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Abstract  

This paper provides a quantitative assessment of students’ attitude and behaviors towards marine litter 

before and after their participation to SEACleaner, an educational and citizen science project devoted 

to monitor macro- and micro-litter in an Area belonging to “Pelagos Sanctuary” (Mediterranean Sea). 

This approach produced interesting outcomes both for the research sector of marine pollution and 

environmental monitoring, as well for the scientific and environmental education. Here we focus on 

citizen science as an effective vector for raising young people awareness of marine litter and fostering 

sound behaviors. A specially designed questionnaire was administered to 87 High School students, 

to test the validity of such approach. The results state that the students change quantitatively their 

perception of beach-litter causes and derived problems, and they improved their knowledge about the 

main marine litter sources and the role of the sea in the waste transport and deposition along the coast.  

 

Keywords: Citizen Science, Assessment, SEACleaner, Mediterranean Sea, Anthropogenic Marine 
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Highlights  

 It is crucial to educate new generations to prevent the problem of marine litter. 

 Citizen science has important implications for awareness and education. 

 Assessing the validity of citizen science as educational tool is an important step. 

 SEACleaner Protocol: an adapted version of UNEP/IOC, OSPAR and EU-MSFD guidelines. 

1. Introduction 

SEACleaner is an educational and citizen science project implemented from 2013 to 2018 by the 

Italian Institute of Marine Science (ISMAR-CNR, Istituto di Scienze Marine del Consiglio Nazionale 

delle Ricerche), in collaboration with other Research Institutes (DLTM, Ligurian District for Marine 

Technologies; INGV, Istituto Nazionale di Geofisica e Vulcanologia; ENEA, Agenzia nazionale per 

le nuove tecnologie, l'energia e lo sviluppo economico sostenibile). The project aims to collect data 

on macro- and micro- beached marine litter in the particularly vulnerable wide Macro-area belonging 
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to “Pelagos Sanctuary” (International Protected Area in the NW Mediterranean Sea). Hundreds of 

secondary school students and volunteers attended a preparatory session and then carried out field 

activities together with the researchers. In detail, they collected data about the type, distribution and 

main pollution sources of macro “Anthropogenic Marine Debries”1 (AMDs) in 11 beaches located in 

5 different areas (Pianosa Island in the Tuscan Archipelago National Park; Migliarino, Massaciuccoli, 

San Rossore Natural Regional Park, hereinafter San Rossore Park; Palmaria Island in the Porto 

Venere Natural Regional Park; Cinque Terre National Park; Lerici). Results of a sub-sample of thirty-

three surveys, taken between January 2014 and  December 2015 in different seasons, allow an 

estimate of quantity, typology, distribution of beach litter within this coastal macro-area, and the 

assessment of the beach quality index for the studied sites (Giovacchini et al., 2018). 

The citizen science approach has proven to be an efficient way to deal with scientific investigations, 

especially in ecology research (Danielsen et al., 2010; Dickinson et al., 2012, 2010; Garcia-Soto et 

al., 2017; Kobori et al., 2016; Newman et al., 2012; Reed, 2008; H. E. Roy et al., 2012; Theobald et 

al., 2015; Thiel et al., 2014) and Non-Indigenous Species (NIS) detecting (Azzurro et al., 2013; Crall 

et al., 2010; Mannino and Balistreri, 2018; Mioni et al., 2018). The assessment of this approach as an 

effective research tool has been explored (Crall et al., 2011; Forrester et al., 2015; Gillett et al., 2012; 

Hunter et al., 2013; Tregidgo et al., 2013; Tulloch et al., 2013) and the Thiel et al.’ review (2014) 

showed that volunteer-generated data contributed information about population dynamics, 

distribution of marine organisms, marine litter and so on, and particularly supported long-term 

monitoring programs for Marine Protected Areas. Benefits include not only enhanced monitoring 

skills, but also increase in Ocean Literacy and citizens’ empowerment (Eastman et al., 2013; Gelcich 

et al., 2014; Hartley et al., 2015; Santoro et al., 2017; Wyles et al., 2017), improving, at the same 

time, education in the environmental field (Eastman et al., 2014; Fletcher, 2013; Hartley et al., 2015; 

Merlino et al., 2015a; Merlino et al., 2015b; Mioni et al., 2016). Specifically, in the field of marine 

litter, monitoring studies described the citizen science contribution to data collection/elaboration 

(Anderson and Alford, 2014; Bravo et al., 2009; Browne et al., 2011; Carson, 2013; Claessens et al., 

2011; Gago et al., 2014; Hidalgo-ruz and Thiel, 2013; Hong et al., 2014; Kordella et al., 2013; Nelms 

et al., 2017; Rosevelt et al., 2013; Smith and Edgar, 2014) and specified methodologies to assess its 

validity (Hidalgo-ruz and Thiel, 2013; van der Velde et al., 2017). The long history of citizen 

participation in science notwithstanding, the process of understanding the best way to implement and 

evaluate this approach is just beginning (Garcia-Soto et al., 2017), and more efforts in this sense are 

                                                           
1

 Antropogenic Marine Debries (AMD) include “any persistent, manufactured or processed solid material discarded, disposed of or abandoned in 

the marine and coastal environment” (UNEP, 2005; UNEP, 2009; Galgani et al., 2010). 
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necessary. SEACleaner project is placed in this framework, as its purpose is twofold: to collect a large 

amount of data on quantity, typology, distribution of beach litter AMDs, through the application of a 

standard protocol and rigorous scientific criteria, and also to raise awareness about this daunting 

environmental problem. During the five years of the SEACleaner project, we realized that, despite its 

environmental impact  and the growth of the related scientific literature (Alomar et al., 2016; 

Andrady, 2015, Collignon et al., 2014; Cózar et al., 2015; Eriksen et al., 2014, Faure et al., 2015, 

Fossi et al., 2014; Galgani, 2015; Galgani et al., 2013; Kordella et al., 2013; Kühn et al., 2015; Munari 

et al., 2016; Poeta et al., 2014; Ryan et al., 2009; Suaria et al., 2016; Thiel et al., 2014; Topçu et al., 

2013; Van Sebille et al., 2015; Vlachogianni et al., 2018, 2017), the marine litter problem is often 

unknown to students and, as we know, it is not treated in standard Italian school programs. Therefore, 

it is very important to educate the younger generations about this issue. Involving students in real 

monitoring programs could be a perfect way to do that, with the result to join the 

scientific/environmental value with the educational one, making known the serious problem of 

pollution of our beaches and our seas, as well as promoting and disseminating the use of  scientific 

methodology that underlies this type of investigation (Hidalgo-ruz and Thiel, 2013; Merlino et al., 

2015a; Merlino et al., 2015b; Mioni et al., 2016). In this case, the involvement of students within both 

school hours and, sometimes, also during their free time, can be easily realized through the 

educational tool of work-related learning internships (ASL), a didactic tool that has become 

compulsory in Italy since the third year of high school2. The aim of this paper is to assess the 

effectiveness of the approach of SEACleaner project in raising the awareness of marine pollution 

problem in the high school students involved in the surveys, and in increasing their knowledge of this 

issue. 

2. Material and Methods 

 

2.1 Survey structure and administration 

The multiple-choice questionnaire has been designed on the basis of a previous experience (Hartley 

et al., 2015; Locritani et al., 2015b). In detail, the scheme of the questionnaire (see Appendix, Table 

2) is the same as the one implemented by Hartley et al. 2015, with the addition of some further 

questions (see below). The change was made with the collaboration of students involved in the 

                                                           
2 Work-related learning internships are, in Italy, compulsory for technical and professional schools since 2013 (Italian 

Legislative Decree n.77 of 15 April 2005) and, for all high school, from June 2015 (Italian Law no. 107 of 13 July 2015). 

Students’ ongoing work and /or support activities (for a total period of 400 hours in 3 years) are supervised by research 

centre/enterprise staff. 
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ENVRIplus project3 with a INGV (Istituto Nazionale di Geofisica e Vulcanologia) researcher as tutor.  

The main topics of the survey are: General knowledge; Problem awareness and concern; Perceived 

proportion of plastic; Perceived impacts; Perceived causes; Self-reported litter-reducing behavior. 

The new added questions are relative to two topics: 

1) General knowledge (new SEACleaner questionnaire topic) 

- Do you know which consequences derived from the presence of the litter on the beach and in the 

sea? - Have you ever heard about bioplastic and biodegradable material? 

- In your opinion, the Natural Park or the Marine Protected Area have major percentage of marine 

beached litter?  

2) Perceived causes (topic present in Hartley questionnaire) 

- Why is there litter on the beach and in the sea? (added answer option) Because rivers discharge a 

lot of wastes in the sea. 

Moreover, on the basis of a previous experience about science perception survey (Locritani, et al., 

2015a), it was decided to use a Likert scale - distances between each item are assumed equal - with 

three choice options (Not at all/A little bit/A lot; No/Perhaps/Yes). During the data processing, we 

score the options from one (Not at all or No) to three (A lot or Yes). We decided to use a three options 

scale, instead of a five or seven options scale, to allow the use of the questionnaire also for middle 

school students in order to compare the results. The survey aims to evaluate the effectiveness of the 

SEACleaner activities in terms of acquisition of knowledge and skills in the field of marine pollution 

and increasing the awareness of this environmental problem. The pre-survey questionnaire was 

administered a few weeks before attending the start of the activities, and the post-survey one was 

administered some days (from 10 to 26) after the end of the project. We assumed this interval 

sufficiently short to correlate the post answers with the performed activities. The questionnaire used 

for the pre- and post-survey was the same. The questionnaire was available in digital (Google 

Modules) and in paper format. The students compiled the questionnaire in anonymous way to avoid 

artificially falsified answers, conditioned by others. Students provided verbal assent to participate in 

the survey and their parents signed a written released allowing the publication of photographs. 

2.2 Participants 

A total of 194 Italian students aged 16–17 years and coming from four different high schools 

(scientific lyceum) participated to the SEACleaner activities. The involved schools are located far 

                                                           
3 ENVRIplus is a European project (http://scientificgame.envri.eu/) about the research infrastructure. Some of the  

students involved in our project participated in the ENVRIgame, and they won the European ENVRI educational 

competition 2018. 

http://scientificgame.envri.eu/
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from the coast in Northern Italy. Participation to the project was considered as work-related learning 

internship (ASL) by sciences teachers of these schools. They decided to involve in total nine classes. 

The students were not volunteers and they didn’t choose the activities. For each school, the internship 

took place during 4 days in the San Rossore Park, between the first and the last week of April 2018. 

All students completed the pre-survey questionnaire before the start of the activities, but only 87 of 

them completed the post-survey questionnaire. Despite our reminders, some teachers didn’t 

administer the post-survey questionnaire to their students; four of the nine classes didn’t replay and 

have not been considered in the analysis. Therefore, the data analysis focused only on 87 students 

(the same for the pre- and post- questionnaire). 

 

2.3 SEACleaner activities 

During the internship period, the students attended an informative theoretical and practical training 

session about marine litter categories, and cataloging methods (first days). The monitoring protocol, 

explained during this activity, is an integration of guidelines and methodological instructions 

identified in literature: size and position of transect of the shoreline (Cheshire et al., 2009; Williams 

and Tudor, 2001a, 2001b); kind and material categories and all other characteristics of the studied 

area (Lippiatt et al., 2013; OSPAR, 2010), such as conformation of the different kind of beaches, 

proximity to outlets of rivers and harbors; the presence of aquaculture / fishing activities etc., as 

described in Giovacchini et al., 2018; Merlino et al., 2015b. Moreover, in each selected transept of 

100 meters nine random stations were sampled with a sieve (millimeter mesh) for micro-plastic (from 

1 to 5 mm) survey.  Each station consists in sandy squares with an area of 50 x 50 cm2 and a depth of 

5 cm, following the protocol of the Marine Strategy (Galgani et al., 2013). 

Then, during the following two days, the students were accompanied by researchers and park guides 

to a highly protected area where the access to tourists is forbidden throughout the whole year, and 

they collected macro- and micro-litters. The students monitored a total of six transects, each of them 

100 meters long, collecting a total of 7935 macro-litter (size > 2,5 cm), cataloguing and dividing them 

into 34 categories. At the same time, micro-plastics were also sampled following the explained 

protocol. The fourth day the finds were classified and counted, under the supervision of researchers, 

and data were entered in the respective databases. The students also observed micro-plastics with 

microscopes. After this activity, during the same day, researchers and students undertook a discussion 

about the results of cataloging and observation of the findings. The investigated themes include: 

problems that marine litter may cause to the environment (animals, plants, shoreline, human beings); 

different ways in which the damage can be caused, depending on the macro- or micro- nature of the 

litter; methods of transport of marine litter far from the pollution sources and the role of rivers; 
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importance of up-stream waste management; possible actions that can be taken also personally to 

reduce the dispersion of polluting materials at sea; importance of scientific research in this field and 

the methodologies it uses; importance of raising citizens' awareness of the problem.  

 

2.4 Statistical analysis  

Non-parametric statistical methods were used because the survey was mainly composed of ordinal 

data (1–3 response scale). Friedman test and a series of post hoc Wilcoxon’s matched-pairs signed 

ranks test (Z score) were used to determine the significance of the answers given at baseline about 

general knowledge, the perceived proportion of plastic, impacts, causes, self-reported actions. 

Moreover, a series of post hoc Wilcoxon’s matched-pairs signed ranks tests (Z score) and an effect 

size (r) were computed to determine whether the intervention influenced students after the 

SEACleaner activities. The results are described below and figures are provided to highlight pre- and 

post-intervention changes in attitudes and reported behaviors (for more detail see Appendix). 

 

2.5 Data elaboration 

StatView for Windows SAS Institute Inc. Copyright (C) 1992-1998 Version 5.0, was used to perform 

the base statistical elaboration (mean and standard deviation) and the non-parametric tests of 

Friedman and Wilcoxon. Microsoft Excel 2013 was used for the bar diagrams.  

 

3. Results  

3.1 General  knowledge 

Friedman test shows that the student awareness about marine litter general knowledge was 

significantly different at baseline (χ2(2)=37.53, p<0.0001), thus a series of Wilcoxon test match pair 

was conducted and all the differences result statistically significant (p≤0.001). The students state that 

they know what bio-plastic are (mean value 2.48); on the contrary, they lack information about 

marine park status (mean value 1.86). After the SEACleaner activity, the general knowledge 

significantly grows, especially of marine park status one (32.12%, p<0,0001, see Figure 1 and, in 

Appendix, Table 1).  

 

3.2 Problem awareness and concern 

Students’ pre-intervention responses show a perception of marine litter as a problem. The calculated 

mean value is 2.91. The concern about this problem is a little lower, with 2.61 as mean value (see 

Appendix, Table 1). Both awareness and concern grew after the citizen science activities, but 
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Wilcoxon matched-pair test indicates that only the growth about concern has statistical significance 

(p<0.005), and the percentage growth is 7.28% (see Figure 2 and, in Appendix, Table 1). 

 

3.3 Perceived proportion of plastic  

Students perceived that plastic represents a significantly great proportion of marine litter. Compared 

to their pre-intervention answers, the students estimate of plastic percentage increases after the citizen 

science activities (3.63% Figure 3). Wilcoxon test confirms the significance of the result (p<0.0001 

see Appendix, Table 1).  

 

3.4 Perceived impacts 

Students’ baseline responses indicate that they perceived marine litter to negatively affect marine 

wildlife (mean value 2.98), appearance of the coast (mean value 2.72), fishing industry (mean value 

2.78), human health (mean value 2.38) and tourism (mean value 2.26) (Figure 4 and, in Appendix, 

Table 1). From Friedman test emerges that these impacts were perceived differently at baseline 

χ2(4)=116.34, p<0,0001. Thus, a series of performed Wilcoxon matched-pair tests indicate that the 

baseline perceived impacts are different with the exception of human health compared with tourism 

(p=0.1238) and appearance of the coast compared with fishing industry (p=0.3841). Moreover, 

negative impacts for tourism and for human health were perceived as significantly lower than 

negative impacts for the fishing industry and appearance of the coast (p<0.0001). The negative 

impacts on marine wildlife at the baseline is perceived greater than all other impacts (p<0.0001).   

The situation after the citizen science activities maintains the same general trend, with marine wildlife 

yet perceived greater than all other impacts, but now negative impact for tourism and for human 

health significantly increases (both Wilcoxon test pre-post p<0.05, see Appendix, Table 1).  

3.5 Perceived causes 

Major changes were registered in the perceived causes of marine litter pollution (dropping litter, not 

enough bins, businesses and fishing industry, product packaging and rivers) between the post activity 

and the pre-activity answers. (Figure 5 and, in Appendix, Table 1).  

A Friedman test indicates that these impacts were perceived differently at baseline χ2(4) = 75.84, 

p<0,0001. Thus, a performed series of post hoc Wilcoxon matched-pair tests highlight that, in the pre-

activity questionnaire, the sub-topics dropping litter, product packaging and businesses and the 

fishing industry were perceived as a significantly greater cause of marine litter than the not enough 

bins sub-topic (p < 0.0001). Students perception about the not enough bins cause doesn’t change after 

the intervention (there was no significant difference between pre- and post-intervention responses, 
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p>0.05, see Appendix, Table 1). However, their perceptions of the role of product packaging and of 

the rivers significantly increased (p<0.0001, see Appendix, Table 1), while there was a decrease in 

the perceived cause of dropping litter (p<0.005, see Appendix, Table 1). 

 

3.6 Self-reported behavior for litter reducing 

Friedman test confirms that mean self-reported actions baseline responses are perceived differently 

in a significant way (χ2(3)= 191.19, p<0.0001), thus a series of Wilcoxon tests match pair were 

conducted. The mean value of disposed of litter properly results high (mean value 2.79), followed by 

encourage others (2.02), less packaging (1.63) and pick up litter (1.10) (all p<0.0001). The post-

intervention results show that encourage others and pick up litter have a significant growth 

(respectively p=0.026 and p<0.0001, see Figure 6, and in Appendix, Table 1). 

 

Fig 1: Students general knowledge about the marine litter problem, pre- and post-citizen science activities (1-3 scale). 

Note. Error bars represent standard error. Friedman test χ2(2)=37.53, p < 0.0001. Wilcoxon test *** p<0.0001; * p=0.019. 
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Fig 2: Students’ problem awareness and concern about marine litter, pre- and post-citizen science activities (1-3 scale). 

Note. Error bars represent standard error. Wilcoxon test ** p=0.002; ns= not significant. 

 

Fig 3: Students’ perception of the percentage of plastic on the marine environment, pre- and post-citizen science activities 

(free answer option). Note. Error bars represent standard error. Wilcoxon test *** p<0.0001. 
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Fig. 4: Students’ perception of the negative impacts of marine litter, pre- and post-citizen science activities. (1-3 scale). 

Note. Error bars represent standard error. Friedman test χ2(4)=116.34, p < 0.0001. Wilcoxon test ** p=0.001; *p=0.015; 

ns= not significant. 

 

Fig. 5: Students’ perception of the causes of marine litter, pre- and post-citizen science activities. (1-3 scale). Note. Error 

bars represents standard error. Friedman test χ2(4)=75.84, p < 0.0001. Wilcoxon test *** p<0.0001; **p=0.005; 

*p=0.039; ns= not significant. 
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Fig. 6: Students’ reported actions to reduce potential causes of marine litter, pre- and post-citizen science activities. (1-3 

scale). Note. Error bars represent standard error. Friedman test χ2(3)=191.19, p < 0.0001. Wilcoxon test *** p<0.0001; 

*p=0.026; ns= not significant.  

4. Discussion 

The results of the present survey show that there was a change of perception of the marine litter 

problem in the students attending the SEACleaner project (Figures 7, 8 and 9). Thanks to the 

performed citizen science activities, the students realized which are the main AMD typologies present 

on the beaches, their origin, the importance of the rivers discharge, the coastal and the nearby 

hinterland productive activities and industries. Moreover, they become aware of the problem of 

plastic fragmentation and of the need for frequent cleaning to remove the marine litters from the 

beaches.  These findings confirm our thought that “involving students in field activities help them to 

take more consciousness of the faced problem”, based on the experience gained from five years of 

educational and citizen science activities.  

As for the first questionnaire topic (Figure 1 and, in Appendix, Table 2), students before the activities 

do not seem to have sufficient knowledge about problem derived from marine litter pollution, and 

they show little attention for the marine park status; an attention that, instead, increases a lot after the 

citizen science experience performed inside a protected area. On the contrary bio-plastic results to be 

a well-known issue. As for the second topic (Figure 2, and, in Appendix, Table 2) students seems to 

have a high perception of the problem awareness at baseline, but a lower perception of the concern. 

The former has a high increase in percentage after activities (7.28%, see Appendix, Table 1). This 

result is sustained by the increase of the mean negative perceived impact of marine litter (third topic, 
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Figure 4, and in Appendix, Table 2). Students at baseline perceived that marine litter poses the 

greatest threat to marine wildlife and viewed the threat to human health as one of the lowest impacts, 

consistent with Hartley results. An earlier study - a socio-economic study by Santos et al. (2005), 

performed in two different areas and based on interviews with adult beach users - gave the opposite 

result. It should be noted, anyway, that the questionnaires used for the present and Hartley’s study, 

and the one used for the Santos’ interviews4 are different; therefore the results are not directly 

comparable. 

In our case, after the SEACleaner experience, the students’ perceived impact of marine litter on 

human health grows of 9.84% (see Appendix, Table 1); this is likely due to the interest that the 

problem of micro-plastic aroused in the students. They were particularly impressed by the presence 

of many fragmented pieces of plastic recollected by the sieves.  In fact, during the discussion phase 

(fourth day), the students observed pellets (nurdles), plastic and expanded polystyrene (EPS) 

fragments under the microscopes (Figure 9), and were able to identify the different stages of 

degradation, possible inclusion of external substances etc. We discussed with them about how a 

prolonged permanence of plastic in the sea and on the beach could promote processes of 

fragmentation and absorption of harmful substances, as PAHs (Polycyclic Aromatic Hydrocarbons), 

POPs5, etc. Although we cautioned that the potential danger of micro-plastic for human health is an 

emerging field of research and that there is not proved evidence of the chemical and microbial hazards 

(Wright and Kelly, 2017), students were particularly shocked and concerned by the sheer quantity of 

micro-plastic found during activities. The results of cataloging phase (Figure 8) showed the 

predominance of plastic, particularly products packaging, leading to a growth of the perceived plastic 

percentage (Figure 3). 

In previous investigations, both adults (Campbell et al., 2014; Santos et al., 2005) and children 

(Hartley et al., 2015) perceived beach users or people dropping litter as the main source of beach 

waste. In our baseline result, concerning the mean perceived causes (topic 5, see Appendix, Table 2) 

of marine litter pollution, students considered almost at the same level four possible issues: dropping 

litter, product packaging, business and fishing industry and rivers. The presence of not enough bins 

                                                           
4 The Santos et al., (2005) question about this issue was: What is the main problem that marine debris can cause? Different 

choices proposed were: 1 - Impact to people health and safety (Area1 - 56.3; Area 2 - 32.9); 2- Impact to marine biota 

(Area 1 - 26.0; Area 2 - 28.8); 3 - Beach became unattractive (Area 1 - 10.4; Area 2 - 23.3). 
5 After Takada' first signal of alarm (Takada 2006), several authors (Teuten et al. 2007, Ogata et al. 2009, Rios et al. 2010, 

Hirai et al. 2011, Heskett et al. 2012) confirmed that Micro-litter, and especially pellets (or nurdles), concentrate on 

their surface organic contaminants called POPs (Persistent Organic Pollutants), as polychlorinated biphenyls (PCBs), 

polybrominated diphenyl ethers (PBDEs), and perfluorooctanoic acid (PFOA). These are absorbed 

in higher concentrations compared to those found in seawater (Rios and Moore, 2007), and the ‘enriched’ particles, if 

ingested by marine organisms, can make POPs bioavailable to them.  
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in the environment was deemed as a less important cause. Interestingly, after the citizen science 

activities students’ perception of beach litter’ causes changes: business and fishing industry 

significantly grows (6.13%); product packaging (17.84%) and rivers increases consistently (15.71%, 

see Appendix, Table 1). In parallel, the perception that dropping litter could be an important cause 

decreases (-8.03%, see Appendix, Table 2). These results are consequence of the specific activities 

undertaken by the students in the highly protected marine area forbidden to tourists (San Rossore 

Park beaches, Figure 7). The decrease of dropping litter as main perceived cause of marine litter 

pollution, after the activities, is probably due to the low quantity of collected material catalogued as 

“beach user’s residual” (paper envelops, cigarettes, drink bottles, etc.). Instead, they observed the 

abundance of material coming from the sea (especially plastic items) enhancing the sea role in the 

waste transport and deposition along the coast. In addition, San Rossore Park coastline is located at 

the mouth of the Arno river, so the students were able to verify that a great percentage of marine litter 

was brought by the river and is closely related to the productive activities located in the Arno basin 

and along the coast (as shown in Giovacchini et al., 2018). Finally, the absence of frequent cleaning 

in these "natural" sites causes the accumulation of finds throughout the year, extending their stay on 

the beach and their subsequent fragmentation. 

 

 

Fig. 7. This is the look of the San Rossore Park beaches. In every season, a lot of waste is beached on the coast (a), about 

32 kilometers long. Virtually never removed, macro- waste accumulates, stratifies and fragments (b), giving rise to micro-

plastic. 

 

The participation in the intervention not only changed students attitude and perception towards marine 

litter: they also reported the adoption of more litter-reducing behaviors. During the activities, we 

discussed with them about possible mitigating self-reported actions (as disposal of litter properly and 

pick-up litter actions) and about preventive actions (as less packaging and encourage other) to reduce 

the amount of waste in the environment. Post-activities answers, in fact, show a relevant growth in 

this direction, and especially for the picked-up litter action (61.69 %, see Appendix, Table 1), even if 
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we can’t discern if students consistently picked-up litter after the internship activities or not. Anyway, 

the direct experience in a highly protected area allowed them to realize how important is to constantly 

clean up the beaches, to prevent marine litter accumulation and their subsequent fragmentation. 

Moreover, we discussed with the students how to engage in more responsible environmental actions, 

also encouraging family and friends to perform similar litter-reducing behaviors. The involvement of 

the young people in citizen science activities in environmental field fosters their training as competent 

agents of change who could influence family members, peers and the wider community. This study 

didn’t measure the family involvement, but the recorded increases in the self-reported action 

encourage others is a good indicator of the validity of this approach. Further work is needed to explore 

in detail the correlation between marine litter perceptions in young people involved in the citizen 

science activities and those of their relatives and friends (Eastman et al., 2013; Wyles et al., 2013).  

 

Fig. 8. After collecting materials on the beaches, students take care of the cataloging of the items and the counting (a),  

following the SEACleaner protocol (b)  

 

Fig. 9. After collecting micro-plastics on the beaches by the sieves (a), students watched them under the microscopes (b), 

observing their characteristics and cataloging them in different categories (c). 

 

The main differences between our results and those of  Hartley et al., (2015), considering the 

similarity of the questionnaire, may be in part due to the different mean age of the surveyed students, 
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respectively teen-agers and children. The general greater baseline knowledge and consciousness of 

the problem for teen-agers, compared with the ones of middle school students, leads, for many topics, 

to a lower variation between pre- and post- activities questionnaire. This is the case of the problem 

awareness topic. In the mean perceived negative impact topic, in our case the three subtopics marine 

wildlife, fishing industry and appearance of the coast do not show a significant variation, whereas for 

Hartley students this is true only for one subtopic (fishing industry). Probably this is a consequence 

of the mass media influence, greater in teen-agers, that focus the attention on the problem that marine 

litter causes to environment, marine wildlife and, consequently, to the fishing industry. The greatest 

differences between the two studies concern the results of dropping litter (among the possible causes 

of beach pollution), human health (among the possible consequence of that) and picked up litter 

(among litter-reducing behavior). In our opinion, these are consequence of the activities undertaken 

in the field (citizen science) in a highly protected Marine Park.  

5. Conclusions 

Marine litter monitoring has proven to be a suitable citizen science activity, engaging volunteers from 

the general public in research activities related to a topical environmental issue (Anderson and Alford, 

2014; Bravo et al., 2009; Eastman et al., 2014; Hidalgo-ruz and Thiel, 2013; Hong et al., 2014; 

Kordella et al., 2013; Merlino et al., 2015a; Nelms et al., 2017; Rosevelt et al., 2013; Smith and Edgar, 

2014; Wyles et al., 2013). Drawing on the experience from the SEACleaner activities, we realized 

the effectiveness of these methods, both as an aid to researchers working in the field (Giovacchini et 

al., 2018), and from an educational point of view, fostering the growth of interest in environmental 

and scientific problems in the involved students (Merlino et al., 2015). We think that the assessment 

of the societal / educational aspect of citizen science requires the same scientific attention that is 

devoted to the evaluation of the data collected for research purposes. The novelty of the present study 

lies in the fact that we test the effectiveness of the citizen science approach as useful instrument for 

societal / behavioural changes, so increasing the specific knowledge and stimulating the interest in 

the problem of marine litter in teen-ager students. The direct involvement of students in activities in 

the field is the key factor of this approach: students saw with their own eyes, and touched with their 

hands, the amount of waste present in some of the most beautiful areas of their coasts, the same areas 

where in summer they go for a swim.  

Although we have demonstrated the validity of this methodology in promoting and increasing 

attention to the problem addressed, presently we are not able to prove the major effectiveness of our 

strategy, based on citizen science, with standards educational methods based only on lectures. In the 

future, we plan to explore this aspect by introducing a control group attending only to standard 



 

16 
 

lectures. It will be interesting to extend the survey also to students of different ages, in order to 

investigate how knowledge and perception of the problem vary depending on the age of students. For 

this reason, the questionnaire we proposed was structured with three multiple choice options, that is 

easier to fill in for younger students and facilitates the comparison of results. Previous results about 

science perception survey (Locritani et al., 2015a; Merlino et al., 2015a) showed significant 

differences among students of distinct age groups, as we noted by comparing our study with the 

Hartley one. Another interesting question to address would be to explore the correlation (if any) 

between the perception of marine litter by the students involved in our activities and those of their 

relatives and friends. 

A problem we suffered during this project was the scarce feedback provided by the involved teachers: 

many of them stopped the collaboration after the internship stage so preventing us from collecting 

data for the final questionnaire. In future projects, particular attention has to be paid to the interaction 

with the involved teachers in line with the approach used in the recent paper of Hartley et al., 2018. 

Finally, we would like to stress that the societal / educational aspects are crucial to face the marine 

pollution problem: only by changing people’ mind is possible to find solutions for the environment 

(Pahl et al., 2017). 

 

Appendix 

Student perception, attitude and behaviours about marine litter problem. The results of differences 

(mean and percentage) in General knowledge, Mean problem awareness and concern, Mean 

perceived percentage plastic, Plastic degradation time, Mean perceived impact, Mean perceived 

causes and Mean self-reported actions, before and after SEACleaner citizen science activities is 

shown in Table 1. The statistical base analysis, the non-parametric tests and the percentage of 

responses. The questionnaire is shown in Table 2. 
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Table 1: Statistical analysis. Mean values and standard deviations of the responses (Likert scale from 1 to 3) in the survey 

made on pre- and post-SEACleaner citizen science activities; results from Wilcoxon test between pre- and post-answers 

including number of participants in survey (N), Wilcoxon Z statistic, p values and effect size (r); the pre- and post- 

percentage of answers (computing on a scale range from 1 to 3) and the difference between the percentage (post- and 

pre-) results. 
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Table 2. SEACleaner assessment questionnaire. The table shows all the questions included in the survey divided in the 

different topics and sub-topics. 

 

Acknowledgements 



 

19 
 

This work was partially supported by the ESF-ERDF 2014/2020 Program (European Structural Funds 

- National Operative Program "For the School - skills and environments for learning" - Fondi 

Strutturali europei – Programma Operativo Nazionale “Per la Scuola - competenze e ambienti per 

l’apprendimento”). 

The authors are grateful to Migliarino, Massaciuccoli, San Rossore Natural Regional Park, ToScience 

association, and the schools, teachers and students who were involved in this research.  

 

 

References  

 

Alomar, C., Estarellas, F., Deudero, S., 2016. Microplastics in the Mediterranean Sea: Deposition in 

coastal shallow sediments, spatial variation and preferential grain size. Mar. Environ. Res. 115, 

1–10. doi:10.1016/j.marenvres.2016.01.005 

Anderson, J.A., Alford, A.B., 2014. Ghost fishing activity in derelict blue crab traps in Louisiana. 

Mar. Pollut. Bull. 79, 261–267. doi:10.1016/j.marpolbul.2013.12.002 

Andrady, A.L., 2015. Persistence of Plastic Litter in the Oceans, in: Bergmann, M., Gutow, L., 

Klages, M. (Eds.), Marine Anthropogenic Litter. pp. 57–72. doi:10.1007/978-3-319-16510-3 

Andrady, A.L., 2011. Microplastics in the marine environment. Mar. Pollut. Bull. 

doi:10.1016/j.marpolbul.2011.05.030 

Azzurro, E., Broglio, E., Maynou, F., Bariche, M., 2013. Citizen science detects the undetected: the 

case of Abudefduf saxatilis from the Mediterranean Sea. Manag. Biol. Invasions 4, 167–170. 

doi:http://dx.doi.org/10.3391/mbi.2013.4.2.10 

Bravo, M., de los Ángeles Gallardo, M., Luna-Jorquera, G., Núñez, P., Vásquez, N., Thiel, M., 

2009. Anthropogenic debris on beaches in the SE Pacific (Chile): Results from a national 

survey supported by volunteers. Mar. Pollut. Bull. 58, 1718–1726. 

doi:10.1016/j.marpolbul.2009.06.017 

Browne, M.A., Crump, P., Niven, S.J., Teuten, E., Tonkin, A., Galloway, T., Thompson, R., 2011. 

Accumulation of microplastic on shorelines woldwide: Sources and sinks. Environ. Sci. 

Technol. 45, 9175–9179. doi:10.1021/es201811s 

Campbell, M.L., Paterson de Heer, C., Kinslow, A., 2014. Littering dynamics in a coastal industrial 

setting: The influence of non-resident populations. Mar. Pollut. Bull. 80, 179–185. 

doi:10.1016/j.marpolbul.2014.01.015 

Carson, H.S., 2013. Author ’ s personal copy The incidence of plastic ingestion by fishes : From the 

prey ’ s perspective. Mar. Pollut. Bull. 74, 170–174. 

Cheshire,  a, Adler, E., Barbière, J., Cohen, Y., 2009. UNEP/IOC Guidelines on survey and 

monitoring of marine litter, UNEP Regional Seas Reports and Studies, No. 186; IOC 

Technical Series. 

Claessens, M., Meester, S. De, Landuyt, L. Van, Clerck, K. De, Janssen, C.R., 2011. Occurrence 

and distribution of microplastics in marine sediments along the Belgian coast. Mar. Pollut. 

Bull. 62, 2199–2204. doi:10.1016/j.marpolbul.2011.06.030 

Collignon, A., Hecq, J.H., Galgani, F., Collard, F., Goffart, A., 2014. Annual variation in neustonic 

micro- and meso-plastic particles and zooplankton in the Bay of Calvi (Mediterranean-

Corsica). Mar. Pollut. Bull. 79, 293–298. doi:10.1016/j.marpolbul.2013.11.023 

Collignon, A., Hecq, J.H., Glagani, F., Voisin, P., Collard, F., Goffart, A., 2012. Neustonic 

microplastic and zooplankton in the North Western Mediterranean Sea. Mar. Pollut. Bull. 

doi:10.1016/j.marpolbul.2012.01.011 



 

20 
 

Cózar, A., Sanz-Martín, M., Martí, E., J.I., G.-G., Ubeda, B., Gálvez, J.Á., Irigoien, X., Duarte, 

C.M., 2015. Plastic accumulation in the mediterranean sea. PLoS One 10. 

doi:10.1371/journal.pone.0121762 

Crall, A.W., Newman, G.J., Jarnevich, C.S., Stohlgren, T.J., Waller, D.M., Graham, J., 2010. 

Improving and integrating data on invasive species collected by citizen scientists. Biol. 

Invasions. doi:10.1007/s10530-010-9740-9 

Crall, A.W., Newman, G.J., Stohlgren, T.J., Holfelder, K.A., Graham, J., Waller, D.M., 2011. 

Assessing citizen science data quality: An invasive species case study. Conserv. Lett. 4, 433–

442. doi:10.1111/j.1755-263X.2011.00196.x 

Danielsen, F., Burgess, N.D., Jensen, P.M., Pirhofer-Walzl, K., 2010. Environmental monitoring: 

The scale and speed of implementation varies according to the degree of peoples involvement. 

J. Appl. Ecol. doi:10.1111/j.1365-2664.2010.01874.x 

Dickinson, J.L., Shirk, J.L., Bonter, D., Bonney, R., Crain, R.L., Martin, J., Phillips, T.B., Purcell, 

K., 2012. The current state of citizen science as a tool for ecological research and public 

engagement. Front. Ecol. Environ. doi:10.1890/110236 

Dickinson, J.L., Zuckerberg, B., Bonter, D.N., 2010. Citizen science as an ecological research tool: 

Challenges and benefits, Annual Review of Ecology, Evolution, and Systematics. 

doi:10.1146/annurev-ecolsys-102209-144636 

Eastman, L., Hidalgo-Ruz, V., Macaya, V., Nuñez, P., Thiel, M., 2014. The potential for young 

citizen scientist projects: a case study of Chilean schoolchildren collecting data on marine 

litter. Rev. Gestão Costeira Integr. 14, 569–579. doi:10.5894/rgci507 

Eastman, L.B., Núñez, P., Crettier, B., Thiel, M., 2013. Identification of self-reported user behavior, 

education level, and preferences to reduce littering on beaches - A survey from the SE Pacific. 

Ocean Coast. Manag. 78, 18–24. doi:10.1016/j.ocecoaman.2013.02.014 

Eriksen, M., Lebreton, L.C.M., Carson, H.S., Thiel, M., Moore, C.J., Borerro, J.C., Galgani, F., 

Ryan, P.G., Reisser, J., 2014. Plastic Pollution in the World’s Oceans: More than 5 Trillion 

Plastic Pieces Weighing over 250,000 Tons Afloat at Sea. PLoS One 9. 

doi:10.1371/journal.pone.0111913 

Eriksen, M., Maximenko, N., Thiel, M., Cummins, A., Lattin, G., Wilson, S., Hafner, J., Zellers, A., 

Rifman, S., 2013. Plastic pollution in the South Pacific subtropical gyre. Mar. Pollut. Bull. 68, 

71–76. doi:10.1016/j.marpolbul.2012.12.021 

Faure, F., Corbaz, M., Baecher, H., de Alencastro, L., 2012. Pollution due to plastics and 

microplastics in lake Geneva and in the Mediterranean sea. Arch. des Sci. 65, 157–164. 

doi:10.1071/EN14218 

Faure, F., Saini, C., Potter, G., Galgani, F., de Alencastro, L.F., Hagmann, P., 2015. An evaluation 

of surface micro- and mesoplastic pollution in pelagic ecosystems of the Western 

Mediterranean Sea. Environ. Sci. Pollut. Res. 22, 12190–12197. doi:10.1007/s11356-015-

4453-3 

Fletcher, J., 2013. Not just a load of rubbish: impacts of participation in a marine debris citizen 

science program on primary and secondary school teachers. Univ. West. Aust. 

Forrester, G., Baily, P., Conetta, D., Forrester, L., Kintzing, E., Jarecki, L., 2015. Comparing 

monitoring data collected by volunteers and professionals shows that citizen scientists can 

detect long-term change on coral reefs. J. Nat. Conserv. 24, 1–9. doi:10.1016/j.jnc.2015.01.002 

Fossi, M.C., Coppola, D., Baini, M., Giannetti, M., Guerranti, C., Marsili, L., Panti, C., de Sabata, 

E., Clò, S., 2014. Large filter feeding marine organisms as indicators of microplastic in the 

pelagic environment: The case studies of the Mediterranean basking shark (Cetorhinus 

maximus) and fin whale (Balaenoptera physalus). Mar. Environ. Res. 100, 17–24. 

doi:10.1016/j.marenvres.2014.02.002 

Fossi, M.C., Panti, C., Guerranti, C., Coppola, D., Giannetti, M., Marsili, L., Minutoli, R., 2012. 

Are baleen whales exposed to the threat of microplastics? A case study of the Mediterranean 

fin whale (Balaenoptera physalus). Mar. Pollut. Bull. 64, 2374–2379. 



 

21 
 

doi:10.1016/j.marpolbul.2012.08.013 

Gago, J., Lahuerta, F., Antelo, P., 2014. Characteristics ( abundance , type and origin ) of beach 

litter on the Galician coast ( NW Spain ) from 2001 to 2010. Sci. Mar. 78, 125–134. 

doi:http://dx.doi.org/10.3989/scimar.03883.31B 

Galgani, F., 2015. Marine Litter, future prospects for research    . Front. Mar. Sci.      . 

Galgani, F., Fleet, D., Franeker, J. Van, Katsanevakis, S., Maes, T., Oosterbaan, L., Poitou, I., 

Hanke, G., Thompson, R., Amato, E., Janssen, C., 2010. Task Group 10 Report Marine litter 

DIRECTIVE, Group. doi:10.2788/86941 

Galgani, F., Hanke, G., Werner, S., Oosterbaan, L., Nilsson, P., Fleet, D., Kinsey, S., Thompson, 

R.C., van Franeker, Jan Vlachogianni, T., Scoullos, M., Veiga, J.M., Palatinus, A., Matiddi, 

M., Maes, T., Korpinen, S., Budziak, A., Leslie, H., Gago, J., Liebezeit, G., TSG-ML, 2013. 

Guidance on Monitoring of Marine Litter in European Seas. A guidance document within the 

Common Implementation Strategy for the Marine Strategy Framework Directive. JRC Sci. 

Policy Reports. doi:doi:10.2788/99475 

Garcia-Soto, C., Van der Meeren, G.I., Busch, J.A., Delany, J., Domegan, C., Dubsky, K., Fauville, 

G., Gorsky, G., von Juterzenska, K., Malfatti, F., Mannaerts, G., McHugh, P., Monestiez, P., 

Seys, J., Weslawsky, J.M., Zielinky, O., 2017. Advancing Citizen Science for Coastal and 

Ocean Research, EU Marine. ed. Veronica French, Paula Keòòett, Jane Delany and Niall 

McDonough, Ostend I Belgium. 

Gelcich, S., Buckley, P., Pinnegar, J.K., Chilvers, J., Lorenzoni, I., Terry, G., Guerrero, M., 

Castilla, J.C., Valdebenito, A., Duarte, C.M., 2014. Public awareness, concerns, and priorities 

about anthropogenic impacts on marine environments. Proc. Natl. Acad. Sci. 111, 15042–

15047. doi:10.1073/pnas.1417344111 

Gillett, D.J., Pondella, D.J., Freiwald, J., Schiff, K.C., Caselle, J.E., Shuman, C., Weisberg, S.B., 

2012. Comparing volunteer and professionally collected monitoring data from the rocky 

subtidal reefs of southern California, USA. Environ. Monit. Assess. 184, 3239–3257. 

doi:10.1007/s10661-011-2185-5 

Giovacchini, A., Merlino, S., Locritani, M., Stroobant, M., 2018. Spatial distribution of marine litter 

along italian coastal areas in the Pelagos sanctuary (Ligurian Sea - NW Mediterranean Sea): A 

focus on natural and urban beaches. Mar. Pollut. Bull. 130. 

doi:10.1016/j.marpolbul.2018.02.042 

Güven, O., Gülyavuz, H., Cengiz Deval, M., 2013. Benthic debris accumulation in bathyal grounds 

in the Antalya Bay, eastern Mediterranean. Turkish J. Fish. Aquat. Sci. 13, 881–896. 

Hartley, B.,L., Pahl, S., Holland, M., Alampei, I., Veiga, J.,M., Thompson, R.C., Turning the tide 

on trash: Empowering European educators and school students to tackle marine litter. 2018. 

Mar. Pollut. Bull. 96. https://doi.org/10.1016/j.marpol.2018.02.002 

Hartley, B.L., Thompson, R.C., Pahl, S., 2015. Marine litter education boosts children’s 

understanding and self-reported actions. Mar. Pollut. Bull. 90. 

doi:10.1016/j.marpolbul.2014.10.049 

Hidalgo-ruz, V., Thiel, M., 2013. Distribution and abundance of small plastic debris on beaches in 

the SE Paci fi c ( Chile ): A study supported by a citizen science project 88, 12–18. 

doi:10.1016/j.marenvres.2013.02.015 

Hinojosa, I.A., Thiel, M., 2009. Floating marine debris in fjords, gulfs and channels of southern 

Chile. Mar. Pollut. Bull. 58, 341–350. doi:10.1016/j.marpolbul.2008.10.020 

Hong, S., Lee, J., Kang, D., Choi, H.W., Ko, S.H., 2014. Quantities, composition, and sources of 

beach debris in Korea from the results of nationwide monitoring. Mar. Pollut. Bull. 84, 27–34. 

doi:10.1016/j.marpolbul.2014.05.051 

Hunter, J., Alabri, A., van Ingen, C., 2013. Assessing the quality and trustworthiness of citizen 

science data. Concurr. Comput. Pract. Exp. 25, 454–466. doi:DOI: 10.1002/cpe.2923 

Kobori, H., Dickinson, J.L., Washitani, I., Sakurai, R., Amano, T., Komatsu, N., Kitamura, W., 

Takagawa, S., Koyama, K., Ogawara, T., Miller-Rushing, A.J., 2016. Citizen science: a new 



 

22 
 

approach to advance ecology, education, and conservation. Ecol. Res. doi:10.1007/s11284-

015-1314-y 

Kordella, S., Geraga, M., Papatheodorou, G., Fakiris, E., Mitropoulou, I.M., 2013. Litter 

composition and source contribution for 80 beaches in Greece, Eastern Mediterranean: A 

nationwide voluntary clean-up campaign. Aquat. Ecosyst. Heal. Manag. 

doi:10.1080/14634988.2012.759503 

Kühn, S., Rebolledo, E.L.B., van Franeker, J.A., 2015. Marine Anthropogenic Litter (Chapter 4). 

doi:10.1007/978-3-319-16510-3 

Laglbauer, B.J.L., Franco-Santos, R.M., Andreu-Cazenave, M., Brunelli, L., Papadatou, M., 

Palatinus, A., Grego, M., Deprez, T., 2014. Macrodebris and microplastics from beaches in 

Slovenia. Mar. Pollut. Bull. 89, 356–366. doi:10.1016/j.marpolbul.2014.09.036 

Lippiatt, S., Opfer, S., Arthur, C., 2013. Marine Debris Monitoring and Assessment: 

Recommendations for Monitoring Debris Trends in the Marine Environment. NOAA Tech. 

Memo. NOS-OR&R-46 82. 

Locritani, M., Batzu, I., Carmisciano, C., Muccini, F., Talamoni, R., Tassa, H.L., Stroobant, M., 

Guccinelli, G., Benvenuti, L., Abbate, M., Furia, S., Benedetti, A., Bernardini, M.I., Centi, R., 

Casale, L., Vannucci, C., Giacomazzi, F., Marini, C., Tosi, D., Merlino, S., Mioni, E., Nacini, 

F., 2015a. Feeling the pulse of public perception of science: Does research make our hearts 

beat faster?, in: MTS/IEEE OCEANS 2015 - Genova: Discovering Sustainable Ocean Energy 

for a New World. doi:10.1109/OCEANS-Genova.2015.7271629 

Locritani, M., Beranzoli, L., Carmisciano, C., Embriaco, D., Muccini, F., Favali, P., Aguzzi, J., 

Benedetti, A., Liggieri, L., Ciuffardi, T., Cocito, S., Delfanti, R., Fanelli, E., Peirano, A., 

Coelho, E.F., Stoner, R., Dialti, L., Pizzeghello, N., Marini, D., Martinelli, A., Stroobant, M., 

Marini, S., Vetrano, A., Povero, P., Stifani, M., 2015b. Investigating the mediterranean by 

seafloor observations: The eastern branch of the EMSO Ligurian Sea node, in: MTS/IEEE 

OCEANS 2015 - Genova: Discovering Sustainable Ocean Energy for a New World. 

doi:10.1109/OCEANS-Genova.2015.7271590 

Mannino, A.M., Balistreri, P., 2018. Citizen science : a successful tool for monitoring invasive alien 

species ( IAS ) in Marine Protected Areas . The case study of the Egadi Islands MPA. 

Biodiversity 8386, 1–7. doi:10.1080/14888386.2018.1468280 

Merlino, S., Locritani, M., Giovacchini, A., Strada, S., Lavarello, I., Lombardi, D., 2015. Marine 

Litter in the Pelagos Sanctuary: alone we can do so little. Together we can do so much!, in: 

Ugolini, F., Raschi, A., Papageorgiou, F. (Eds.), Innovation in Environmental Education: ICT 

and Intergenerational Learning. IBIMET-CNR, Firenze, Italy, p. 150. 

Merlino, S., Locritani, M., Stroobant, M., Mioni, E., Tosi, D., 2015. SeaCleaner: Focusing citizen 

science and environment education on unraveling the marine litter problem. Mar. Technol. 

Soc. J. 49. doi:10.4031/MTSJ.49.4.3 

Micheli, F., Halpern, B.S., Walbridge, S., Ciriaco, S., Ferretti, F., Fraschetti, S., Lewison, R., 

Nykjaer, L., Rosenberg, A.A., 2013. Cumulative human impacts on Mediterranean and Black 

Sea marine ecosystems: Assessing current pressures and opportunities. PLoS One 8. 

doi:10.1371/journal.pone.0079889 

Mifsud, R., Dimech, M., Schembri, P.J., 2013. Marine litter from circalittoral and deeper bottoms 

off the Maltese islands (Central Mediterranean). Mediterr. Mar. Sci. 14, 298–308. 

doi:10.12681/mms.413 

Mioni, E., Mannino, A.M., Merlino, S., 2018. First Record of Aplysia Dactylomela Rang, 1828 

(OPISTOBRANCHIA, APLYSIIDAE) from Pianosa Island (Northern Tyrrhenian Sea), in: 

Meeting of Italian Society of Marine Biology. pp. 6–7. 

Mioni, E., Merlino, S., Giovacchini, A., 2016. Engaging way to help students develop skills, 

interest and methodological research approaches in Marine and Environmental science, in: 

Domenech, J., Lloret, J., Vincent-Vela, M.C., de la Poza, E., Zuriaga, E. (Eds.), Advance in 

Higher Education. 



 

23 
 

Munari, C., Corbau, C., Simeoni, U., Mistri, M., 2016. Marine litter on Mediterranean shores: 

Analysis of composition, spatial distribution and sources in north-western Adriatic beaches. 

Waste Manag. 49, 483–490. doi:10.1016/j.wasman.2015.12.010 

Nelms, S.E., Coombes, C., Foster, L.C., Galloway, T.S., Godley, B.J., Lindeque, P.K., Witt, M.J., 

2017. Science of the Total Environment Marine anthropogenic litter on British beaches : A 10-

year nationwide assessment using citizen science data. Sci. Total Environ. 579, 1399–1409. 

doi:10.1016/j.scitotenv.2016.11.137 

Newman, G., Wiggins, A., Crall, A., Graham, E., Newman, S., Crowston, K., 2012. The future of 

Citizen science: Emerging technologies and shifting paradigms. Front. Ecol. Environ. 

doi:10.1890/110294 

OSPAR, 2010. Guideline for monitoring marine litter on the beachs in the OSPAR Maritime Area, 

OSPAR Commission. 

Pahls, S., Wyles, K.J., and Thompson R.C., Channelling passion for the ocean toward plastic 

pollution. 2017. Nature Human Behaviour 1.10, 697.http://doi.org/10.1038/s41562-017-0204-

4DO 

Poeta, G., Battisti, C., Acosta, A.T.R., 2014. Marine litter in Mediterranean sandy littorals: Spatial 

distribution patterns along central Italy coastal dunes. Mar. Pollut. Bull. 89, 168–173. 

doi:10.1016/j.marpolbul.2014.10.011 

Poeta, G., Battisti, C., Bazzichetto, M., Acosta, A.T.R., 2016. The cotton buds beach: Marine litter 

assessment along the Tyrrhenian coast of central Italy following the marine strategy 

framework directive criteria. Mar. Pollut. Bull. 5–9. doi:10.1016/j.marpolbul.2016.09.035 

Reed, M.S., 2008. Stakeholder participation for environmental management: A literature review. 

Biol. Conserv. doi:10.1016/j.biocon.2008.07.014 

Rosevelt, C., Los Huertos, M., Garza, C., Nevins, H.M., 2013. Marine debris in central California: 

Quantifying type and abundance of beach litter in Monterey Bay, CA. Mar. Pollut. Bull. 71, 

299–306. doi:10.1016/j.marpolbul.2013.01.015 

Roy, H.E., Pocock, M.J.O., Preston, C.D., Roy, D.B., Savage, J., Tweddle, J.C., Robinson, L.D., 

2012. Understanding Citizen Science and Environmental Monitoring, UK Environmental 

Observation Framework. 

Roy, H.E.E., Pocock, M.J.O.J.O., Preston, C.D.D., Roy, D.B.B., Savage, J., Tweddle, J.C.C., 

Robinson, L.D.D., 2012. Understanding Citizen Science and Environmental Monitoring. Final 

Rep. behalf UK-EOF. 

Ryan, P.G., Moore, C.J., Van Franeker, J.A., Moloney, C.L., 2009. Monitoring the abundance of 

plastic debris in the marine environment. Philos. Trans. R. Soc. B Biol. Sci. 364, 1999–2012. 

doi:10.1098/rstb.2008.0207 

Santoro, F., Santin, S., Gail, S., Géraldine, F., Peter, T., 2017. UNESCO Regional Bureau for 

Science and Culture in Europe. Unit ed Nations Educational,Scientific and Cultural 

Organization, Venice office, Paris. 

Santos, I.R., Friedrich, A.C., Wallner-Kersanach, M., Fillmann, G., 2005. Influence of socio-

economic characteristics of beach users on litter generation. Ocean Coast. Manag. 48, 742–

752. doi:10.1016/j.ocecoaman.2005.08.006 

Schulz, M., Neumann, D., Fleet, D.M., Matthies, M., 2013. A multi-criteria evaluation system for 

marine litter pollution based on statistical analyses of OSPAR beach litter monitoring time 

series. Mar. Environ. Res. 92, 61–70. doi:10.1016/j.marenvres.2013.08.013 

Smith, S.D.A., Edgar, R.J., 2014. Documenting the density of subtidal marine debris across 

multiple marine and coastal habitats. PLoS One 9. doi:10.1371/journal.pone.0094593 

Smith, S.D.A., Markic, A., 2013. Estimates of Marine Debris Accumulation on Beaches Are 

Strongly Affected by the Temporal Scale of Sampling. PLoS One 8, e83694. 

doi:10.1371/journal.pone.0083694 

Suaria, G., Aliani, S., 2014. Floating debris in the Mediterranean Sea. Mar. Pollut. Bull. 86, 494–

504. doi:http://dx.doi.org/10.1016/j.marpolbul.2014.06.025 



 

24 
 

Suaria, G., Avio, C.G., Mineo, A., Lattin, G.L., Magaldi, M.G., Belmonte, G., Moore, C.J., Regoli, 

F., Aliani, S., 2016. The Mediterranean Plastic Soup: synthetic polymers in Mediterranean 

surface waters. Sci. Rep. 6, 37551. doi:10.1038/srep37551 

Theobald, E.J., Ettinger, A.K., Burgess, H.K., DeBey, L.B., Schmidt, N.R., Froehlich, H.E., 

Wagner, C., HilleRisLambers, J., Tewksbury, J., Harsch, M.A., Parrish, J.K., 2015. Global 

change and local solutions: Tapping the unrealized potential of citizen science for biodiversity 

research. Biol. Conserv. doi:10.1016/j.biocon.2014.10.021 

Thiel, M., Hinojosa, I., Vásquez, N., Macaya, E., 2003. Floating marine debris in coastal waters of 

the SE-Pacific (Chile). Mar. Pollut. Bull. 46, 224–231. doi:10.1016/S0025-326X(02)00365-X 

Thiel, M., Penna-Díaz, M.A., Luna-Jorquera, G., Salas, S., Sellanes, J., Stotz, W., 2014. Citizen 

Scientists and Marine Research: Volunteer Participants, Their Contributions, and Projection 

for the Future, in: Francis, E.T.& (Ed.), Oceanography and Marine Biology, Oceanography 

and Marine Biology - An Annual Review. CRC Press, Boca Raton, FL, Stati Uniti, pp. 257–

314. doi:doi:10.1201/b17143-6 

Topçu, E.N., Tonay, A.M., Dede, A., Öztürk, A.A., Öztürk, B., 2013. Origin and abundance of 

marine litter along sandy beaches of the Turkish Western Black Sea Coast. Mar. Environ. Res. 

85, 21–28. doi:10.1016/j.marenvres.2012.12.006 

Tregidgo, D.J., West, S.E., Ashmore, M.R., 2013. Can citizen science produce good science? 

Testing the OPAL Air Survey methodology, using lichens as indicators of nitrogenous 

pollution. Environ. Pollut. 182, 448–451. doi:10.1016/j.envpol.2013.03.034 

Tulloch, A.I.T., Possingham, H.P., Joseph, L.N., Szabo, J., Martin, T.G., 2013. Realising the full 

potential of citizen science monitoring programs. Biol. Conserv. 165, 128–138. 

doi:10.1016/j.biocon.2013.05.025 

Turner, A., Holmes, L., 2011. Occurrence, distribution and characteristics of beached plastic 

production pellets on the island of Malta (central Mediterranean). Mar. Pollut. Bull. 62, 377–

381. doi:10.1016/j.marpolbul.2010.09.027 

van der Velde, T., Milton, D.A., Lawson, T.J., Wilcox, C., Lansdell, M., Davis, G., Perkins, G., 

Hardesty, B.D., 2017. Comparison of marine debris data collected by researchers and citizen 

scientists: Is citizen science data worth the effort? Biol. Conserv. 208, 127–138. 

doi:10.1016/j.biocon.2016.05.025 

Van Sebille, E., Wilcox, C., Lebreton, L., Maximenko, N., Hardesty, B.D., Franeker, J.A. Van, 

Eriksen, M., Siegel, D., Galgani, F., Law, K.L., 2015. A global inventory of small fl oating 

plastic debris. Environ. Res. Lett. 10, 124006. doi:10.1088/1748-9326/10/12/124006 

Vianello, A., Boldrin, A., Guerriero, P., Moschino, V., Rella, R., Sturaro, A., Da Ros, L., 2013. 

Microplastic particles in sediments of Lagoon of Venice, Italy: First observations on 

occurrence, spatial patterns and identification. Estuar. Coast. Shelf Sci. 130, 54–61. 

doi:10.1016/j.ecss.2013.03.022 

Vlachogianni, T., Anastasopoulou, A., Fortibuoni, T., Ronchi, F., Zeri, C., 2017. Marine Litter 

Assessment in the Adriatic & Ionian Seas, The IPA-Adriatic DeFishGear Project. 

Vlachogianni, T., Fortibuoni, T., Ronchi, F., Zeri, C., Mazziotti, C., Tutman, P., Varezić, D.B., 

Palatinus, A., Trdan, Š., Peterlin, M., Mandić, M., Markovic, O., Prvan, M., Kaberi, H., 

Prevenios, M., Kolitari, J., Kroqi, G., Fusco, M., Kalampokis, E., Scoullos, M., 2018. Marine 

litter on the beaches of the Adriatic and Ionian Seas: An assessment of their abundance, 

composition and sources. Mar. Pollut. Bull. 131, 745–756. 

doi:10.1016/j.marpolbul.2018.05.006 

Williams, A.T., Tudor, D.T., 2001a. Litter burial and exhumation: Spatial and temporal distribution 

on a cobble pocket beach. Mar. Pollut. Bull. 42, 1031–1039. doi:10.1016/S0025-

326X(01)00058-3 

Williams, A.T., Tudor, D.T., 2001b. Temporal trends in litter dynamics at a pebble pocket beach. J. 

Coast. Res. 17, 137–145. 

Wright, S.L., Kelly, F.J., 2017. Plastic and Human Health: A Micro Issue? Environ. Sci. Technol. 



 

25 
 

51, 6634–6647. doi:10.1021/acs.est.7b00423 

Wyles, K.J., Pahl, S., Holland, M., Thompson, R.C., 2017. Can Beach Cleans Do More Than 

Clean-Up Litter? Comparing Beach Cleans to Other Coastal Activities. Environ. Behav. 49, 

509–535. doi:10.1177/0013916516649412 

Wyles, K.J., Pahl, S., White, M., Morris, S., Cracknell, D., Thompson, R.C., 2013. Towards a 

Marine Mindset: Visiting an Aquarium Can Improve Attitudes and Intentions Regarding 

Marine Sustainability. Visit. Stud. doi:10.1080/10645578.2013.768077 

 


