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integrating citizen science data with those of Environmental Agencies.

The current state of the art is discussed through an analysis of 85 T
publications dealing with freshwater citizen science, finding that 34 of
the ones individuated actually use citizen-science generated data. researcher, Espoo, Finland
These 34 studies were analysed in more details focusing on data
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quality and geographical distribution. Findings highlight that citizen-
generated data reach an accuracy between 70% and 90% when
compared to laboratory values, but despite this outcome there is University, Cankaya, Turkey
often lack of trust in citizen science data and processes. This is
reflected in a limited involvement with policymakers and regulatory
agencies. The present publication highlights good practices,
challenges and opportunities for collaboration with environmental Any reports and responses or comments on the
agencies, giving examples of some projects to address the WFD and
increase the impact of freshwater citizen science.

2. Ahmet Erkan Kideys, Middle East Technical

3. Rajaram Prajapati, University of Pittsburgh,
Pittsburgh, USA

article can be found at the end of the article.
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11378932 Amendments from Version 2

We thank Dr. Prajapati for the insightful review of the paper
which we believe was very valuable to improve the clarity and
quality of our work in this third version. We hope that we have
addressed all relevant points raised. The title of the manuscript
has changed as suggested, to be more explicative of the
abbreviations used.

We have changed Figure 1 and Figure 2, merging and updating
the information into one figure (Figure 1). We have removed
Figure 11. Figures' numbers have thus changed.

Some sections have changed position in the manuscript. The
overall structure has substantially changed, and we hope it is
now more concise and better organized. In details:

- We have modified the text merging the two “Characteristics
of project duration in citizen science” and “Social aspects of
engagement” into the new section titled “Social aspects of
engagement and commitment over time in citizen science
projects”.

-We have subsequently added one section titled “Citizen

science and policy: opportunities for collaboration “ addressing
opportunities for environmental agencies discussing data quality
and policy use.

-After the section “Citizen science and policy: opportunities

for collaboration “ we have placed the section “Citizen Science
and Environmental Agencies: Addressing Future Challenges
Together” which replaces the previous version “The challenges
ahead", targeting this topic.

-The section “Examples of best practices” with all projects’
examples follows.

-The final section is “Navigating the way forward"”, in a more
structured and refocused way.

Any further responses from the reviewers can be found at
the end of the article

Introduction: empowering communities to reach
good environmental status

Freshwater ecosystems are facing an ever-increasing range
of chemical and physical stressors, often connected to glo-
bal and regional changes in population growth, agricultural
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intensification, urbanisation, limited wastewater treatment and
climate change (van Rees er al, 2021). Nutrient enrichment
is a common challenge across the globe, and is amplified by
changes in land use, river morphology and climate. Eutrophi-
cation has led to the loss of river and lake functioning as well
as to the increased frequency of harmful algal blooms (HABs)
(Birk et al., 2020; Reid et al., 2019). These combined stres-
sors pose at risk the health of the ecosystems themselves and
the capacity of the ecosystems to provide services to mankind.
Effective and efficient monitoring is paramount to document
rapid ecosystem changes, but often regulatory agencies and
research institutions lack the power and the resources to cover
sufficiently large temporal and spatial dynamics to address
ecosystems’ alterations.

In Europe, the European Water Framework Directive (WFD)
requires all EU member countries to monitor the “ecological
status” of surface waters in a consistent and strategic manner
(Carvalho et al., 2019). The WFD takes into consideration
inland water bodies, groundwaters, as well as surface coastal
and transitional waters, setting a goal to reach “good status, and
to prevent deterioration” of all water bodies in the European
Union and Norway with River Basin Management Plans by
member states. The objectives were set in 2000 when the WFD
was implemented as the main law for water protection and
should be achieved by 2027. Every River Basin Management
Plan includes the assessment of water bodies’ ecological and
chemical status within the river basin, the pressures all aquatic
ecosystems are undergoing, as well as relevant plans towards
achieving good status. The good chemical and ecological sta-
tus are assessed by biological, hydromorphological, physico-
chemical properties, and chemical pollutants’ concentration.
The WFD currently covers more than 146500 surface water eco-
systems and 15000 groundwater bodies in the EU and Norway
(WISE website). As the 2027 deadline approaches, the situation
in nearly all member states is far from the prospected objective
(Figure 1).

To assess the status of freshwaters on a global level, com-
mon strategies have been put forward within the Sustainable

Surface water bodies failing
good chemical status

&

Figure 1. Proportion of European surface water bodies failing to achive good chemical and ecological status, at River Basin
District (RBD) level, for the 3rd cycle of the Water Framework Directive (WFD) - River Basin Management Plan (RBMP)(2021).
https://water.europa.eu/freshwater/europe-freshwater/maps/chemical-status-map-by-rbd and https://water.europa.eu/freshwater/europe-

freshwater/maps/ecological-status-map-by-rbd.
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Development Goals framework (SDGs), but national monitor-
ing networks in many regions are either inadequately resourced,
poorly coordinated, or non-existent (UN-Water, 2018). While
freshwater is recognized as a global, essential good within
the SDGs framework, it is addressed by specific goals and
sub-targets. SDG nr. 6 focuses on “ensuring access to clean water
and sanitation for all”, and encompasses specific sub-targets:
6.3, specifically aiming to “improve water quality by reduc-
ing pollution, eliminating dumping and minimising release of
hazardous chemicals and materials, halving the proportion of
untreated wastewater and substantially increasing recycling and
safe reuse globally” by 2030, 6.5, to “implement integrated water
resources management at all levels, including through trans-
boundary cooperation as appropriate” and target 6.b, to “support
and strengthen the participation of local communities in improv-
ing water and sanitation management”’. Additionally, SDG 15
aims to “protect, restore and promote sustainable use of terres-
trial ecosystems (including freshwater ecosystems), sustainably
manage forests, combat desertification, and halt and reverse
land degradation and halt biodiversity loss”. In order to track the
progress towards the 6.3 SDG target in particular, each coun-
try adhering to the SDGs framework is required to report their
advancements using the indicator 6.3.2 which reports “the pro-
portion of bodies of water with good ambient water quality,
as per national and/or subnational water quality standards and
based on measurements of five water quality parameters (Oxy-
gen, Nitrate, Phosphorus, Salinity, Acidification) that inform
on the most common pressures on water quality at the global
level” (SDG 6.3.2 website). According to the SDGs indica-
tor 6.3.2, in the years 2017-2023 56% of the world’s monitored
water bodies was reported having good ambient water quality.
This information however bears a high amount of unavailable
data because of a reduced monitoring capacity in low-income
countries. Since the health status of freshwater ecosystems in
these regions is not routinely surveyed, and clean water is not
regularly reported, this lack of information poses over 3 billion
people at risk (SDG indicator 6.3.2 website, United Nations
Environment Programme, 2021).

In the necessity to improve data acquisition, increase spatial
and temporal coverage and fill knowledge gaps on global fresh-
waters’ health and ecological status, aligning with regional
(WFD) and global (SDGs) policy frameworks and requirements,
citizen science becomes a key approach. Citizen science, that is,
any activity that involves the public in scientific research, bring-
ing together science, policy and society in the creation of sci-
entific evidence and knowledge, offers a valid complementary
research tool as several parameters can be monitored in freshwa-
ter environments. While this methodology helps agencies fill in
data knowledge gaps, at the same time, it proves an opportunity
to strengthen scientific and environmental literacy in support
of freshwaters ecosystems’ management. A number of studies
have in fact suggested that citizen science can assist national
and subnational objectives related to the WFD (Carvalho
et al., 2019; European Commission, Directorate-General for
Environment, 2018) as well as the SDGs (Biraghi er al., 2022;
Fraisl et al., 2020; Fritz et al., 2019; Hegarty et al., 2021;
Quinlivan er al., 2020; Venkatesh & Velkennedy, 2023).
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Citizen science can create a positive environmental impact
across a range of related areas, with studies showing that it also
has the potential to identify pollution events (Collins et al.,
2023), improving social learning around environmental issues,
and contributing to shaping attitudes and behaviours towards a
more sustainable lifestyle, if the project is designed adequately
(Fielke et al., 2022; Jgrgensen & Jgrgensen, 2021; van Noordwijk
et al., 2021) (Figure 2). While this presents as a fast-growing
opportunity to gather information and foster public participation
in environmental compliance, citizen science needs specific
guidelines and standardization methods to support environmen-
tal monitoring and create comparable results across countries
and similar objectives. At the same time citizen science needs
to encompass a strong public participation and social implica-
tions to create a meaningful impact, but in some WFD related
projects the actual citizen participation has been so far limited
(Rimmert et al., 2020) or challenging (van der Heijden & ten
Heuvelhof, 2012). Citizen science thus represents a noteworthy
opportunity to complement standard monitoring frameworks in
Europe and across the globe; however, it needs standardization
to acquire data reliability and comparability, as well as an
alignment with open and FAIR (Findable, Accessible, Interoper-
able, and Reusable) data principles to deliver lasting value and
drive substantial change.

Given the rising recognition of environmental literacy and
citizens’ empowerment to address climate and environmental
challenges, and foster communities’ resilience facing pollution
and the increasing frequency of environmental extreme events,
the present open letter explores citizen science-based projects
monitoring freshwater quality. This exercise is based on an
assessment of the current available information, projects and
papers that focus on specific aspects of citizen science in
freshwater environments with the aim to identify challenges
and opportunities, as well as the potential for collaboration
with national Environmental Agencies to ensure a sustained
engagement and a longer-term commitment, aligning with
regional and international policy frameworks. Ultimately, based
on the current knowledge, it provides suggestions to overcome
hurdles in upcoming research programmes and activities.

State of the art

This study is based on an analysis of existing literature
describing citizen science projects in freshwater environments;
papers were searched in Scopus and Google Scholar in a snow-
ball quest according to a set of keywords that ranged from the
type of scientific data used to relevant directives, most relevant
projects, terminology linked to the river ecosystem, and termi-
nology linked to citizen science (Table 1). The ‘snowball quest’
refers to the practice of identifying a main source — a topic-
relevant publication with clear impact (i.e. a high number
of citations) — and go through the references present in that
publication looking for more similar topic-relevant publica-
tions. Alongside this search method, different types of keywords
were mixed when searching in Scopus and Google Scholar,
usually one keyword concerning the scientific aspects with one or
more keywords concerning citizen science; the “citizen science”
keyword was the most commonly used, as it is quite often
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BenefFits of Citizen Science

Citizen Science empowers individuals to actively engage in environmental monitoring, leading to significant

societal benefits. From identifying pollution occurences to enhancing community understanding of ecological
challenges, the insights gained can actively influence more sustainable behaviors.

Detect pollution.

Through citizen reports and
observations, communities sseseeccess,
can quickly identify and
document pollution events,
fostering a proactive
response. This grassroots
involvement creates
awareness and encourages
local action, ensuring that
environmental concerns are
addressed promptly and
effectively.

Enhance social learning.
Citizen science projects
promote collaborative
learning, enabling
participants to exchange
knowledge on environmental
issues. This shared
understanding builds a
well-informed community
engaged in sustainable
practices, strengthening
connections to local
ecosystems.

Long-term effects.
Engaging in citizen science
can lead to lasting changes
in public policy and
envirnmental practices. As
awareness increases and
communities come together,
these efforts can significantly
improve sustainability and
environmental health over
time.

Collaboration is vital.
Citizen science thrives on
community involvement,
“eeeeeeseees €NCOUraging diverse groups
to collaborate on research
initiatives. This unity not only
: enhances the quality of data
collected but also
strengthens the social fabric
as community members work
together towards common
environmental goals.

Encourage green habits.
Citizen science fosters
positive views on
environmental care. By
participating in data
collection, individuals are
more inclined to adopt
eco-friendly habits and
inspire their communities
towards sustainability.

Figure 2. Positive impacts of citizen science. Citizen scientists can quickly identify and document pollution events, while gaining
awareness and environmental stewardship. Sustained engagement and collaboration among diverse groups can lead to policy interventions
towards sustainability. Citizen science also promotes social community learning: the shared information and knowledge generated among
participants fosters people’s connection to local ecosystems.

Table 1. List of keywords used by topic for the Scopus and Google
Scholar search of papers for citizen science projects in freshwater

environments.

Topic

Scientific
parameters

Directives

Most relevant
European projects

Citizen science

Keywords

Macrobenthos; turbidity; nitrates and phosphates
concentrations; geomorphology; fishes; plastic

WED; SDGs
RiuNet; Riverfly; Flow; FreshWater Watch; Merlin
Co-design; impact; behaviour; experimental

design; early warning process; Environmental
Agencies collaboration; stakeholder involvement
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found in publications where the approach is utilised. The
keywords were chosen according to the following criteria:
they stem from expert knowledge of the authors in the field of
freshwater citizen science and are centered around the
European context, both for the relevant directives and the projects
surveyed.

We identified 295 papers that address citizen science to some
extent, of which 85 were thematically selected by filtering them
by topic: the main themes of the publications were screened
by reading their abstracts, set of keywords, and results looking
for direct mentions of the topics we were mainly interested in,
namely WFD, SDGs, and Environmental Agencies collaboration.
We ended up identifying other relevant topics too, based on
our interests and what emerged from the literature review as
relevant links to our main topics. Such extra topics were: |,
Social perspective, Emerging Pollutants, Ecopsychology and
Other (Figure 3).

More specifically, we selected 17 papers linked to WFD, 13
for SDGs, and 55 for other themes such as Regulatory Agen-
cies collaboration, social and political perspective and more

Publications
identified through
snowball-like
technique (n=295)

Thematic selection

Open Research Europe 2025, 5:45 Last updated: 22 NOV 2025

(Figure 4). We also looked at the geographical distribution of
these publications (Figure 5). Of the 85 selected papers, 34
clearly reported citizen-science generated data and results and
were therefore analysed based on this. They were deemed to
represent citizen-science generated data as citizen science
methodologies, as well as the involvement of citizens were
clearly stated in the publications; furthermore, they followed
ECSA’s 10 principles of citizen science to some extent. Spe-
cifically, the most recurrent principles were those of impact —
scientific and social, involvement of citizens in different phases
of the research, and scientific outcome. Citizens were also fre-
quently acknowledged for their contribution in the research, figur-
ing as co-authors or cited in the publications in many instances.
Finally, many authors made their data public in an open-access
manner (ECSA, 2015).

The publications which were not considered strictly citizen
science were mostly literature reviews or opinion papers,
nevertheless considered useful as they treated the subjects of
interest, but not directly using citizen science generated data
for their output. These publications were therefore not thoroughly
analysed, but noted nonetheless.

*Discarded
publications
(n=210)

Selected publications
(n=85)

Figure 3. Flowchart of the publications’ selection process.

Filtering of
publications retaining «Discarded
the ones that use publications
citizen science (n=51)

generated data

Selected publications

(n=34)
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25

Figure 4. Publications found per subject area (n =85).

[ 58 Europe

I 3 Global
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>

Total=85

Figure 5. Geographical distribution of publications (n=85).

The backbones of citizen science

Approaches, parameters, and data quality

We are here focusing on projects that can rely on citizens
both for the gathering and the analysis of data, where the
in-situ data collection and analysis are feasible. The 34 studies
analysed in detail show that data gathered by citizen scientists
reach an accuracy between 70% to 90% of laboratory values, and
more than sufficient to complement agency monitoring (Breuer
et al., 2015; de Sherbinin et al., 2021; Fritz et al., 2019; Pinto
et al., 2020; Quinlivan et al., 2020; Stankiewicz et al., 2023;
von Gonner et al., 2023). Our screening highlighted that an
increasing number of publications report the use of citizen sci-
ence acquired data for hypothesis testing and complementary
monitoring of water quality in European freshwater ecosystems.

In all the publications screened that addressed citizen science
(n = 85) the most common parameters studied were water
chemistry and macrobenthos. In the 34 selected publications,
mixed parameters refer to more than one of the listed indicators,

Open Research Europe 2025, 5:45 Last updated: 22 NOV 2025

among which macrobenthos was always present. The ‘other’
category comprises water quality analysed through the pres-
ence of underwater vegetation, the turbidity level using a Sec-
chi disk, and other less common approaches (Figure 6). Among
the latter are fauna and litter sightings used as a proxy for water
quality (Biraghi et al., 2022) and qualitative analytical meth-
ods — in the form of semi-structured interviews — to harvest the
local population knowledge and perception of the declining
presence of fish in rivers in the last decades (Stenekes et al.,
2020).

As quality control is a key discriminant in the use and reputa-
tion of citizen science data, we looked for the presence of either
direct comparison to professional gathered data, professional
screening of the obtained data, or validated techniques of data
gathering - such as the FreshWater Watch initiative (FreshWater
Watch website). It has been reported that quite often side by
side measurements on a fixed number of samples allow to
compare professional gathered data and volunteer gathered data
to evaluate the precision and accuracy of the latter (von Gonner
et al., 2023). Other approaches involve statistical comparisons
between expert and citizen collected data to show that indeed
citizen science data is good enough (Hadj-Hammou ez al.,
2017).

In the monitoring of freshwater ecosystems, chemical approaches
to determine water quality and presence and identification of
macrobenthos communities are widely used robust methods,
addressing the WFD set of standards to define the good
chemical and ecological status of freshwater water bodies.
Both approaches can be done in-situ by trained citizen scien-
tists and therefore, are being addressed by several initiatives,
helping regulatory agencies and research institutions to cover
monitoring gaps. From our analysis of the selected 34 studies, it
emerged that most of the projects have data validation techniques
in place (n = 31), either with cross validation with laboratories,
or statistical analyses (Figure 7).

Implementing cross-validation methods can enhance the
reliability of the findings. By comparing citizen data against
established benchmarks or expert assessments, we can
strengthen credibility and ensure that contributions are
recognized as valuable and accurate.

21% Biotic index

26% Chemical analysis

12% Mixed

6% Geomorphology

6% Fish count

18% Micro and macroplastics
count

12% Other

i BECCODDE

Total=34

Figure 6. Analytical approaches in the publications identified
(n=34).
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Figure 7. Number of data-validated and non-validated papers
per methodology applied (n = 34).

Some contaminants of emerging concern (CECs) like plastic
and microplastics are also suitable parameters for in situ
monitoring by trained citizens and volunteers because these
compounds are relatively stable and do not need special labora-
tory treatment for immediate visualisation and analysis (Vasantha
Raman et al., 2023). So far, most citizen science efforts on
plastic and microplastics have concentrated on marine systems
(Blettler et al., 2018), especially on beaches, with a minor
number of initiatives focused on freshwater environments. How-
ever, harmonization of data and methods to monitor plastic and
microplastic pollution is still a bias in professional scientific
research. Therefore, citizen science projects may be properly
incorporated to complement data gaps on a European (WFD)
and global (SDGs) scale when a standardization framework is
in place, allowing the intercomparison of information and data
exchange.

Quality of the publications analysed

While the selection of publications was based on keywords by
topics, the ranking of the publications to assess their “quality”
was instead based on a series of internally discussed criteria.
It should be noted that this purely qualitative approach is sub-
jective and should be seen as a non-standardized method to
look at paper quality, which of course can introduce biases
in the analysis. With this limitation in mind, we tried to fol-
low a specific path where each team member’ choices were
re-validated and discussed in a group. This exercise was devel-
oped in the following way: when one person did the ranking, an
internal validation by two more members of the team looking at
such rankings followed, to finally build an aggregate scale in
a group discussion.

The publications were sorted in a five-point scale ranging from
“very good” to “very weak”, which we assigned for each of
five different categories: a) citizen involvement; b) scientific
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practices; c¢) approach originality; d) associated impact; e) clarity
of practices.

a) Citizens' involvement refers to the type of involve-
ment, whether they were involved in multiple stages
of the project or not.

b) Scientific practices look at if the scientific practices
were grounded in the scientific literature, and if the
volunteers were autonomous in their sampling and
analysis, or a lab was needed and thus citizens were
merely sampling.

c) Approach originality tries to capture if the approach
is innovative or if it reflects other similar studies.

d) Associated impact tries to understand if there was
any positive associated impact stemming from the
project.

e) Clarity of practices, finally, looks at whether the
research practices involved were clearly described:
e.g. was the volunteers training documented, who was
involved, in what phases, etc.

To build the aggregate scale, each “very good” was assigned 2
points, “good” was assigned 1 point, while “average”, “weak”
and “very weak” were assigned O points respectively. The
points per each category were then summed up per each publica-
tion. With a final score of 1, papers were labelled as “limited”,
with a score of 2 “average”, with a score of 3—4 “good”, and with
a score of 5 or higher “very good” (Figure 8, Figure 9).

Figure 8 shows the overall publications’ quality, that includes
all papers (n = 85). Most of the publications fall into the cat-
egories “limited” and “average”, while only 10 and just above
20 are good or very good.

Figure 9 shows the quality of papers per category, namely
WED, SDGs, Environmental Agencies, Social perspective,
Emerging Pollutants, Ecopsychology and Other. Most papers
that are labelled as “good” or “very good” fall into either WFD,
SDGs, Regulatory Agencies or Emerging pollutants. This
means that there are very few or none in the categories Social
perspective, Ecopsychology, and Other.

Quality of the publications across all categories

Very good
Good

Average

Limited

Figure 8. Quality of papers using the aggregate scale (n=85).
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Quality of the publications per category
15

Limited
[ Average
@ Good
771 Very good

Figure 9. Quality of publications per category using the
aggregate scale (n = 85).

The categories used to rank the publications’ quality are skewed
towards the hard scientific approach, in other terms a publi-
cation (and project) that clearly reports citizens’ involvement
and good scientific practices is favoured. Since publications
on social perspectives and perceptions do not normally have
citizens involved nor present a hard scientific approach of envi-
ronmental monitoring, they heavily fall into the “average” and
“limited” score.

Papers that deal with Regulatory Agencies collaboration are
ranked quite high: this reflects our judgement on these publica-
tions as the collaboration with Regulatory Agencies, often not
present in citizen science, was considered a positive trait and an
effort worth pursuing.

Social aspects of engagement and commitment over
time in citizen science projects

In the 85 publications addressing citizen science in general,
24% of the initiatives individuated are long-term projects, 3%
short-term projects, 5% blitzes. The vast majority, 68%, are
projects in our opinion not properly structured as citizen science
when comparing their design and workflow to the ten princi-
ples of citizen science delineated by the European Citizen Sci-
ence Association (ECSA, 2015), rather, they include papers
like literature reviews and studies made only by experts. These
ten principles aim to address good practice in citizen science:
they try to create a consistent framework for the structure of
citizen science projects across different disciplines and com-
munities, addressing social and technical aspects of citizen
science like volunteer engagement and retention, as well as
data collection and transparency of the whole scientific proc-
ess. In the duration of citizen science projects, the difference
between blitz and short-term lies in the fact that blitz-type
research is a one-time event comprising all fieldwork, while in
short term projects more than one fieldwork event is held.
Since long term projects are more cost and effort demanding,
why are they often still chosen over short term ones? Apart
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from research objectives, from a social perspective long term
projects tend to have a higher impact on participants and offer
a higher potential to serve environmental policy making. In
fact, it is widely reported that the desired impacts of citizen
science on participants are social diffusion and behavioural
change (Church et al., 2019), increased environmental aware-
ness among the general public through citizen scientists social
networks (Johnson et al., 2014), which are outcomes visible with
time. The longer project duration can also support a stronger
positive environmental change in terms of improved “(1) envi-
ronmental management; (2) evidence for policy; (3) behavioural
change; (4) social network championing; (5) political advocacy;
and (6) community action” (van Noordwijk et al., 2021).

It is a common understanding among authors that for the suc-
cess of citizen science initiatives, alongside scientific aspects
of data trustworthiness and validation, a focused integration
of both hard and social sciences is needed, but often lacking
(Nardi et al., 2022; Newson, 2022). The call for the inclusion of
different disciplines arises from the fact that social sciences are
usually better equipped when dealing with engagement, impact
assessment and participants’ motivations, by surveys or other
methods (Ballard et al., 2017; Church et al., 2019). The
engagement in citizen science projects is an effective way to
improve citizens’ awareness and aquatic literacy, thereby
influencing behavioural change towards SDGs and good water
quality of aquatic environments.

It is indeed well recognized that engaging the public is
often challenging for professional scientists, with some cat-
egories of participants being overrepresented in citizen science
projects (Altman et al., 2023; Haywood & Besley, 2014; Kaplan
Mintz et al., 2023), as high school and university students
and people who are already part of environmental projects or
environmentally engaged or literate. In freshwater environments,
fishing communities, as well as members of local associations
(e.g., local hiking groups, hobbyists or other “active citizenship”
volunteers) are the people most involved in citizen science
projects to date as these participants’ categories are easier to
recruit and are already sensitive to environmental issues (for
examples of participants, see the sample projects’ description
in the section “Examples of best practices”). This results in a
participation bias within most citizen science projects and the
limited representation of marginalized parts of society.

Several studies have focused on the motivational drivers of
participants; why people want to participate in the projects
and what keeps them engaged for extended periods (Altman
et al., 2023; Church et al., 2019; Kaplan Mintz et al., 2023).
These studies highlight the practices that have been successful
at maintaining high participant retention rates, fundamental for
ensuring project sustainability as well as improving data qual-
ity, typically higher when measurements are made by partici-
pants with longer experience. Drivers for initial participation
include the desire to contribute to nature conservation and the
possibility to learn through social interaction or interaction with
professional scientists (Kaplan Mintz et al., 2023; Moshi et al.,
2023). More specifically to freshwater citizen science, posi-
tive feelings towards rivers, desire to learn about science and
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nature have been identified among the drivers for participa-
tion (Church et al., 2019). The beneficial physical and positive
mental health effects from spending time in nature, explored in
studies of ecopsychology should also be considered (Cameron
et al., 2020; Roszak et al., 1995) (Figure 10).

What emerges from the literature is the need to establish an
ongoing relationship between scientists, regulatory agencies and
citizen scientists over time, building trust, shared understanding
and access (Figure 11). Understanding, for example of the
scientific process, is often lacking among the general public
but can be built up over time. Establishing trust also requires
time and the development of a common language and vision.
Access is fundamental to avoid a participant selection bias, a
common challenge in citizen science. All three keys should be
considered in the phase project design (Altman er al., 2023).

In terms of retention, the creation of virtual spaces that favour
interactions between participants, as well as mechanisms for
feedback based on their participation in the project can improve
participant retention (Torres et al., 2023; Zhou et al., 2020).
Direct feedback from scientists is usually both a benefit to
retention as well as an opportunity for knowledge exchange.
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Projects that have the possibility to improve the ecological
and chemical status of local watercourses are prime examples
of opportunities to build relationships and a common shared
vision. More efforts are needed from scientists and environ-
mental agencies experts to help the creation of a network with
the participants, by facilitating interactions and feedback in
both directions.

Citizen science and policy: opportunities for
collaboration

What emerged from the publications consulted is the debate
on the quality of the data acquired through citizen science. In
the past many environmental agency experts - and scientists
too - did not trust citizens enough in terms of quality control
and measurement bias, where monitoring design and analytical
methods were not considered sufficiently robust to be repre-
sentative of the conditions of the water body. Another common
observation in the literature is the idea that citizen scientist
generated data is often underused for policy or regulatory pur-
poses (Carlson & Cohen, 2018; Woods et al., 2022). This has
been associated with the generally low trust in the limited quality
control of citizen scientist generated data, which is also influ-
enced by the often-limited diffusion of projects’ results as well

Reasons to participate

The drivers for initial participation highlight the motivations behind
why individuals choose to engage in nature conservation efforts.
Understanding these drivers is essential to effectively connect with
and inspire potential participants in environmental initiatives.

Here are 4 key drivers for participation:

People feel a strong urge to protect
the environment for future

generations.

Connecting with nature lovers and

LA

experts enhances learning on
conservation and environmental

science.

A strong bond with nature drives

Love for nature

people to engage in conservation,

boosting their sense of belonging.

Nature boosts physical health and
mental well-being, inspiring
environmental stewardship.

Figure 10. Drivers for initial participation in citizen science projects.
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Keys to Ensure Continuity

Build trust.

Trust facilitates open
communication and
collaboration. By demonstrating
reliability and transparency, you
can establish a strong
foundation. Encouraging citizen
scientists to express concerns
and share successes will
enhance trust and promote a
positive environment.

Build common ground of
understanding.

A common understanding
among team members is vital
for the success of collaboration

between citizens and scientists.

This can be achieved through
regular discussions and
workshops that clarify goals,
expectations, results and roles.

Ensure access. ’
Providing access to essential
information and data improves

Feedback.

Effective feedback mechanisms
are essential for continuous
engagement. Encouraging a
culture where constructive
feedback is valued and acted
upon through regular check-ins
and surveys can help
maintaining citizens’ retention
and interest over time.

Create virtual spaces.

In today’s digital age, virtual
spaces are crucial to maintain
connectivity. Online platforms
can promote interaction and
collaboration among citizens
regardless of their physical
location. These spaces can
also facilitate brainstorming
and foster a sense of
community.

citizens’ participation and
efficiency.

Figure 11. How to ensure continuity in citizen science.

as limited access to data, reports and publications. Incorpo-
rating citizen science insights into policy-making can lead to
more informed decisions. Engaging citizens in monitoring envi-
ronmental and societal changes ensures that policies are grounded
in real-world data and community experiences, driving effec-
tive and sustainable solutions for the future. While projects can
yield valuable insights, sharing these results is key to maximiz-
ing their impact. Effective dissemination (through infographics,
reports, and interactive platforms) helps communicate findings
clearly, inspiring new initiatives and allowing communities to
act on the information provided from citizen science efforts.
For this purpose, unlocking citizen science data for every-
one is crucial. By ensuring open access to all data and correct
metadata generated by citizen science projects, we enable
researchers, policymakers, and the public to collaborate effec-
tively. Citizen science data could be in fact a very valuable
resource to monitor the progress towards the WFD and SDGs,
since regulatory agencies are often limited to major water
bodies and do not extend to remote areas (Ballerini & Bergh,
2021; Bishop et al., 2020). This transparency fosters engagement,
a sense of ownership and responsibility, and trust in data.

Citizen science and environmental agencies: addressing
future challenges together

Approximately 80% of watercourses are of first and second
degree and therefore of small or very small dimensions, hard
to cover by the official monitoring of national environmental
agencies (Kelly-Quinn et al., 2022). Despite their size, small
streams contribute to ecosystem services important for humans
and biodiversity, including water regulation and erosion con-
trol. Additionally, those streams provide dispersal corridors
along which aquatic organisms can move across the landscape
and contribute to 80% of mean annual flow volume to big-
ger downstream reaches (Ferreira er al., 2023). Small streams
are highly vulnerable to both local disturbances and geochemi-
cal characteristics of sediments. This means that point pollu-
tion of first and second order streams may enter the perennial
drainage network and influence water quality causing diffuse
pollution. The lack of governmental data on small streams
can be attributed to the challenges of monitoring these water
bodies. The extensive lengths and the complexity of the stream
networks raise logistical difficulties including substantial time,
labour effort and financial resources (Kelly-Quinn er al., 2022).
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As a result, small water bodies continue to be some of the
least monitored freshwater resources, with notable gaps in
spatial and temporal coverage. The distribution of official moni-
toring stations is often inadequate to identify point impacts
along the main river channels. In recent years, several schol-
ars have shown that citizen science can help fill the knowledge
gaps left open by Environmental Agencies due to a lack of
resources and time constraints (Hadj-Hammou et al., 2017;
Haywood & Besley, 2014; Owen & Parker, 2018; Peeters
et al., 2023; Thornhill er al., 2016; Wyeth, 2023). As long
as Environmental Agencies have limited area coverage,
citizen science then becomes a reliable tool to complement the
monitoring of water bodies (Figure 12).

However, the literature consulted highlights a general lack of
a stable and diffused collaboration between citizen science
practitioners and Environmental Agencies. Some virtuous
examples exist, scattered across the world, as is the case of the
UK, where the collaboration between governmental and non-
governmental organisations has been historically strong, with
projects like ARMI (Brooks et al., 2019; Moolna et al., 2020;
Thompson et al., 2016), MoRPh (England et al., 2017), and
PondNet (Ewald er al., 2018). Other examples can be found
in the United States with RARE (Kaufman et al., 2017), and in
other countries too (Kim et al., 2011; Venkatesh & Velkennedy,
2023). Some of these collaborations focus on the capacity of
citizen science to produce timely data with the possibility of
capturing exceptional events such as pollution incidents that may

Castel
Maggiore
&
&u‘,
*‘? Granarolo
& dell’Emilia
a

Open Research Europe 2025, 5:45 Last updated: 22 NOV 2025

not be covered by traditional Environmental Agencies, prompt-
ing the intervention of the latter (ARMI). A less explored possi-
bility offered by citizen science projects is to analyse the water
quality of private water bodies such as ponds, which cannot
be covered by Environmental Agencies (PondNet).

In recent years, a growing number of Environmental Agen-
cies started using citizen science data to integrate their own
databases (de Sherbinin et al., 2021; Thornhill et al., 2016;
Wyeth, 2023). To this end, a lot of work has been put into
the formation and training of volunteers prior to monitor-
ing and data gathering activities. The European Union has
recognized the potential of citizen-generated data to inform the
environmental policy landscape and to meet societal demands
for more participatory decision-making. At the same time,
the EU also identifies that contributions of citizen science to
environmental policies are still limited, often due to the poor
understanding of the benefits of citizen science. It is also impor-
tant to determine whether projects that provide policy sup-
port also receive benefits to citizen engagement (Turbé er al.,
2019). To this end, an overview of citizen science activities in
support of environmental policies in Europe is provided in an
inventory which is updated on a regular basis and with global
coverage (Joint Research Centre Data Catalogue website).

Examples of best practices
To assess the ecological status of rivers and streams accord-
ing to the European WFD standards, freshwater monitoring
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Figure 12. An example of virtuous collaboration between citizens and environmental agencies. Stars=official monitoring sites
coloured points = citizens samples. This is an ongoing project where citizens are actively collaborating collecting data to support the regional
environmental agency. This project is led by one of the co-authors of this article (Dr. Bruna Gumiero) and sees an active community of citizen
scientists committed to freshwater monitoring. Data are available on the FreshWater Watch website, Idice project (Northern Italy).
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examines three components: physicochemical state, biological
communities and hydromorphology. These parameters can be
effectively and efficiently addressed by citizen science projects.
More recently, plastic pollution is a component being pro-
gressively more monitored in several marine and freshwater
ecosystems across the globe with an increasing number of
citizen science initiatives, suggesting this parameter should be
included into the European WFD when specific monitoring
standards are set and agreed upon on a European (and ideally,
global) level, thus filling in monitoring and knowledge gaps.

Chemical and optical monitoring

Most robust citizen science water quality projects are focused
on optical conditions and basic chemical parameters, like pH,
dissolved oxygen, turbidity, and nutrient concentrations. Of
the latter, nitrogen and phosphorus-based measurements are
usually the most straightforward allowing to detect eutrophi-
cation and nutrient pollution deriving from agricultural and
livestock activities, industrial and wastewater treatment dis-
charge, urban activities and runoff. Optical measurements, such
as water colour using the Forel-Ule scale (Malthus et al., 2020)
as well as Secchi tubes and disks for turbidity, have been used
successfully in a wide range of citizen science projects on
water quality (George et al., 2021). Basic chemical parameters
such as pH and dissolved oxygen are sensitive to daily cycles,
while low-cost measurements of specific conductance have
proven to be particularly useful (Shupe, 2017).

In this type of approach, the monitoring of water quality
through citizen science is varied and widely implemented, cov-
ering watersheds as well as local scales (Thornhill ez al., 2018).
Studies show that properly trained volunteers can provide data
comparable to those collected by professional scientists (Fore
et al., 2001; Moshi et al., 2023; Storey et al., 2016). Coordinated
citizen science initiatives can gather evidence on global fresh-
water ecosystems status, but despite this enormous potential
to fill data gaps, world-wide efforts remain limited (Jackson
et al., 2016). Most freshwater citizen science projects are place-
based and therefore limited in geographic scope, resulting in a
range of inconsistent efforts across the globe, with many
projects working in isolation and with different analytical
methods (Cunha et al., 2017; Walker et al., 2021). However,
some successful examples exist, like the FreshWater Watch
programme (www.freshwaterwatch.org), created in 2012
by Earthwatch Europe as a globally consistent citizen science
method to provide comparable data about the state of freshwater
environments. FreshWater Watch core parameters are nitrates
and phosphates, measured with an in-situ colorimetric assay,
turbidity measured with the Secchi tube, and a series of stand-
ardized observations on the water body itself (like speed of
water, presence of debris, algae, and general visible surfactants).
Additionally, observations on the surrounding habitat are also
recorded, like land use in the immediate proximity and type
of vegetation present. The centralized, globally consistent
protocol also allows to address and add local priorities on
specific cases. The methodology and supporting website,
mobile app., and training materials are translated into more
than 20 languages and have supported over 120 projects in 25
countries, with nearly 15000 citizen scientists involved. Other
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programmes have followed, often focused on similar water quality
challenges (Blanco-Ramirez et al., 2023).

Biological communities

Macroinvertebrates

Macrobenthic communities exhibit dynamic responses to vari-
ous environmental features, with a pivotal role played by pol-
lutants. Pollutants were identified as significant contributors
to adverse impacts on community well-being, affecting both taxa
diversity and trait diversity. The evaluation of ecological quality
relies on assessing the tolerance levels of different taxa to pollu-
tion, encompassing a spectrum of characteristics that respond
differently. Consequently, lotic water environments impacted
by pollution tend to exhibit more homogenous communities
with minimal seasonal variability.

Beyond the direct impact of pollution, macroinvertebrates
demonstrate correlations with other significant factors affecting
freshwater ecosystems, such as morphological alterations that
reduce riverine habitat diversity. Habitat availability, influenced
by substrate nature and interstitial spaces, plays a crucial role
in sustaining sensitive groups like Ephemeroptera, Plecoptera,
and Trichoptera (EPT).

The management of riparian zones further influences the
presence of sensitive taxa, with healthy riparian woods
contributing to improved habitat quality, including cooler water
temperatures, narrower channels, and enhanced food resource
availability. Moreover, these areas serve as vital corridors
facilitating the survival and dispersal of winged adults on land
(Greenwood et al., 2012).

In addition to the environmental considerations, it is imperative
to address the role of climate change. The anticipated increase
in the frequency, severity, and duration of droughts poses
a significant threat to macrobenthic communities. Even in the
absence of noticeable chemical changes, alterations in hydrol-
ogy exert a profound impact on macroinvertebrate assemblages.
Water scarcity disrupts ecological processes such as micro-
bial breakdown and the establishment of permanent periphytic
biofilms.

Like chemical and optical tools employed by citizen scientists,
variations in the assessment of macroinvertebrates are associ-
ated with different analytical methods. However, the variabil-
ity is not only method-dependent but may also be influenced by
the diverse target communities chosen for analysis. The research
notes ongoing efforts to simplify official methods aligned with
the WFD, despite variations in indices among member coun-
tries. The key determinants of this diversity include sampling
methods, level of determination, and the reference list of tar-
get species. While the kick method and family level are com-
monly used, the list of target species exhibits considerable
variability.

Invasive species and fish communities

In recent decades freshwater ecosystems witnessed a nota-
ble increase in invasive species, mainly attributed to globali-
sation and human activities, like intentional release. These
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invasions are currently one of the main threats to biodiver-
sity, and their early detection is essential for a rapid and effec-
tive response for ecosystem preservation. Traditional knowledge
of water bodies often relies on water practitioners like fisher-
men, and it is of uttermost importance as it can promptly address
alert networks of alien species detection, swiftly transferring
knowledge about detected changes to researchers and authori-
ties. Recognizing the potential of local citizens, and especially
fishermen, as early detectors of changes in river ecosystems
and the introduction of exotic species becomes crucial in this
context. Research indicates that citizen action at the ecosys-
tem level can efficiently manage the presence of invasive
species. Moreover, the development of citizen science programs
not only has the potential to raise public interest in intervening
against invasive species but also serves to keep citizens closely
connected with scientific knowledge. A study by Clusa et al
(2018) conducted in Austria underscores the significance of
incorporating citizens’ knowledge and opinions in addressing
biodiversity issues. Despite limited knowledge about invasive
species, citizens demonstrated awareness of associated risks and
exhibited a positive attitude toward eradicating these invasive
species that affect native aquatic fauna, aligning with findings
in a similar study conducted in Scotland. However, discrepancies
surfaced between citizen-reported data and official reports
concerning invasive species. Anglers, through techniques like
electrofishing, accurately identified over 50% of native species,
even detecting the presence of an exotic species, Trachemys
scripta, a freshwater turtle that originates from North-east
Mexico and South-east United States previously believed to be
confined to artificial ponds. This emphasises the pivotal role
of citizen scientists in supplementing official reports on inva-
sive species. Another interesting result of the study conducted
by Clusa et al. is that in water bodies of lower environmen-
tal quality, the knowledge about both native and exotic spe-
cies was notably much more limited, potentially influenced by a
perceived lack of aquatic fauna and the notion that conservation
efforts were not worthwhile. Enhancing environmental education
emerges as a potential solution to raise public awareness
of invasive species and decrease their intentional release in
aquatic environments. The combination of citizen science and
molecular methods like environmental DNA (eDNA) presents a
promising approach for early detection and monitoring of inva-
sive species (Larson et al., 2020). Collaborative efforts, encom-
passing media, public education, and citizen science, are
deemed crucial in preventing the spread of invasive species
and fostering improved management programs for biodiversity
conservation.

Examples of citizen science projects and years of activity in
biological communities monitoring

The Anglers’ Riverfly Monitoring Initiative (ARMI), https:/
www.riverflies.org/riverfly-monitoring-initiative-rmi (active).

The Anglers’ Riverfly Monitoring Initiative (ARMI) is a citizen
science project in the UK that empowers anglers and other river
enthusiasts to monitor the health of rivers and streams by observ-
ing aquatic invertebrates, specifically riverfly populations.
The initiative is a collaborative effort that brings together organi-
zations like the Riverfly Partnership, Environment Agency,
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Scottish  Environment Protection Agency (SEPA), Natural

Resources Wales, and various conservation groups.

The project focuses on three key objectives: i) Monitoring River
Health, as riverflies -such as mayflies, caddisflies, and stone-
flies - are sensitive to changes in water quality so their pres-
ence or absence can indicate the health of a river ecosystem;
ii) Early Warning System, the volunteers act as “first respond-
ers” detecting pollution events before they escalate into
more significant issues; iii) Community Engagement, ARMI
encourages community participation in conservation, creating a
network of informed and proactive river stewards. The initiative
is implemented through the following four steps:

1. Volunteer Training: participants receive training to identify
key riverfly groups and collect data systematically.

2. Sampling: volunteers use kick-sampling techniques to col-
lect riverfly specimens. This involves agitating the riverbed
with their feet and collecting displaced invertebrates in a net.

3. Data Collection: observations are recorded and shared with
environmental agencies and local conservation groups.

4. Trigger Levels: collected data is compared against prede-
fined “trigger levels” for invertebrate populations. Significant
deviations may indicate pollution or other ecological issues.

Like many citizen science projects, it offers numerous ben-
efits, including enhanced surveillance that extends environmen-
tal monitoring beyond the capabilities of government agencies,
faster detection and response to water pollution incidents, and
increased public education and awareness, fostering a deeper
understanding and appreciation of freshwater ecosystems.

Since its inception in 2007, ARMI has achieved remarkable
success. Thousands of volunteers now monitor hundreds of
sites across the UK. The initiative has played a crucial role in
detecting pollution incidents, supporting water management
efforts, and enhancing public appreciation of river ecology.

RiuNet https://www.fehm.cat/en/projectes-de-recerca-i-seguiment/
(University of Barcelona, Spain, active). RiuNet is a citizen
science tool derived from the official IBMWP protocol (Iberian
Biological Monitoring Working Party). A specific correlated
mobile application was designed for smartphones and tablets,
empowering citizens to evaluate the hydrological status and
ecological quality of rivers in accordance with the guidelines
of the EU Water Framework Directive (Prat er al., 2016). Using
a simplified and interactive approach, this app guides the user
to evaluate the ecological status with hydromorphological and
biological quality tests. Utilising data derived from the official
monitoring program conducted by the Catalan Water Agency
(ACA), comparative analyses were conducted using a subset
of RiuNet assessments within the inland basins of Catalonia.
The findings underscore the invaluable contribution of citizens,
revealing their capacity to provide pertinent information about
the ecological state of rivers across the territory. Importantly,
these contributions offer a more comprehensive understand-
ing of river conditions, both spatially and temporally, compared
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to the limitations of official monitoring programs. Beyond its
data-driven impact, RiuNet is driven by several overarching
objectives. Firstly, it aims to draw attention to the ongoing deg-
radation of rivers. Secondly, it seeks to enhance public aware-
ness regarding the imperative need for the protection and
restoration of these vital water bodies. Thirdly, the app strives
to foster scientific engagement by encouraging the contribu-
tion of citizen-generated data. Lastly, RiuNet aims to elevate the
level of understanding of river ecosystems, shedding light on
lesser-recognized types, such as intermittent rivers or ephem-
eral streams, which are often overlooked in social discourse.
Through these multifaceted goals, RiuNet emerges not only
as a tool for ecological assessment but as a catalyst for positive
change and public involvement in safeguarding our precious
river ecosystems. RiuNet offered an interesting possibility for
CS practice, as it requires a simpler sampling compared to the
other methods, on the other hand it requires a good ability in
taxonomic determination, as it comprehends 45 taxa mostly to
be determined to the family level (Verkaik er al., 2019), which
could pose a challenge for volunteers approaching freshwater
macroinvertebrates for the first time.

FLOW  https://www.flow-projekt.de/index.php/de/  (Germany,
active). In the FLOW project, citizens learn how to assess
and document the ecological condition of streams and small
rivers in a standardised way. This standardised approach is
imparted through comprehensive training courses and water
surveys conducted across Germany. The primary objective is to
establish an extensive database on the state of watercourses,
contributing significantly to river research and laying the foun-
dation for targeted protection and renaturalization efforts.
Volunteers actively engage in collecting water body data, which
is subsequently integrated into ecotoxicological and ecologi-
cal studies. This collective effort forms the basis for develop-
ing local and regional water protection strategies. The FLOW
program facilitates citizen scientists by providing training,
support, and field equipment, empowering them to gather data
on macroinvertebrate community composition, taxa abun-
dance, and other key parameters. This includes calculating the
SPEARpesticide bioindicator, assessing stream hydromorphology,
and evaluating the physicochemical status of water bodies.

Hydromorphology

The experience accumulated thus far in the implementation
of the WFD underscores the imperative to assign greater sig-
nificance to hydromorphology in ecological status assessment,
monitoring, characterisation, and the formulation of effective
measures. Specifically, there is a pressing need to substantially
enhance the evaluation of hydromorphological pressures. It is
crucial to recognise that hydromorphological processes mani-
fest at diverse spatial and temporal scales, necessitating the
utilisation of evaluation methods capable of accommodating
these variations (multiscale methods). Although hydromor-
phology supports the diverse flora and fauna of our waters, and
with the ever-increasing pressure of climate change and changes
in politics, society and economics, restoring natural habitats
in our aquatic environment is often not a priority. While the
adoption of the hydromorphology concept has gained traction
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since the inception of the WFD, it is essential to note that it is
currently relegated to a ‘supporting element.” This means that,
for water bodies where the ecological status falls below the
“High” category, the hydromorphological state is not consid-
ered in the comprehensive assessment of the overall ecological
condition. Furthermore, in Europe there are few methods sen-
sitive to hydromorphological pressures, meaning that hydro-
morphological pressures and their effects can remain unnoticed
in the assessment process. Consequently, this leaves member
states to design programs of measures aimed at achieving good
ecological status without a comprehensive understanding of
all pertinent pressures and their impacts.

It is a common temptation in water management to hone in
on singular issues, such as addressing point source pollution
through enhanced wastewater treatment. Pressures and measures
with easily identifiable sources often appear more manage-
able than hydromorphological pressures, which frequently stem
from legacy issues or multiple stressors. The WFD underscores
the principle of “cost-recovery” for water services, emphasis-
ing the need to appropriately “recover” financial, resource, and
environmental costs from various water service users, guided
by principles like the “polluter pays” principle.

In practice, implementing cost-recovery becomes a formida-
ble challenge, especially in the realm of hydromorphology
management. The intricacies of river restoration, for instance,
often place the financial burden on the public purse, where
budgets are constrained and public attitudes toward the impera-
tive of restoring natural habitats can be variable. Moreover,
public attitudes towards the necessity of restoring natural habi-
tats introduce an additional variable into the equation. The
perceived value of such endeavours may fluctuate, making it
difficult to garner consistent public support for the financial
investments required. Thus, achieving the ideal of cost-recovery
in hydromorphological management proves to be a multifac-
eted challenge, requiring not only financial ingenuity but also a
nuanced understanding of public perceptions and a commit-
ment to navigating the complexities inherent in ecological res-
toration. Citizen science activities can be highly valuable for
monitoring and appraising physical habitat changes in rivers.
Local volunteers often have firsthand knowledge of their envi-
ronment, allowing them to quickly notice and report physical
changes, such as sediment deposition, erosion, or alterations
due to extreme weather events. Citizen scientists also have his-
torical knowledge of river flow patterns, vegetation, and land
use. As participants monitor physical habitat changes, their
environmental literacy increases on issues like pollution, habi-
tat degradation, and invasive species, leading to advocacy for
river conservation.

Examples of hydromorphology citizen science projects and years
of activity

The Modular River Survey (MoRPh) https://modularriver-
survey.org/morph-rivers/ (UK, active). MoRPh is a valuable tool
for citizen scientists engaged in monitoring river channels
and riparian physical habitats. Developed in 2016, MoRPh
has gained gradual adoption across England, Wales, and the
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Republic of Ireland. This survey methodology allows citizen
scientists to collect data at different spatial scales, providing
insights into river morphology and functioning. Key features of
MoRPh include its ability to complement biological surveys
by characterising the physical structure of river channels and
vegetation. Unlike many citizen science surveys that focus on
biological or water quality aspects, MoRPh fills a crucial gap
by addressing the physical structure of rivers. The survey tool,
accessible at https://modularriversurvey.org/, offers manuals,
field guides, survey forms, and indicator formulations for public
use. The MoRPh survey methodology covers physical habi-
tat, vegetation structure, sediments, geomorphic features, and
human interventions and pressures. Geometric/visual guidance
is provided to aid non-specialist citizen scientists in data col-
lection. After uploading surveys to the web-based information
system, values for 14 indicators are calculated and mapped.
The indicators synthesise natural properties and assess anthro-
pogenic influences. Over 350 active citizen surveyors have
conducted approximately 2300 MoRPh modules, revealing
variability in indicator scores across surveyed lowland rivers in
England and Wales, with potential for future surveys in upland
rivers.

The citizen River Habitat Survey (cRHS), https://www.therrc.
co.uk/crhs, (UK, active). The River Habitat Survey (RHS) is
an established standard methodology for characterising and
assessing the physical character of freshwater streams and
small rivers. The methodology is used across the UK and has
a database of >25,000 sites, with 2,500 in Wales collected since
1994. RHS data is used to calculate a series of quality scores
relating to the hydromorphological condition of rivers that can
support WFD assessment including habitat modification score,
habitat quality scores, riparian quality indexes and river habi-
tat quality index. The data is widely used in the environmental
sector to support planning, management and river restora-
tion and it was applied towards assessing the state of the
environment in Wales, the implementation of the Water Frame-
work Directive and prioritising for river restoration. The River
Restoration Centre (RRC) has adapted the RHS for citizen
science (cRHS) so that it can be applied by members of the
public after attending a short training course. The data will be
used to introduce citizen scientists to hydromorphology, the sci-
ence describing the way rivers shape and maintain habitats
for species. The aim of cRHS is to have citizen scientists col-
lect, input and interpret habitat data with the help of more
experienced surveyors so as to produce assessments of habitat
quality and river restoration plans and projects. The cRHS
involves recording habitat features, engineered structures and
other pressures and taking measurements, photos and videos.

Catchment Based Approach, https://catchmentbasedapproach.
org/learn/, (UK, active). The Catchment-based Approach
(Catchment Based Approach, CaBA, 2023) is a water man-
agement initiative that promotes the collaborative working of
volunteers, governmental agencies, farmers and business
companies at a river catchment scale. Established by the UK
Government Department for Environment in 2013, CaBA has
operated in England and Wales. Its partnerships are currently
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active in more than 100 river catchments, engaging over 43,000
primary stakeholders. The CaBAs projects concern a range of
themes from rural land and urban water management to habi-
tat restoration, natural flood risk management and water quality
monitoring. Among those themes, habitat restoration activi-
ties involve the mitigation and removal of barriers to fish migra-
tion or the identification and eradication of invasive vegetation.
Stakeholders and volunteers involved in CaBAs projects are
trained and supported by experienced scientists in a wide range
of technical areas, including the application of modelling
tools using Geographical Information Systems (GIS) (Collins
et al., 2020). Further, training sessions through webinars and
technical guides are available in the CaBa website (https://catch-
mentbasedapproach.org/learn/).

Riverine and freshwater plastics

Citizen science can contribute in collecting riverine plastic data,
as, for other parameters, it can provide high temporal and spa-
tial scales at reduced costs with respect to the professional
monitoring by research institutes and environmental agencies.
Additionally, the fact that the public is engaged in the research
process facilitates the awareness of the plastic problem and its
sources, promoting the creation of zero-pollution attitudes and
a behaviour towards litter reduction at its source (Popa et al.,
2022). Available data collected by citizen scientists on river-
ine litter presence can include floating macrolitter, riverbanks
litter, and microplastics. However, in general citizen science
projects targeting riverine plastics are mostly focused on mac-
rolitter as the visual identification and characterization of larger
debris does not require specific tools or laboratory equipment
otherwise not accessible to citizens. In some projects citizens
were engaged in the collection of water samples, but the analy-
sis to identify microplastics (< 5 mm in size and smaller) was
conducted by research staff in laboratories equipped with
microscopes and other instrumentation, so citizens were not
involved in the analysis or interpretation of the data (e.g.
Barrows et al., 2018; Kiessling er al, 2023 and Kiessling
et al., 2021). The projects’ approaches can vary, and can include
co-design and data interpretation, as well as via personal
initiatives or crowd-based observations where the direct inter-
action with the volunteers is absent, participants are asked
to follow certain guidelines, and either ship samples to a labo-
ratory or upload photos and observations of litter and plastics
through a custom-developed app for smartphone. In the latter
cases, the area coverage is wider, reaching otherwise inac-
cessible places, and data collection is relatively quick and
cost-effective. The temporal and spatial coverage may ulti-
mately counterbalance less precise individual measurements
and the lack of data validation (Van Emmerik er al., 2020), but
citizen engagement and the project’s reach might be limited to
already environmentally active communities.

When the citizens receive enough training and clear guide-
lines, and there are criteria in place for data validation, citizen
scientists’ data are reliable as those of professionals: in fact,
missing information rather than methodological errors are
the limiting factor in many citizen science projects (Kiessling
et al., 2021). Some of the projects summarised below deal with
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both microplastics and macroplastics, but have different moni-
toring and engagement strategies, as well as different target vol-
unteers (schools versus communities or single citizens). For
the initiatives identified in this work there are a very few
projects on riverine plastics that could encompass all charac-
teristics of citizen science: co-design, social interaction, data
validation, samples analysis and data interpretation by citizens
and volunteers. Most projects are either “tools” useful for
citizen science where there is no interaction with the citizen
(e.g. apps for counting floating litter, which however are repeti-
tive, are not harmonised in terms of plastic litter categories
for classification, and could just be unified into one global ini-
tiative or into the same guidelines to allow data intercompari-
son); tools that rely on already engaged communities; or the
projects do not actively involve citizens in the analysis of the
samples and data interpretation (samples are shipped to a labo-
ratory). This latter is particularly true for projects aiming at
analysing microplastics. Harmonisation of monitoring efforts
(floating and riverbanks litter survey guidelines for example),
classification guidelines (plastic and other litter categories),
are urgently needed. A citizen science microplastics cut-off
size should be decided (e.g. all plastics visible to the naked eye,
> 1 mm) allowing for the exact determination of the materi-
als of particles collected as plastic/not plastic (e.g. by the melt-
ing approach) after classification according to size, colour,
shape, etc. Colour classification for both macro and microplas-
tics should follow a clear protocol and colour codes (e.g. Pan-
tone colours system, or the open-source RGB colour codes).
Timing of surveys (for floating litter as well as for nets for
microplastics) should be harmonised. The size and shape char-
acteristics of areas of river/lakes banks surveyed for stranded
litter should be unified (e.g. transects, circles, squares, and how
extended these areas should be), and replicates and blank con-
trols should be decided. Ultimately, in rivers and estuaries,
the use of remote-sensing devices like cameras and drones by
trained groups of citizens could help the detection of plastic
debris allowing the identification of point sources of leakage
and a prompt intervention. All these implementations could help
make citizen collected riverine plastic data comparable, robust
and useful in research studies as well as in informing policy
making strategies. Useful guidelines on the visual identifica-
tion of plastic particles were just published (Markley et al.,
2024) as a first step for providing ease of access and affordabil-
ity to microplastic identification for broad use across volunteer
groups, research labs, organisations, and others.

Examples of citizen science projects and years of activity in moni-
toring riverine and freshwater plastic

Plastic Pirates and Plastic Pirates Go Europe!EU, https:/
www.plastic-pirates.eu/en (Germany and Europe, 2016-2024).
Plastic Pirates is a citizen science campaign which contrib-
uted to the research on the distribution of macro- and micro-
plastics along German rivers and riverbanks. It was part of the
Science Year 2016/17 - Seas and Oceans and of the research
focus “Plastics in the Environment” of the German Federal
Ministry of Education and Research (BMBF), and carried out
by the Ecologic Institute in cooperation with ozean:labor at
Kieler Forschungswerkstatt, 2016 — 2020. In the project, school
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classes and youth groups collect plastic samples from streams
and rivers and document their findings. The collected data is
then analysed by scientists and researchers, making an important
contribution to researching the state of European rivers and
the extent of pollution caused by plastic waste. The project has
been upscaled by PlasticPiratesEU (Horizon Europe project,
https://www.plastic-pirates.eu/en) and the Plastic Pirates — Go
Europe! initiative launched by the Trio-Presidency of Germany,
Portugal and Slovenia into a pan-European citizen science ini-
tiative (2020). In Plastic Pirates, approximately 5500 schoolchil-
dren participated in the sampling, forming 408 project groups
from about 340 schools and youth organisations throughout
Germany, sampling from small rivers and channels to major
rivers (Kiessling et al., 2021). Participants were provided with
a guidebook with sampling instructions and a booklet with
background information about environmental litter pollution for
local supervisors. Samples were taken for floating macrolitter
(> 25 mm), meso (24.99 - 5 mm) and microplastics (1-5Smm)
(Kiessling et al., 2021), and for riparian litter (Kiessling et al.,
2023). Floating litter is visually observed and counted in at
least 30 minutes surveys, taking pictures whenever possible;
meso-and-microplastics are samples with custom-made nets with
a mesh size of 1000um, deployed for 60 minutes. Participants
are also asked to quantify the water velocity in three repeated
measures by throwing a wooden stick in the water and record-
ing the time it needs to pass from two points 20 m dis-
tant from each other along the riverbank. Riverside litter is
instead recorded in an area of at least 1000 m’ by establish-
ing up to three transects perpendicular to the river course, each
transect with a defined number of sampling stations, in prede-
fined zones: the river edge (0-5m distance to river, regular con-
tact with the river water), the river bank (5-15m distance to
river, irregular contact with water of river during flood events),
and the river crest (15m or more distance to river, not in con-
tact with the river) (Kiessling er al., 2023). The litter items are
counted by participants in circles with a radius of 1.5 m
and classified according to the following categories: paper,
cigarettes, plastic, metal, glass, food leftovers, and other items.
The datasets collected are stepwise validated with the schools
mentors and supervisors and only complete datasets that report
correct measurement times and a proper identification of the
sampling site are considered. Samples collected are sent to the

laboratory of the Kieler Forschungwerkstatt for polymer
identification.
The Global Microplastics Initiative and the Gallatin

Microplastic Initiative https://www.adventurescientists.org/
microplastics.html, (Global and US, 2013 — 2017) The project
aimed at better understanding microplastics concentration and
types in marine and freshwater ecosystems across the globe.
The project involved several worldwide volunteers between 2013
and 2017. Volunteers received a field protocol based on the
use of a 1-L sampling bottle and on the “grab method” adapted
from EPA sampling protocols. Participants belonged to outdoor
communities (hiking, mountain biking, kayaking, mountain-
eering), and ambassador professional athletes recruited volun-
teers through their networks. Once in the project, volunteers
were required to complete an online training and pass a test.
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Participants collected samples in locations they frequently or
occasionally visited. The project yielded 2,667 samples for the
Global Microplastics Initiative from all over the world. Sam-
ples were shipped by the participants directly to the Ocean
Analytics in Deer Isle, Maine, for microscopy analysis of the
particles in their 1-L bottles. A subset of samples randomly
selected underwent UFTIR (Fourier-transform infrared spec-
troscopy) analysis. The dataset is composed of 66% marine
samples and 34% freshwater samples. By applying the same
protocol for freshwater environments, Adventure Scientists
implemented the Gallatin Microplastic Initiative (Barrows et al.,
2018), which had the aim to examine the presence, size, and
type of microplastics in the Gallatin Watershed over two years
and to describe the seasonality of microplastic pollution in the
headwaters of a watershed. In the Gallatin River Watershed
72 sample sites were selected for seasonal collection. Of these,
22 sites were along the mainstem of the Gallatin River and
50 sites were from tributaries. The method used for sample col-
lection was still the *“grab” method and in this initiative, as
opposed to the Global effort, pre-trained volunteers visited
pre-assigned sample sites four times per year (September,
December, March, and June, according to the hydrological
flows), in a sampling window of 10 days. A total of 774
samples were analysed and other parameters collected included
temperature, coordinates, and site substrate type. Samples
from the Gallatin Microplastic Initiative were also shipped to
Ocean Analytics. The results were shared with volunteers
and at the end of the projects all participants (both global
volunteers and Gallatin River volunteers) were asked to
complete a survey that assessed volunteer experience, project
impact and conservation outcomes.

POSEIDOMM www.poseidomm.eu, https://cordis.europa.eu/
project/id/702747 (Italy, 2016-2018). POSEIDOMM was an
EU-funded project within the Marie Sktodowska-Curie Actions
focused on microplastics, that had an important aspect of
citizen engagement through citizen science in the Arno river
watershed in Central-Northern Italy. The citizen science ini-
tiative of the POSEIDOMM project consisted in the engage-
ment of about 40 volunteers between 2016 and 2018, including
school kids with their teachers and retired people, in the seasonal
(5 times per year) monitoring of chosen sampling sites along
the Arno river, its tributaries and a couple of lakes for water
quality parameters (nutrients, turbidity, riverbanks conditions,
presence of algal blooms) through the FreshwaterWatch plat-
form, which had been modified to include banks’ macrolitter.
In the POSEIDOMM project citizen science initiative, banks’
litter was collected in an area of 20 x 20 m along the rivers’ or
lake’s shore, catalogued, and properly disposed afterwards,
following a similar initiative (Levesque et al., 2017). The cat-
egories for classification of the litter items found were based
on the activity originating them: a) shoreline and recrea-
tional activities (bags, beverage bottles/cans, 6-pack holders);
b) fishing activities (bait containers, fishing lines, fishing lures);
c) smoking-related activities (cigarettes/cigarette filters, lighters,
tobacco wrappers); d) dumping activities (appliances, car
parts, tires, building material); e) medical/personal hygiene
(condoms, diapers, syringes, tampons/tampon applicators);
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f) other debris/items of local concern (discarded food, firework
debris, drug). The number of items belonging to each lit-
ter category was estimated using four abundance classes (0, 1,
2-10, >10 items). In the 2 years project, over 1000 macrolit-
ter items were collected and removed from rivers and lakes’
shores, results that contributed to inform the local administra-
tion about point sources of litter and dumping sites. Prior to data
collection, group citizens’ training and multiple joint monitor-
ing with the researchers were performed. Data were validated
with the researchers as soon as the data were uploaded on the
FreshwaterWatch subproject’s web space, accessible by all
project’s participants, and in-person in several informal meetings
to discuss the results. When doubts arose in the group of citi-
zens and schoolkids for any water quality parameter data and
riverbank litter, a constant communication channel was in place
with the researchers to discuss any issue.

TrashAI https://www.trashai.org/ (Global, active). TrashAl
is an open-source code that can be used by any citizen who
uploads images of litter from any environment. It can be a pow-
erful tool for the classification of litter and to get back data
about the trash in the image, including the classification of
trash and the bounding box of where the trash is in the image.
Data validation is made with Al and the open-source code
can leverage citizen science collected data on riverine plastic
pollution provided that enough information is given on the sam-
pling sites where pictures are taken. In this project, anyone
can contribute but the social aspects of citizen science are not
implemented. The code can be seen as a very useful service
and implementation for citizen science projects on any type of
habitat.

The Ocean Cleanup https://theoceancleanup.com/research/citi-
zen-science/ (survey app for rivers, global, active). The Ocean
Cleanup has implemented an app (The Ocean Cleanup Survey
App for Rivers) that allows tracking plastic debris transport
in rivers. Citizens are required to find a safe location (a bridge
is ideal) over their nearest or chosen canal, stream or river,
and start counting objects that float by, by using this app on the
smartphone or tablet. The data are used by the Ocean Cleanup
to refine global river transport models and to identify pollu-
tion hotspots where to concentrate cleanup efforts. The app
provides a short guide for monitoring including information
on the best position for counting floating litter. The categories
under which floating plastic objects and other debris need to
be classified are: a) hard plastic (crates, baskets, toys..); b) soft
plastic (plastic bags and wrappers); c¢) foam (Styrofoam dis-
posable items); d) bottles of any kind; e) other plastics (diapers,
nappies, sanitary products); f) clothing & textiles (shoes, gar-
ment, nets, strings, clothes, textile bags); g) organic (wood, sea-
weed, leaves); and h) human non-plastic (metal, glass, paper,
cardboard, rubber). The location of the survey is shared by
GPS through the tablet or smartphone. However, there is no
information on if and how the data are validated since volun-
teers are only required to report the number of floating items
per category they identify. Likewise, the social component of
citizen science is not implemented in this project, including
citizens training, so the app can rather prove to be a useful tool
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to complement other more structured citizen science initiatives
focused on riverine and freshwater habitats.

Preventing Plastic Pollution by The RiversTrust (UK, active).
https://preventingplasticpollution.com/about-the-project/  https://
theriverstrust.org/our-work/our-projects/preventing-plastic-pol-
lution-ppp Rivers Trusts in the United Kingdom aims to protect
and restore freshwater ecosystems. This is done also through
citizen science opportunities that encompass water quality
monitoring, assessment of polluting outfalls, surveying river-
ine plastic pollution, mapping and control of freshwater inva-
sive species and assessment of the biological health of rivers
(Collins et al., 2023). Rivers Trusts worked in partnership with
18 organisations from across France and England in a project
called “Preventing Plastic Pollution”, sought to understand
and reduce the impacts of plastic pollution in the marine and
freshwater environment. By looking at the catchment from
source to sea, the project identified and targeted hotspots for
plastic, embedded behaviour change in local communities and
businesses and implemented effective solutions and alterna-
tives. The project created an initiative to pick and monitor litter
from source to sea to address the lack of data in river catch-
ments and amplify the efforts of existing litter picking groups.
Volunteers were trained to use standardised survey methods,
aligned to the OSPAR Commission’s guidelines for monitoring
marine litter (Wenneker er al., 2010) to ensure data compara-
bility, while Rivers Trusts created and open access data plat-
form on plastics where all guidelines and resources, survey
findings, data visualisation and export were accessible by the
community groups. The platform had the objective to provide
information on similar surveys across the UK to provide users
a comprehensive magnitude of the issue and of similar initia-
tives, and allowing volunteers to seek and join new groups and
initiatives, thus helping in engagement and recruitment. The
Preventing Plastic Pollution project was approved by the Inter-
reg France (Channel) England Programme, and worked across
seven pilot sites: Brest Harbour, Bay of Douarnenez, Bay of
Veys, Poole Harbour, and the Medway, Tamar, and Great Ouse
estuaries.

CrowdWater  https://crowdwater.ch/en/welcome-to-crowdwater
(Switzerland and Global, active). CrowdWater is a SNF-funded
project at the University of Zurich, Department of Geography,
Unit Hydrology & Climate. The long-term goal of the project
is to collect a large number of observations and thus improve
the prediction of hydrological events such as drought or flood-
ing. To reach these goals, the CrowdWater app is used to
collect data in various categories:

e Water level data with physical and virtual staff gauges
e (Qualitative data on soil moisture
e Data on the dynamics of temporary streams

e Data on the documentation of plastic pollution in and around
water bodies

e General data on various watercourses
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All data collected is published in the data overview. Current
research focuses of the project are the use of data on temporary
streams and the implementation of the citizen science approach
to collect water quality data. Users can download the app and
record floating macroplastic items, or stranded plastic items
on the rivers’ shore (Van Emmerik et al., 2020). The location of
the monitoring is provided with the GPS. No information on
co-design, citizens training, data quality and validation is
provided, and as for the Ocean Cleanup app, this project
relies on citizens’ observations, constituting a useful tool to
complement more structured citizen science approaches.

Pescadores de Plastic (Spain, 2019-2023) https://mon.uvic.
cat/pescadors-de-plastic/). The project aimed at assessing the
presence of plastic pollution in Catalan rivers and investigating
the role of these systems as transporters of plastic waste from
terrestrial to marine ecosystems through citizen science car-
ried out by school children. One of the objectives was also to
promote scientific culture among school children, to increase
citizen engagement in scientific monitoring, and to upraise the
public awareness of the impact of plastic pollution in aquatic
ecosystems and the role of rivers in litter distribution. The
project saw school kids as citizen scientists in the co-design of
research questions, research steps, and analysing, interpreting,
discussing and communicating results under the supervision
and support of the researchers. Groups of school kids chose a
river that was monitored following sampling guidelines and
with the help of a sampling kit. Pre-monitoring workshops
provided information on the standardised methods for sam-
ple processing of macro- and microplastics, and the results were
discussed and validated together with the researchers’ coor-
dination team. The project’s protocol is based on the guide-
lines for macrolitter surveys in rivers of the Chilean project
“Cientificos de la Basura” (http://www.cientificosdelabasura.
cl/). In 2023, the Pescadors de Plastic project adhered to Plastic
Pirates continuing the activities through the Plastic Pirates net-
work and the Plastic Pirates Go Europe initiative, by using
the project’s sampling protocols and approaches.

Community-Driven Freshwater Plastic Monitoring in
Western Africa https://www.museumfuernaturkunde.berlin/en/
science/community-driven-freshwater-plastic-monitoring-
western-africa (Western Africa, March - October - 2023). This
project is funded by UNEP and follows the UNEP guidelines
for plastic monitoring in rivers and lakes (UNEP, 2020). The
project addresses plastic pollution in the Odaw river basin in the
Greater Accra Region of Ghana. The Republic of Ghana is fac-
ing a plastic pollution crisis due to inefficient recycling and
mismanaged plastic waste. This results in high plastic loads
on land and in aquatic ecosystems, posing serious health
concerns as well as socio-economic repercussions on the
population. This project stems from a collaboration between the
Museum fiir Naturkunde Berlin (MfN, Germany), Wageningen
University & Research (WUR, Netherlands), and the Helmholtz
Centre for Environmental Research (UFZ, Germany). The
project’s aim is to understand the role played by citizen sci-
ence in this monitoring effort, and its effects on the community
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involved. At first, citizens are engaged in plastic pollution
monitoring according to UNEP guidelines; subsequently, their
level of knowledge, awareness and further engagement in
environmental plastic pollution issues is assessed based on
their recent citizen science activities. The government there-
fore opened a platform for solutions on reducing plastic waste,
that includes various stakeholders and addresses the role of citi-
zen science in plastic monitoring, activity to which the project
contributes.

Navigating the way forward

From the projects and publications analysed in this paper, it
emerged that scientists embarking in citizen science projects do
not only aim at scientific advancements and a growing knowl-
edge of the surrounding environment, but also to a sensible
impact on participants, especially in terms of attitudes’ change
and increase of scientific knowledge and scientific literacy.
How to achieve these objectives is yet to be fully determined,
but some good practices have been developed to reach objec-
tives such as proper citizen involvement and sustained efforts in
time. Addressing the social impacts of citizen science projects
on participants is a promising and expanding field of study,
outlined in some key aspects below.

Emotional engagement can be a lever of change to solicit
environmental consciousness, and increase participation and
retention over time. For example, across the globe, a grow-
ing number of rivers is being recognized as a living entity and
pushed by the rights-of-nature movements, rivers are being
given legal personhood or the right to flourish and be safe from
pollution. This is the case of the Magpie River in Quebec,
Canada, but other examples exist in Australia, New Zealand
and Bangladesh, where local authorities have acted to pro-
tect rivers by granting them legal entities. In Ecuador the rights
of nature are enshrined in the constitution since 2008, while
Bolivia, Mexico and Colombia have created similar legal mech-
anisms to protect nature. In the United States, residents of
Toledo formulated a bill of rights for Lake Erie. The Universal
Declaration of Rivers’ Rights (UDRR, https://www.rightsof-
rivers.org/) encompasses some of the fundamental values that
could be attributed to rivers and proposes six minimum riv-
ers’ rights: (1) right to flow, (2) to perform essential functions
within its ecosystem, (3) to be free from pollution, (4) to feed
and be fed by sustainable aquifers, (5) to native biodiversity,
and (6) to regeneration and restoration (UDRR, https://www.
rightsofrivers.org/). The UDRR also suggests that these rights
are possessed by the whole river basin, calling for guardians to
act on behalf of river rights. Several governments have referred
to UDRR for their legislation promoting river rights, such as
El Salvador (Lempa river), France (Tavignanu river), Mexico
(Oaxaca rivers), Nigeria (Ethiope river), Pakistan (Indus river),
UK (Frome river), and Serbia. On a smaller scale, the study of
small streams and small water bodies, especially those of pri-
vate property and often lacking a proper monitoring (if any at
all) by environmental agencies, can contribute creating a sense
of belonginess in participants.

Environmental citizenship, defined as a citizenship guided by
green ideas that results in environmentally friendly attitudes and

Open Research Europe 2025, 5:45 Last updated: 22 NOV 2025

actions, highlighted as need to promote the transition to sus-
tainability (Barry, 2002; Bauer er al., 2020; Dobson & Bell,
2006) is an interesting approach in the landscape of behav-
iours and initiatives to respect and foster nature’s rights. Experts
have identified strategies to encourage environmental citizen-
ship within citizen science projects and help change attitudes
towards the environment: “First, collectiveness: a key compo-
nent of citizenship is participation in the collective. Second,
situatedness: citizen science initiatives need to cultivate situ-
ated citizenship. Third, connectedness: citizen science projects
should help their participants make connections between the
data they collect and larger environmental problems” (Jgrgensen
& Jgrgensen, 2021), while others have pointed at the fact that
scientists need to approach their projects from different social
dimensions to encourage social learning and attitudes’ changes
(Fielke et al., 2022). Social learning, or collaborative learning,
is here defined as the process of specific knowledge sharing that
happens in a structured or unstructured way between stakehold-
ers and scientists, thanks to which both can learn something
more about the problem at hand (Mackenzie et al., 2012).

Environmental learning and education help integrating
into citizen science projects not only those citizens already
environmentally conscious and receptive, but schools, students
and teachers in particular. Citizen science holds considerable
potential for science education and learning (Bonney er al., 2009).
Schools’ engagement can be challenging but worth pursuing
(Gumiero, EU project MICS grant nr. 824711 and Galgani, EU
project POSEIDOMM, Grant nr. 702747, personal communica-
tion). Citizen science can support two types of education: for-
mal and informal learning. Formal learning refers to lessons
plans based in existing learning environments such as schools
and universities, co-designed by scientists and teachers where
students become willingly or not volunteers of the project
(Roche et al., 2020). Informal learning is to be appreciated in
non-traditional learning contexts, when participants find them-
selves learning science or the natural world surrounding them
even though no formal learning plan had been established
in advance by the researchers. The power of citizen science
projects lies naturally in the informal learning, as it provides
a valid alternative in the learning process of hard sciences, sub-
jects that students tend to consider more challenging (Araujo
et al., 2022). There are some major advantages in involving
schools: first and foremost involving schools means opening
them to actual science and research, possibly creating networks
of schools and researchers and connecting different schools too.
Another benefit is the widening of the engagement, as includ-
ing more participants beyond already perceptive individu-
als is an impactful goal. Not to forget are the spillover effects
when students talk with their families in terms of scientific
knowledge, as well as what teachers have to offer, which goes
from dissemination within their classes to more willingness to
participate in future projects, all aspects supporting long-term
engagement.

To address the challenges faced by aquatic environments, a
structured European framework (the European Union Mission
“Restore our Ocean and Waters by 2030”) was launched in
September 2021 with the aims to “protect and restore the health
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of our ocean and waters through research and innovation,
citizen engagement and blue investments, addressing the
ocean and waters as one, playing a key role in achieving cli-
mate neutrality and restoring nature” (EU Mission “Ocean and
Waters” website). To reach this objective, broad public mobi-
lisation and engagement are cross-cutting actions that the
EU identifies as relevant levers of change. When emotional
engagement, environmental citizenship and education in citizen
science projects have several social benefits on the participants
fostering behavioral change, citizen-generated data need to be
accurate to provide a meaningful scientific impact in support
of environmental policy.

In citizen science, to reach data accuracy (as the “degree to
which data are correct overall”’, Kosmala et al., 2016), project
processes should be designed and structured with a clear end
in mind to gain quality and useful data, according to the prin-
ciple of fitness for use (Bowser et al., 2020). This concept
highlights the fact that data should meet specific requirements
of its intended application, because accuracy and precision in
a generic sense are not sufficient. Data might be technically
accurate but unfit for a particular purpose when collected in
inconsistent ways or lacking resolution, coverage or metadata.
Since data standards in citizen science are still lacking, it is
difficult to assess its fitness for use by professionals, research-
ers, or policymakers. Without a clear and explicit appropriate-
ness for application, citizen-generated data can unfortunately
be dismissed, losing an opportunity to gather information and
answer important question.

To meet the specific project research objectives, citizen
science needs norms, guidelines, and standards. In the
assessment of chemical and ecological status of freshwater
environments, data standardization in citizen science allows a
clear understanding of its strengths and limitations facilitating
its integration into formal research and decision-making. To
gain trust and a proper use of citizen science data, metadata,
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documentation of methods, and quality assurance are essential
as it is the case for professional scientific approaches. Citizen
science data should also align to professionally gathered data
across diverse environmental conditions, and for a minimum
project lifetime based on the peculiarity of the ecosystems being
studied (e.g. the variety of anthropic impacts or the proximity
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of extreme events, or any noticeable change).

Ultimately, it is strongly suggested to cross-validate citizen sci-
ence data at the start of each new project and methodology
by pairing it to the monitoring activity to professional scien-
tists. This initial cross-validation might serve to set the basis
for standardised monitoring guidelines for different ecosystems
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tors (macroinvertebrates, fish communities, keystone species) and
pollutants (nutrient concentration, plastics). The criteria of data
accuracy, standardization and validation underscore the com-
mitment to the reliability and utility of citizen-generated data in
advancing our understanding of aquatic ecosystems and guiding
effective conservation efforts.

Data availability

Underlying data

The underlying data for the analysis on the publications
addressed for this paper is openly available in Zenodo (https://doi.
org/10.5281/zenodo.14633986).

Zenodo: Publications Database for Freshwater Citizen Sci-
ence Projects to address WFD and SDGs objectives. https://doi.
org/10.5281/zenodo.14633986. (Galgani et al., 2025)

The project contains the following data:

1. WPI1_ORE_dataZenodo.xlsx

Altman K, Yelton B, Porter DE, et al.: The role of understanding, trust, and
access in public engagement with environmental activities and decision
making: a qualitative study with water quality practitioners. Environ
Manage. 2023; 71(6): 1162-1175.

PubMed Abstract | Publisher Full Text

Aradjo JL, Morais C, Paiva JC: Student participation in a coastal water
quality citizen science project and its contribution to the conceptual and
procedural learning of chemistry. Chem Educ Res Pract. 2022; 23(1): 100-112.
Publisher Full Text

Ballard HL, Dixon CGH, Harris EM: Youth-focused citizen science: examining
the role of environmental science learning and agency for conservation.
Biol Conserv. 2017; 208: 65-75.

Publisher Full Text

Ballerini L, Bergh SI: Using citizen science data to monitor the Sustainable
Development Goals: a bottom-up analysis. Sustain Sci. 2021; 16(6): 1945-1962.
PubMed Abstract | Publisher Full Text | Free Full Text

Barrows APW, Christiansen KS, Bode ET, et al.: A watershed-scale, citizen
science approach to quantifying microplastic concentration in a mixed
land-use river. Water Res. 2018; 147: 382-392.

PubMed Abstract | Publisher Full Text

Barry B: Culture and equality: an Egalitarian critique of multiculturalism.
Harvard University Press, 2002.

Reference Source

Bauer N, Megyesi B, Halbac-Cotoara-Zamfir R, et al.: Attitudes and
environmental citizenship. In: Conceptualizing environmental citizenship for
21st century education. Springer Open Publications, 2020; 97-111.

Publisher Full Text

Biraghi CA, Carrion D, Brovelli MA: Citizen science impact on environmental
monitoring towards SDGs indicators: the CASE of SIMILE project.
Sustainability. 2022; 14(13): 8107.

Publisher Full Text

Birk S, Chapman D, Carvalho L, et al.: Impacts of multiple stressors on

Page 22 of 44


https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe/eu-missions-horizon-europe/restore-our-ocean-and-waters_en
https://doi.org/10.5281/zenodo.14633986
https://doi.org/10.5281/zenodo.14633986
https://doi.org/10.5281/zenodo.14633986
https://doi.org/10.5281/zenodo.14633986
http://www.ncbi.nlm.nih.gov/pubmed/36867208
http://dx.doi.org/10.1007/s00267-023-01803-2
http://dx.doi.org/10.1039/D1RP00190F
http://dx.doi.org/10.1016/j.biocon.2016.05.024
http://www.ncbi.nlm.nih.gov/pubmed/34316319
http://dx.doi.org/10.1007/s11625-021-01001-1
http://www.ncbi.nlm.nih.gov/pmc/articles/8298195
http://www.ncbi.nlm.nih.gov/pubmed/30336341
http://dx.doi.org/10.1016/j.watres.2018.10.013
https://books.google.co.in/books?id=COkp0MUhV-4C&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
http://dx.doi.org/10.1007/978-3-030-20249-1_7
http://dx.doi.org/10.3390/su14138107

freshwater biota across spatial scales and ecosystems. Nat Ecol Evol. 2020;
4(8): 1060-1068.

PubMed Abstract | Publisher Full Text

Bishop IJ, Warner S, van Noordwijk TCGE, et al.: Citizen science monitoring
for sustainable development goal indicator 6.3.2 in England and Zambia.
Sustainability. 2020; 12(24): 10271.

Publisher Full Text

Blanco-Ramirez S, van Meerveld I, Seibert J: Citizen science approaches for
water quality measurements. Sci Total Environ. 2023; 897: 165436.
PubMed Abstract | Publisher Full Text

Blettler MCM, Abrial E, Khan FR, et al.: Freshwater plastic pollution:
recognizing research biases and identifying knowledge gaps. Water Res.
Elsevier BV, 2018; 143: 416-424.

PubMed Abstract | Publisher Full Text

Bonney R, Ballard H, Jordan R, et al.: Public participation in scientific
research: defining the field and assessing its potential for informal
science education. A CAISE inquiry group report. Washington, D. C.: Center for
Advancement of Informal Science Education (CAISE), 2009.

Reference Source

Bowser A, Cooper C, de Sherbinin A, et al.: Still in need of norms: the state of
the data in citizen science. Citizen Sci: Theor Pract. 2020; 5(1): 18.
Publisher Full Text

Breuer L, Hiery N, Kraft P, et al.: HydroCrowd: a citizen science snapshot to
assess the spatial control of nitrogen solutes in surface waters. Sci Rep.
2015; 5: 16503.

PubMed Abstract | Publisher Full Text | Free Full Text

Brooks S, Fitch B, Davy-Bowker J, et al.: Anglers’ Riverfly Monitoring Initiative
(ARMI): a UK-wide citizen science project for water quality assessment.
Freshwater Sci. University of Chicago Press, 2019; 38(2).

Publisher Full Text

Cameron RWF, Brindley P, Mears M, et al.: Where the wild things are! Do
urban green spaces with greater avian biodiversity promote more positive
emotions in humans? Urban Ecosyst. 2020; 23: 301-317.

Publisher Full Text

Carlson T, Cohen A: Linking community-based monitoring to water policy:
perceptions of citizen scientists. / Environ Manage. 2018; 219: 168-177.
PubMed Abstract | Publisher Full Text

Carvalho L, Mackay EB, Cardoso AC, et al.: Protecting and restoring Europe’s
waters: an analysis of the future development needs of the Water
Framework Directive. Sci Total Environ. 2019; 658: 1228-1238.

PubMed Abstract | Publisher Full Text

Catchment Based Approach (CaBA): CaBA benefits report 2022-2023: CaBA
and the 25-year environment plan. Catchment Based Approach, 2023.
Reference Source

Church SP, Payne LB, Peel S, et al.: Beyond water data: benefits to volunteers
and to local water from a citizen science program. J Environ Plan Manag.
2019; 62(2): 306-326.

Publisher Full Text

Clusa L, Miralles L, Fernandez S, et al.: Public knowledge of alien species: a
case study on aquatic biodiversity in North Iberian rivers. / Nat Conserv.
2018; 42: 53-61.

Publisher Full Text

Collins R, France A, Walker M, et al.: The potential for freshwater citizen
science to engage and empower: a case study of the Rivers Trusts, United
Kingdom. Front Environ Sci. 2023; 11: 1218055.

Publisher Full Text

Collins R, Johnson D, Crilly D, et al.: Collaborative water management across
England - an overview of the Catchment Based Approach. Environ Sci Policy.
2020; 112: 117-125.
Publisher Full Text

Cunha DGF, Marques JF, De Resende JC, et al.: Citizen science participation

in research in the environmental sciences: key factors related to projects’
success and longevity. An Acad Bras Ciénc. 2017; 89(3 Suppl): 2229-2245.
PubMed Abstract | Publisher Full Text

de Sherbinin A, Bowser A, Chuang TR, et al.: The critical importance of citizen
science data. Front Clim. 2021; 3.

Publisher Full Text

Dobson A, Bell D, (Eds.): Environmental citizenship. Cambridge, MA: MIT
Press, 2006; 285.
Reference Source

ECSA (European Citizen Science Association): Ten principles of citizen science.
Berlin, 2015.
Publisher Full Text

England J, Beach E, Finn Leeming B, et al.: Characterising Hertfordshire chalk
stream habitats using MoRPh. Trans Herts Nat Hist Soc. 2017; 49(1).
Reference Source

European Commission, Directorate-General for Environment: Citizen science
for environmental policy: development of an EU-wide inventory and
analysis of selected practices. Publications Office of the European Union,
2018.

Publisher Full Text

Ewald NG, Biggs J, Williams P, et al.: PondNet: a national citizen science-based
monitoring programme for Great Crested Newt 2015 - 2017. Freshwater

Open Research Europe 2025, 5:45 Last updated: 22 NOV 2025

Habitats Trust, Oxford, 2018.
Reference Source

Ferreira V, Albarifio R, Larrafiaga A, et al.: Ecosystem services provided by
small streams: an overview. Hydrobiologia. 2023; 850: 2501-2535.
Publisher Full Text

Fielke S, Taylor BM, Coggan A, et al.: Understanding power, social capital and
trust alongside near real-time water quality monitoring and technological
development collaboration. / Rural Stud. 2022; 92: 120-131.

Publisher Full Text

Fore LS, Paulsen K, O'Laughlin K: Assessing the performance of volunteers in
monitoring streams. Freshwater Biol. 2001; 46(1): 109-123.
Publisher Full Text

Fraisl D, Campbell J, See L, et al.: Mapping citizen science contributions to
the UN sustainable development goals. Sustain Sci. 2020; 15: 1735-1751.
Publisher Full Text

FritzS, See L, Carslon T, et al.: Citizen science and the United Nations
Sustainable Development Goals. Nat Sustain. 2019; 2: 922-930.
Publisher Full Text

Galgani L, Veronesi L, Gumiero B, et al.: Publications database for freshwater
citizen science projects to address WFD and SDGs objectives (final). [Data
set]. Zenodo. 2025.

http://www.doi.org/10.5281/zenodo.14633986

George G, Menon NN, Abdulaziz A, et al.: Citizen scientists contribute to real-
time monitoring of lake water quality using 3D printed mini secchi disks.
Front Water. 2021; 3: 662142.

Publisher Full Text

Greenwood M), Harding JS, Niyogi DK, et al.: Improving the effectiveness of
riparian management for aquatic invertebrates in a degraded agricultural
landscape: stream size and land-use legacies. / Appl Ecol. 2012; 49(1):
213-222.

Publisher Full Text

Hadj-Hammou J, Loiselle S, Ophof D, et al.: Getting the full picture: assessing
the complementarity of citizen science and agency monitoring data. PLoS
One. 2017; 12(12): e0188507.

PubMed Abstract | Publisher Full Text | Free Full Text

Haywood BK, Besley JC: Education, outreach, and inclusive engagement:
towards integrated indicators of successful program outcomes in
participatory science. Public Underst Sci. 2014; 23(1): 92-106.

PubMed Abstract | Publisher Full Text

Hegarty S, Hayes A, Regan F, et al.: Using citizen science to understand river
water quality while filling data gaps to meet United Nations Sustainable
Development Goal 6 objectives. Sci Total Environ. 2021; 783: 146953.
PubMed Abstract | Publisher Full Text

Jackson MC, Weyl OLF, Altermatt F, et al.: Chapter twelve - recommendations
for the next generation of global freshwater biological monitoring tools.
Adv Ecol Res. 2016; 55: 615-636.

Publisher Full Text

Johnson MF, Hannah C, Acton L, et al.: Network environmentalism: citizen
scientists as agents for environmental advocacy. Glob Environ Change. 2014;
29: 235-245.

Publisher Full Text

Jorgensen FA, Jergensen D: Citizen science for environmental citizenship.
Conserv Biol. 2021; 35(4): 1344-1347.
PubMed Abstract | Publisher Full Text | Free Full Text

Kaplan Mintz K, Arazy O, Malkinson D: Multiple forms of engagement and
motivation in ecological citizen science. Environ Educ Res. 2023; 29(1): 27-44.
Publisher Full Text

Kaufman A, Williams R, Barzyk T, et al.: A citizen science and government
collaboration: developing tools to facilitate community air monitoring.
Environ jJustice. 2017; 10(2).

PubMed Abstract | Publisher Full Text | Free Full Text

Kelly-Quinn M, Biggs JN, Brooks S, et al.: Opportunities, approaches and
challenges to the engagement of citizens in filling small water body data
gaps. Hydrobiologia. Springer Science and Business Media LLC, 2022; 1-21.
PubMed Abstract | Publisher Full Text | Free Full Text

Kiessling T, Hinzmann M, Mederake L, et al.: What potential does the

EU single-use plastics directive have for reducing plastic pollution at
coastlines and riversides? An evaluation based on citizen science data.
Waste Manag. 2023; 164: 106-118.

PubMed Abstract | Publisher Full Text

Kiessling T, Knickmeier K, Kruse K, et al.: Schoolchildren discover hotspots of
floating plastic litter in rivers using a large-scale collaborative approach.
Sci Total Environ. 2021; 789: 147849.

PubMed Abstract | Publisher Full Text

Kim S, Robson C, Zimmerman T, et al.: Creek watch: pairing usefulness and
usability for successful citizen science. Proceedings of SIGCHI Conference 2011.
2011; 2125-2134.

Publisher Full Text

Kosmala M, Wiggins A, Swanson A, et al.: Assessing data quality in citizen
science. Front Ecol Environ. 2016; 14(10): 551-560.

Publisher Full Text

Larson ER, Graham BM, Achury R, et al.: From eDNA to citizen science:
emerging tools for the early detection of invasive species. Front Ecol Environ.

Page 23 of 44


http://www.ncbi.nlm.nih.gov/pubmed/32541802
http://dx.doi.org/10.1038/s41559-020-1216-4
http://dx.doi.org/10.3390/su122410271
http://www.ncbi.nlm.nih.gov/pubmed/37433338
http://dx.doi.org/10.1016/j.scitotenv.2023.165436
http://www.ncbi.nlm.nih.gov/pubmed/29986250
http://dx.doi.org/10.1016/j.watres.2018.06.015
https://files.eric.ed.gov/fulltext/ED519688.pdf
http://dx.doi.org/10.5334/cstp.303
http://www.ncbi.nlm.nih.gov/pubmed/26561200
http://dx.doi.org/10.1038/srep16503
http://www.ncbi.nlm.nih.gov/pmc/articles/4642352
http://dx.doi.org/10.1086/703397
http://dx.doi.org/10.1007/s11252-020-00929-z
http://www.ncbi.nlm.nih.gov/pubmed/29738934
http://dx.doi.org/10.1016/j.jenvman.2018.04.077
http://www.ncbi.nlm.nih.gov/pubmed/30677985
http://dx.doi.org/10.1016/j.scitotenv.2018.12.255
https://catchmentbasedapproach.org/wp-content/uploads/2024/04/CaBA-Benefits-Report-2022-2023-CaBA-and-the-25YEPV0.1.pdf
http://dx.doi.org/10.1080/09640568.2017.1415869
http://dx.doi.org/10.1016/j.jnc.2018.01.001
http://dx.doi.org/10.3389/fenvs.2023.1218055
http://dx.doi.org/10.1016/j.envsci.2020.06.001
http://www.ncbi.nlm.nih.gov/pubmed/28678962
http://dx.doi.org/10.1590/0001-3765201720160548
http://dx.doi.org/10.3389/fclim.2021.650760
https://mitpress.mit.edu/9780262524469/environmental-citizenship/
http://dx.doi.org/10.17605/OSF.IO/XPR2N
https://modularriversurvey.org/wp-content/uploads/England-et-al-2017-Characterising-Hertfordshire-chalk-stream-habitats.pdf
http://dx.doi.org/10.2779/961304
https://content.freshwaterhabitats.org.uk/2019/04/GCN-eDNA-2015_17-PONDNET-MONITORING-REPORT.pdf?
http://dx.doi.org/10.1007/s10750-022-05095-1
http://dx.doi.org/10.1016/j.jrurstud.2022.03.022
http://dx.doi.org/10.1111/j.1365-2427.2001.00640.x
http://dx.doi.org/10.1007/s11625-020-00833-7
http://dx.doi.org/10.1038/s41893-019-0390-3
http://www.doi.org/10.5281/zenodo.14633986
http://dx.doi.org/10.3389/frwa.2021.662142
http://dx.doi.org/10.1111/j.1365-2664.2011.02092.x
http://www.ncbi.nlm.nih.gov/pubmed/29211752
http://dx.doi.org/10.1371/journal.pone.0188507
http://www.ncbi.nlm.nih.gov/pmc/articles/5718424
http://www.ncbi.nlm.nih.gov/pubmed/23887249
http://dx.doi.org/10.1177/0963662513494560
http://www.ncbi.nlm.nih.gov/pubmed/33866178
http://dx.doi.org/10.1016/j.scitotenv.2021.146953
http://dx.doi.org/10.1016/bs.aecr.2016.08.008
http://dx.doi.org/10.1016/j.gloenvcha.2014.10.006
http://www.ncbi.nlm.nih.gov/pubmed/33034076
http://dx.doi.org/10.1111/cobi.13649
http://www.ncbi.nlm.nih.gov/pmc/articles/8359442
http://dx.doi.org/10.1080/13504622.2022.2120186
http://www.ncbi.nlm.nih.gov/pubmed/31741700
http://dx.doi.org/10.1089/env.2016.0044
http://www.ncbi.nlm.nih.gov/pmc/articles/6859650
http://www.ncbi.nlm.nih.gov/pubmed/36065211
http://dx.doi.org/10.1007/s10750-022-04973-y
http://www.ncbi.nlm.nih.gov/pmc/articles/9430020
http://www.ncbi.nlm.nih.gov/pubmed/37044029
http://dx.doi.org/10.1016/j.wasman.2023.03.042
http://www.ncbi.nlm.nih.gov/pubmed/34082209
http://dx.doi.org/10.1016/j.scitotenv.2021.147849
http://dx.doi.org/10.1145/1978942.1979251
http://dx.doi.org/10.1002/fee.1436

2020; 18(4): 194-202.

Publisher Full Text

Lévesque D, Cattaneo A, Deschamps G, et al.: In the eye of the beholder:
assessing the water quality of shoreline parks around the island of
Montreal through citizen science. Sci Total Environ. 2017; 579: 978-988.
PubMed Abstract | Publisher Full Text

Mackenzie J, Tan PL, Hoverman S, et al.: The value and limitations of
Participatory Action Research methodology. / Hydrol (Amst). 2012; 474: 11-21.
Publisher Full Text

Malthus TJ, Ohmsen R, van der Woerd HJ: An evaluation of citizen science
smartphone apps for Inland water quality assessment. Remote Sens. 2020;
12(10): 1578.

Publisher Full Text

Markley L, Driscoll CT, Hartnett B, et al.: Guide for the visual identification
and classification of plastic particles. 2024.

Publisher Full Text

Moolna A, Duddy M, Fitch B, et al.: Citizen science and aquatic
macroinvertebrates: public engagement for catchment-scale pollution
vigilance. Ecoscience. 2020; 27(4): 303-317.

Publisher Full Text

Moshi HA, Shilla DA, Brehim J, et al.: Sustainable management of the African
great lake coastal areas: motivations and perspectives of community
citizen scientists. Environ Manage. 2023; 72(3): 473-487.

PubMed Abstract | Publisher Full Text | Free Full Text

Nardi F, Cudennec C, Abrate T, et al.: Citizens AND HYdrology (CANDHY):
conceptualizing a transdisciplinary framework for citizen science
addressing hydrological challenges. Hydrol Sci J. 2022; 67(16): 2534-2551.
Publisher Full Text

Newson M: ‘Fluvial geomorphology and environmental design’: restitution
for damage, rehabilitation, restoration or rewilding? EFarth Surf Process
Landf. 2022; 47(2): 409-421.

Publisher Full Text

Owen RP, Parker AJ: Citizen science in environmental protection agencies.
In: Hecker S. and Haklay M. and Bowser A. and Makuch Z. and Vogel J. and
Bonn A,, (eds.) Citizen science - innovation in open science, society and policy. UCL
Press, London, 2018; 284-300.

Publisher Full Text

Peeters ETHM, Wilhelm M, Gerritsen AAM, et al.: Ecological characterisation
of urban ponds in the Netherlands: a study based on data collected by
volunteers. Front Biogeogr. 2023; 15(1): e57816.

Publisher Full Text

Pinto P, Oliveira-Junior JMB, Leitdo F, et al.: Development of a Metric of
Aquatic Invertebrates for Volunteers (MAIV): a simple and friendly biotic
metric to assess ecological quality of streams. Water. 2020; 12(3): 654.
Publisher Full Text

Popa CL, Dontu SI, Savastru D, et al.: Role of citizen scientists in
environmental plastic litter research—a systematic review. Sustainability.
2022; 14(20): 13265.

Publisher Full Text

Prat N, Rieradevall M, Fortuno P, et al.: Riu.Net application: citizen science in
rivers. In: International conference on citizen observatories for water management.
Venice, 2016.

Publisher Full Text

Quinlivan L, Chapman DV, Sullivan T: Applying citizen science to monitor for
the Sustainable Development Goal indicator 6.3.2: a review. Environ Monit
Assess. 2020; 192(4): 218.

PubMed Abstract | Publisher Full Text

Reid AJ, Carlson AK, Creed IF, et al.: Emerging threats and persistent
conservation challenges for freshwater biodiversity. Bio/ Rev Camb Philos
Soc. 2019; 94(3): 849-873.

PubMed Abstract | Publisher Full Text

Rimmert M, Baudoin L, Cotta B, et al.: Participation in river basin planning
under the water framework directive - has it benefitted good water
status? Water Alternatives. 2020; 13(3): 484-512.

Reference Source

Roche J, Bell L, Galvao C, et al.: Citizen science, education, and learning:
challenges and opportunities. Front Sociol. 2020; 5: 613814.
PubMed Abstract | Publisher Full Text | Free Full Text

Roszak T, Gomes ME, Kanner AD, (Eds.): Ecopsychology: restoring the Earth,
healing the mind. Sierra Club Books, 1995.
Reference Source

Shupe SM: High resolution stream water quality assessment in the
Vancouver, British Columbia region: a citizen science study. Sci Total Environ.
2017; 603-604: 745-759.

PubMed Abstract | Publisher Full Text

Stankiewicz J, Konig A, Pickar K, et al.: How certain is good enough? Managing
data quality and uncertainty in ordinal citizen science data sets for
evidence-based policies on fresh water. Citiz Sci. Ubiquity Press, 2023.
Publisher Full Text

Stenekes S, Parlee B, Seixas C: Culturally driven monitoring: the importance
of traditional ecological knowledge indicators in understanding

aquatic ecosystem change in the Northwest Territories’ Dehcho Region.
Sustainability. 2020; 12(19): 7923.

Publisher Full Text

Open Research Europe 2025, 5:45 Last updated: 22 NOV 2025

Storey RG, Wright-Stow A, Kin E, et al.: Volunteer stream monitoring: do the
data quality and monitoring experience support increased community
involvement in freshwater decision making? Eco/ Soc. 2016; 21(4): 32.
Publisher Full Text

Thompson M, Bankier C, Bell T, et al.: Gene-to-ecosystem impacts of a
catastrophic pesticide spill: testing a multilevel bioassessment approach
in a river ecosystem. Freshwater Biol. 2016; 61(12): 2037-2050.

Publisher Full Text

Thornhill I, Chautard A, Loiselle S: Monitoring biological and chemical trends
in temperate still waters using citizen science. Water. 2018; 10(7): 839.
Publisher Full Text

Thornhill I, Loiselle S, Lind K, et al.: The citizen science opportunities for
researchers and agencies. BioScience. 2016; 66(9): 720-721.
Publisher Full Text

Torres AC, Bedessem B, Deguines N, et al.: Online data sharing with

virtual social interactions favor scientific and educational successes in a
biodiversity citizen science project. / Responsible Innov. 2023; 10(1): 2019970.
Publisher Full Text

Turbé A, Barba J, Pelacho M, et al.: Understanding the citizen science
landscape for European environmental policy: an assessment and
recommendations. Citizen Sci: Theory Pract. 2019; 4(1): 34.

Publisher Full Text

United Nations: Sustainable development goal 6 synthesis report 2018 on
water and sanitation. New York, 2018.
Reference Source

United Nations Environment Programme: Monitoring plastics in rivers and
lakes: guidelines for the harmonization of methodologies. Nairobi, 2020.
Reference Source

United Nations Environment Programme: Progress on ambient water quality.
Tracking SDG 6 series: global indicator 6.3.2 updates and acceleration
needs. Nairobi, 2021.

Reference Source

van der Heijden J, ten Heuvelhof E: The mechanics of virtue: lessons on
public participation from implementing the water framework directive in
the Netherlands. Environ Policy Gov. 2012; 22(3): 177-188.

Publisher Full Text

van Emmerik T, Seibert J, Strobl B, et al.: Crowd-based observations of riverine
macroplastic pollution. Front Earth Sci. 2020; 8: 298.
Publisher Full Text

van Noordwijk T, Bishop I, Staunton-Lamb S, et al.: Creating positive
environmental impact through citizen science. In: Vohland, K., et al. The
science of citizen science. Springer, Cham, 2021; 373-395.

Publisher Full Text

van Rees CB, Waylen KA, Schmidt-Kloiber A, et al.: Safeguarding freshwater
life beyond 2020: recommendations for the new global biodiversity
framework from the European experience. Conserv Lett. 2021; 14(1): e12771.
Publisher Full Text

Vasantha Raman N, Dubey A, Millar E, et al.: Monitoring contaminants of
emerging concern in aquatic systems through the lens of citizen science.
Sci Total Environ. 2023; 874: 162527.

PubMed Abstract | Publisher Full Text

Venkatesh B, Velkennedy R: Formulation of citizen science approach for
monitoring Sustainable Development Goal 6: clean water and sanitation
for an Indian city. Sustain Develop. 2023; 31(1): 56-66.

Publisher Full Text

Verkaik I, Fortufio P, Prat N: RiuNet ‘The Manual’ to view the contents of
the app and to make an assessment without the use of a smart device.
FEHMLab (Freshwater Ecology, Hydrology, and Management) Research Group.
Universitat de Barcelona, 2019; 80.

Reference Source

von Gonner J, Bowler DE, Groning J, et al.: Citizen science for assessing
pesticide impacts in agricultural streams. Sci Total Environ. 2023; 857(Pt 3):
159607.

PubMed Abstract | Publisher Full Text

Walker DW, Smigaj M, Tani M: The benefits and negative impacts of
citizen science applications to water as experienced by participants and
communities. WIREs Water. 2021; 8(1): e1488.

Publisher Full Text

Wenneker B, Oosterbaan L, Intersessional Correspondence Group on Marine
Litter (ICGML): Guideline for monitoring marine litter on the beaches in
the OSPAR maritime area. Edition 1.0. London, UK, OSPAR Commission, &
Annexes. 2010; 15.

Publisher Full Text

Woods SM, Daskolia M, Joly A, et al.: How networks of citizen observatories
can increase the quality and quantity of citizen-science-generated data
used to monitor SDG indicators. Sustainability. 2022; 14(7): 4078.

Publisher Full Text

Wyeth G: Integrating citizen science into the work of United States
Environmental Agencies. Citizen Sci Theor Pract. 2023; 8(1): 11.

Publisher Full Text

Zhou X, Tang J, Zhao YC, et al.: Effects of feedback design and dispositional
goal orientations on volunteer performance in citizen science projects.
Comput Human Behav. 2020; 107: 106266.

Publisher Full Text

Page 24 of 44


http://dx.doi.org/10.1002/fee.2162
http://www.ncbi.nlm.nih.gov/pubmed/27914646
http://dx.doi.org/10.1016/j.scitotenv.2016.10.175
http://dx.doi.org/10.1016/j.jhydrol.2012.09.008
http://dx.doi.org/10.3390/rs12101578
http://dx.doi.org/10.13140/RG.2.2.27505.45927
http://dx.doi.org/10.1080/11956860.2020.1812922
http://www.ncbi.nlm.nih.gov/pubmed/37154906
http://dx.doi.org/10.1007/s00267-023-01824-x
http://www.ncbi.nlm.nih.gov/pmc/articles/10371893
http://dx.doi.org/10.1080/02626667.2020.1849707
http://dx.doi.org/10.1002/esp.5256
http://dx.doi.org/10.2307/j.ctv550cf2.27
http://dx.doi.org/10.21425/F5FBG57816
http://dx.doi.org/10.3390/w12030654
http://dx.doi.org/10.3390/su142013265
http://dx.doi.org/10.13140/RG.2.2.11495.70568
http://www.ncbi.nlm.nih.gov/pubmed/32144562
http://dx.doi.org/10.1007/s10661-020-8193-6
http://www.ncbi.nlm.nih.gov/pubmed/30467930
http://dx.doi.org/10.1111/brv.12480
https://www.water-alternatives.org/index.php/alldoc/articles/vol13/v13issue3/589-a13-3-7/file
http://www.ncbi.nlm.nih.gov/pubmed/33869532
http://dx.doi.org/10.3389/fsoc.2020.613814
http://www.ncbi.nlm.nih.gov/pmc/articles/8022735
http://ereserve.library.utah.edu/Annual/EDPS/3960/Carter/ecopsych120.pdf
http://www.ncbi.nlm.nih.gov/pubmed/28411868
http://dx.doi.org/10.1016/j.scitotenv.2017.02.195
http://dx.doi.org/10.5334/cstp.592
http://dx.doi.org/10.3390/su12197923
http://dx.doi.org/10.5751/ES-08934-210432
http://dx.doi.org/10.1111/fwb.12676
http://dx.doi.org/10.3390/w10070839
http://dx.doi.org/10.1093/biosci/biw089
http://dx.doi.org/10.1080/23299460.2021.2019970
http://dx.doi.org/10.5334/cstp.239
https://dialogue.unwater.org/app/uploads/2018/05/SDG-6-Synthesis-Report-2018-on-Water-and-Sanitation_UNEDITED.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/35405/MPRL.pdf
https://www.unwater.org/sites/default/files/app/uploads/2021/09/SDG6_Indicator_Report_632_Progress-on-Ambient-Water-Quality_2021_EN.pdf
http://dx.doi.org/10.1002/eet.1583
http://dx.doi.org/10.3389/feart.2020.00298
http://dx.doi.org/10.1007/978-3-030-58278-4_19
http://dx.doi.org/10.1111/conl.12771
http://www.ncbi.nlm.nih.gov/pubmed/36870506
http://dx.doi.org/10.1016/j.scitotenv.2023.162527
http://dx.doi.org/10.1002/sd.2373
https://diposit.ub.edu/dspace/bitstream/2445/136832/4/RiuNet_NOU_thebook_ENG.pdf
http://www.ncbi.nlm.nih.gov/pubmed/36273564
http://dx.doi.org/10.1016/j.scitotenv.2022.159607
http://dx.doi.org/10.1002/wat2.1488
http://dx.doi.org/10.25607/OBP-968
http://dx.doi.org/10.3390/su14074078
http://dx.doi.org/10.5334/cstp.490
http://dx.doi.org/10.1016/j.chb.2020.106266

O pe n Resea rCh E uro pe Open Research Europe 2025, 5:45 Last updated: 22 NOV 2025

Open Peer Review

Current Peer Review Status: X ¢

Version 3

Reviewer Report 02 September 2025

https://doi.org/10.21956/0penreseurope.22903.r58723

© 2025 Prajapati R. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

Rajaram Prajapati
University of Pittsburgh, Pittsburgh, PA, USA

The authors revised the manuscript based on my comments. I have no more comments.
Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Citizen Science, Hydrology, Water Monitoring

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 14 June 2025

https://doi.org/10.21956/0penreseurope.21644.r54843

© 2025 Prajapati R. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

X

Rajaram Prajapati
T University of Pittsburgh, Pittsburgh, PA, USA
2 University of Pittsburgh, Pittsburgh, PA, USA

General comments
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citizen science in freshwater monitoring. While the effort is commendable, the paper would
benefit from clearer structure, less repetition, and a more transparent methodology. Key
points—like participant engagement, data quality, and collaboration with agencies—are
relevant but could be discussed with more critical insight. With some tightening and clearer
framing, it has potential to make a valuable contribution.

. illustrating key results or methods. I recommend keeping only those that directly support

the paper's arguments, ensuring each is cited in the text and accompanied by a more
descriptive caption.

Introduction

1

7.

. Currently, the paragraphs read like standalone blocks and lack logical connection.
2.

While it's important to situate the paper in the context of the WFD and SDGs, the current
paragraphs dive too deeply into policy details that could be summarized more concisely. For
example, instead of quoting each SDG target verbatim, paraphrase the key ideas and focus
on how they relate to citizen science.

. Figures 1-3 are mentioned but not clearly described how they support the narrative. If

figures are mentioned this early, a short description of their relevance would help.

. After outlining the context, the introduction should clearly state what's missing in the

current literature or practice that this review addresses. Right now, that gap is implied but
not explicitly stated.

. While the text lists various benefits and challenges of citizen science, the flow feels

fragmented. Consider organizing the introduction around 2-3 key thematic pillars (e.g., why
citizen science matters, how it aligns with current frameworks, what needs to be improved)
to help guide the reader through the argument.

. The last paragraph attempts to outline the aim of the piece but remains vague. Phrases like

“intended as an open letter” and “based on an assessment of available information” could
be replaced with a sharper and more confident statement of what the article seeks to do
and why it matters now.

Some key claims—particularly those about the benefits of citizen science, global freshwater
stressors, and monitoring gaps—would be stronger with additional citations.

State of art

1.

2.

The authors give a general idea of how the literature search was conducted, but the term
“snowball-like quest” feels a bit vague. Including more detail—like the specific keyword
combinations, any time frame used, or how the search was structured—would make the
process clearer.

The paper mentions that 295 articles were initially identified and 85 selected for further
analysis, but the criteria for narrowing this list down could be better explained. It would
help to briefly describe how papers were screened or what counted as thematically
relevant.

The backbone of citizen science
Approaches, parameters and data quality

1.

2.

The point about citizen science data being 70-90% as accurate as lab values is made twice
almost word-for-word.

The section touches on data validation methods, which is really important, but it would help
to be a bit more specific. For example, how many of the studies actually used side-by-side
comparisons or statistical checks?

Quality of the publication analyzed

1.

The quality assessment is based on subjective judgments by a small internal team, which
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may introduce bias. It would be helpful to either involve a more diverse group or
acknowledge this as a limitation more explicitly.
Characteristics of project duration in citizen science

1. The title suggests a focus on project duration, but most of the section talks about data
quality and policy use. Either the section should focus more on duration, or the title should
be adjusted to better match the content.

2. It would be great to include what helps projects last longer or how duration affects
outcomes.

Examples of best practices
Chemical and optical monitoring

1. Several parts of this section, especially the first two paragraphs, repeat background
information already covered in the introduction (e.g., global water quality challenges, the
WEFD and SDG frameworks).

2. The title “Chemical and optical monitoring” suggests a technical focus, but much of the
content discusses broader background and policy issues already covered in the
introduction. Consider adjusting the title or refocusing the content to better match.

The challenges ahead

1. This section raises important points about monitoring gaps and the potential for
collaboration with citizen science to address them. However, to strengthen its contribution
to the overall review, I suggest narrowing the focus to emphasize actionable
recommendations and removing repeated background information covered earlier in the
paper.

Navigating the way forward

This section touches on many important points, but it lacks focus. It jumps between citizen
engagement, river rights, education, and data validation without a clear thread. A more concise
and structured approach would help clarify the main message and improve its impact.

Is the rationale for the Open Letter provided in sufficient detail? (Please consider whether
existing challenges in the field are outlined clearly and whether the purpose of the letter is
explained)

Partly

Does the article adequately reference differing views and opinions?
Partly

Are all factual statements correct, and are statements and arguments made adequately
supported by citations?
Yes

Is the Open Letter written in accessible language? (Please consider whether all subject-
specific terms, concepts and abbreviations are explained)
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Yes

Where applicable, are recommendations and next steps explained clearly for others to
follow? (Please consider whether others in the research community would be able to
implement guidelines or recommendations and/or constructively engage in the debate)
Partly

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Citizen Science, Hydrology, Water Monitoring

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to state that I do not consider it to be of an acceptable scientific standard, for
reasons outlined above.

Luisa GALGANI

We thank Dr. Prajapati for this insightful review of the paper which we believe were very
valuable to improve the clarity and quality of our work. We hope that we have addressed all
relevant points raised. We have changed Figures 1 and 2, merging and updating the
information into one figure (Figure 1). We have removed Figure 11. Figures’ numbers have
thus changed. Some sections have changed position in the manuscript. The overall
structure has changed. In details: - We have modified the text merging the two
“Characteristics of project duration in citizen science” and “Social aspects of engagement”
into the new section titled “Social aspects of engagement and commitment over time in
citizen science projects”. -We have subsequently added one section titled “Citizen science
and policy: opportunities for collaboration “ addressing opportunities for environmental
agencies discussing data quality and policy use. -After the section “Citizen science and
policy: opportunities for collaboration “ we have placed the section “Citizen Science and
Environmental Agencies: Addressing Future Challenges Together” which replaces the
previous version “The challenges ahead”, targeting this topic. -The section “Examples of best
practices” with all projects’ examples follows. -The final section is “Navigating the way
forward"”, in a more structured and refocused way. In this point-by-point response, the
authors' reply is preceded by an “A". ------ General comments

1. The title uses an unexplained abbreviation—consider spelling it out for clarity.

A: We have changed the title. Thanks for this comment. The new title reads “Freshwater
monitoring across the globe: the role of citizen science within the European Water Framework
Directive (WFD) and the United Nations Sustainable Development Goals (SDGs), and opportunities
to incentivize the collaboration with environmental requlators”,

1. This review tackles an important topic and brings together a broad set of
examples on citizen science in freshwater monitoring. While the effort is
commendable, the paper would benefit from clearer structure, less repetition,
and a more transparent methodology. Key points—like participant engagement,
data quality, and collaboration with agencies—are relevant but could be
discussed with more critical insight. With some tightening and clearer framing,
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it has potential to make a valuable contribution.
A: We thank the reviewer for this comment. We have thoroughly revised the structure of the
manuscript and we hope it is now clearer, focusing on the mentioned key points.

1. illustrating key results or methods. I recommend keeping only those that
directly support the paper’s arguments, ensuring each is cited in the text and
accompanied by a more descriptive caption.

A: We thank the reviewer for this comment. We hope that in the revised structure the manuscript
is clearer and a suitable contribution to Open Research Europe and the wider scientific and non-
scientific community working in Citizen Science projects.

Introduction

1. Currently, the paragraphs read like standalone blocks and lack logical
connection.

2. While it's important to situate the paper in the context of the WFD and SDGs, the
current paragraphs dive too deeply into policy details that could be summarized
more concisely. For example, instead of quoting each SDG target verbatim,
paraphrase the key ideas and focus on how they relate to citizen science.

3. Figures 1-3 are mentioned but not clearly described how they support the
narrative. If figures are mentioned this early, a short description of their
relevance would help.

4. After outlining the context, the introduction should clearly state what’s missing
in the current literature or practice that this review addresses. Right now, that
gap is implied but not explicitly stated.

5. While the text lists various benefits and challenges of citizen science, the flow
feels fragmented. Consider organizing the introduction around 2-3 key thematic
pillars (e.g., why citizen science matters, how it aligns with current frameworks,
what needs to be improved) to help guide the reader through the argument.

6. The last paragraph attempts to outline the aim of the piece but remains vague.
Phrases like “intended as an open letter” and “based on an assessment of
available information” could be replaced with a sharper and more confident
statement of what the article seeks to do and why it matters now.

7. Some key claims—particularly those about the benefits of citizen science, global
freshwater stressors, and monitoring gaps—would be stronger with additional
citations.

A: We thank the reviewer for the suggestions. We have restructured the introduction, and we hope
it now reads clearer. We have changed the figures 1 and 2 and created a new figure (Figure 1),
updated and that merges all previous information from Figures 1 and 2. To the best of our
knowledge, we have addressed and cited many relevant papers in the field and the literature on
this topic is still limited (but growing in number, reflecting a general rising interest worldwide).
State of art

1. The authors give a general idea of how the literature search was conducted, but
the term “snowball-like quest” feels a bit vague. Including more detail—like the
specific keyword combinations, any time frame used, or how the search was
structured—would make the process clearer.

2. The paper mentions that 295 articles were initially identified and 85 selected for
further analysis, but the criteria for narrowing this list down could be better
explained. It would help to briefly describe how papers were screened or what
counted as thematically relevant.
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A: We thank the reviewer for this comment. We have added information in the text. We hope this
section now reads clearer. Please see the revised version. The backbone of citizen science
Approaches, parameters and data quality

1. The point about citizen science data being 70-90% as accurate as lab values is
made twice almost word-for-word.

2. The section touches on data validation methods, which is really important, but
it would help to be a bit more specific. For example, how many of the studies
actually used side-by-side comparisons or statistical checks?

A: We thank the reviewers for these suggestions. About point 1, we are sorry that was an
oversight from our side and it has been corrected. Point 2 has been addressed as well, please see
the revised text. Quality of the publication analyzed

1. The quality assessment is based on subjective judgments by a small internal
team, which may introduce bias. It would be helpful to either involve a more
diverse group or acknowledge this as a limitation more explicitly.

A: we thank the reviewer for pointing this out. We have modified the text to clearly state that the
quality assessment may be biased based on the way it was done. Characteristics of project
duration in citizen science

1. The title suggests a focus on project duration, but most of the section talks
about data quality and policy use. Either the section should focus more on
duration, or the title should be adjusted to better match the content.

2. It would be great to include what helps projects last longer or how duration
affects outcomes.

A: we thank the reviewer for pointing this out. We have modified the title and added the required
information, merging the section “Characteristics of project duration in citizen science” with
“Social aspects of engagement” into the new section titled “Social aspects of engagement and
commitment over time in citizen science projects” which also includes what helps projects last
longer and how duration can affect the outcomes. A new section has been created and moved
below addressing opportunities for environmental agencies with the text that discusses data
quality and policy use (section “Citizen science and policy: opportunities for collaboration”).
Please see the revised text.

Examples of best practices

Chemical and optical monitoring

1. Several parts of this section, especially the first two paragraphs, repeat
background information already covered in the introduction (e.g., global water
quality challenges, the WFD and SDG frameworks).

2. The title “Chemical and optical monitoring” suggests a technical focus, but
much of the content discusses broader background and policy issues already
covered in the introduction. Consider adjusting the title or refocusing the
content to better match.

A: We have changed the first part of “Chemical and optical monitoring” focusing on the
parameters analyzed and highlighting the global FreshWater Watch programme. The
challenges ahead

1. This section raises important points about monitoring gaps and the potential
for collaboration with citizen science to address them. However, to strengthen
its contribution to the overall review, I suggest narrowing the focus to
emphasize actionable recommendations and removing repeated background
information covered earlier in the paper.
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A: We thank the reviewer for this suggestion, that we have addressed in the revised text. The
section has substantially changed and has been moved up, now titled “Citizen Science and
Environmental Agencies: Addressing Future Challenges Together”. Navigating the way
forward

This section touches on many important points, but it lacks focus. It jumps between
citizen engagement, river rights, education, and data validation without a clear
thread. A more concise and structured approach would help clarify the main message
and improve its impact. A: We thank the reviewer for this suggestion, that we have addressed
in the revised text.
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? Ahmet Erkan Kideys

T Middle East Technical University, Cankaya, Turkey
2 Middle East Technical University, Cankaya, Turkey
3 Middle East Technical University, Cankaya, Turkey

o The subject of the paper is highly relevant for enhancing the impact of citizen science from
multiple perspectives. It also includes an extensive literature review. However, the problem
statement or hypothesis is not clearly defined at the beginning. Adding a dedicated
subsection on problem definition would improve the structure and clarity. The
Conclusions section should be revised to provide clearer insights, preferably using
bulleted points to emphasize strategies for incentivizing participation in citizen science.
This will enhance readability and ensure key takeaways are effectively communicated. I
believe the manuscript will be suitable for indexing if the reviewer comments are
appropriately addressed.

> Abstract: The abstract should be enriched with more concrete findings to enhance clarity
and impact.

Figure 1: The resolution of the text and numbers is poor, making them difficult to read.
Please improve the quality for better readability.

o Table 1: It is unclear whether the keyword "citizen science" was specifically used in the
search. Please clarify this.

Figures 7 and 8: The relevance of these publications to the citizen science subject should
be explicitly highlighted for better context.

> The "Backbones of Citizen Science" section should incorporate the 10 Principles of
Citizen Science for a more comprehensive discussion.

> In Figure 10, a clear explanation is needed as to why plastic/microplastics were excluded

from this study.
> What type of invasive species is Trachemys scripta? Please provide clarification.

o "Pescadores de Plastic (Spain, 2019-2023 https://mon.uvic.cat/pescadors-de-plastic/)"
should be introduced as a new paragraph for better readability and emphasis.

Examples of best practices would be more appropriate to include as an Appendix.

Is the topic of the review discussed comprehensively in the context of the current
literature?
Yes

Are all factual statements correct and adequately supported by citations?
Yes

Is the review written in accessible language?
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Yes

Are the conclusions drawn appropriate in the context of the current research literature?
Partly

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: marine ecology, citizen science, plastics pollution,

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Luisa GALGANI

Dear Editorial Board and Reviewers,

We have thoroughly revised our manuscript ‘The role of citizen science within WFD and
SDGs, and how to incentivize the collaboration with environmental regulators’, according to
the comments received from the reviewers, whom we thank again, comments that we
found extremely useful. In lights of the suggestions and the modifications, we would like to
change the type of article to “Open Letter” as it best reflects the scope and the structure of
the manuscript, and its original intent. We have changed the figures and explained the
selection of publications in a flowchart (Figure 4) as suggested. We understand that the
manuscript in its first submitted form was lacking important information to be considered a
review article. However, we have performed a selection of publications based on thematic
keywords, that we explain better in the revised text. The publications screened and for
which we report some information are 85 and address citizen science to some extent. From
these 85, we sub-selected 34 as the ones that clearly report citizen science generated data
and these have been analysed in more details. We have thoroughly revised the text and its
sections following the first reviewer's suggestions. The structure of the manuscript is
slightly different now. We hope that you find the new version of the manuscript a suitable
contribution to Open Research Europe and we are confident that this work will be useful to
the journal readers as well as to different stakeholders, including citizens, regulatory
agencies and policy makers. Specific comments are addressed below, point-by-point. Our
response is in red. We thank Dr. Kideys for his insightful review of the manuscript. We tried
to address all queries in the point-by-point reply below. The subject of the paper is highly
relevant for enhancing the impact of citizen science from multiple perspectives. It also
includes an extensive literature review. However, the problem statement or hypothesis is
not clearly defined at the beginning. Adding a dedicated subsection on problem
definition would improve the structure and clarity. The Conclusions section should be
revised to provide clearer insights, preferably using bulleted points to emphasize
strategies for incentivizing participation in citizen science. This will enhance readability and
ensure key takeaways are effectively communicated. I believe the manuscript will be
suitable for indexing if the reviewer comments are appropriately addressed. We thank Dr.
Kideys for this suggestion. We have revised the introduction, and we hope that the focus of
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the manuscript is clearer now. We have also thoroughly revised the whole structure of the
text from the section “The Backbones of Citizen Science”.
> Abstract: The abstract should be enriched with more concrete findings to enhance
clarity and impact.
We have modified the abstract following Dr. Kideys' suggestions.

o Figure 1: The resolution of the text and numbers is poor, making them difficult to
read. Please improve the quality for better readability.
We thank the reviewer for pointing this out. This image has been taken from the WISE
European Environment Agency and we can ask the ORE editorial production to make it
larger for better readability.
o Table 1: It is unclear whether the keyword "citizen science" was specifically used in
the search. Please clarify this.
The text has been revised to address all reviewers’ comments. We hope it is now clearer.

o Figures 7 and 8: The relevance of these publications to the citizen science subject
should be explicitly highlighted for better context.
The text has been revised to address all reviewers' comments. We have revised the list of
publications and explained why they were chosen. Also, graphs have been modified. We
hope it is now clearer.

o The "Backbones of Citizen Science" section should incorporate the 10 Principles of
Citizen Science for a more comprehensive discussion.
We have introduced the topic in the new structure of the text provided.
Thank you for pointing out the lack of clearness concerning the use of “citizen science” as a
search word, we have addressed this the new “state of the art” section.
o In Figure 10, a clear explanation is needed as to why plastic/microplastics were
excluded from this study.
We thank the reviewer for pointing this out. We have included studies looking at plastics
and microplastics. However, these parameters are not currently included in the WFD
monitoring standard parameters. We suggest that these should be added as they are
parameters easily monitored with the help of citizen science.
o What type of invasive species is Trachemys scripta? Please provide clarification.

This species is an invasive freshwater turtle also known as the “turtle with the yellow ears".
Its preferred habitats are lakes, ponds and rivers with slow and muddy waters and plenty of
aquatic plants. It originates from North-east Mexico and South-east United States. It is
present as invasive species in several European countries among which France, Spain,
Germany and Italy. We have added more information in the text.

> "Pescadores de Plastic (Spain, 2019-2023 https://mon.uvic.cat/pescadors-de-
plastic/)" should be introduced as a new paragraph for better readability and
emphasis.
We thank the reviewer for noticing this. Indeed, this has been overlooked during the pdf
finalization process. We will make sure it will be a new paragraph in the new version.
Examples of best practices would be more appropriate to include as an Appendix.

We thank the reviewer for the comment, which is also a point raised by both reviewers.
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These examples are supporting the paper and per ORE guidelines unfortunately they
cannot be placed in an appendix or supplementary information. The only possibility would
be an external database (as Zenodo), but this would infer on the overall content of the
manuscript, so we believe the best option is to leave them in a distinct section of the
manuscript itself.

Competing Interests: No competing interests were disclosed.

Reviewer Report 03 March 2025

https://doi.org/10.21956/openreseurope.20736.r51326

© 2025 Verbrugge L. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

X

Laura Verbrugge

T Independent researcher, Espoo, Finland
2 Independent researcher, Espoo, Finland
3 Independent researcher, Espoo, Finland

Thank you for the opportunity to read this paper. It's aim to review literature on citizen science in
a water quality monitoring context is timely as many papers on this topic have been published in
the last years. The manuscript has some severe flaws in its goal setting and methodology (see
point 1 and 2) that need to be addressed before it can make a contribution to the scientific
literature.

1) In my view, the current paper lacks a clear focus or goal. It is presented as both a literature
review and a policy draft which are two different things. I have read the paper as a review as this
was indicated in the ‘article type’. Often, it was not clear to me if a statement was a result from the
literature review or a more general statement or discussion as this was not clarified. The current
paper does not meet the requirements of a literature review, that needs a clear goal, suitable
methods to reach this goal, and presentation of the results that answer specific questions. The
current paper takes many side paths that are a distraction. A well-defined aim and research
quest|ons are needed to fix this issue. Currently, the aim is

Exploring the state of the art in citizen science-based projects monitoring water quality (->

OK this defines your search for papers using these key terms and synonyms)

o Identifying challenges and opportunities and the potentials for collaboration with national
Environmental Agencies and citizens to ensure longer term commitment (-> this could be
phrased more specific; what are looking for in the papers? Write specific questions or
sentences on how you searched the paper to find this information. For example, which
methodology was used for monitoring? What are motivations/drivers and barriers for
volunteers? How do these topics link to collaboration with agencies? These are interesting
questions, but you never really pose them)

o Providing suggestions to overcome hurdles in upcoming research programmes and
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activities (-> idem how did you deduct these from the papers?)
o The paper also presents results from a ‘quality assessment'’. This should also be included as
an aim of this study if those results are presented.

2) The methodology lacks critical information on the literature review protocol. The methods need
to be described in such a way that it could be replicated by someone else. The following
information needs to be added/ changed:

o Rationale for choosing key words; in my opinion the list of keywords is rather short and
arbitrary. What makes you think that these key words captured all relevant available
papers? Can you provide evidence for this?

> A description of inclusion and/or exclusion criteria for selecting papers (e.g. you included
only studies that reported citizen-science generated data).

o Often the selection process of a literature review is presented as a flow chart starting from
the first search results and reporting numbers that meet the criteria, until you reach the
final number of papers that was selected (in your case 47). Can you include such as flow
chart?

> If you made this selection of papers, why are you reporting results from the screened
publications that were not included (end of page 9)?

o Which questions did you aim to answer by reading these papers?

List of key information etc. that you collected for each paper (this could be added as an
appendix) and explanation why this is relevant.

3) Figures need to have a clear purpose linked to the study, e.g. presenting results in a graph or a
visual of your conceptual approach or methodology. Many of the Figures in the current paper do
not have such a purpose and should be left out in my opinion (e.g. Figures 1 to 6). The remaining
Figures need to have clear captions so that it is clear what is presented (is it a result from the
literature review?) or what the source is. See more detailed comments in the PDF that I have
shared below at the end of the review*.

4) Overall, in my opinion, the most interesting part of the paper is the results section starting from
Backbones. I would recommend to first present quantitative results linked to your research
guestions (methods, accuracy/validations, type of collaboration etc.), and then a more qualitative
review of the challenges, opportunities and best practices (with a clear focus on your research
questions).

5) The examples at the end are nice but do not contribute directly to the goal of the study. In my
opinion these could be placed in an appendix instead.

*] made specific comments in the PDF file. I would like the authors to refer to some detailed
comments in the PDF here - https://s3-eu-west-
1.amazonaws.com/openreseurope/linked/247605.Review_detailed_comments.pdf

Is the topic of the review discussed comprehensively in the context of the current
literature?
Partly

Are all factual statements correct and adequately supported by citations?
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Partly

Is the review written in accessible language?
Yes

Are the conclusions drawn appropriate in the context of the current research literature?
Partly

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: citizen science, environmental management

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to state that I do not consider it to be of an acceptable scientific standard, for
reasons outlined above.

Luisa GALGANI

We have thoroughly revised our manuscript ‘The role of citizen science within WFD and
SDGs, and how to incentivize the collaboration with environmental regulators’, according to
the comments received from the reviewers, whom we thank again, comments that we
found extremely useful. In lights of the suggestions and the modifications, we would like to
change the type of article to “Open Letter” as it best reflects the scope and the structure of
the manuscript, and its original intent. We have changed the figures and explained the
selection of publications in a flowchart (Figure 4) as suggested.

We understand that the manuscript in its first submitted form was lacking important
information to be considered a review article. However, we have performed a selection of
publications based on thematic keywords, that we explain better in the revised text.

The publications screened and for which we report some information are 85 and address
citizen science to some extent. From these 85, we sub-selected 34 as the ones that clearly
report citizen science generated data and these have been analysed in more details. We
have thoroughly revised the text and its sections following the first reviewer's suggestions.
The structure of the manuscript is slightly different now.

We hope that you find the new version of the manuscript a suitable contribution to Open
Research Europe and we are confident that this work will be useful to the journal readers as
well as to different stakeholders, including citizens, regulatory agencies and policy makers.
Specific comments are addressed below, point-by-point. Our response is in red.

Reviewer 1 Thank you for the opportunity to read this paper. It's aim to review literature on
citizen science in a water quality monitoring context is timely as many papers on this topic
have been published in the last years. The manuscript has some severe flaws in its goal
setting and methodology (see point 1 and 2) that need to be addressed before it can make a
contribution to the scientific literature. We are grateful to Dr. Verbrugge for her insightful
suggestions and the thorough review of our manuscript. We are happy to provide the
amendments requested.

1) In my view, the current paper lacks a clear focus or goal. It is presented as both a
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literature review and a policy draft which are two different things. I have read the paper as a
review as this was indicated in the ‘article type’. Often, it was not clear to me if a statement
was a result from the literature review or a more general statement or discussion as this
was not clarified. The current paper does not meet the requirements of a literature review,
that needs a clear goal, suitable methods to reach this goal, and presentation of the results
that answer specific questions. The current paper takes many side paths that are a
distraction. A well-defined aim and research questions are needed to fix this issue.
Currently, the aim is

Exploring the state of the art in citizen science-based projects monitoring water

quality (-> OK this defines your search for papers using these key terms and

synonyms)

o Identifying challenges and opportunities and the potentials for collaboration with
national Environmental Agencies and citizens to ensure longer term commitment (->
this could be phrased more specific; what are looking for in the papers? Write specific
questions or sentences on how you searched the paper to find this information. For
example, which methodology was used for monitoring? What are motivations/drivers
and barriers for volunteers? How do these topics link to collaboration with agencies?
These are interesting questions, but you never really pose them)

o Providing suggestions to overcome hurdles in upcoming research programmes and
activities (-> idem how did you deduct these from the papers?)

> The paper also presents results from a ‘quality assessment’. This should also be
included as an aim of this study if those results are presented.

We thank the reviewer for pointing this out. We agree with the analysis; our manuscript
would best fit the category of Open Letter since the data presented are only related to a
small number of studies and it is originally meant as a white paper. With this in mind, we
addressed the questions raised in the previous points in the manuscript. We have included
an introduction that states the problem, and we hope the focus is now much clearer. We
have thoroughly revised the text and its structure and re-formulated suggestions for the
future based on the issues identified in the publications screened.

2) The methodology lacks critical information on the literature review protocol. The
methods need to be described in such a way that it could be replicated by someone else.
The foIIowmg information needs to be added/ changed:

o Rationale for choosing key words; in my opinion the list of keywords is rather short
and arbitrary. What makes you think that these key words captured all relevant
available papers? Can you provide evidence for this?

o A description of inclusion and/or exclusion criteria for selecting papers (e.g. you
included only studies that reported citizen-science generated data).

o Often the selection process of a literature review is presented as a flow chart starting
from the first search results and reporting numbers that meet the criteria, until you
reach the final number of papers that was selected (in your case 47). Can you include
such as flow chart?

o If you made this selection of papers, why are you reporting results from the screened
publications that were not included (end of page 9)?

o Which questions did you aim to answer by reading these papers?

List of key information etc. that you collected for each paper (this could be added as
an appendix) and explanation why this is relevant.
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Thank you for this comment. We have provided the data underlying the publication which is
an Excel file available on Zenodo. The link is here https://zenodo.org/records/14633986 and
it is also stated in the data availability section of the manuscript. It contains key information
about the papers individuated for the analysis.

We agree that the rationale for the selection of keywords was not clearly stated, we have
addressed this issue in the manuscript in the new text. As this article was not intended to be
a comprehensive literature review, we acknowledge that there may be some important
publications that we missed. A description of the selection criteria has been provided in the
manuscript in the section “State of the art”, detailing how we selected publications based on
their following of ECSA's 10 principles of citizen science. Furthermore we highlighted which
principles were the most followed, and why the remaining publications were not selected
but still reported. We hope this amended section clarifies the process we followed. We have
provided a new figure (Figure 4) with the flowchart for the publications selection process.
Figures have changed and are now renumbered. We have performed a re-analysis of the
publications, identifying 85 that deal with citizen science and address citizen science to
some extent. These 85 have been thematically categorized, as described in the text. From
these 85, 34 have been included in a sub-selection and analyzed in details because these
clearly report citizen generated data.

3) Figures need to have a clear purpose linked to the study, e.g. presenting results in a
graph or a visual of your conceptual approach or methodology. Many of the Figures in the
current paper do not have such a purpose and should be left out in my opinion (e.g. Figures
1 to 6). The remaining Figures need to have clear captions so that it is clear what is
presented (is it a result from the literature review?) or what the source is. See more detailed
comments in the PDF that I have shared below at the end of the review*. Thank you for the
comment. We have removed some figures. However, in light of the new scope of the
manuscript as an open letter, some figures should be kept. In particular, we believe the
infographics are useful to express concepts that are hindered in the text and would go as
additional text if not included in the figure. In our opinion, these infographics are useful as
they help memorizing some key messages to serve the purpose of the present publication.
The figures’ numbers have changed. Please see the revised version for the new order.

4) Overall, in my opinion, the most interesting part of the paper is the results section
starting from Backbones. I would recommend to first present quantitative results linked to
your research questions (methods, accuracy/validations, type of collaboration etc.), and
then a more qualitative review of the challenges, opportunities and best practices (with a
clear focus on your research questions). We thank Dr. Verbrugge for this suggestion. We
have thoroughly revised the structure of the whole text starting from the section “The
backbones of Citizen Science” and we hope the text has now improved.

5) The examples at the end are nice but do not contribute directly to the goal of the study.
In my opinion these could be placed in an appendix instead. We thank the reviewer for the
comment. These examples are supporting the paper and following ORE guidelines
unfortunately they cannot be placed in an appendix or supplementary information. The only
possibility would be an external database (as Zenodo), but this would infer on the overall
content of the manuscript, so we believe the best option is that they remain as a distinct
section of the manuscript itself.
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*I made specific comments in the PDF file. I would like the authors to refer to some detailed
comments in the PDF here - https://s3-eu-west-
1.amazonaws.com/openreseurope/linked/247605.Review_detailed_comments.pdf We thank
Dr. Verbrugge for the detailed review. We have addressed all comments in the pdf. Please
see the pdf attached with the revised version.

Competing Interests: No competing interests were disclosed.

Comments on this article

Author Response 13 Apr 2025
Luisa GALGANI

Dear Editorial Board, Dr. Verbrugge and Dr. Kideys, We have thoroughly revised our manuscript
‘The role of citizen science within WFD and SDGs, and how to incentivize the collaboration with
environmental regulators’, according to the comments received from the reviewers, whom we
thank again, comments that we found extremely useful. In lights of the suggestions and the
modifications, we would like to change the type of article to “Open Letter” as it best reflects the
scope and the structure of the manuscript, and its original intent. We have changed the figures and
explained the selection of publications in a flowchart (Figure 4) as suggested. We understand that
the manuscript in its first submitted form was lacking important information to be considered a
review article. However, we have performed a selection of publications based on thematic
keywords, that we explain better in the revised text. The publications screened and for which we
report some information are 85 and address citizen science to some extent. From these 85, we sub-
selected 34 as the ones that clearly report citizen science generated data and these have been
analysed in more details. We have thoroughly revised the text and its sections following the first
reviewer's suggestions. The structure of the manuscript is slightly different now. We hope that you
find the new version of the manuscript a suitable contribution to Open Research Europe and we
are confident that this work will be useful to the journal readers as well as to different
stakeholders, including citizens, regulatory agencies and policy makers. Specific comments are
addressed below, point-by-point. Our response is in red.

Reviewer 1 Thank you for the opportunity to read this paper. It's aim to review literature on citizen
science in a water quality monitoring context is timely as many papers on this topic have been
published in the last years. The manuscript has some severe flaws in its goal setting and
methodology (see point 1 and 2) that need to be addressed before it can make a contribution to
the scientific literature. We are grateful to Dr. Verbrugge for her insightful suggestions and the
thorough review of our manuscript. We are happy to provide the amendments requested.

1) In my view, the current paper lacks a clear focus or goal. It is presented as both a literature
review and a policy draft which are two different things. I have read the paper as a review as this
was indicated in the ‘article type’. Often, it was not clear to me if a statement was a result from the
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literature review or a more general statement or discussion as this was not clarified. The current
paper does not meet the requirements of a literature review, that needs a clear goal, suitable
methods to reach this goal, and presentation of the results that answer specific questions. The
current paper takes many side paths that are a distraction. A well-defined aim and research
questions are needed to fix this issue. Currently, the aim is

+ Exploring the state of the art in citizen science-based projects monitoring water quality (->
OK this defines your search for papers using these key terms and synonyms)

+ Identifying challenges and opportunities and the potentials for collaboration with national
Environmental Agencies and citizens to ensure longer term commitment (-> this could be
phrased more specific; what are looking for in the papers? Write specific questions or
sentences on how you searched the paper to find this information. For example, which
methodology was used for monitoring? What are motivations/drivers and barriers for
volunteers? How do these topics link to collaboration with agencies? These are interesting
guestions, but you never really pose them)

+ Providing suggestions to overcome hurdles in upcoming research programmes and
activities (-> idem how did you deduct these from the papers?)

+ The paper also presents results from a ‘quality assessment'’. This should also be included as
an aim of this study if those results are presented.

We thank the reviewer for pointing this out. We agree with the analysis; our manuscript would best
fit the category of Open Letter since the data presented are only related to a small number of
studies and it is originally meant as a white paper. With this in mind, we addressed the questions
raised in the previous points in the manuscript. We have included an introduction that states the
problem, and we hope the focus is now much clearer. We have thoroughly revised the text and its
structure and re-formulated suggestions for the future based on the issues identified in the
publications screened.

2) The methodology lacks critical information on the literature review protocol. The methods need
to be described in such a way that it could be replicated by someone else. The following
information needs to be added/ changed:

+ Rationale for choosing key words; in my opinion the list of keywords is rather short and
arbitrary. What makes you think that these key words captured all relevant available papers?
Can you provide evidence for this?

+ A description of inclusion and/or exclusion criteria for selecting papers (e.g. you included
only studies that reported citizen-science generated data).

+ Often the selection process of a literature review is presented as a flow chart starting from
the first search results and reporting numbers that meet the criteria, until you reach the final
number of papers that was selected (in your case 47). Can you include such as flow chart?

+ If you made this selection of papers, why are you reporting results from the screened
publications that were not included (end of page 9)?

* Which questions did you aim to answer by reading these papers?

+ List of key information etc. that you collected for each paper (this could be added as an
appendix) and explanation why this is relevant.

Thank you for this comment. We have provided the data underlying the publication which is an
Excel file available on Zenodo. The link is here https://zenodo.org/records/14633986 and it is also
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stated in the data availability section of the manuscript. It contains key information about the
papers individuated for the analysis.

We agree that the rationale for the selection of keywords was not clearly stated, we have
addressed this issue in the manuscript in the new text. As this article was not intended to be a
comprehensive literature review, we acknowledge that there may be some important publications
that we missed. A description of the selection criteria has been provided in the manuscript in the
section “State of the art”, detailing how we selected publications based on their following of ECSA’s
10 principles of citizen science. Furthermore we highlighted which principles were the most
followed, and why the remaining publications were not selected but still reported. We hope this
amended section clarifies the process we followed. We have provided a new figure (Figure 4) with
the flowchart for the publications selection process. Figures have changed and are now
renumbered. We have performed a re-analysis of the publications, identifying 85 that deal with
citizen science and address citizen science to some extent. These 85 have been thematically
categorized, as described in the text. From these 85, 34 have been included in a sub-selection and
analyzed in details because these clearly report citizen generated data.

3) Figures need to have a clear purpose linked to the study, e.g. presenting results in a graph or a
visual of your conceptual approach or methodology. Many of the Figures in the current paper do
not have such a purpose and should be left out in my opinion (e.g. Figures 1 to 6). The remaining
Figures need to have clear captions so that it is clear what is presented (is it a result from the
literature review?) or what the source is. See more detailed comments in the PDF that I have shared
below at the end of the review*. Thank you for the comment. We have removed some figures.
However, in light of the new scope of the manuscript as an open letter, some figures should be
kept. In particular, we believe the infographics are useful to express concepts that are hindered in
the text and would go as additional text if not included in the figure. In our opinion, these
infographics are useful as they help memorizing some key messages to serve the purpose of the
present publication. The figures’ numbers have changed. Please see the revised version for the
new order.

4) Overall, in my opinion, the most interesting part of the paper is the results section starting from
Backbones. I would recommend to first present quantitative results linked to your research
guestions (methods, accuracy/validations, type of collaboration etc.), and then a more qualitative
review of the challenges, opportunities and best practices (with a clear focus on your research
guestions). We thank Dr. Verbrugge for this suggestion. We have thoroughly revised the structure
of the whole text starting from the section “The backbones of Citizen Science” and we hope the text
has now improved.

5) The examples at the end are nice but do not contribute directly to the goal of the study. In my
opinion these could be placed in an appendix instead. We thank the reviewer for the comment.
These examples are supporting the paper and following ORE guidelines unfortunately they cannot
be placed in an appendix or supplementary information. The only possibility would be an external
database (as Zenodo), but this would infer on the overall content of the manuscript, so we believe
the best option is that they remain as a distinct section of the manuscript itself.

*I made specific comments in the PDF file. I would like the authors to refer to some detailed
comments in the PDF here - https://s3-eu-west-
1.amazonaws.com/openreseurope/linked/247605.Review_detailed_comments.pdf We thank Dr.
Verbrugge for the detailed review. We have addressed all comments in the pdf that we have

Page 42 of 44


https://s3-eu-west-1.amazonaws.com/openreseurope/linked/247605.Review_detailed_comments.pdf
https://s3-eu-west-1.amazonaws.com/openreseurope/linked/247605.Review_detailed_comments.pdf

O pe n Resea rCh E uro pe Open Research Europe 2025, 5:45 Last updated: 22 NOV 2025

resubmitted with the new version and the new figures.

Reviewer 2 We thank Dr. Kideys for his insightful review of the manuscript. We tried to address all
queries in the point-by-point reply below. The subject of the paper is highly relevant for enhancing
the impact of citizen science from multiple perspectives. It also includes an extensive literature
review. However, the problem statement or hypothesis is not clearly defined at the beginning.
Adding a dedicated subsection on problem definition would improve the structure and clarity.
The Conclusions section should be revised to provide clearer insights, preferably using bulleted
points to emphasize strategies for incentivizing participation in citizen science. This will enhance
readability and ensure key takeaways are effectively communicated. I believe the manuscript will
be suitable for indexing if the reviewer comments are appropriately addressed. We thank Dr.
Kideys for this suggestion. We have revised the introduction, and we hope that the focus of the
manuscript is clearer now. We have also thoroughly revised the whole structure of the text from
the section “The Backbones of Citizen Science”.

+ Abstract: The abstract should be enriched with more concrete findings to enhance clarity
and impact.

We have modified the abstract following Dr. Kideys' suggestions.

+ Figure 1: The resolution of the text and numbers is poor, making them difficult to read.
Please improve the quality for better readability.

We thank the reviewer for pointing this out. This image has been taken from the WISE European
Environment Agency and we can ask the ORE editorial production to make it larger for better
readability.

+ Table 1: It is unclear whether the keyword "citizen science" was specifically used in the
search. Please clarify this.

The text has been revised to address all reviewers’ comments. We hope it is now clearer.

+ Figures 7 and 8: The relevance of these publications to the citizen science subject should be
explicitly highlighted for better context.

The text has been revised to address all reviewers' comments. We have revised the list of
publications and explained why they were chosen. Also, graphs have been modified. We hope it is
now clearer.

+ The "Backbones of Citizen Science" section should incorporate the 10 Principles of Citizen
Science for a more comprehensive discussion.

We have introduced the topic in the new structure of the text provided.
Thank you for pointing out the lack of clearness concerning the use of “citizen science” as a search
word, we have addressed this the new “state of the art” section.

+ InFigure 10, a clear explanation is needed as to why plastic/microplastics were excluded
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from this study.

We thank the reviewer for pointing this out. We have included studies looking at plastics and
microplastics. However, these parameters are not currently included in the WFD monitoring
standard parameters. We suggest that these should be added as they are parameters easily
monitored with the help of citizen science.

+ What type of invasive species is Trachemys scripta? Please provide clarification.

This species is an invasive freshwater turtle also known as the “turtle with the yellow ears”. Its
preferred habitats are lakes, ponds and rivers with slow and muddy waters and plenty of aquatic
plants. It originates from North-east Mexico and South-east United States. It is present as invasive
species in several European countries among which France, Spain, Germany and Italy. We have
added more information in the text.

+ "Pescadores de Plastic (Spain, 2019-2023 https://mon.uvic.cat/pescadors-de-plastic/)"
should be introduced as a new paragraph for better readability and emphasis.

We thank the reviewer for noticing this. Indeed, this has been overlooked during the pdf
finalization process. We will make sure it will be a new paragraph in the new version.

+ Examples of best practices would be more appropriate to include as an Appendix.

We thank the reviewer for the comment, which is also a point raised by both reviewers. These
examples are supporting the paper and per ORE guidelines unfortunately they cannot be placed in
an appendix or supplementary information. The only possibility would be an external database (as
Zenodo), but this would infer on the overall content of the manuscript, so we believe the best
option is to leave them in a distinct section of the manuscript itself.
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