.m5gt6s
https://doi.org/10.15468/dl.m5gt6s
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https://​doi.​org/​10.​15468/​dl.​g2jqka, January 30, 
2025). Observation.org improves data integrity 
through expert species validation, complies with 
European privacy standards, and offers tiered user 
applications that foster public participation ranging 
from novices to scientific professionals.

New technologies and future perspectives for CS JOIs

There are different techniques in the literature 
for detecting jellyfish, including a surge of deep 
learning of underwater images (Martin-Abadal 
et al., 2020; Han et al., 2022), environmental DNA 
(eDNA) (Minamoto et al., 2017), early warning sys-
tems using IoT (Internet of Things) devices such 
as drones or UAVs (unmanned aerial vehicles) 
(Mcilwaine & Rivas Casado, 2021), or even track-
ing jellyfish predators such as turtles via satellite 
(Nordstrom et  al., 2019). Nevertheless, high costs, 
low visibility conditions underwater, or relatively 
low resolution, atmospheric water vapor (clouds), 
and water column penetration limitations from the 
air and space are the main impediments to remote 
sensing operations (Baliarsingh et  al., 2020; Mcil-
waine & Rivas Casado, 2021; Dereli et  al., 2023). 
Until the deployment of such technology becomes 
economically affordable, Citizen Science is still 
considered the best way to monitor jellyfish. Both 
Observation.org and iNaturalist include AI-based 
automatic tools to propose initial suggestions for 
species identification (Nugent, 2020), and sev-
eral JOIs such as Medusapp (Dobson et  al., 2023) 
and Infomedusa (Castro-Gutiérrez et  al., 2022) 
in Spain, and Spot the Jellyfish in Malta (Gauci 
et al., 2020) have trained such image analysis algo-
rithms (Fig.  1). To conclude, while Citizen Sci-
ence remains a cost-effective method to account 
for jellyfish blooms, introducing novel technologies 
into CS projects holds tremendous opportunities, 
including added value for scientific research, com-
munity development, public health, education, and 
outreach.

In this context, this paper aims to describe the 
active jellyfish reporting initiatives throughout the 
Mediterranean Sea, observe the differences in how 
they operate, propose good practices, as well as pro-
vide a path toward standardization and harmonization 
of the data they collect and manage.

Methods

To identify JOIs, an online Google search in Eng-
lish was employed, using the string “jellyfish” AND 
“citizen science” And [“Mediterranean Sea” OR 
“Black Sea” OR “Southern European Seas”], and 
relevant literature (i.e., jellyfish CS publications 
from Google Scholar) was searched and reviewed. 
Google searches yield different results on different 
occasions and are not replicable. Moreover, since 
the search was conducted in English, JOIs operating 
in other languages might have been missed. There-
fore, to complement this search, leading authors and 
experts in the field were approached and queried 
as to the existence of other known initiatives. This 
process did not impact the final conclusions, as it 
assisted in finding and contacting all active around 
the Mediterranean Sea. The network of jellyfish 
experts conducting CS-based research programs was 
formed in 2022 to explore and discuss shared chal-
lenges, needs, and aims, and was updated follow-
ing the 2023 Jellyfish Blooms Symposium (JBS7) 
in India (Dawson & Kumar, 2023). The network 
includes 23 experts from 13 JOIs. We conducted a 
series of meetings with the JOIs to discuss shared 
challenges and opportunities.

A questionnaire with a Likert scale of 1–5 was 
distributed among the JOIs to identify best practices 
for data collection and management. The question-
naire consisted of two main sections: The first con-
sisted of 21 questions in which the importance of 
the data fields indicated in the scheme was ranked 
(https://​docs.​google.​com/​forms/d/​1hXGI​uw6hg​
7Xr2V​wPvHU​HjpJV​SgBg6​EK2C6​M3QD-​3oZI/​edit; 
See supplementary information). The second section 
consisted of open-ended questions focusing on abun-
dance vs. density in observations, taxonomic resolu-
tion, and the use of globally recognized data stand-
ards such as Darwin Core (DwC)—a well-recognized 
standard for biodiversity data maintenance facilitat-
ing the sharing of biological knowledge, and Public 
Participation in Scientific Research (PPSR) Core—a 
set of global, transdisciplinary data, and metadata 
standards (Wieczorek et al., 2012; Shwe, 2020). JOIs 
experts who answered the questionnaire included Dor 
Edelist, Serena Zamparedi, Destan Ozturk, Valentina 
Tirelli, Tone Falkenberg, Federica Colombo, Noa 
Nakar, Audrey Zammit, Juan Jesús Bellido Lopez, 
Eva Fonfria, Antoine Troullier, and Dror Angel. 

https://doi.org/10.15468/dl.g2jqka
https://docs.google.com/forms/d/1hXGIuw6hg7Xr2VwPvHUHjpJVSgBg6EK2C6M3QD-3oZI/edit
https://docs.google.com/forms/d/1hXGIuw6hg7Xr2VwPvHUHjpJVSgBg6EK2C6M3QD-3oZI/edit


5318	 Hydrobiologia (2025) 852:5313–5332

Vol:. (1234567890)

The ontology (categorization) developed for jelly-
fish observations follows DwC and PPSR Core, and 
was applied to the Meduzot dataset as a case study. 
Data were subsequently submitted to OBIS, and an 
iterative process of fitting it to the OBIS/GBIF stand-
ards ensued, including improvement of geolocation 
(refitting of observations on land), further duplicate 
removal, and redefining of null observations and 
unknown amounts of jellyfish observed. An online 
iterative expert consultation was conducted to choose 
widely accepted co-creation, standardization, and 
harmonization approaches.

Results

Data collected by JOIs in the Mediterranean Sea

A jointly developed shared database schema consist-
ing of the methodology for data collection, manage-
ment, type, resolution, validation, storage, presenta-
tion, and dissemination of each JOI was established 
(results presented in Fig. 1 and Table 1). Data collec-
tion methodologies varied considerably among JOIs. 
Most require a full name and email in a login proce-
dure during registration. Some also ask for a phone 
number, while others enable complete anonymity 
(Table  1). The observation date were mandatory in 
all initiatives, and for most of them, time was also a 
prerequisite. Autolocation was available in Acri.st, 
Observadores del Mar, avvistApp, and Medusapp. 

Reporting was typically carried out via websites 
(nine JOIs) or apps (seven JOIs) while Email (two 
JOIs), social networks, or online spreadsheets (one 
JOI) were less common (Fig. 1). The relatively open 
formats for contributing jellyfish observations facili-
tated wider participation by citizen scientists and the 
accumulation of large datasets.

Eight JOIs offer a “zero jellyfish” option for the 
absence of jellyfish, which is important for ground-
truthing observations (absence reports help verify 
that lack of jellyfish in the data is not a result of lack 
of observations). Photos are mandatory in the follow-
ing JOIs: Meduses Tunisie, avvistApp, Meteo Meduse, 
and Yayakarsa. Activity type during which the obser-
vation was made (e.g., walking on the beach, swim-
ming, surfing, fishing, etc.) was only collected by 
Meduzot, JellyX, Occhio alla medusa, and Yayakarsa.

The 13 Mediterranean JOIs included in this study 
operated in nine different languages, with eleven 
offering an English option (Fig. 1). JOIs are usually 
academically conceived and public service driven. 
All JOIs provide a real-time or near real-time jellyfish 
map with JellyX being the only commercially driven 
initiative (JellyX works with aquaculture farms). 
Most JOIs operate as websites, with some adding an 
app version. Most JOIs also have some presence in 
Social Media, mainly via Facebook groups and pages 
(Fig. 1).

Jellyfish quantification proved to be surprisingly 
diverse (Table  1). Presence was indicated by either 
abundance (total number of specimens observed) or 
density (number of specimens per unit of area or vol-
ume), typically as ranked abundance (seven JOIs) or 
density (five JOIs). Assessment of jellyfish amount 
was either quantitative (ten JOIs) or qualitative (three 
JOIs). A standardized survey option (following the 
same transect repeatedly) was only provided by two 
JOIs—Meduzot Baam and Medusapp.

The stranded jellyfish field was used by six JOIs, 
and a stinging field was only available in Meduzot. 
A comment or free text field was provided by 11 of 
the 13 JOIs, and additional observations included oil 
spills, marine debris (three JOIs), and non-gelatinous 
taxa (four JOIs) (Table 1).

All JOIs offered some form of species identifi-
cation guide and a choice of species for reporting, 
ranging from 6 to 26 taxa, depending on geographic 
location. Citizen engagement has also promoted the 
discovery of jellyfish species new to science, for 
example, in Italy (Piraino et  al., 2014) and Israel 
(Dragičević et al., 2019), or new to a specific region, 
such as the nine taxa new to Maltese waters recorded 
in the Spot the Jellyfish program (Deidun & Sciber-
ras, 2017). In Tunisia and Croatia, it enabled the 
discovery of the geographical distribution of numer-
ous taxa and unveiled divergent seasonal and pheno-
logical patterns for certain species (i.e., Phyllorhiza 
punctata von Lendenfeld, 1884, Rhizostoma pulmo 
(Macri, 1778), and Olindias muelleri Haeckel, 1879, 
respectively) depending on the ecoregions (Gueroun 
et al., 2022).

A total of 35 jellyfish taxa were covered by all of 
the JOIs in the region (Fig. 2), with taxonomy varying 
considerably among JOIs, depending mainly on their 
local abundance, size, and prominence.
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The conspicuous widespread scyphozoan species 
that appeared in all JOIs were Aurelia spp. Lamarck, 
1816, Cotylorhiza tuberculata (Macri, 1778), Pela-
gia noctiluca (Forsskål, 1775), and R. pulmo (Fig. 2). 
Locally abundant species such as Rhopilema nomad-
ica Galil, Spanier & Ferguson, 1990 in the Eastern-
Central Mediterranean or Catostylus tagi (Haeckel, 
1869) and Rhizostoma luteum (Quoy & Gaimard, 
1827) in the western Mediterranean were included in 
their respective regions. In addition, several species 
of less conspicuous yet common ctenophores, sipho-
nophores, salps, and hydromedusae were included 
by some of the JOIs, according to their prevalence 
and the level of taxonomic resolution that each JOI 
elected to use.

Data collection standardization

Twelve experts who manage ten JOIs from eight 
countries answered the questionnaire that focused on 
the need for standardization (Fig.  3). High levels of 
importance were attributed to observation date, tax-
onomy, and inclusion of as many species as possible. 
When counting individuals, a quantitative or qualita-
tive abundance ranking was preferred rather than an 
exact count. Location by precise GPS coordinates 
was preferred over allocating reporting zones, and for 
jellyfish surveys, spatial means (e.g., distance covered 
by observers) were considered more appropriate than 
temporal ones (e.g., the time spent in the water). Most 
experts agreed that photographs had great value for 
taxonomic validation, while a free text description 
section was only considered important by some. The 
personal details of each observer, the size of the jelly-
fish, their depth in the water column, and the record-
ing of stinging events were perceived as less relevant 
by the experts. In addition to the national language, 
an English option for reporting was also considered 
very important (Fig. 3). In agreement with the data-
base schema, most respondents felt that the type of 
activity the reporter was involved in was not very 
important, although there was consensus (in inter-
views and open questions) that activity must be con-
sidered in standardization.

No consensus was reached in replies, interviews, 
and discussions regarding the best way to quantify jel-
lyfish. A four-rank system where a “medium” option 
is added between “low abundance” and “bloom” to 
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increase resolution was preferred by most experts. 
We also asked whether it is advisable to use different 
ranked abundance indices with different thresholds 
for large, conspicuous scyphozoan species compared 
to the smaller, less conspicuous but often numerous 
hydromedusae, salps, and ctenophores. Only three 
experts supported this idea, and nine experts opposed 
it, with the main reasons for supporting a single-
ranked abundance classification system being the 

simplicity of presentation, higher taxonomic exper-
tise needed for the smaller species, and ease of use. 
A consensus was reached among the experts on the 
topic of including rare species: all respondents agreed 
that all species occurring in the region should be 
included (Fig.  3), with some advocating an “expert 
mode” for the rarer species, and most respondents 
stressing the importance of photographs to improve 
identification accuracy and for validation purposes.

Fig. 2   Jellyfish taxa 
reported by Citizen Science 
Jellyfish Observation Initia-
tives (CS JOIs) in the Medi-
terranean Sea, by number of 
JOIs covering each species 
presence, from all (top) to 
only one JOI (bottom). The 
dendrogram at the bottom 
depicts species selection 
similarity among the JOIs. 
Yellow cells indicate new 
species (to the region or to 
science) discovered by JOIs
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Fig. 3   Results of the expert questionnaire. Five-level Likert 
scale for the importance of each field for prioritizing jellyfish 
reporting is represented with a color scale (from red, strongly 

disagree, to blue, strongly agree). Percentages correlate to gen-
eral disagreement (left, red and orange), neutrality (middle, yel-
low), and general agreement (right, light blue, and blue)
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Discussion

Scoping review of data collected by JOIs

JOIs work was extensively published in peer-reviewed 
literature, mostly on seasonality and spatio-temporal 
patterns, new taxa in the region or new to science, 
and jellyfish stings. In Italy, the Meteo meduse project 
reported jellyfish outbreak increase and epidemiolog-
ical phenomena (De Donno et al., 2014). Project data 
were summarized (Zampardi et al., 2016) and submit-
ted to EMODnet and GBIF platforms (Boero et  al., 
2019). AvvistApp provided spatio-temporal patterns 
of Mnemiopsis leidyi A. Agassiz, 1865, and other jel-
lyfish (Dragičević et al., 2019; Tirelli et al., 2021) and 
documented an exceptional bloom of R. pulmo in the 
Gulf of Trieste (Reyes Suárez et  al., 2022). In Tür-
kiye, Yayakarsa also documented an unusually large 
bloom of R. pulmo in the Marmara Sea (Öztürk & 
Sümen, 2020), as well as a first record of Drymonema 
dalmatinum Haeckel, 1880, for the Sea of Marmara 
(Öztürk, 2020). In Malta, Spot the Jellyfish reported 
the seasonality of swarms of multiple gelatinous 
species (Gatt et  al., 2018), and in Israel, Meduzot 
Baam documented a phenological change in swarm-
ing patterns of R. nomadica (Edelist et  al., 2020) 
and tracked its bloom origins (Edelist et  al., 2022). 
Meduses Tunisie described diversity, trends, and pat-
terns, and recorded 66 taxa in the only CS JOI from 
North Africa (Gueroun et al., 2022). In Spain, citizen 
reports were used to show seasonality, abundance, 
and correlation with environmental factors by Info-
medusa (Bellido et al., 2020; Gutiérrez-Estrada et al., 
2021) and Medusapp (Dobson et al., 2023).

Counting jellyfish

Marambio et al. (2021) combined two different moni-
toring approaches reporting either only presence and 
estimated abundance (Italy and Malta) or both pres-
ence and absence of jellyfish (Spain and Tunisia), 
grouped into three categories following Canepa et al. 
(2014) as low (< 10 individuals per beach), medium 
(< 1 individual m−2), or high (> 1 individual m−2) to 
show how standardizing data streams from several 
CS JOIs can unfold regional patterns. Such endeavors 
facilitated inter-country comparisons while exposing 
the challenges in doing so and the need for unified 

standards. Despite presence-only data being shown as 
effective in characterizing jellyfish swarms (Maram-
bio et  al., 2021), a “zero jellyfish” or “none” option 
was shown to be important for developing jellyfish 
swarming indices (Edelist et al., 2022; Dobson et al., 
2023). Density (as individuals per m2 or m3) is indeed 
a more informative metric than total counts, but one 
must also be realistic in what is asked from citizens, 
and both are still challenged by the inbuilt complexi-
ties of visibility, swarm patchiness, size spectra, and 
a very wide range (up to 4 orders of magnitude) of 
actual densities. When asked which method of den-
sity measurement was most appropriate, seven 
experts chose the number of individuals per m2, four 
preferred the distance between bells (individuals), and 
one chose the number of individuals per m3 (Fig. 3). 
There was, however, a general agreement that density 
or exact abundance is less applicable than a ranked 
abundance system, and experts also felt that ranking 
should also be used for size spectra. Moreover, there 
was no agreement on a fixed value that could repre-
sent a swarm, neither for abundance nor for density, 
neither for ctenophores nor for scyphozoans. While 
such definitions are indeed arbitrary, the lack of 
consensus underscores the diversity of species, situ-
ations, and occurrence of jellyfish swarms and their 
evasive perception not only among the public but also 
among experts.

Additional free text suggestions by the experts 
included incorporating climatological/oceanographic 
data such as wind, waves, temperatures, productiv-
ity, and currents in the websites, as well as improved 
gamification to increase attractiveness and public 
involvement. Another suggestion concerned the com-
bination of data certainty levels (a field for the level 
of familiarity of the observer with jellyfish), such as 
experts, gold users (trained citizens), and the general 
public. Having many jellyfish species for selection 
and relevant information about them were deemed 
of utmost importance in the questionnaire, predomi-
nately for taxonomic accuracy, and public alert, since 
some species are venomous while others are not.

Application of data generated by JOIs

CS JOIs observations were usually not mirrored 
by scientific campaigns or other “official” data, and 
hence, the presence of these jellyfish would have 
gone unrecorded without CS campaigns (Boero, 



5325Hydrobiologia (2025) 852:5313–5332	

Vol.: (0123456789)

2013). Using the cumulative CS knowledge proved 
useful for detecting both long-term and short-term 
trends. To this end, environmental data such as cur-
rents, winds, salinity, chlorophyll, nutrients, produc-
tivity, oxygen, temperature, and others were used by 
the JOIs in conjunction with jellyfish observations 
(Canepa et al., 2014; Gatt et al., 2018; Bellido et al., 
2020; Marambio et al., 2021; Castro-Gutiérrez et al., 
2022; Edelist et al., 2022; Dobson et al., 2023). Cur-
rents characterizing the canyons inhabited by P. noc-
tiluca were considered important in explaining the 
bloom dynamics of this species, and bathymetry was 
also considered important for other species (Canepa 
et al., 2014; Benedetti-Cecchi et al. 2015; Marambio 
et  al., 2021). Producing and visualizing these trends 
help the public and other stakeholders plan for and 
respond to incoming blooms. The review of this lit-
erature reveals that while most JOIs did not present 
a clear trend of an overall long-term increase in jel-
lyfish blooms, in some cases, especially where a new 
species invaded and became part of the gelatinous 
fauna (Boero et  al., 2019), an increase was noted. 
For example, R. nomadica (Edelist et  al., 2020), M. 
leidyi (Malej et  al., 2017; Tirelli et  al., 2021), or P. 
punctata (Kaminas et  al., 2022) are new arrivals 
that proliferated in the newly invaded ecosystems. 
Whether seas are becoming more gelatinous (e.g., 
Richardson et al., 2009) or whether larger oscillations 
and other factors (Condon et al., 2012, 2013; Duarte 
et al., 2015; Fernández-Alías et al., 2024) are at play 
remains an open question of scale, time, and location. 
For CS JOIs to assist in resolving this issue in the 
Mediterranean Sea, their longevity, expansion, and 
improved data standardization, as suggested here, are 
imperative.

Jellyfish data management and a roadmap to its 
standardization

For a scientist or a stakeholder looking to create a new 
CS JOI, there are two main options: (i) to develop an 
app/website from scratch or (ii) to create it within an 
existing framework. We recommend the latter based 
on the economic costs associated with both the crea-
tion and long-term maintenance of these platforms 
and their respective apps, which must also comply 
with the data protection laws that apply in different 
countries. Moreover, this will facilitate building upon 

experience gained for observations and for keeping 
FAIR data (Wilkinson et al. 2016).

In this regard, Observation.org is an EU plat-
form for citizen science and biodiversity monitoring 
with worldwide coverage that provides the neces-
sary long-term technological support and also makes 
available the use of Artificial Intelligence (AI) for 
species recognition through its website and two appli-
cations. One application (Obsmapp) has a more sci-
entific character that includes two kinds of sampling 
effort assessment (i.e., transects), records of absence 
(zero presence), individual characteristics (e.g., 
“adult” and “non-native”), and state (e.g., “feeding” 
or “stranded”), a possibility for hiding/embargoing 
the record, the possibility to record the interaction 
between species, and Artificial Intelligence guid-
ance for species identification (NIA). A second app 
(Obsidentify) is easy to use, also incorporates the 
help of the NIA, is ideal for people just starting in 
citizen science. Projects/groups who wish to maintain 
their identity within the platform can create subsites, 
areas, projects, etc. (similar to ECSA or iNaturalist). 
The quality of the data is assured in Observation.org 
as data are expert-validated. Sensitive data (e.g., spe-
cies with conservation criteria or data in scientific 
use) can be embargoed for a certain time and/or area. 
A privacy policy outlines how personal information is 
collected, used, and protected, and the security meas-
ures taken. Finally, the validated data with permission 
to be shared are uploaded to GBIF, complying with 
the DwC standard format, so interoperability is fully 
assured. Such DwC and PPSR standards are united, 
supported, and underlined by a common struc-
tured framework as a globally recognized best prac-
tice (Shwe, 2020). When asked here about the use 
of DwC, ten JOIs experts replied that they apply or 
consider applying it as a standard for biological data 
management and documentation, and two replied that 
they are still unfamiliar and would like to learn more.

Examining the possibility for ontology alignment 
between different jellyfish observatories to ensure 
common semantic data model elements for interop-
erability among related datasets, we named relevant 
instances from the Parameter class of the Integrated 
Ocean Observing System (IOOS) Biological Data 
terminology—the NOAA set of standards for record-
ing biological data. Instances of Internationalized 
Resource Identifier (IRI) terms that extend the Dar-
win & Dublin core and that are potentially useful for 
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Citizen Science jellyfish observatories are, among 
others: quantificationMethod, sightingCue, sam-
pleLengthInMeters, samplingConditions, etc. Note 
that these terms not only help to contextualize some 
of the CS observations but possibly even allow us to 
address data quality concerns using the Data Quality 
Vocabulary (DQV). Moreover, data quality concerns 
are inherent to CS observations and may be addressed 
by better metadata provisioning, such as Dublin and 
Darwin Core (Wieczorek et al., 2012).

Modeling of CS observation traits and bias, as 
described above, should be best done in a co-creation 
fashion by aligning existing observations to such 
terms. To accommodate the co-creation process of 
semantic alignment and interoperability, we envision 
a three-staged approach:

1.	 Define (co-create) the requisite degree of citi-
zen participation (e.g., sightings, transects, and 
other) and create the appropriate approach (e.g., 
area, subsite, and project) on a global hub, such 
as Observation.org.

2.	 Adopt classes from OBIS/GBIF and DwC, first 
standard classes, then those that enable extended 
metadata for quantification, size, activity, and any 
other relevant class.

3.	 Adopt classes from IOOS that enable extended 
metadata on data quality and potential bias in 
observations.

With the first, we propose to adopt the co-crea-
tion process described above. In the second stage, 
we suggest following required the OBIS-GBIF DwC 
terms: occurrenceID, eventDate, decimalLongitude, 
decimalLatitude, scientificName, occurrenceSta-
tus, basisOfRecord, and the strongly recommended 
scientificNameID.

The following additional elements are also con-
sidered as vital for JOIs:

•	 recordedByID, accounting for pseudo-
anonymized observer,

•	 quantificationMethod to account for activity 
type,

•	 organismQuantity to indicate a ranked abundance 
of jellyfish (proposed here as swarm, some, few, 
or none),

•	 organismQuantityType (individuals),

•	 sampleSizeValue and sampleSizeUnit for bell 
diameter in cm,

•	 machineObservation indicating photos or videos,
•	 coordinateUncertaintyInMeters, enabling transla-

tion of zone/bay/beach-based schemes.
•	 if standardized surveys are being carried out: use 

eventType to describe transects while walking, 
sailing diving etc.

Third, we adopt an extended version of DwC 
called ExtendedMeasurementOrFact Extension 
(eMoF), based on Expanding OBIS with environmen-
tal data. Within this, specific jellyfish reporting terms 
can be used, such as:

•	 strandedJellyfish, indicating beached specimens,
•	 distancefromShore for decoupling onshore reports 

from inshore and offshore reports,
•	 stingingEvent, to indicate when such unfortunate 

interactions occur.

For the co-design and co-creation, the Meduzot 
data were transformed into this recommended seman-
tic interoperable format, and integrated into the Iliad 
project Ocean Information Model (OIM), which is 
the semantic backbone of the Digital Twins of the 
Ocean (DTO) ecosystem in the Iliad project (Zab-
orowski et al., 2023). Access was based on a standard 
OGC Application Programming Interface (API). The 
standardized dataset was deposited in OBIS in Janu-
ary 2025 and is available at: http://​ipt.​medob​is.​eu/​
archi​ve.​do?r=​dori&v=​2.1.

The benefits of networking: toward standardization of 
data collection and analysis

The main challenges shared by all JOIs in the inter-
views include funding, user retention, data valida-
tion, and the decline in reporting outside the bathing 
season. Some JOIs are funded by academic grants, 
some by local or national government, while oth-
ers operate voluntarily. Assuring funding is pivotal, 
as the costs of software development, data storage, 
manpower for validation, and other costs are ris-
ing. Funding increases the longevity of projects and 
facilitates multiannual user retention and engagement 
with diverse and dedicated communities. Beyond the 
benefits of streamlining scientific efforts, standard-
izing data collection and management can highlight 

http://ipt.medobis.eu/archive.do?r=dori&v=2.1
http://ipt.medobis.eu/archive.do?r=dori&v=2.1
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the utility of CS JOIs, assist in sharing these benefits 
with stakeholders, and increase their acceptability 
and legitimacy, winning the hearts and minds of the 
public and stakeholders. Moreover, analysis of long 
time series of standardized data as recommended here 
and carried out in the previous works (e.g., Maram-
bio et  al., 2021), has the potential to help overcome 
seasonal and other reporting biases. Finally, this type 
of standardization sets a standard for the minimum 
requirements, but also desired ones, for novel avenues 
of addressing classification and validation methods 
(e.g., trained volunteers, AI/ML).

Observations of living ecosystem components may 
be very challenging to collect, integrate, and analyze 
compared to other ocean variables. Surely the chal-
lenges of standardizing abundance and distribution 
increase when pelagic (and often metagenic) organ-
isms such as jellyfish are concerned. Most JOIs 
employ expert validation of reports, that may be 
based on photos, deletion of duplicates and unsub-
stantiated reports of rare taxa swarms, out-of-season 
or in illogical sizes by observers with lower expertise. 
Since many observations are made by tourists and 
laymen during summer, extra care should be given 
to these masses of reports in order to reduce errors. 
As citizens also vary widely in training and exper-
tise, the use of “gold users” with higher taxonomic 
and reporting expertise (e.g., Meduzot and Medusapp, 
Table 1) becomes extra-important for validation pur-
poses. Troll reports may be avoided by mandatory 
two-step verification login. Resolving abundance 
biases can be achieved by adopting common catego-
ries with the lowest common denominator, for exam-
ple, by covering four scenarios: none, low, medium, 
or swarm abundance categories (Marambio et  al., 
2021). The relatively low importance allocated to 
jellyfish size (bell diameter in cm, Fig. 3) among the 
JOIs is surprising, given the high emphasis on animal 
size classes in biological studies and sessile inver-
tebrate standardization processes (Ruhl et  al., 2023) 
as well as its importance for stock assessment (Brotz 
& Pauly, 2012). This lower importance compared to 
other critical descriptors, was due to the smaller size 
range of jellyfish in some regions and the challenges 
of carrying measurement instruments into the field 
for citizens. Moreover, as most observations are not 
made during scientific surveys, exact measurements 
are usually not possible. The integration of digital and 

smartphone measurement tools into apps could surely 
improve this aspect in the future.

User engagement and real‑time mapping

Project longevity of the initiatives is pivotal for user 
acquisition and retention, reproducibility, sufficient 
coverage, and enabling long-term ecological fluc-
tuations to be expressed. Successful CS monitoring 
projects typically take time to mature (Bonney et al., 
2021), and obtaining the necessary participation of 
the users for the spatial and temporal resolution that 
jellyfish swarm mapping, modeling, and alerting 
mandate are challenging. At least nine CS JOIs were 
able to provide public online jellyfish observation 
maps, helping to raise awareness and recruit new citi-
zen scientists to the projects. Real-time mapping and 
ongoing user engagement are shown here to ensure 
long-term jellyfish reporting. Many JOIs also have 
social media accounts, and the digital footprint that 
they leave has recently been shown to be useful for 
monitoring as well (Levy et al., 2024). Project longev-
ity can be secured through various approaches, and 
several CS JOIs have even secured national funding. 
For example, Spot the Jellyfish was commissioned 
by the Maltese tourism authority to install seaside 
panels along most of the Maltese coastline, and like 
many other initiatives (Fig. 1), they regularly publish 
informative social media posts and hold an array of 
social events, outreach, and publications, including 
the MED-JELLYRISK sting treatment booklet which 
was a joint Central and western Mediterranean ini-
tiative. In Israel, Meduzot has similarly engaged with 
citizens in various ways, including developing a sting 
treatment protocol for R. nomadica in the eastern 
Mediterranean based on an epidemiological survey 
(Edelist et al., 2023).

Good practices

Global standards and best practices for CS such as 
ECSA’s (European Citizen Science Association) 10 
principles of CS or toolkits such as MICS (Measur-
ing the Impact of Citizen Science) tools (Wehn et al., 
2021) are already in fairly wide usage in terrestrial 
ecosystems, and their extension to the marine envi-
ronment is increasing (Kelly et  al., 2020). Although 
truly uniform sampling is unlikely, the standardiza-
tion of methods helps to ensure that observations are 
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conducted and analyzed similarly and comparably. 
The proper management of metadata helps account 
for issues such as data quality, observation effort, and 
pseudo-replication that tend to arise due to clustered 
sampling (Bird et  al., 2014). To ensure FAIR data, 
and facilitate best practices in the standardization of 
CS data, projects must record data on the environ-
ment, the surveyor (e.g., observer ID and contact 
details), the observation methods, and all parameters 
that may influence the results (Bird et  al., 2014). 
Proper attention must also be given to data privacy 
and protection of citizens and to ensure informed 
consent using a responsible data management plan. 
This is imperative to the sustainability of citizen sci-
ence for legal, ethical, and practical reasons (Pierce 
& Evram, 2022). CS projects typically do well in 
terms of data quality assessment and governance 
but are sometimes lacking in providing open access 
to data outputs, properly documenting data, ensuring 
interoperability through data standards, or building 
robust and sustainable infrastructure (Bowser et  al., 
2020). For JOIs data to be findable and accessible, a 
multitude of repositories exists, including ones dedi-
cated to CS (e.g., ECSA or Zooniverse), and global 
marine repositories such as EMODdnet, OBIS, or 
GBIF. Data, however, must be meticulously prepared 
for this purpose, as well as for interoperability and 
reuse purposes, and we recommend doing so by using 
PPSR Core and DwC, making sure both metadata 
and data are organized according to globally recog-
nized standards (Wieczorek et al., 2012; Shwe, 2020). 
Some JOIs (e.g., avvistApp and Occhio alla Medusa) 
already comply with DwC terminology, and for the 
present paper, we matched the Israeli Meduzot and 
Maltese Spot the Jellyfish data using the OBIS stand-
ards (https://​manual.​obis.​org/​darwin_​core.​html) and 
the process described above. Concurrently, drawing 
from the local and regional experience, using stand-
ards adopted and adapted herein can also benefit 
international organizations seeking to improve resolu-
tion and add case-specific terms, standards, and best 
practices.

From local to global fora

Some local projects may be jellyfish-specific, like 
most Mediterranean JOIs or the Hong Kong Jelly-
fish Project, which replicates CIESM methodology 
to document jellyfish in Hong Kong (Terenzini et al., 

2023). Jellyfish observations are also collated within 
national-level wildlife reporting initiatives such as 
Norway’s Artskart or Dugnadforhavet, Sweden’s 
Artfakta, the Portuguese, Gelavista, or the UK-based 
iSPOT. Other initiatives, like “Is it Alien to you? 
Share it!!!” in Greece cover alien species broadly 
(Giovos et  al., 2019). The wide coverage of global-
scale nature-watching initiatives like Biodiversity.
org or iNaturalist may facilitate global-scale analy-
ses (e.g., Anthony et  al., 2023), but cannot replace 
JOIs, unless they assume the locally fostered roles 
of alert, engagement, and community. For instance, 
quantification in such initiatives must transcend mere 
presence and single-animal records that are usually 
applied when photos are mandatory. Indeed, these 
global initiatives are now allowing itineraries and 
recording of absences in projects. Moreover, as they 
now allow full project integration within them and 
since, like OBIS and GBIF, they apply PPSR Core 
and DwC principles, the validated observations (both 
machine and human) have considerable interoperable 
value, and the dual role of JOIs may be conserved.

Conclusions

Jellyfish are a shoo-in for Citizen Science projects. 
CS JOIs have stepped into an academic-public arena 
that helps scientists understand jellyfish ecology and 
patterns in time and space, helps the public witness 
these and avoid stings, and serves to connect partici-
pants with marine nature and research. By review-
ing both the methodology and findings of JOIs, we 
observe their utility, diversity, differences and simi-
larities, and the challenges they face. These chal-
lenges include data standardization, addressed here 
by a roadmap adopting good practices, as well as 
user retention and funding, that may be supported 
by increasing the legitimacy of Jellyfish Citizen Sci-
ence across stakeholder groups. The willingness of 
CS JOIs to work together toward improved standardi-
zation, curation, and management of crowdsourced 
information, is part of a larger undertaking of Citizen 
Science, to catch up with the recent surge in scientific 
norms for open data, documentation, publication, and 
data FAIRness (Bowser et al. 2020). We advocate this 
course of action and adoption of the standards devel-
oped herein by both existing and future CS JOIs, as 
part of this global endeavor.

https://manual.obis.org/darwin_core.html
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