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Analytical summary 

 

In the Mediterranean, marine litter pose a critical problem because of its great quantity and effects on 

marine fauna. To deal with this problem, the UN Environment/Mediterranean Action Plan Barcelona 

Convention adopted the first ever legally binding Regional Plan on Marine Litter Management in the 

Mediterranean (Decision IG.21/71). The Regional Plan on Marine Litter (hereafter referred to as 

RPML), adopted by the Contracting Parties to the Barcelona Convention during their 18th Meeting in 

Istanbul in 2013, entered into force in 2014; envisages a series of prevention and reduction measures, 

including a specific work plan and implementation timetable. Its overall scope is to anticipate and 

reduce the effects of litter on the coasts and in the marine environment in the Mediterranean. 

 

One of the steps identified in the Regional Plan was linked to the implementation of the Integrated 

Monitoring and Assessment Programme of the Mediterranean Sea and Coasts and Related Assessment 

Criteria (IMAP) and its 10th Ecological Objective i.e. Marine Litter, partly based on the Candidate 

Indicator 24 “Trends in the amount of litter ingested by or entangling marine organisms focusing on 

selected mammals, marine birds, and marine turtles”. 

 

This study’s main aim is to improve knowledge on the impact of marine litter in marine fauna and also 

to assess the IMAP Candidate Indicator 24. This particularly involves continuing the work of selecting 

the most representative species to be used for the development and assessment of the IMAP Candidate 

Indicator 24 (deliverable 1, 4.14 of the Marine Litter MED Project). 

 

The main results of the study can be resumed as follows: 

- Marine litter affects various compartments of the marine environment and monitoring its 

impacts on marine organisms is of growing importance. 

- Whatever temporal and spatial scale is considered, marine litter (mainly plastics) interact with 

a vast range of marine species. The different types of impact of marine litter on these 

organisms can be classified according to the modes of action such as entanglement, ingestion 

and transportation of species that may be colonised on them. 

- Until now, no monitoring has been implemented to assess the impact of marine litter on 

marine organisms in the Mediterranean; but we have good scientific and technical bases to 

start doing so. 

- On the basis of the available information, the approach that uses monitoring of the ingestion of 

marine litter by marine turtles is consistent and compatible with the whole set of the identified 

biological, methodological, environmental, logistic and ethical constraints. The target species 

for the IMAP Candidate Indicator 24 and also for monitoring at basin scale are the marine 

turtles species, which are most commonly found in the Mediterranean, i.e. Caretta caretta. 

Caretta caretta has a wide distribution throughout the Mediterranean Sea and a great deal of 

information is already available. The potential for developing a monitoring network 

corresponds to the needs expressed by the Contracting Parties. 

- The use of cetaceans as indicator species can only be considered on an opportunistic basis, and 

at the initiative of each Contracting Party that has pre-existing stranding monitoring networks. 

- Although protocols for monitoring the ingestion of marine litter by seabirds have been used 

for a long time in other marine regions, work is still required to identify the most 

representative species for developing a monitoring programme on the impact of marine litter 

on seabirds in the Mediterranean. A pilot monitoring programme of marine litter in 

cormorants’ nests is recommended, on the initiative of the Contracting Parties. 

- Monitoring the ingestion of micro-plastics by fishes or invertebrates presents a strong 

potential for developing monitoring programme on the ingestion of litter by marine organisms 

                                                 
1 https://wedocs.unep.org/rest/bitstreams/8222/retrieve 



in the Mediterranean. Supplementary work is however necessary to complete a rigorous 

protocol which eliminates any risk for contamination of the samples examined and thus of 

false positives due, for example, to the presence of natural fibres. For these pilot studies 

deeper research work should be considered with priority to common fish species with wide 

distribution and easily fished fish species, which are sensitive to microparticles. The selection 

of  necto-benthic fishes, already identified as being the most affected (i.e. Boops boops), of 

important commercial interest (i.e. Mullus sp.), or of farmed molluscs such as the mussel 

Mytilus edulis, could facilitate the monitoring approach. 

- Concerning the entrapment/entanglement of marine species, observations have so far been 

poorly described, which restricts the development of corresponding monitoring networks. 

Carrying out coordinated pilot experiments based on a strategy of improved data collection, 

seems to be the most suitable preliminary step before envisaging developing regional 

monitoring. Work should focus on the prevalence of entrapment/entanglement of 

Mediterranean species, the identification and mapping of risk areas (presence of active or 

ghost fishing gear, distribution of susceptible species, probability of encounters between 

susceptible species and marine litter, etc.), and the rationalization of observation procedures 

on the basis of existing arrangements (stranding networks, Marine Protected Areas 

observation networks, opportunistic analyses of diving using submersibles or ROVs/Remotely 

Operated Vehicles). 

 

All the recommended approaches should permit: i) acquiring of better information to support the 

implementation of reduction measures, and ii) defining of an RPML-friendly monitoring strategy.  

 

 

 

 

 

 

 

 

 



Introduction and general context 

In order to implement the UN Environment/Mediterranean Action Plan, Regional Plan on Marine 

Litter Management in the Mediterranean and achieve Good Environmental Status (GES) for the 

Mediterranean Sea, the Marine Litter MED Project aims in supporting the Contracting Parties to the 

Barcelona Convention in the Southern Mediterranean and the neighbourhood of the EU, by stressing 

the five most common marine litter measures suggested by the updated National Action Plans (NAPs). 

One of the measures identified is linked to the implementation of the Integrated Monitoring and 

Assessment Programme of the Mediterranean Sea and Coasts and Related Assessment Criteria 

(IMAP), Ecological Objective 10 i.e. Marine litter and particularly related to the Candidate Indicator 

24 “Trends in the amount of litter ingested by or entangling marine organisms focusing on selected 

mammals, marine birds, and marine turtles”. 

 

The main objective of this component of the Marine Litter MED Project is to improve knowledge and 

assessment for the IMAP Candidate Indicator 24; in particular to continue the work related to the 

identification and selection of the most representative species to develop a monitoring strategy that is 

best suited to the Mediterranean context. 

 

In this context, the implementation of the Marine Litter MED project will focus on:  

 

i. Defining the most representative species for the IMAP Candidate Indicator 24 (deliverable 1, 

4.14 of the Marine Litter MED Project); 

ii. Defining a specific protocol and enhancing monitoring capacities, particularly for marine 

turtles, to ensure that methods and data collection dovetail; 

iii. Assessing the available data to suggest thresholds and targets of Good Environmental Status 

(GES) for the IMAP Candidate Indicator 24; 

iv. Crafting an operational monitoring strategy for the IMAP Candidate Indicator 24; and 

v. Setting up a Mediterranean network for the IMAP Candidate Indicator 24 to support the 

exchange of best practices.  

 

The approach also takes into consideration the existence of ongoing scientific projects such as the 

University of Sienna’s Plastic Buster Project on marine litter on a Mediterranean scale, and the 

INDICIT European research project (DG ENV 2017-2018), coordinated by the CNRS in France to 

support the harmonizing of marine litter impact monitoring in the Mediterranean. 

 

In this context, this report aims at identifying and suggesting the most pertinent and representative 

species in the Mediterranean to assess the amount of marine litter ingested by marine species and 

measure the rates of entanglement/strangling for marine species. It will support the identification of 

the candidate species to developthe IMAP Candidate Indicator 24. 

1. Marine litter in the Mediterranean 

 

Litter is composed of objects and fragments of objects made or used by man, thrown away or 

deliberately abandoned at sea or on coasts, or litter brought down by larger or smaller rivers, water 

treatment plants, storms or wind. Their impact is usually chronic and linked to their persistent nature 

(Gregory, 2009). The most recent work (Gall and Thompson, 2015) shows about 700 species of 

invertebrate, fish, bird, marine turtle and cetacean that have been impacted, mainly by 

entrapment/entanglement and by ingestion. 

 

Because of the diversity and complexity of sources and the means by which litter is brought down to 

sea, the problem is hard to handle. Moreover, the Mediterranean context is special: big human 

population in the coastal area, vast daily addition of plastic litter to the sea estimated at over 700 

tonnes a day (UNEP/MAP, 2015), small exchange of water with the Atlantic and limited escape of 

litter by the Strait of Gibraltar, intense maritime traffic (about 30% of world shipping traffic) and, 

lastly, insufficient infrastructure to process the waste. The consequence of these peculiarities is the fact 

that in the Mediterranean one may find densities of marine litter that is among the greatest in the world 



(Table 1), that can reach over 100,000 items per square kilometre of seafloor (UNEP/MAP, 2015a), 

and over 64 million particles per square kilometre in the case of floating micro-plastics (Van der Hal, 

2017). 

 

Table 1: Summary of the abundance of marinelitter in the Mediterranean (source UNEP/MAP, 2015, 

updated) 

 
MIN MAX 

NUMBER 

OF 

STUDIES 

LOCATION REFERENCES 

Beaches  30/km 36000/km 13 

Western, eastern and 

central basin, 

Adriatic Sea 

UNEP/MAP, 2015a; 

Martinez et al. 2009 

Floating litter  1,98/km2 45/km2 10 Throughout the basin UNEP/MAP, 2015a 

Sea bed litter  24/km2 120000/km2 37 

Western, eastern and 

central basin, 

Adriatic Sea 

Ioakeimidis et al., 

2014; Angiolillo et al., 

2015 

Floating micro-

plastic (average 

per study) 

115000/km2  
1518 

340/km2*  
9 Throughout the basin 

UNEP/MAP, 2015a, 

Van den Hal et al. 2017 

Micro-plastic 

on beaches  
10/m2 920/m2 3 

Spain, Greece and  

France 
UNEP/MAP, 2015a 

*Maximum per sample at 64,800,000 particles per sq.km in the eastern Mediterranean 

 

Water circulation is the main driver of marine litter in the Mediterranean. However, the role of 

currents can be very complex intervening also on the distribution of species that may be affected by 

marine litter. The main patterns of aggregation observed are characterised by areas with high density 

of marine litter, that is starting to be fairly well described, as well as the phenomena of strandings, 

surface transport or accumulation of litter at sea (Mansui et al., 2014; Pham et al., 2014). 

 

Marine litter in the Mediterranean can have a great variety of shapes, colours and material 

composition. Besides the cigarette butts found on beaches, the most common marine litter items in the 

Mediterranean are plastic packaging, bottles and caps, and to a lesser extent metal cans and glass 

bottles. The objects found indicate a predominance of land-origin waste resulting mainly from 

leisure/tourist activities (ARCADIS, 2014) and increase markedly during and after the tourist season. 

However, out at sea and on the seabed, certain parts of the Mediterranean are more affected by 

fisheries related marine litter, constituting a major risk of entrapment/entanglement for marine fauna. 

 

Marine litter can persist for long periods in the marine environment due to the slow decomposition 

rate, based on processes of abrasion (mechanical), heat, chemical and biological photo-degradation 

that can slow down at sea in the dark, and where there are low levels of oxygen. Until now, there is 

little data available on the degradation and standard tests are still necessary. One of the more common 

phenomena for degradation is fragmentation, leading to the presence of micro-plastics (smaller than 

5mm), even potentially of nano-plastics less than a micron in size. Little is known about the impacts of 

plastic little particles on marine organisms, and the rate of entanglement of marine species in these 

particles seems small; however their ingestion could be the source of more substantial effects that 

should be taken into consideration when monitoring. So far, there is a lack of validated research 

methodologies and data to assess their concentration levels and the real environmental impacts, 

particularly related to the smaller litter particles. 

 

Fishing gear (mesh nets, trammel nets, ghost nets, pots and traps) when damaged or used  may be 

thrown away or abandoned by fishermen, or may broke up and thus being dispersed by storms. Some 

of this fishing gear may continue to catch and kill marine organisms (fishes and crustaceans, of 



commercial value or not, birds, mammals and marine turtles) for months, even years, until they totally 

degrade (UNEP/MAP, 2015b). The results of a recent regional survey carried out in 12 non-European 

Mediterranean countries by UNEP/MAP/MEDPOL (UNEP/MAP, 2015b) indicate that abandoned 

ghost nets and fishing gear are considered as a problem by 71% of fishermen, skippers and sailors, 

who are also aware of the environmental harm and specific impacts they engender. Although the rates 

of gear loss are low, the risk of impact still remains significant, with mesh net fishing being very 

common throughout the Mediterranean basin with over 20,000 boats involved in this kind of fishing 

(http://firms.fao.org/firms/fishery/761/en.). 

 

Marine litter affects marine organisms at different levels of biological organisation, via 

entrapment/entanglement, ingestion, contamination, acting as a vector of species and by harming 

assemblages of different species (Werner et al., 2017). The study of these impacts should consider the 

different trophic levels. A summary of the literature published between 1986 and 2014 on the 

interactions between plastic litter and marine organisms shows that 134 species from different taxa can 

be affected (Deudero and Alomar, 2015). In the context of monitoring, only a few species present an 

interest, particularly those that are of special concern for biological reasons. Thus, marine turtles’ 

inability to distinguish gelatinous prey from certain transparent plastic packaging, the fact that some 

birds can accumulate litter in the gizzard, the presence of certain species (plankton, fishes) in the upper 

layers of the water where micro-plastics proliferate, the high rates of filtration in species like filtering 

cetaceans and molluscs, or the diet of other detritus-eating species that means they ingest micro-

plastics present in the sediment, are biological features that deserve special attention when selecting 

target species for monitoring. Similarly, the information gathered can be of interest in the field of 

health, such as the ingestion of micro-plastics by commercially important species consumed by 

humans. In the case of entanglement, species with vulnerable conservation status, at risk of extinction, 

or scarcity should also be considered with attention because of their heritage interest. 

So far, over 80 studies have dealt with interactions between marine organisms and marine litter 

(mainly plastics) in the Mediterranean basin (reviewed in Deudero & Alomar, in CIESM, 2014; 

Galgani et al., 2014; Deudero and Alomar, 2015; UNEP/MAP, 2015). These studies cover a wide 

range of depths (0 to 850 metres down), an extended timescale (1986-2017), and identify a vast range 

of species affected by marine litter from invertebrates (polychaeta, ascidians, bryozoa, sponges, etc.) 

to fishes, reptiles and cetaceans. The effects identified in these studies concern entanglement, 

ingestion, and to a lesser extent colonization by and transporting of species. 

 

2. Ingestion of litter 

 
2.1.  State of the art 

 

It has been estimated that over 62 million marine litter items are floating around the Mediterranean 

(Suaria and Aliani, 2014) and can affect marine organisms by indirect effects on their health, 

particularly after ingestion. Moreover, certain species can also ingest litter directly from the seabed 

where they feed. Above and beyond the direct impact on survival, the ingestion of litter provokes sub-

lethal effects linked, for example, to the proportional dwindling of natural food within the stomach, or 

to the ingestion of toxic substances absorbed on or directly freed by the litter when this is made of 

plastic (Gregory, 2009). These substances can act as endocrinal disturbers and thus affect the 

development and state of health of individuals (Teuten et al., 2009). Over 180 marine species have 

been listed as ingesting plastic litter, among them different species of seabird (Van Franeker et al., 

2011), fishes (Boerger et al., 2010), marine mammals (De Stefanis et al., 2013), and many invertebrate 

species including plankton species (Cole et al., 2013; UNEP, 2016b). It has also been remarked that all 

the species of Mediterranean marine turtle, listed as vulnerable or even endangered at world level 

(IUCN), ingest litter. Except in the case of occlusions (marine turtles, mammals etc.) or storing by 

some species (Procellariforms), particles that cannot be digested are usually excreted in the faecal 

matter by all sorts of organisms. The most serious direct effects of ingestion of litter are occlusion of 

the digestive tract and internal lesions from sharp objects that can result in death (Katsanevakis, 2008). 



The sub-lethal effects caused by the ingestion of litter can not only affect individuals but also 

populations in the long term. When a large amount of litter occupies the stomach of an organism like a 

marine turtle, the sensation of satiety is distorted and the appetite declines. The nutritive elements, 

diluted in a mass almost exclusively made up of artificial matter, are not sufficient for the organism to 

develop and continue its vital functions. Several harmful consequences of this state of malnutrition 

may follow: a drop in growth rate for juveniles, lower reproductive performance for adults, a state of 

weakness making the individual less mobile and more vulnerable to predators, and thus a lower 

survival rate at both individual and population level (McCauley and Bjorndal, 1999). These sub-lethal 

effects of marine litter and its impacts at population level must be better understood as well as for 

micro-plastics (GESAMP, 2015), the absorption of great amounts of which could also have effects on 

energy reserves, feeding behaviour, movement, growth and reproduction (GESAMP, 2015; Sussarellu 

et al., 2015). 

 

According to their feeding behaviour and strategy, the modalities and consequences of the absorption 

of litter by predator marine organisms, plankton-eaters, filterers, detritus-eaters etc. are variable. Food 

chains can be long or very short, as is the case for plankton-eating filtering cetaceans, which when 

they absorb large amounts of water filter many micro-plastics (Fossi et al., 2014). The organisms’ 

litter excreting capacity has been documented by several studies recently carried out in situ in care 

centres (turtles) or in laboratories (Cole, 2013; Camedda et al., 2013; Van Cauwenberghe et al., 2013; 

Darmon et al., 2014). The results of these works show that the average duration of retention of litter in 

the digestive tract varies according to species from several hours (for plankton) to several days (for 

filtering molluscs) and several weeks or months (for marine turtles). For turtles, the duration of 

retention depends on many factors (temperature of the environment, state of health, type of food, 

characteristics of the litter) and certain litter can be excreted whereas other litter will remain longer in 

the digestive tract. For mussels, it has been possible to measure the rate of retention, which is about 

0.013% (Van Cauwenberghe, 2013). These bits of information encourage us to think that the risk of 

the litter being transferred within a food chain is less high than had been feared, due to the direct 

excretion capacity of litter ingested by marine organisms, and to the excretion at every trophic level of 

the litter ingested by predators. In the light of the present data, accumulation of litter at the end of the 

food chain does not appear probable; so far, in any case, it has not been demonstrated. When ingested 

litter is monitored, the interpretation of the data must bear in mind the potential distance travelled by 

an individual during the digestive transit in order to avoid any error as to the geographical origin of the 

litter. The issue of trophic transfer does however remain for the smallest particles, some nanometres or 

hundreds of nanometres in size (nano-plastics). Indeed, if these particles exist at sea, it is possible that 

their minute size allows them to traverse the intestinal wall and be present in the tissues of the 

organisms that ingested them. 

3.2. Bio-indicator species of ingestion of marine litter 

Marine mammals 

The ingestion of litter by a large range of species of whales and dolphins is recognised (De Stephanis 

et al., 2013; Jacobsen et al., 2010; NOAA, 2014). The published work concerns dead, stranded or 

accidentally caught animals. A recent analysis of data of strandings in the Atlantic (Pibot et al., 2012) 

on several thousand individuals (whales, dolphins) shows generally low rates of incidence of the order 

of one per cent. In some cases, these were animals that accidentally ingested litter when feeding on 

marine beds, such as, for example, the sperm whale Physeter macrocephalus. In the Mediterranean, a 

young sperm whale was found dead in 2011 off the Greek island of Mykonos with 100 plastic items in 

its stomach, and in March 2014 the autopsy of a sperm whale stranded in the south of Spain showed 

that it had ingested 59 bits of plastic. Usually, the diagnosis of the cause of death is difficult, and the 

ingestion of litter has only rarely been formally identified as the cause of death. 

Work on the humpback whales Megaptera novaeangliae, rare in the Mediterranean, have shown in the 

digestive tract the presence of polyethylene, polypropylene, polychlorovinyl PVC, terephtalate 

polyethylene and nylon of size varying from 1 mm to 17 cm (Besseling et al., 2015). The big marine 

organisms that live in the Mediterranean and are relatively abundant, like the fin whales, also feed by 

filtering. Due to the vast amounts of water filtered with every mouthful (about 70,000 litres of water 



for the fin whale Balaenoptera physalus), these organisms could be exposed to risks caused by the 

ingestion and degradation of micro-plastics. Indeed this is what is suggested by the presence of plastic 

additives (e.g. phtalates) in the tissues of stranded animals and in skin samples taken by biopsy from 

animals at sea (Fossi et al., 2012).  

Despite these observations, it seems difficult to integrate marine mammals as indicator species for 

pollution by marine macro-litter as part of a regional monitoring. Monitoring the ingestion of litter by 

cetaceans is difficult because of the small number and heterogeneous distribution of the stranded 

animals, as well as the logistic difficulties linked to the size of some species. In the case of seals, the 

Mediterranean populations are extremely localised and very scarce, which restricts the potential for 

monitoring these species and acquiring sufficient data for regional long-term monitoring. 

Birds 

Birds are the species most studied as regards ingestion of litter. In some regions, over 50% of the 

species ingest litter (NOAA, 2014). Some species are abundant and present high rates of ingestion, 

which makes them interesting a priori candidates to be indicators for monitoring. There do however 

exist a great diversity of behaviours and the choice of suitable indicator species integrates many 

criteria. The most important of these criteria are the geographical distribution of these species and their 

mobility. It is important to take this feature into account since their sometimes migratory movements 

can limit the significance of the data measured. The Procellaria (albatrosses, fulmars, puffins) have a 

special habit of keeping part of the ingested debris in their gizzards and are probably more affected by 

marine litter due to obstructions and ulcerations that can follow prolonged retention of these foreign 

elements (NOAA, 2014; Van Franeker et al., 2011).  These species mainly feed out at sea, on the 

surface, and constitute good indicators since they more significantly reflect the state of pollution of the 

sea than those that also feed on land (e.g. gulls). The litter ingested by seabirds are micro-plastics, also 

meso-plastics (of between 5 and 25 mm in size). Although in appearance the ingestion of litter by 

birds can not be a problem for managers, work has however shown that the amounts ingested can be 

high in proportion to the bird’s size (about 0.6 g per bird weighing on average 1 kilo in the case of the 

Fulmarus glacialis fulmars of the North Sea) (Van Franeker et al., 2011), and the physiological state 

of these birds is weakened. 

In the Mediterranean, work has unfortunately been restricted to some rare studies. Except for a video 

observation of the ingestion of plastics in the Aegean Sea by a falcon (Falco eleonorae, Steen et al., 

2016), a single study has gone into the ingestion of plastics by seabirds in this region (Codina et al., 

2013). The results of the work done on 171 individuals of 9 species of bird accidentally caught by 

longlines in the western Mediterranean between 2003 and 2010 show very significant differences in 

rates of ingestion, without a difference in the features of the plastic ingested or between the sexes. The 

puffins Calonectris diomedea, Puffinus yelkouan and Puffinus mauretanicus present the highest 

occurrence of litter ingestion (70-94% of individuals according to species) and the greatest number of 

tiny particles of plastic per affected bird. Yet these species have a restricted distribution in the 

Mediterranean. The other species, like the Audouin’s gull and the yellow legged gull (Ichthyaetus 

audouinii, Larus michahellis), labbes (Catharacta skua), and northern gannets (Morus bassanus) are 

less affected (10-33%). The kittiwake (Rissa tridactylus), with an ingestion rate of nearly 50%, 

represents a locally interesting target species but its distribution in the Mediterranean remains fairly 

restricted. 

Marine turtles 

All the species of marine turtle ingest litter; plastic constitutes the main type of litter ingested (NOAA, 

2014). According to Norton (2005), turtles’ long life expectancy and late sexual maturity (25-35 years 

for loggerheads) mean that these animals are extremely vulnerable to human impacts. 

In the Mediterranean, the loggerhead turtle (Caretta caretta) is the most abundant of marine 

chelonians (Casale and Margaritoulis, 2010). Among the litter ingested by the species are plastic bags 

that it mistakes for jellyfish and other transparent gelatinous prey when feeding in neritic habitats and 

out at sea. The loggerhead is very sensitive to marine litter and one of the most studied species of 

marine turtle in the Mediterranean. Although the species is able to ingest all sorts of litter (Figure 1), 

plastic objects are more often ingested (Lazar and Graçan, 2011; Campani et al., 2013; Camedda et al., 



2014; Darmon et al., 2016). In France, for autopsies of loggerheads having ingested litter, Darmon et 

al. (2016) showed that in 80% of cases the litter was plastics, and less than 2% of ingested litter was 

paper, metal or glass. No difference is observed between the litter found in stranded marine turtles 

when autopsied and that excreted by animals kept in care centres (Camedda et al., 2014), for an 

analysis shows homogeneity as regards total abundance, weight and composition of the litter whether 

the animals are living or dead. 

 

        A     B  

       C      D  

 

Figure 1: Litter ingested by Mediterranean marine organisms. (A) Litter excreted by a turtle in a care 

centre in the French Mediterranean (species Caretta caretta, care centre CESTMed, credit 

CESTMed). (B) Micro-plastics highlighted by fluorescence during an experimental study of the (in 

vitro) transit of micro-plastics in the digestive gland of an oyster (Crassostrea gigas) (credit A. Huvet, 

IFREMER). (C) Litter ingested by a North Sea northern fulmar (Fulmaris glacialis, credit J. Van 

Franeker, IMARES). (D) Fibres ingested by an individual of the fish species Boops boops sampled in 

the Balearic Islands (credit COB-IEO/Spain). 

 

The effects of the presence of litter in the digestive tract may be direct or indirect, shorter or longer 

term. 

 

Fragments of plastic and other human-origin material can be directly responsible for the death of 

marine turtles by occlusion of the digestive tract or by lesions in the digestive mucus membrane 

(UNEP/MAP, 2015a) when the volume and nature of the litter are such as to block all transit and/or 

perforate the digestive wall. In the long term, as described in Paragraph 3.1, the presence of litter 

ingested by turtles can have a certain number of consequences for their health, i.e. growth, capacity to 

move about, and this can have repercussions on their migratory aptitude and chances of escaping from 

prey, and lastly on reproduction. Teuten et al. (2009) estimate that the long period of retention of 

plastic litter in the digestive tract can provoke the liberation of toxic chemical substances (e.g. 

phtalates, PCBs) that can act as endocrinal disturbers and thus compromise the health of individuals 

and their various endocrinal functions. Thus we can grasp to what extent ingestion of litter can affect 



both individual survival and that of populations of marine turtle, whose conservation state is already 

highly precarious due to other human-origin and natural threats. 

Marine turtle species have ways of life that vary according to the different phases of their 

development. So they can frequent different fields where they feed on epipelagic or benthic prey in 

areas that are oceanic and neritic. In the early phase of life, marine turtles are probably essentially 

inactive, and on the surface, but in the adult phase, according to species, they can exploit the seabed 

and the water column to feed (Casale et al., 2012; Lazar and Graçan, 2012). It has been remarked that 

certain adult loggerheads were faithful to their neritic feeding areas that can be those where they were 

recruited in the juvenile phase (Casale et al., 2012); they are thus likely to ingest litter in different 

types of habitat over the course of their lives. Passage from the pelagic phase to the neritic phase 

happens in the Mediterranean when the curved length of the shell is about 40 cm (Darmon et al., 

2014). Although certain studies have reported that young oceanic turtles are more likely to ingest litter 

than big turtles, most of the results obtained in the Mediterranean have shown that the adult 

loggerheads presented higher amounts of marine litter than juveniles (Campani et al., 2013). Adult 

individuals are able to distinguish colours to find food, but adults and young alike ingest plastic matter 

‘taken’ on the surface or sub-surface of the sea. The loggerhead turtle Caretta caretta presents a great 

tolerance for ingestion of human-origin litter and the species is usually able to excrete these objects 

(Casale et al., 2012; Frick et al., 2009). Camedda et al. (2014) remarked that although marine turtles 

excreted human-origin litter in the faeces after over one month of hospitalisation, most of the litter was 

expelled in the first two weeks. Studies on the duration of transit of the substances in the gastro-

intestinal tract of loggerhead turtles have shown that the materials (like polyethylene globes) are 

expelled in about ten days (review in Darmon et al., 2014). Consequently, the authors conclude that 

given the average distance covered in ten days by C. caretta, the litter excreted in pools during 

hospitalisation is likely to have been ingested at a distance of less than 120 km (Camedda et al. 2014). 

 

The populations of marine turtles studied in the Mediterranean are more affected by ingestion of litter 

than those in other parts of the world (review in Darmon et al., 2014). Table 2 presents ingestion rates 

measured in marine turtles in various parts of the Mediterranean. For the autopsied marine turtles, the 

cases of ingestion of marine litter recorded from the Adriatic Sea (35.2%) seem to be less frequent that 

in the western (79.7% for Spain) and central (51.1% for Lampedusa) Mediterranean. However, these 

figures may be biased underestimations, for the number of samples for some studies is relatively low, 

and, the analysis dating from several years back in certain areas, it is possible that the figures have 

changed since, and are higher (Table 2). In France, for example, a rise in ingestion rate was observed 

over time; indeed, analysis done as part of the DCSMM in 2016 revealed ingestion rates that were 

rising compared to those done earlier (Table 2 and Darmon et al., 2014). Between 2003 and 2008, 

35% of autopsied turtles presented litter in their digestive tract, whereas between 2013 and 2016 the 

figure for the rate of ingestion was 76%. 

 

Table 2: Rate of ingestion of litter by marine turtles (mainly C. caretta) in the Mediterranean 

(UNEP/MAP 2015a, modified after Darmon et al., 2014). nd=non determined; nc=non communicated 

 

Zone Date 
Size 

(cm) 

Nb 

morts 

With 

Litter 

(%) 

Nb* 

litter 

With 

litter (%) 
Total 

With 

litter (%) 
References 

Sardaigne 
2008-

2012 
21-73 30 20 91 12 121 14,04 Camedda et al., 2013 

Toscane 
2010-

2011 
29-73 31 71 _ _ 31 71 Campani et al., 2013 

Adriatique 
2001-

2004 
25-79 54 35,2 _ _ 54 35,2 Lazar & Graçan, 2011 

Turquie 2001 _ _ _ _ _ 65** 5 Kaska et al., 2004 

Espagne nd 34-69 54 79,6 _ _ 54 79,6 
Tomas et al., 2012 in 

UNEP/MAP, 2015a 

Lampedusa 2001- 25-80 47 51,5 33 44,7 79 48,1 Casale et al., 2008 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4204513/#b32


2005 

Malte 1988 20-69 _ _ 99 20,2 99 20,2 
Grammentz, 1988, in 

UNEP/MAP, 2015a 

France 
2003-

2008 
nc 20 35 225 0,02 245 0,04 Claro & Hubert, 2011 

France 
2011-

2012 
nc 2 0 54 20,4 56 19,6 

Dell'Amico & Gambaiani, 

2012; UNEP/MAP, 2015a 

France 
2013-

2016 
25-65 23 75,6 36 41,7 59 54 Darmon & Miaud, 2016 

Baléares 
2002-

2004 
36-57 19 37,5 _ _ 19 37,5 Revelles et al., 2007 

Linosa 
2006-

2007 

26,7-

69 
_ _ _ _ 32 93,5 

Botteon et al., 2012, in 

UNEP/MAP, 2015a 

Italie/Espagne 
2001-

2011 
_ _ _ 155 50 155 50 

Casini et al., 2012, in 

UNEP/MAP, 2015a 

*Observations and care centres; ** Both living and deadFishes 

The ingestion of litter by fishes is less well described than for birds or marine turtles. Plankton-eating 

fishes feed in areas where both prey and plastics are common. Boerger et al. (2010) have shown that 

the nature of the litter ingested by fishes corresponds in 35% of cases to the litter present in their 

feeding areas. Furthermore, Carson et al. (2013) showed that predator fishes can also confuse litter 

with prey, especially if the objects are long and blue. Rates of ingestion can be over 50% for 

individuals, and such rates are observed even in areas where there is not much litter, like the deeper 

parts of the Mediterranean (Anastasopoulou et al., 2013). In the case of micro-plastics, it seems that 

omnivorous species present higher rates of ingestion than herbivores or carnivores (Mizraji et al., 

2017). Fishes however do seem more selective than turtles or plankton and rates of ingestion seem to 

be linked to feeding behaviour, the aggregation of litter and distribution constraints (currents, 

advection), although this must be confirmed. It also seems that the larger the size of the fish, the 

greater the selectivity of litter and the less passive or accidental the ingestion. Sharks are among the 

species of fish affected by litter. But only a low occurrence, under 0.5% of 15,600 individuals of 14 

species studied in the global ocean (Gregory, 2009), is found. The litter ingested is mainly fragments 

of plastic and objects from fishing. 

 

In the Mediterranean, the impact of litter on fishes varies considerably according to the ecological 

compartments they exploit. Rates of ingestion also vary according to species (Table 3). 

Typically, Boops boops, the Myctophidans, Schedophilus ovalis and Naucrates ductor are among the 

most affected species (Deudero and Alomar, 2014; Nadal et al., 2016). But the possibility of sampling 

these species is not homogeneous in the monitoring context. Recently, Teresa et al. (2015) showed 

that the Mediterranean bluefin tuna (Thunnus thynnus) and swordfish (Xyphias gladius) were also 

affected and ingested micro- (<5 mm) and meso-plastics (5 to 25 mm) as well as, in over 18% of 

samples, bigger plastics (>25 mm). Similarly, sharks can ingest macrolitter (NOAA, 2014) and even 

micro-plastics in the case of basking sharks (Cetorhinus maximus) that feed by filtering (Fossi et al., 

2014). 



 

Table 3: Ingestion prevalence of macro and micro-litter in individuals of various fish species present 

in the Mediterranean according to studies published between 1998 and 2016. 

 

SPECIES HABITAT 
PREVALENCE 

(%) 
REFERENCES 

Balistes carolinensis nectobenthic 14 Deudero, 1998 

Boops boops nectobenthic 29 Deudero and Alomar, 2014 

Cetorhinus maximus pelagic 83 Fossi et al., 2014 

Coryphaena hippurus pelagic 6, 7 Deudero, 1998; Massuti, 1998 

Etmopterus spinax benthic 6, 8 

Madurell, 2003; 

Anastasopoulou et al., 2013 

Galeus melastomus nectobenthic 3, 13 

Madurell, 2003; 

Anastasopoulou et al., 2013 

Helicolenus 

galepterus nectobenthic 2 Madurell, 2003 

Mullus sp. (Portugal) nectobenthic 64-100 Neves et al., 2015 

Myctophum 

punctatum pelagic 100 Collignon et al., 2012 

Naucrates ductor  pelagic 18 Deudero, 1998 

Polyprion 

americanus pelagic 55 Deudero, 1998 

Pteroplatytrygon 

violacea nectobenthic 50 Anastasopoulou et al., 2013 

Sardina pilchardus pelagic 0-19 

Neves et al., 2015; Avio et al., 

2015;  

Schedophilus ovalis pelagic 50 Deudero, 1998 

Seriola dumerilii pelagic 2 Deudero, 1998 

Squalus blainville pelagic 1 Deudero, 1998 

Thunnus alalunga pelagic 32,4 Romeo et al., 2015 

Thunnus thynnus pelagic 12,9 Romeo et al., 2015 

Trachurus sp.  nectobenthic 1 Anastasopoulou et al., 2013 

Xyphias gladius pelagic 12,5 Romeo et al., 2015 

 

A study, using a large sample of individuals, was done in the Atlantic on species of fishes that were 

also found in the Mediterranean (Neves et al., 2015). The results confirm the interest as indicator 

species of Boop boops (9% of 32 individuals affected) and to a lesser extent Trachurus trachurus (7% 

out of 44 individuals). Moreover, the species Scomber sp. (31% of individuals affected), Scyliorhinus 

sp. (12% out of 17 individuals affected) and Trigla lyra (19% of individuals affected) present 

significant rates of ingestion, highlighting their potential as indicator with a view to monitoring. 

Among the widely sampled species, some like the sardine (Sardina pilchardus) present very variable 

ingestion rates. 

 

More recently, Bella et al. (2016) measure the rates of ingestion of micro-plastics by demersal species 

in the Atlantic and the Mediterranean. Out of 212 individuals belonging to the three species 

Scyliorhinus canicula (spotted dog fish), Merluccius merluccius (hake) and Mullus barbatus (striped 

mullet) the prevalences are respectively 15.3%, 16.7%, and 18.8%; the size of the micro-plastics 

ingested varies from 0.38 to 3.1 mm. These species, regularly used as bio-indicators, could be the 

subject of a data collection based on commercial and/or scientific fishing. 

 

Work by Neves et al. (2015) shows a prevalence of litter ingestion of 64 to 100% according to species 

of the genus Mullus sp. Similarly, work done in the laboratory shows that a species like Dicentrarchus 

labrax is likely to ingest litter (Peda et al., 2016), but no study has been done in situ on this species. 

Because of their commercial interest and their wide Mediterranean distribution, the two last species 

deserve more attention with a view to monitoring. 



  

Invertebrates 

Micro-plastics are ingested actively or passively. Fishes and certain invertebrates seem to actively 

ingest micro-plastics because they fail to distinguish them from plankton or food. Laboratory work 

(Cole et al., 2013) has shown that active catch was, however, rare for plankton organisms, for these in 

fact ingest particles of micro-plastic passively, as do filtering cetaceans.  

 

Most of the impacts from litter on invertebrates have been demonstrated in the laboratory, sometimes 

with high doses that do not automatically correspond to concentrations found in the natural 

environment.  

 

Various studies have highlighted litter ingestion for several taxa of benthic invertebrates like annelids 

(Arenicola), molluscs (Mytilidae, Ostreidae, Veneridae, Pectinidae), crustaceans and echinoderms 

(GESAMP, 2015; Wesch et al., 2016). The data is scarcer concerning high sea and surface species, but 

ingestion was also observed for jellyfish (Paradinas, 2016) and some crustaceans (copepods 

Calanideae, Euphausiaceae). Generally speaking, the sedentary species that feed on detritus or filter 

food (Mytilus galloprovincialis, sea cucumbers, Talitrus saltator) are more exposed than others to the 

ingestion of litter. These present, therefore, a certain interest for a better grasp of the harm suffered by 

invertebrate species by ingestion of litter. The high filtration rates can typically explain why we see 

high rates of ingestion of micro-plastics in these species. Thus, in the case of M. galloprovincialis, 

amounts of micro-plastics ranging from 0.04 to 0.34 particles per individual have been observed in the 

Mediterranean (Van Cauwenberghe et al., 2015; Vandemeersh et al., 2015). Similarly, species of 

commercial interest like oysters or mussels are important because they enable us to measure rates of 

ingestion on farmed species and assess the risks for human consumption. In the laboratory, the size of 

the micro-particles ingested by molluscs is of the order of 80 µm, but it is much lower in the natural 

environment (Wesch et al., 2016). When the micro-particles are bits of polystyrene, a rise in energy 

expenditure can be seen (Van Cauwenberghe et al., 2015). For these species, and for copepods, it was 

also observed that in strong concentrations the ingested micro-particles affect fertility and feeding 

(Wegner et al., 2012; Cole, 2013; Sussarellu et al., 2015). 

 

Sensitivity to the ingestion of micro-plastics is high in the case of scavengers that ingest a lot of sand 

particles (Graham and Thompson, 2009). The ingestion of micro-plastics was also demonstrated for 

different carnivores that are sometimes present in the Mediterranean, such as crabs (review by Wesch 

et al., 2016), the shrimp Crangon crangon (Cole et al., 2013; Devriese et al., 2015) and the 

langoustine Nephrops norvegicus (Murray and Cowie, 2011). Despite these studies suggesting a 

trophic transfer in the laboratory (Farrell and Nelson, 2013), this mechanism remains hypothetical in 

the natural environment. 

3.3. Monitoring the ingestion of marine litter by marine organisms 

Monitoring the ingestion of litter is a complex task, with ever more important stakes, partly because of 

the ever-growing quantity of waste at sea, and partly because recent results show that a large number 

of species is affected, including by micro-plastics. 

 

Identifying interactions between marine litter and fauna depends to a great extent on data collection 

methods. Most of the data on fishes, turtles and cetaceans is provided by analysis of the digestive 

contents of stranded or accidentally caught individuals, but this reflects only a small part of the real 

interactions that may occur. The rate of interaction between marine organisms and marine litter and 

the impact on populations of marine species is hard to be quantified. Generally speaking, in the 

literature, one finds percentages of animals that ingested marine litter compared to the number of 

specimens that could be autopsied, but still remains an unknown proportion of dead marine animals 

that cannot be taken into account (death at sea, being eaten by predators, advanced state of 

decomposition of a carcass, etc.). Thus, there is an urgent need for new methods to be developed to 

assess, in an unbiased way, the death rates and the effects on the dynamics of populations of the 



affected species. The existing approaches and the setting up of monitoring networks are subject to a 

certain number of constraints that are biological, methodological, environmental, logistic and ethical. 

Biological constraints 

The choice of a good target or indicator species is a major element when developing a monitoring 

strategy. This choice depends on various factors that can be extremely constrictive: 

 

a) The chosen species must have a wide distribution to enable a comparison to be made between 

sites on a large scale. In order to facilitate interpretation of the results of the monitoring, a 

species with wide Mediterranean distribution is thus necessary. 

b) The species must be sensitive to litter and ingest significant and sufficient amounts of it for 

measurements to be comparable. Low rates of ingestion and small amounts of ingested litter 

make sampling and counting difficult. 

c) Ingestion and impact mechanisms must be known. It is, for example, important to possess 

basic knowledge such as duration of intestinal transit, nature of ingested objects, etc., to 

enable a rational interpretation of the results and an optimization of protocols. Interpreting 

data collected only on individuals that are found dead or have been placed in a care centre 

(turtles) can constitute bias. Indeed, these turtles are stranded because of an acute or chronic 

pathology, linked or not to direct or indirect interaction with litter (disorders of the pica-

appetite in animals that have been suffering for a long time).      

 

Table 4 sums up the main constraints recently identified with a view to a pertinent definition of Good 

Environmental Status (GES) for marine turtles (Claro et al., 2014).  

 

Table 4: Pertinent biological constraints and parameters for defining Good Environmental Status 

(GES), concerning the ingestion of litter by marine turtles (adapted from Claro et al., 2014) 

 

Parameter/ 

Constraint 
Pertinence          Considerations Possible bias 

Need for 

knowledge 

 

Sex ? 

Possible differences of feeding 

diet according to sex and 

reproductive phase (before or 

after egg-laying, etc.)  

Not much known on 

the influence of sex at 

the level of ingestion 

of litter (2 studies)

  

Yes 

Size, 

development 

phase, population 

of origin  

Yes 

The level of ingestion depends 

on the mode of feeding which 

is linked to size, itself 

dependent on the individual’s 

origin (Atlantic, 

Mediterranean) 

According to the 

structure and origin of 

the sampled 

population 

Yes  

Habitat Yes 

According to development 

phase, habitat and resources 

available, the individuals feed 

in a neritic or pelagic habitat 

(or both) with variable levels of 

concentration of litter 

The value of the 

indicator is affected 

by the habitat 

exploited by the 

turtles sampled in a 

given region  

Yes 

State of health  Yes 

Possible differences of 

ingestion between individuals 

that died suddenly (collision, 

by-catch) and stranded 

individuals 

If the animals were ill 

for a long time before 

the stranding they 

may have excreted all 

or part of the ingested 

litter, whereas 

animals that died 

suddenly had not the 

time for this 

Yes  

Capacity for No Ingestion is subject to the Possible error of Characterisation 



moving/duration 

of digestive 

transit 

amount of litter present in the 

living areas or those crossed 

during migrations. The 

movements of the turtles 

(speed, distance travelled) and 

the duration of intestinal transit 

are not constant  .  

interpretation if the 

scale for measuring 

the impact of litter by 

ingestion is not 

correct  

needed of 

biological 

distribution areas 

and migrations 

 
 

 

In an in-depth study on the whole set of published work based on analysis of dead and living stranded 

specimens, Casale et al. (2016) argue that rates of ingestion are subject to many factors such as area of 

origin, date of stranding, state of health or duration of residence in captivity. In these conditions, the 

authors suggest that the aggregation of data engenders a loss of homogeneity of data that must be 

taken into account. For these authors, monitoring should only consider individuals that lived in natural 

conditions (feeding, etc.) in order to facilitate the interpretation of the results and trends. 

 

d) Other basic data must be available to make clearer the sensitivity of species and the conditions 

of interpretation of the measurements, like for example the ‘ingestion/age’ or ‘ingestion/size’ 

relationship, sensitivity at different stages of development, etc. 

e) The movements (if these exist) of the animals (particularly migratory species) must be limited 

for the spatial scale of the measurements to be precisely grasped. 

f) The target elements of the sampling must be clearly defined and pertinent. In the case of small 

species that ingest micro-plastics, for example, these elements can be the whole animal, the 

entire digestive organ, or elements of the digestive structure (oesophagus, stomach, intestine, 

etc.). 

g) Taking excreta into account can be a good strategy, especially for animals kept in care centres 

or pools. 

h) Scientific information must be accessible and accepted/recognised by the scientific 

community. 

Methodological constraints 

The choice of suitable protocols depends on several constraints: 

 

a) The availability of dependable protocols is essential. 

b) Developing inter-calibrated protocols can take years and this limits the development of 

harmonized monitoring. It is necessary to possess protocols that have been referenced, tested, 

compared and validated by the community of specialists. 

c) The existence of bias in measurement must stop the use of a protocol. The example of micro-

plastics is important here. There are many studies that show very variable results according to 

the size of the particles considered. In some samples, organic non-human-origin natural fibres 

have been confused with micro-plastics because of the impossibility of confirming the plastic 

nature of certain little particles, or because of the possible contamination of samples by fibres 

during packaging (GESAMP, 2016). These works show the limits of the development or 

validation of protocols suited to measuring micro-plastics ingested by various species. Only 

the taking into account of big particles that can be chemically characterised should be 

considered in the current context of knowledge. 

d) Conservation procedures (freezing, fixing, eliminating the organic elements in the samples, 

etc.) must not be destructive to the plastics. 

e) Common banking of the data according to recognised and validated procedures must be 

organised. 

f) Reproducibility and representatively must be guaranteed by adopting standard operational 

procedures with quality assurance. Generally speaking, these standard approaches are not very 

well developed for harmonizing the monitoring of ingestion. Similarly, reference documents 

and methodological guides are not yet sufficiently widely circulated and used. 

g) Standardization, the final stage when developing a protocol, is an aim in the context of 

monitoring the indicator EI 18. 



 

In a recent analysis of work published between 1949 and 2015 on the ingestion of litter by macrofauna 

(Provencher et al., 2017), the importance of standardization of methods was noted. Although the 

number of studies differs according to the target species considered, the metrics used are common. 

Frequency of observation of ingestion, called frequency percentage or prevalence, is the most 

commonly used approach. For all groups, the number of ingested objects and their mass are also used, 

with a recent tendency to assess average values of density or weight for litter ingested. Colour and size 

of objects are however less considered. For these authors, necropsies on stranded animals, collected 

for other work, found dead and accidentally caught are the most frequent methods of collection. For 

turtles, retention in a care centre is a significant source of data. 

Environmental constraints 

a) The data must be representative of the state of the environment and of Good Environmental 

Status (GES). 

b) The significance of the results is important. It must be possible to establish a diagnosis for 

deaths, pathologies and the physiological state of the affected individuals to avoid merely 

counting ingested litter without information on the lethal or sub-lethal effects associated. 

c) The results must enable areas to be categorized according to their level of pollution. 

d) The results must allow different types of objective to be met according to the type of litter. 

Thus, categorizing litter and the choice of an indicator species will differ according to the size 

of the litter in which we are interested (micro-plastics or macrolitter) and according to its 

nature (plastic, metal, etc.). This constraint is particularly important in the perspective of 

defining measurements to be taken on a particular kind of litter in the context of reduction 

measures envisaged by the Regional Plan on Marine Litter. In this case, the strategy will aim 

at choosing a suitable target species (turtles/plastic wrappings; filterers/micro-plastics, etc.). 

Logistic constraints 

The logistic aspects and existing infrastructures must not be neglected, for to a great extent the 

development of monitoring depends on them. 

 

a) The cost: deep sea sampling of species with a narrow distribution can be very expensive. 

Although the data obtained during the monitoring can be of scientific interest, the perpetuating 

of data collection can only be envisaged if its cost is reasonable and the sampling conditions 

the simplest possible. 

b) An opportunistic approach using existing monitoring networks can be an attractive alternative. 

For example, the systematic sampling of fish stocks associated with a regular analysis of the 

stomach contents of species of commercial interest offers an attractive opportunity for 

monitoring the ingestions of micro-plastics by marine species. In the same way, the existence 

of strandings networks and structured observation, where samples on dead specimens of 

turtles, birds or cetaceans are collected in a simple, routine way, constitutes a favourable 

opportunity for monitoring litter ingested by marine fauna. 

c) Accessibility is an important constraint for monitoring, and the choice of a very accessible 

species can prove judicious. It is preferable to encourage sampling in an area very much 

affected by litter, and/or with a lot of species that are litter-sensitive. Sampling on beaches, for 

example, appears to be a simple approach, either for monitoring the ingestion of litter by 

species that get stranded, or monitoring the effects of micro-plastics for species that depend on 

this environment (Ugolini et al., 2013). 

d) In the case of marine turtles, the existence of care centres makes available living individuals 

that are the subject of in-depth veterinary analysis (radiology etc.) and excreta of litter that can 

be analysed. This is a complementary approach to data collection from dead animals. 

e) At logistics level, the existence of good practice and common approaches must encourage the 

comparability and harmonization of results. 

Conservation and regulatory constraints 



The interest of monitoring can coincide with managers’ conservation objectives and must not be 

neglected. 

 

a) It is perhaps interesting in the context of continuous monitoring on a Mediterranean scale to 

considered the ingestion of litter by rare species, even with a narrow distribution and with 

small numbers (the monk seal Monachus monachus, for example). In fact, opportunistic 

analysis of dead individuals can bring useful data to monitor population trends over time and 

be representative of a specific sub-region. In these conditions, the monitoring modes must be 

adapted (duration, assessment of trends) and considered over a very long term. 

b) The protection status of the species must be examined before including them in a monitoring 

programme. In the case of protected species, sampling by the destruction of individuals is 

prohibited and intervention on living specimens (including autopsies) may or may not be the 

subject of exemptions, according to the regulatory provisions taken at national level. 

3.4. Selecting approaches and species for monitoring ingestion 

In the present state of knowledge, and if only the Mediterranean is being considered, it is 

recommended to choose different approaches according to species, compartment of the marine 

environment, or nature of litter considered. 

 

- On the basis of accessible expertise and available information, the approach that uses the 

monitoring of litter ingestion by marine turtles is consistent and compatible with the whole set 

of existing constraints. It also corresponds to the approach recently chosen in the southern 

OSPAR zone. In the Mediterranean, the target species is the most common species of marine 

turtle, i.e. Caretta caretta, with its wide distribution around the Mediterranean Sea and for 

which a lot of information and certain monitoring structures are already available. The 

potential for developing a monitoring network corresponds to the needs expressed by the 

Contracting Parties. Also, it is a good idea to use Caretta caretta as the most representative 

specie to monitor in the framework of the the Candidate Indicator 24 concerning litter 

ingestion for a basin-wide monitoring. 

 

- The use of stranded cetaceans can only be envisaged on an opportunistic basis and at the 

initiative of each Contracting Party that possesses existing networks for monitoring stranded 

animals. These indicator species cannot be adopted as part of a voluntary monitoring approach 

throughout the Mediterranean basin because of the low number of stranded organisms, the 

small rates of litter ingestion recorded so far, and the impossibility of keeping the wounded 

animals in care centres. 

 

- There exist protocols suited to the monitoring of ingestion by birds. Since these protocols are 

being used in the North Sea (Van Franeker et al., 2011) on the species of this northern region, 

work is still necessary for development in the Mediterranean. The indicator species that are 

abundant on a Mediterranean scale for which protocols could be implemented remain to be 

identified before any consideration of these species with a view to monitoring. 

 

- Monitoring the ingestion of micro-plastics by fishes or invertebrates presents a big potential 

for the development of monitoring of litter ingestion in the Mediterranean. This requires, 

however, supplementary work to perfect a rigorous protocol that will eliminate the risks of 

contamination and false positives, such as the presence of natural fibres. The existing 

monitoring infrastructures should encourage the development of networks and take advantage 

of the regular campaigns to analyse stomach contents that are already in place in certain 

countries bordering on the Sea, or again of the existence of networks for measuring chemical 

contamination using mussels (‘mussel watch’). These arrangements could provide the 

necessary samples for a regular and organised monitoring of ingested micro-plastics. At this 

stage of development, we shall encourage the implementing of complementary work to 

rationalise a method of measuring litter that is suitable and standardized. For pilot studies or 

in-depth research work, common species with a wide distribution, that are easily fished and 



are sensitive to micro-plastics, must be given priority. Among these species can be mentioned 

the most affected necto-benthic fishes (Boops boops) or those that present an important 

commercial interest (Mullus sp., Trigla sp., Dicentrarchus labrax) and the pelagic species 

Scomber sp. The mussel Mytilus galloprovincialis, a benthic species that feeds on food in 

suspension, a bio-indicator traditionally used for monitoring, must be the subject of 

complementary studies so that scientific and technical bases are provided for it to be used as 

part of an operational monitoring. 

In conclusion, the search for other species must not be neglected, but their application to monitoring 

must go through the diverse stages of validation. 

Moreover, a particular specific need of one or many of the Contracting Parties can lead to more 

specific strategic choices. To give an example, the choice to monitor the impact of litter in deep sea 

environments will require the choice of suited species. In this case, existing programmes of trawling 

for demersal species would be a suitable solution. 

 

4. Entanglement, strangling 

4.1. State of the art 

In 2015, 340 original works were published recording the interactions between organisms and marine 

litter corresponding to entanglement (Gall and Thompson, 2015). Birds represented nearly 35% of 

entangled species, followed by fishes (27%), invertebrates (20%), mammals (almost 13%) and reptiles 

(nearly 5%). Among the species described, pinnipeds and marine turtles were the species on which the 

occurrence of impacts was the highest (NOAA, 2014), the latter being on the beaches during the egg-

laying period. 

 

According to the UNEP (2016), entanglement incidents lead to wounds or death, with a declining 

order of species affected per taxon, for 192 species of invertebrate, 89 species of fish, 83 species of 

bird, 38 species of mammal and all species of turtle (7). 

 

Dolphins and other cetaceans are often caught by the neck and fins when they get tangled up in marine 

litter (Kuhn et al., 2015). More generally for the cetaceans, the factors that may contribute to 

organisms being entangled in or strangled by abandoned fishing gear or litter include 1) the presence 

of organisms in or near the nets, 2) water turbidity, making the litter and gear less visible, 3) ambient 

noise in the marine environment that can hide or distort the echoes produced by fishing gear, and 4) 

the ability to detect nets by echolocation. Furthermore, the lack of experience of juvenile or immature 

individuals can make them vulnerable to being caught in mesh nets. 

In certain cases, entanglement can lead to deformation (constriction of part of the body for growing 

individuals, for example; Gregory, 2009). Birds are caught by the beak, wings or claws, which restricts 

their agility, and their ability to fly and to feed. Some species, particularly sharks, also very sensitive 

to this type of impact (NOAA, 2014), can no longer open their jaws. 

Benthic organisms can also be caught in traps or objects on the seabed. Typically, crabs, octopus, 

fishes and many small invertebrates are taken in traps on the seabed and die of stress, wounds, or 

prolonged fasting (review in Kuhn et al., 2015).  

Abandoned mono-filament fishing lines are perhaps the most dangerous kind of litter, for they can 

represent up to 45% of entanglements observed (http://www.monachus-

guardian.org/mguard21/2121covsto.htm). Indeed, abandoned fishing gear, including fishing lines, 

nets, orins and traps and pots for crab/lobster/fishes represent 72% of all observations of 

entanglement. Lost gear can have an impact on the environment in many different ways, including i) 

the continuing catch of target species, ii) the catching of non-target fishes and crustaceans, and of all 

other species, iii) the entanglement of turtles, mammals, seabirds and fishes in lost nets and litter, and 

iv) the physical impact of gear on the benthic environment (Ayaz et al., 2006; MacFayden et al., 

2009). Factors that complicate the analysis of entanglement data were described in the FANTARED 

Project (mentioned in UNEP/MAP, 2005a; Table 5). 

 

Table 5: Factors influencing the analysis of trends of entanglement of fauna at sea (adapted from 

UNEP/MAP, 2015)  

 

http://www.monachus-guardian.org/mguard21/2121covsto.htm
http://www.monachus-guardian.org/mguard21/2121covsto.htm


Detection  Sampling and detection bias 

The entanglement happens due to 

isolated events distributed over a wide 

distribution area 

Practically no direct and systematic sampling has 

been done and there are few long-term studies 

The litter responsible for entanglement is 

not always identifiable at sea because it 

is not very, or only partially, visible 

Inadequate sampling methods, to be improved 

 

 

Dead animals are hard to see because 

they float on the surface and are 

sometimes caught up in the litter 

Strandings represent an unknown part of the total 

number of entanglements 

Animals that are entangled disappear 

after death by sinking or predation 

 

Counting stranded animals does not take into account 

surviving animals and those taken in small litter 

Entangled animals spend longer dying out at sea than 

near the shore 

Some entanglements reflect interaction with active 

fishing gear rather than lost nets 

Many observations are not declared or published or 

are but in an anecdotal way 

Little data available before the 1980s 

 

 

In the Mediterranean there is a general lack of data. Entanglement has been described for cetaceans, 

pinnipeds, marine turtles, birds, fishes including sharks and for many invertebrates (Galgani et al., 

1996; UNEP/MAP, 2005a; Cedrian, 2008; Rodriguez et al., 2013; Bo et al., 2014; Tubau et al., 2015; 

Colmenero et al., 2017). As recent work has shown, lost gear or litter in general can also harm benthic 

organisms and habitats, including deep sea Mediterranean species like sponges, gorgonians, or certain 

cold water corals (Pham et al., 2014; Fabri et al., 2014). 

 

         A)  B)  

           C)  D)  

 

Figure 2: Strangling/entanglement of marine organisms. (A) A Paramuricea sp. gorgonian entangled 

in a ghost fishing net (credit M. Matiddi, after Werner et al., 2017); (B) An urchin covered with two 

plastic sheets (credit F. Galgani, unpublished); (C) A Prionace glauca shark strangled by a plastic 

ring (credit M. P. Salinas, after Colmenero et al., 2017); (D) Turtle entangled in a lost net (credit 

Alnitak) 

 



The incidence of entanglement can vary strongly according to region and other factors. A study done 

by Rodriguez et al. (2013) on the northern gannets (Morus bassanus) showed a different incidence 

between the Atlantic and the western Mediterranean according to the fishing activities with which 

these birds interacted, and also according to age, the immature birds seeming to be more sensitive than 

the adults. 

 

Fasting is one of the frequent consequences of entanglement, as well as the impossibility of moving 

and thus escaping from predators; it also leads to wounds and secondarily to infections and sometimes 

amputation when a prolonged constriction prevents the blood supply from reaching the limbs (NOAA, 

2014). 

Certain marine organisms, when caught in active fishing gear (cordage, nets and lines) can tear it off 

and attempt to free themselves and so continue to move with bits of gear around their bodies. They can 

thus carry these bits of gear over considerable distances. It is in this case not easy for the observer to 

make out whether the animal is entangled in an existing bit of litter or in an initially active piece of 

fishing gear. 

 

Monitoring the relative impacts of strangling must enable the impact of litter to be distinguished from 

that of active nets. Current difficulties of data interpretation, the relatively small number of stranded 

animals currently recorded and the problems associated with wide-scale risk assessment because of the 

rarity of strandings, clearly indicate that this approach can only be reasonably applied to particular 

species that can be very locally affected, particularly in areas of intense fishing activity, or strong 

presence of litter, or abundance of sensitive species (i.e. turtles’ egg-laying areas, or protected areas 

with high diversity (MFSD TSGML, 2013; UNEP/MAP, 2015a). 

 

Scientific research can contribute to the crafting of new, more specific, indicators of entanglement. 

Work by Votier et al. (2011), for example, has led to the currently ongoing crafting of master 

guidelines for monitoring litter present in the nests of seabirds as a source of entanglement for 

fledglings, it being impossible that such litter comes from active fishing gear (Van Franeker, personal 

contribution). Even if additional research work is needed to make more clear the reproductive seasons 

and the types of litter brought to the nests by seabirds, and the description of the behaviour that leads 

to this phenomenon, species like the Mediterranean shag (Phalacrocorax aristotelis) are promising as 

indicator species for Mediterranean monitoring (Figure 3). This species is very common throughout 

the Sea and nests in the coastal areas of most of the Mediterranean countries. The approach consisting 

of recording data on litter brought back to their nests by seabirds is routinely used in many sites all 

over the world, especially in protected areas. In the Mediterranean, this approach is still experimental 

but presents a strong potential for setting up future monitoring in the framework of the UN 

Environment/Mediterranean Action Plan, Regional Plan on Marine Litter Management in the 

Mediterranean. 

 

        A   B 



                              C     

 

Figure 3: Percentage of nests containing litter and average number of bits of litter observed in the 

nests of Mediterranean shags (Phalacrocorax aristotelis) in Corsica (Work of the Bonifacio Reserve, 

the Corsican Conservatory of Natural Species, and IFREMER and Bretagne Vivante: Cadiou et al., 

2016). The results show the possibility of distinguishing the areas subject to human-origin impact 

from the areas least affected by pollution. (A) Sites of observations; (B) Nest of Mediterranean shag 

(credit B. Cadiou) occupied by two fledglings; the litter, here mainly cordage, has been used just like 

natural materials to build the nest; (C) Number of bits of litter per nest (N=556 sampled nests). Each 

horizontal histogram represents for each site 100% of nests and each colour the percentage of nests 

(vertical graduation – 20%) with a variable number of bits of litter (MD) (0.1 to 5.6 to 10.11 to 20 and 

over 20). 

4.2. Monitoring the entanglement/strangling of marine organisms by marine litter 

As indicated above, although the monitoring of ingested litter can be envisaged on solid scientific and 

technical bases, that of entanglement in and strangling by marine litter demands an in-depth analysis 

of the existing work, to this day greatly insufficient in the Mediterranean, and requires envisaging 

substantial development work before an optimal strategy is defined. 

Monitoring ingested litter is based on monitoring indicator species, whereas monitoring entanglement 

and strangling, based on arrangements that are very often species selective, must consider several 

zoological groups (cetaceans, birds, reptiles, fishes, and invertebrates) and be organised by 

compartments. Observations of various entangled species and specimens can indeed be recorded at the 

level 1) of beaches via strandings networks, 2) of the surface during oceanographic campaigns, and 3) 

of the seabed, thanks to underwater means of observation like divers for shallow areas, or 

submersibles/ROVs (Remotely Operated Vehicles) for deep water areas. 

 

According to the arrangements used, the observations will concern dead organisms, as in the case of 

most of the strandings, or living organisms out at sea and on the seabed. This last approach is 

important, for out at sea and on the seabed the dead animals decompose quickly and disappear. It is 

also important for monitoring the impact of abandoned fishing nets, which constitute a special 

category of marine litter on the bed. Generally speaking, entanglement/strangling out at sea and on the 

beaches are found on big organisms, mainly mammals and marine turtles. On the seabed, the potential 

to use invertebrates as an entanglement indicator is interesting because of the possibility of significant 

observations at all depths, including the benthic level. 

 

In the present stage of development of thinking on the subject, it appears to be necessary to identify 

the constraints inherent in a possible monitoring of the entanglement/strangling of fauna by marine 

litter. 

 

Biological constraints 

The biological constraints on monitoring entanglement/strangling integrate several elements: 

 

- The choice of a number of species to monitor: this can involve a small number of target 

species or every one of the species listed exhaustively 



- The life cycle of the different species (behaviour linked to reproduction, to development 

phase/to the size and associated feeding behaviour, to sex, to migration, etc.); a complex cycle 

can induce a great variability of sensitivities according to the various phases of the species and 

thus a strong variability of results 

- The probability of encounters between species and litter. An analysis of the risks as defined in 

recent work on the loggerhead turtle, for example (Darmon et al., 2016) can help, by locating 

risk areas, in defining priority monitoring areas 

- Knowledge of the prevalence or rate of entanglement (proportion of entangled individuals in a 

sample) is an important preliminary to defining a monitoring programme. High rates, 

representing a real risk for populations, must be a priority criterion in the decision-making 

- From the veterinary point of view, a knowledge of pathologies to be able to describe exactly 

the impact of the entanglement of marine animals in litter (wounds, strangulation, amputation 

etc.) and criteria for diagnosis are essential 

- Some basic knowledge on the biology of species likely to be the subject of the monitoring 

must exist and be available. 

 

Methodological aspects 

As regards the method used, a certain number of elements are needed to set up a monitoring: 

 

- Organising data collection 

- Improving and developing protocols; the protocols currently available are few in number or 

badly described, or to be developed, whether this involves monitoring by diving, by ROV or 

submersible, or from the stranding of marine organisms 

- Criteria that allow entanglement/strangling due to litter to be distinguished from active fishing 

gear. This would enable a correct interpretation to be made of data from the point of view of 

Good Environmental Status (GES). The current absence of criteria is a source of great bias in 

the case of monitoring carried out by strandings networks 

- Identification of factors that can interfere with the results, particularly the possible loss of 

information due, for example, to the movement of living individuals after entanglement, or the 

speed at which their tissues decompose at sea when the animals are dead 

- Correct knowledge of the seasonal variations in the presence of litter (fishing activity, tourist 

season) and species (migration) to be taken into consideration when organising data collection. 

 

Once these elements have been acquired, it will be suitable to adopt, on a Mediterranean scale, 

common, harmonized protocols that are accompanied by quality assurance and banking arrangements 

and procedures that will guarantee optimal monitoring. 

 

Environmental aspects 

At environment level, and from the point of view of GES, the significance and representatively of 

entanglement/strangling as a pollution indicator have not yet been confirmed. It is necessary for 

scientists to test already available sets of data before envisaging this kind of monitoring. 

 

Logistic aspects 

At logistics level, aspects linked to i) the cost of the monitoring, ii) the accessibility of samples and 

data, iii) the prior existence of permanent or seasonal data collection arrangements (strandings 

networks, campaign for observation and monitoring by diving, etc.) are essential and must be widely 

taken into account. Continuous monitoring of entanglement/strangling by existing strandings networks 

would for example enable us to break free from the constraints related to seasonal variations. Sharing 

pre-existing campaigns of observation by diving, to which an additional monitoring objective is 

assigned (entanglement), would lessen monitoring costs and guarantee accessibility to data and 

samples that would be less random than that based on the unpredictable nature of events such as 

strandings.  

 

To sum up, existing data on the strangling and entanglement of marine species is still too ill listed and 

insufficient for making analyses concerning impact analyses and justifying the development of 



permanent monitoring networks. The strategy recommended at this stage is to organise and structure 

complementary data collection and to do pilot experiments in a coordinated way that will enable 

scientific and technical bases for monitoring this kind of interaction to be defined, and modes of 

monitoring that suit the Mediterranean context specified. The work should focus on: the prevalence of 

entanglement/strangling of Mediterranean species, the identifying and mapping of risk areas (presence 

of fishing gear, distribution of sensitive species, probability of encounters between sensitive species 

and litter, etc.) and the rationalising of existing data collection arrangements and procedures 

(strandings networks, networks for observing Marine Protected Areas, campaigns of diving in 

submersibles or ROVs (Remotely Operated Vehicles). The entire approach should give rise to better 

information in support of the measures to reduce marine litter that will be implemented in the future 

and permit the defining of a monitoring strategy that is suited to the Regional Plan on Marine Litter 

(RPML).  

5. Other impacts 

Some marine organisms use litter for shelter, for hanging onto, and for settling in. Since much of the 

litter is mobile and moves around with the currents, it in fact constitutes a means of transport that 

helps these organisms move to new territories. This kind of dispersion, now well known on a world 

scale, presents a problem that is particularly acute in that a recent increase in floating particles, mainly 

plastics, has been noted. Thus, in the Mediterranean, the some 250 billion bits of micro-plastic 

measured on the surface and floating in the Sea (Collignon et al., 2012) could all be potential carriers 

of harmful alien species and ‘invasive’ species. As described by Katsanevakis et al. (in CIESM, 2014), 

the organisms that litter can carry represent all taxonomic groups, such as unicellular organisms, 

filtering (polychaetes, bryozoa, hydras, and balans) organisms, detritus-eaters (crustaceans), molluscs, 

echinoderms and algae, whose distribution is affected by many factors such as motion, nature and 

roughness of substratum, temperature, salinity, abundance of plankton, and concentration of plastics 

(Carson et al., 2013). Floating litter can help carry species outside their natural distribution borders. 

This role is less well known in the Mediterranean Sea, with the result that marine litter has not so far 

been included as a potential vector of introduction of alien species in the latest assessments of primary 

pathways of introduction (Katsanevakis et al., 2013). In terms of impact, the diversity of the 

mechanisms that preside over the transporting of species by litter makes it difficult to carry out regular 

monitoring. Despite all this, as indicated by CIESM (2014), thirteen species alien to the Mediterranean 

are known to colonise floating litter elsewhere in the world. 

 

Moreover, for these authors, over 80% of alien species known in the Mediterranean could have been 

introduced by colonising marine litter or could potentially use litter to extend their geographical 

distribution (secondary invasion). 

 

At depth, litter potentially provides substrata and new habitats to marine organisms with the result that 

they can influence the distribution of benthic species (Pham et al., 2014). 

 

In both cases, an inventory of species that are fixed onto litter in the Mediterranean or a monitoring of 

populations that are attached to litter could constitute indicators of impact on biodiversity.  

 

But structuring a monitoring network for these species still lacks scientific and technical bases, and 

developing operational monitoring must be the subject of much research work before being envisaged. 

Taking this type of approach into consideration would however make sense in the context of 

monitoring impacts on fishing, fish farming, tourism, water purification, or the diversity of protected 

species, particularly in that pathogenic germs can potentially be among the species that are likely to be 

carried and dispersed by marine litter. 

 

Among the species which use litter as shelter are cephalopods (octopuses). This observation is very 

common in the Mediterranean, and the phenomenon could be the subject of research work to 

determine the effects it could have on ecosystem equilibrium, and the potential of these species for 



developing original impact indicators. Such an approach can only be envisaged within the boundaries 

of the interpretation of effects and in the wider context of Good Environmental Status (GES). 

 

6. Conclusions, recommandations and prospects 
 

Monitoring the impacts of marine litter on marine fauna depends strongly on the availability of 

indicator species to measure the prevalence and effects of ingestion of litter and 

entanglement/strangling in litter. Monitoring these effects can be designed within a multi-species 

approach in order to cover the field of impacts linked to both the diverse types of litter, of varied size 

(micro-particles and macro-litter) and nature (plastics, metal, glass, etc.), and also with the varied ways 

of life (sedentary, benthic, necto-benthic, pelagic, aerial) and feeding (detritus-eaters, suspension-

eaters, omnivores, carnivores) of the species that interact with it. The multiplicity of approaches 

needed to take this variability into account thus requires the use of many target species, and this is 

only possible if infrastructures crafted using diverse skills are in place. In the present state of our 

knowledge, monitoring can only be done gradually, stage by stage, according to the degree of maturity 

of the indicators. For a first stage, it is recommended that a pilot monitoring network be developed 

based on the use of the Caretta caretta marine turtle species, the indicator of ingestion of litter by this 

species being at the most advanced stage of development. 

 

It seems reasonable to also envisage starting experimental work to test the potential of new indicator 

species, mainly to measure the impact of micro-plastics, in particular certain species of fish that have a 

high rate of ingestion and wide distribution (Boops boops, Mullus sp.) and invertebrates, particularly 

the mussel Mytilus galloprovincialis, present throughout a vast part of the Mediterranean Basin. Table 

6 lists the species/taxa already used, or that could be used, as bio-indicators, and their potential for use 

in the context of monitoring. 

 

Table 6: Selection of indicator species for monitoring ingestion of litter by marine organisms in the 

Mediterranean 

Taxon  
Type of 

litter 
Method Infrastructure 

Indicative 

Species 
Priority Remarks 

Birds macro-litter 

Autopsy 
Strandings 

networks,by-catch 

To be 

researched 

+ Work needed in the 

Mediterranean 
 

Cetaceans macro-litter 

Autopsy 
Strandings 

networks,by-catch 
All species 

+ Small number of species, 

low rate of ingestion, only 

opportunistic approach 

Cetaceans 
micro-

plastics 

Autopsy /  

chemical Strandings 

networks,by-catch 
All species 

+  

Sampling and measuring 

difficult 

 

Marine 

turtles 
macro-litter 

Autopsy /  

excreta 

monitoring 

Strandings 

networks,by-catch ,   
care centres 

Caretta caretta 

+++ 
Necessity of mastering 

biological parameters 

Necto-

benthic 

fishes 

micro-

plastics 

Stomach 

contents 
Coastal fishing and 

trawling 

Mullus sp., 

Boops sp. 

++ 
Wide distribution of species, 

easily caught 

Demersal 

fishes 
macro-litter 

Stomach 

contents 
Scientific and 

commercial trawling  

Scyliorhinus 

sp. 

+ Opportunistic collection 

possible 

Pelagic 

fishes 

micro-

plastics 

Stomach 

contents 
Commercial fishing 

 

+ Opportunistic collection 

possible 

Molluscs 
micro-

plastics 

Stomach 

contents /  

chemical 

Collection, farming, 

chemical monitoring 

networks 

Mytilus sp. 

++ 
Existing collection networks, 

concerning public health 

Crustacean 
micro-

plastics 

Stomach 

contents /  

chemical 

Collection 
 

+ 
Work needed in the 

Mediterranean 



 

Concerning entanglement/strangling, it is still necessary, in the present conditions, to organise the 

collection of information and to define monitoring modes (Table 7). The mobilising of strandings 

networks must be considered as a priority by the Contracting Parties on a voluntary basis at first for 

experimental monitoring of entanglement/strangling of the main most sensitive species (mammals, 

birds, turtles). 

 

Table 7: Monitoring arrangements and indicator species to be tested for monitoring  

entanglement/strangling in the Mediterranean 

 

ESPECES 
TYPES OF 

LITTER 
METHOD 

EXISTING 

NETWORK 
SPECIES PRIORITY REMARKS 

Birds 
Fishing gear, 

macro-litter 

Observations

, diagnosis 

Strandings 

networks 
All species ++ 

 

 

The monitoring must be 

organised per system with 

the following priorities: 

 

1) Pilot study concerning 

opportunistic monitoring by 

strandings networks 

 

2) Evaluation and tests of 

video/diving monitoring 

systems in protected areas 

 

3) Surface observation test 

 

Cetaceans 
Lost nets, ghost 

nets 

Observations

, diagnosis 

Strandings 

networks and at-

sea observation 

All species ++ 

Turtles 
Lost nets, ghost 

nets 

Video 

monitoring 

(diving and 

ROVs) 

Strandings 

networks and at-

sea observation 

All species ++ 

Necto-benthic 

fishes 
Fishing gear 

Video 

monitoring 

(diving and 

ROVs) 

Video monitoring 

(diving and 

ROVs) 

All species + 

Pelagic fishes 

Lost nets, 

surface ghost 

nets 

Observations

, fishing 

networks of sea 

observation 

Big pelagic 

sharks 
+ 

Invertebrates 
Lost nets, 

macro-litter 

Video 

monitoring 

(diving and 

ROVs) 

Protected area 

monitoring, 

scientific 

campaign 

All species 
 

+ 

Birds 
Meso-/macro-

litter 

Observation, 

litter in nests 

Nesting 

monitoring 

networks 

European 

Shag 
 

++ 

Indicator of effect partially 

concerning strangling To be 

tested on a pilot scale 

 

 

The potential of monitoring litter in nests must be re-examined by experts in order to propose master 

guidelines; to this effect, an experimental monitoring should be set up, particularly in the 

Mediterranean protected areas and on the basis of voluntary action by the Contracting Parties. 

 

As part of future development, we recommend that the potential of surface and underwater observation 

campaigns (Table 6) be assessed. The interest of shallow diving, especially in Marine Protected Areas, 

and using submersibles or ROVs (Remotely Operated Vehicles) for greater depths as tools for 

collecting observations on entanglement/strangling of the most affected species (invertebrates and 

fishes) must be assessed. This last approach (submersibles/ROVs) should not be dissociated from 

operations of inventorying or reducing abandoned fishing gear/nets in areas defined as priority areas in 

the context of the MAP’s Regional Action Plan. 

 

 

 

 

 

 

 

 

Other 

invertebrate

s 

micro-

plastics 

Stomach 

contents /  

chemical 

Collection  Holothuries 

+ 
Work needed in the 

Mediterranean 



 

7. Bibliography 

Anastasopoulou A., C.Mytilineou, C.Smith, K.Papadopoulou (2013). Plastic debris ingested by deep-

water fish of the Ionian Sea (Eastern Mediterranean). Deep-Sea Res., I, 74, 11–13. 

Angiolillo M., B.Lorenzo, A.Farcomeni, M.Bo., G.Bavestrello, G.Santangelo, A.Cau., V.Mastascusa, 

F.Sacco F., S. Canese (2015) Distribution and assessment of marine debris in the deep Tyrrhenian Sea 

(NW Mediterranean Sea, Italy). Mar. Poll. Bull., 2(1-2), 149-59. doi: 

10.1016/j.marpolbul.2014.12.044  

Ayaz A., D.Acarli, U.Altinagac, U. Ozekinci, A.Kara, O.Ozen (2006). Ghost fishing by monofilament 

and multifilament gillnets in Izmir Bay, Turkey. Fish. Res., 79, 267–271. 

Arcadis (2014) Marine litter study to support the establishment of an initial headline reduction target- 

SFRA0025? European commission / DG ENV, project number BE0113.000668, 127 p. 

Baulch S., C.Perry (2014) Evaluating the impacts of marine debris on cetaceans. Mar. Poll. Bull., 80 

(1-2):210-21. doi, 10.1016/j.marpolbul.2013.12.050. Epub 2014 Feb 11. 

Bella J., J.Martínez-ArmentalaBella J., J.Martínez-Armentala, A.Martinez Camara, V.Besada, 

C.Martinez-Gomez (2016) Ingestion of microplastics by demersal fish from the Spanish Atlantic and 

Mediterranean coasts. Mar. Pollut. Bull., 109 (1), 55–60. 

Bentivegna F., F.Valentino, P.Falco, E.Zambianchi, S.Hochscheid (2007) The relationship between 

loggerhead turtle (Caretta caretta) movement patterns and Mediterranean currents. Mar. Biol. 151, 

1605- 1614. 

Bentivegna, F., S.Hochscheid (2011) Satellite tracking of marine turtles in the Mediterranean. Current 

knowledge and conservation implications. UNEP (DEPI)/MED WG. 359/inf.8 Rev.1. 

UNEP/RAC/SPATunis, 19 p. 

Bentivegna F., A.Travaglini, M.Matiddi, M.Baini, A.Camedda, A.De Lucia, M.Fossi, M.Giannetti, 

C.Mancusi, E.Marchiori, I.Poppi, F.Serena, L.Alcaro (2013) First data on ingestion of marine litter by 

loggerhead sea turtles, Caretta caretta, in Italian waters (Mediterranean sea).Proceedings of the 

Biology and ecotoxicology of large marine vertebrates and sea birds: potential sentinels of Good 

EnvironmentalStatus of marine environment, implication on European MarineStrategy Framework 

Directive. 5-6 June, Siena. 

Besseling E., E.Foekema, J. Van Franeker, M.Leopold, S. Kühn, E.Bravo Rebolledo, E. Heße, L. 

Mielke, J. IJzer, P. Kamminga, A.Koelmans (2015) Microplastic in a macro filter feeder: Humpback 

whale Megaptera novaeangliae. Mar. Pollut. Bull., 95, 1, 248-252. 

Bo M., S.Bava, S.Canese, M.Angiolillo, R.Cattaneo-Vietti, G.Bavestrello (2014)  

Fishing impact on deep Mediterranean rocky habitats as revealed by ROV investigation.  

Biol. Cons., 171, 167-176. 

 

BoergerC. G.Lattin, S.Moore, C. Moore (2010). Plastic ingestion by planktivorous fishes in the North 

pacific Central Gyre. Mar. Poll. Bull., 60(12), 2275–2278. doi: DOI: 

10.1016/j.marpolbul.2010.08.007. 

file:///F:/bellas-med.htm
file:///F:/bellas-med.htm
file:///C:/Users/fgabastia/AppData/Roaming/Microsoft/Word/bellas-med.htm
file:///C:/Users/fgabastia/AppData/Roaming/Microsoft/Word/bellas-med.htm


Cadiou B., M.Fortin. (2015) Utilisation des macrodéchets comme matériaux de nids par les 

cormorans. Proposition d’un indicateur pour la DCSMM. Rapport interne IFREMER/Bretagne 

vivante/PNC, contrat IFREMER/convention MEDDE 2013-2014, 9 p.   

Camedda A., S.Marra, M.Matiddi, G.Massaro, S.Coppa, A.Perilli, A.Ruiu, P.Briguglio, G. Andrea de 

Lucia (2014) Interaction between loggerhead sea turtles (Caretta caretta) and marine litter in Sardinia 

(Western Mediterranean Sea). Mar. Env. Res., 100, 25-32. 

Campani T., M. Baini, M. Giannetti, F. Cancelli, C. Mancusi, F. Serena, L. Marsili, S. Casini, M.C. 

Fossi (2013) Presence of plastic debris in loggerhead turtle stranded along the Tuscany coasts of the 

Pelagos Sanctuary for Mediterranean Marine Mammals (Italy), Mar. Poll. Bull., 74, 225–230. 

Carson, H. S. (2013). The incidence of plastic ingestion by fishes: From the prey’s perspective. Mar. 

Pollut. Bull., doi: http://dx.doi. org/10.1016/j.marpolbul.2013.07.008. 

Casale P., D.Margaritoulis (2010) Sea Turtles in the Mediterranean: Distribution, Threats and 

Conservation Priorities. IUCN: Gland, Switzerland. 304 p. 

Casale P., M.Affronte, D.Scaravelli, B.Lazar, C.Vallini, P.Luschi (2012) Foraging grounds, movement 

patterns and habitat connectivity of juvenile loggerhead turtles (Caretta caretta) tracked from the 

Adriatic Sea. Mar. Biol. 159, 1527–1535. doi:10.1007/s00227-012-1937-2. 

Casale P., D.Freggi, V. Paduano, M.Oliverio (2016) Biases and best approaches for assessing debris 

ingestion in sea turtles, with a case study in the Mediterranean. Mar. Poll. Bull., 110, 1, 238-249. 

Cedrian D. (2008) Seals-fisheries interactions in the Mediterranean monk seal (Monachus monachus): 

related mortality, mitigating measures and comparison to dolphin-fisheries interactions. Transversal 

Working Group on by catch/incidental catches. O Headquarters, Rome (Italy), 15-16 September 2008, 

21 p.s. 

CIESM (2014) Plastic Litter and the dispersion of alien species and contaminants in the Mediterranean 

Sea. Ciesm Workshop N°46 (Coordination F. Galgani), Tirana, 18-21 juin 2014, 172 p. 

Claro F., G.Darmon, C.Miaud, F. Galgani (2014) « Project of EcoQO/GES for marine litter ingested 

by Sea Turtles (MSFD D10.2.1.)”, Minutes of the european workshop, October 13th, 2014- Marseille 

(Mediterranean Instiute of Oceanology), 16 p. 

Codina-García M., T.Militão, J.Moreno, J. González-Solís (2013). Plastic debris in mediterranean 

seabirds. Mar. Poll. Bull., 77, 220–226. 

Cole M., P.Lindeque, E.Fileman, C.Halsband, R.Goodhead, J.Moger (2013). Microplastic ingestion by 

zooplankton. Env. Sc. and Tech., 47, 6646–6655. 

Collignon A., J.Hecq, F.Galgani, P.Voisin, A.Goffard (2012) Neustonic microplastics and 

zooplankton in the western Mediterranean sea. Mar. Poll. Bull. 64, 861-864. 

Colmenero A., C.Barría, E.Broglio, S.García-Barcelona (2017) Plastic debris straps on threatened blue 

shark Prionace glauca. Mar. Pollut. Bull., in press. 

Darmon G., C.Miaud, F.Claro, F.Dell'Amico, D.Gambaiani, F.Galgani (2014) Pertinence des tortues 

caouannes comme indicateur de densité de déchets en Méditerranée dans le cadre de la Directive 

Cadre Stratégie pour le Milieu Marin (indicateur 2.1 du descripteur n°10). Rapport technique/ contrat 

IFREMER- CEFE, Montpellier, 28p + annexes. 

http://www.sciencedirect.com/science/article/pii/S0025326X16304611
http://www.sciencedirect.com/science/article/pii/S0025326X16304611


Darmon G., C.Miaud, F.Claro, G.Doremus, F.Galgani (2016) Risk assessment reveals high exposure 

of sea turtles to marine debris in French Mediterranean and metropolitan Atlantic waters. Deep Sea 

Res. Part II: Topical Studies in Oceanography, online first. http://doi.org/10.1016/j.dsr2.2016.07.005 

De Lucia G., M.Matiddi, A.Travaglini, A.Camedda, F.Bentivegna, L.Alcaro (2012) Marine litter 

ingestion in loggerhead sea turtles as indicator of floating plastic debris along Italian coasts. 

Proceedings of the Biology and ecotoxicology of large marine vertebrates: potential sentinels of Good 

Environmental Status of marine environment, implication on European Marine Strategy Framework 

Directive. 31 January, Siena. 

De Stephanis R., J.Gimenez, E.Carpinelli, C.Gutierrez-Exposito, A.Canadas (2013). As main meal for 

sperm whales: Plastics debris. Mar. Poll. Bull., 69(1–2), 206–214. doi: DOI 

10.1016/j.marpolbul.2013.01.033. 

Deudero, S., C.Alomar (2014). Revising interactions of plastics with marine biota: evidence from the 

Mediterranean in CIESM 2014. Marine litter in the Mediterranean and Black Seas. CIESM Workshop 

Monograph n 46 [F. Briand, ed.], 180 p., CIESM Publisher, Monaco. 

Deudero S., C.Alomar (2015) Mediterranean marine biodiversity under threat: Reviewing influence of 

marine litter on species. Mar. Poll. Bull., 98, 1–2, 58-68. 

De Witte B., L.Devriese, K.Bekaert, S.Hoffman, G.Vandermeersch, K.Cooreman, J.Robbens (2014). 

Quality assessment of the blue mussel (Mytilus edulis): comparison between commercial and wild 

types. Mar. Poll. Bull. 85 (1), 146-155. 

Fabri M., I.Pedel, L.Beuck, F.Galgani, D.Hebbeln, A.Freiwald (2014). Megafauna of vulnerable 

marine ecosystems in French mediterranean submarine canyons: Spatial distribution and 

anthropogenic impacts. Deep-Sea Res. II, 104, 184–207. 

Farrell P., K.Nelson (2013) Trophic level transfer of microplastic: Mytilus edulis (L.) to Carcinus 

maenas (L.). Env. Pollut. (Barking, Essex, 177, 1-3. 

Fossi M., C.Panti, C.Guerranti, D.Coppola, M.Giannetti, L.Marsili, R.Minutoli (2012). Are baleen 

whales exposed to the threat of microplastics? A case study of the Mediterranean fin whale 

(Balaenoptera physalus). Mar. Poll. Bull., 64(11), 2374–2379. doi: 10.1016/j. marpolbul.2012.08.013. 

Fossi C., D.Coppola, M.Baini, M.Giannetti, C.Guerranti, L.Marsili, C.Panti, E.de Sabata, S.Clò (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. Env. Res., 100, 1-8.  

Frick M., K.Williams, A.Bolten, K.Bjorndal, H.Martins (2009) Foraging ecology of oceanic-stage 

loggerhead turtles Caretta caretta. Endangered Species Research 9, 91–97. 

Galgani F., A.Souplet, Y. Cadiou (1996). Accumulation of debris on the deep sea floor off the French 

mediterranean coast. Mar. Ecol. Progr. Ser., 142, 225–234. 

Galgani F., F.Claro, M.Depledge, C.Fossi (2014). Monitoring the impact of litter in large vertebrates 

in the Mediterranean Sea within the European Marine Strategy Framework Directive: constraints, 

specificities and recommendations. Mar. Envir. Res., 100, 3-9. 

Gall S., R. Thompson (2015) The impact of debris on marine life. Mar. Poll. Bull., V92, 12, 170–179. 

http://doi.org/10.1016/j.dsr2.2016.07.005
http://www.sciencedirect.com/science/article/pii/S0025326X15004324
http://www.sciencedirect.com/science/article/pii/S0025326X15004324


GESAMP (2015). “Sources, fate and effects of microplastics in the marine environment: a global 

assessment” (Kershaw, P. J., ed.).(IMO/FAO/UNESCO-IOC/UNIDO/WMO/ IAEA/UN/UNEP 

/UNDP Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection). Rep. 

Stud. GESAMP No. 90, 96 p. 

Graham E., J.Thompson (2009). Deposit- and suspension-feeding sea cucumbers (Echinodermata) 

ingest plastic fragments. J. Exp. Mar. Biol. Ecol. 368 (1), 22-29. 

Gregory M. (2009). Environmental implications of plastic debris in marine settings--entanglement, 

ingestion, smothering, hangers-on, hitch-hiking and alien invasions. Philos Trans R Soc Lond B Biol 

Sci, 364(1526), 2013–2025. doi: 10.1098/rstb.2008.0265. 

Ioakeimidis C., C.Zeri, E.Kaberi, M.Galatchi, K.Antoniadis, N.Streftaris, F.Galgani, 

E.Papathanassiou, G. Papatheodorou (2014). A comparative study of marine litter on the seafloor of 

coastal areas in the Eastern Mediterranean and Black Seas. Mar. Poll. Bull., 89, 296–30.  

Jacobsen J., L.Massey, F.Gulland (2010). Fatal ingestion of floating net debris by two sperm whales 

(Physeter macrocephalus). Mar. Poll. Bull., 60, 765-767. 

Kaska Y., A.Celik, H.Bag, M.Aureggi, K.Ozel, A.Elci, A.Kaska, L.Elca (2004) Heavy metal 

monitoring in stranded sea turtles along the Mediterranean coast of Turkey. Fresenius Env. Bull. 13, 

769–776. 

Katsanevakis S., G.Verriopoulos, A.Nicolaidou, M.Thessalou-Legaki (2007). Effect of marine litter on 

the benthic megafauna of coastal soft bottoms: A manipulative field experiment. Mar. Pollut. Bull., 54, 

771–778. 

Katsanevakis S, A.Zenetos, C.Belchior, A.Cardoso (2013a) Invading European Seas: assessing 

pathways of introduction of marine aliens. Ocean and Coast. Manag, 76: 64–74, 

http://dx.doi.org/10.1016/j.ocecoaman.2013.02.024. 

Kühn S., E. Bravo Rebolledo, J.A. Van Franeker (2015) Deleterious Effects of Litter on Marine Life, 

In  Marine Anthropogenic Litter, M. Bergmann et al. (eds.), Springer. Chapter IV, p75-116. 

doi:10.1007/978-3-319-16510-3 (B)4. 

Lazar, B., R.Gracan (2011). Ingestion of marine debris by loggerhead sea turtles, Caretta caretta, in 

the Adriatic Sea. Mar. Poll. Bull., 62, 43-47. 

Mansui J., A.Molcard, Y.Ourmieres (2015) Modelling the transport and accumulation of floating 

marine debris in the Mediterranean basin.Mar. Poll. Bull. ,91, 249-257. 

McCauley S., K.Bjorndal (1999) Conservation implications of dietary dilution from debris ingestion: 

sublethal effects in post-hatchling loggerhead sea turtles. Conservation Biology 13, 925-929 

Macfadyen G., T.Huntington, R.Cappell (2009) Abandoned, lost or otherwise discarded fishing gear. 

UNEP Regional Seas Reports and Studies No.185; FAO Fisheries and Aquaculture Technical 

Paper, No. 523. Rome, UNEP/FAO. 2009. 115p. 

Mizraji R., C.Ahrendt, D.Perez-Venegas, J.Vargas, J. Pulgar, M.Aldana, F.Patricio Ojeda, C.Duarte, 

C. Galbán-Malagón (2017) Is the feeding type related with the content of microplastics in intertidal 

fish gut? Mar. Poll. Bull., sous presse 



MSFD-TSGML (2013). Guidance on monitoring of marine litter in European Seas. A guidance 

document within the common implementation strategy for the marine strategy framework directive. 

EUR-26113 EN. JRC Scientific and Policy Reports JRC83985. 128 p. 

http://dx.doi.org/10.2788/99475. 

Murray F., P.Cowie (2011). Plastic contamination in the decapod crustacean Nephrops norvegicus 

(Linnaeus, 1758). Mar. Poll. Bull., 62(6), 1207–1217. 

Nadal M., C.Alomar, S.Deudero (2016) High levels of microplastic ingestion by the semipelagic fish 

bogue Boops boops (L.) around the Balearic Islands. Env. Poll., 214, 517–523. 

Neves D., P.Sobral, J.Lia Ferreira, T.Pereira (2015) Ingestion of microplastics by commercial fish off 

the Portuguese coast. Mar. Poll. Bull., 101, 119–126.  

NOAA (National Oceanic and Atmospheric Administration Marine Debris Program.) (2014) Report 

on the Entanglement of Marine Species in Marine Debris with an Emphasis on Species in the United 

States. Silver Spring, MD. 28 pp. 

NOAA (National Oceanic and Atmospheric Administration Marine Debris Program) (2014) Report on 

the Occurrence and Health Effects of Anthropogenic Debris Ingested by Marine Organisms. Silver 

Spring, MD. 19 pp. 

Paradinas L. (2016) The incidence of microplastics in the scyphozoan Pelagia noctiluca and the 

anthozoan Actinia equina. Thesis Univ Paris VI, October 2016, 47 p. DOI: 

10.13140/RG.2.2.19967.20642  

Pham C., E.Ramirez-Llodra, H.Claudia, T.Amaro, M.Bergmann, M.Canals, J.Company, J.Davies, 

G.Duineveld, F.Galgani, K.Howell, A.Huvenne Veerle, E.Isidro, D.Jones, G.Lastras, T.Morato, 

J.Gomes-Pereira, A.Purser, H.Stewart, I.Tojeira, X.Tubau, D.Van Rooij, P.Tyler (2014). Marine Litter 

Distribution and Density in European Seas, from the Shelves to Deep Basins. Plos One, 9(4), 95839. 

http://dx.doi.org/10.1371/journal.pone.0095839.  

Peda C., L. Caccamo, MC. Fossi; F.Andaloro, F. Gai, L. Genovese, A. Perdichizzi, T. Romeo, G. 

Maricchiolo (2016) Intestinal alterations in European sea bass Dicentrarchus labrax (Linnaeus, 1758) 

exposed to microplastics: Preliminary results. Env. Poll., 12, 251–256. 

Pibot A., F.Claro (2012) Impacts écologiques des déchets marins. Méditerranée occidentale. MSFD 

initial assesment. Paris, France. Reports of the French MSFD initial assessment, SRM MO & GDG, 12 

& 13 11 p.s. http://sextant.ifremer.fr/fr/web/dcsmm/pressions-et-impacts 

Poullain P., M.Menna, E. Mauri (2012) Surface Geostrophic Circulation of the Mediterranean Sea 

Derived from Drifter and Satellite Altimeter Data. J. of Phys. Oceanog., 42(6). 973-990, 2012. 

doi:10.1175/JPO-D-11-0159.1 

Provencher J., A. Bond, S.Avery-Gomm, S.Borrelle, E.Bravo Rebolledo, S.Hammer, S.Kuhn, 

L.Lavers, M. Mallory, A.Trevaili, J.van Franeker (2017) Quantifying ingested debris in marine 

megafauna: a review and recommendations for standardization. Analyt. Methods (Online), DOI: 

10.1039/c6ay02419j 

Revelles M., L.Cardona, A.Aguilar, M.Felix, G.Fernandez (2007) Habitat use by immature loggerhead 

sea turtles in the Algerian Basin (western Mediterranean): swimming behaviour, seasonality and 

dispersal pattern. Mar. Biol. 151,1501–1515.doi:10.1007/s00227-006-0602-z. 

http://goo.gl/WMSVgR
http://goo.gl/WMSVgR
file:///F:/science/journal/02697491
file:///F:/science/journal/02697491


Rodríguez B., J. Bécares, A.Rodríguez, J.Manuel Arcos (2013) Incidence of entanglements with 

marine debris by northern gannets (Morus bassanus) in the non-breeding grounds. Mar. Poll. Bull., 75, 

259–263. 

Romeo T., P.Battaglia, C.Pedà, P.Consoli, F.Andaloro, M.C.Fossi (2015) First evidence of presence 

of plastic debris in stomach of large pelagic fish in the Mediterranean Sea. Mar. Poll. Bull., 95, 1, 358-

361. 

Steen M., C.Torjussen, D.Thodoris, T. Simpidis, A.Miliou (2016) Plastic mistaken for prey by a 

colony-breeding Eleonora's falcon (Falco eleonorae) in the Mediterranean Sea, revealed by camera-

trap. Mar. Poll. Bull., 106, 1–2, 200-201. 

Suaria G., S.Aliani (2014) Floating debris in the Mediterranean sea. Mar. Poll. Bull., 86, 1–2, 494–

504. 

 

Sussarellu, R., M. Suquet, Y. Thomas, C. Lambert, C. Fabioux, M. Pernet, C. Mingant, C. Corporeau, 

J. Guyomarch, J. Robbens, I. Paulpont, P.Soudant, A Huvet (2016) Oyster reproduction is affected by 

exposure to polystyrene microplastics. Proc. Ntl. Acad Sc. USA, 113 no. 9, 2430–2435. 

Teuten E., J.Saquing, D.Knappe, M.Barlaz, S.Jonsson, A.BjArn, A.Rowland, R.Thompson, 

T.Galloway, T.Yamashita, D.Ochi, T.Watanuki, C.Moore, P.Viet, P.Tana, M.Prudente, 

R.Boonyatumanond, M.Zakaria, K.Akkhavong, K.Ogata, H.Hirai, S.Iwasa, I.Mizukawa, U.Hagino, 

A.Imamura, M.Saha, H. Takada (2009) Transport and release of chemicals from plastics to the 

environment and to wildlife. Phil. Trans. of the Royal Soc., B, 364, 2027-2045. 

 

Tubau X., M.Canals, G.Lastras, X.Rayo, J.Rivera, D.Amblas (2015) Marine litter on the floor of deep 

submarine canyons of the Northwestern Mediterranean Sea: The role of hydrodynamic processes. 

Progr. in Oceanog., 134, 379-403. 

 

Ugolini A., G.UnghereseG.Ungheresea, M. CiofiniM. Ciofini, A. LapucciA. Lapucci, M. CamaitiM. 

Camaiti (2013) Microplastic debris in sandhoppers. Estuarine, Coastal and Shelf ScienceEstuarine, 

Coastal and Shelf Science. 129, 19–22. 

 

UNEP/MAP (2015a) Litter Assessment in the Mediterranean, UNEP/MAP, Athens, 2015. 86 p. 

 

UNEP/MAP (2015b) Regional survey on abandoned, lost or discarded fishing gear & ghost nets in the 

Mediterranean Sea - A contribution to the implementation of the UNEP/ MAP Regional Plan on 

marine litter management in the Mediterranean, UNEP/MAP, Athens, 2015, 41 p. 

 

UNEP (2016a) Marine plastic debris and microplastics – Global lessons and research to inspire action 

and guide policy change. United Nations Environment Programme, Nairobi, 192 p. 

 

UNEP (2016b). Annex VI of the UNEA Resolution 1/6 Marine plastic debris and microplastics   

(http://www.unep.org/about/sgb/Portals/50153/UNEA/Marine%20Plastic%20Debris%20and%20Micr

oplastic%20Technical%20Report%20Advance%20Copy%20Annex.pdf). 

 

Van Cauwenberghe L., M.Claessens, M.Vandegehuchte, C.Janssen (2015). Microplastics are taken up 

by mussels (Mytilus edulis) and lugworms (Arenicola marina) living in natural habitats Env. Pollut.  

199, 10-7. Doi: 10.1016/j.envpol.2015.01.008. 

Van der Hal N., A. Asaf, A.Dror (2017) exceptionally high abundances of microplastics in the 

oligotrophic Israeli Mediterranean coastal waters. Mar.Poll. Bull., in press. 

http://www.sciencedirect.com/science/article/pii/S0025326X15002507
http://www.sciencedirect.com/science/article/pii/S0025326X15002507
http://www.sciencedirect.com/science/article/pii/S0025326X16301205
http://www.sciencedirect.com/science/article/pii/S0025326X16301205
http://www.sciencedirect.com/science/article/pii/S0025326X16301205
file:///F:/ugolini-plages.htm
file:///F:/ugolini-plages.htm
file:///F:/ugolini-plages.htm
file:///F:/ugolini-plages.htm
file:///F:/ugolini-plages.htm
file:///F:/ugolini-plages.htm
file:///F:/ugolini-plages.htm
file:///F:/ugolini-plages.htm
file:///C:/Users/fgabastia/AppData/Roaming/Microsoft/Word/ugolini-plages.htm
file:///F:/science/journal/02727714
file:///F:/science/journal/02727714
file:///C:/Users/fgabastia/AppData/Roaming/Microsoft/Word/science/journal/02727714
https://www.ncbi.nlm.nih.gov/pubmed/25617854


Vandermeersch G, L.Van Cauwenberghe, C.Janssen, A.Marques, K.Granby, G.Fait, M.Kotterman, 

, J.Diogène K.Bekaert, J.Robbens, L. Devriese (2015) A critical view on microplastic quantification in 

aquatic organisms. Environ Res. 143(Pt B):46-55. doi: 10.1016/j.envres.2015.07.016. 

Van Franeker J., C, Blaize, J.Danielsen, K.Fairclough, J.Gollan, N.Guse, (2011).Monitoring plastic 

ingestion by the northern fulmar Fulmarus glacialis in the North Sea. Env. Poll, 159, 2609–2615. 

 

Votier, S., K.Archibald, G.Morgan, L.Morgan (2011). The use of plastic debris as nesting material by 

a colonial nesting seabird and associated entanglement mortality. Mar. Poll. Bull., 62, 168–172. 

 

Wegner A., E.Besseling, E.Foekema, P.Kamermans, A.Koelmans (2012) Effects of nanopolystyrene 

on the feeding behavior of the blue mussel (Mytilus edulis L.). Environ. Toxicol. Chem./ SETAC 31 

(11), 2490-2497. 

 

Werner S., A.Budziak, J.Van Franeker, F. Galgani, G.Hanke, T.Maes, M.Matiddi, P. Nilsson, 

L.Oosterbaan,  E.Priestland, R.Thompson, J.Veiga ; T.Vlachogianni (2017) Harm caused by marine 

litter, MSFD GES  TG Marine Litter  , Thematic Report, Technical report by the European 

commission/ Joint Research Centre, in press.  

Wesch C., K.Bredimus, M.Paulus, R.Klein (2016) Towards the suitable monitoring of ingestion of 

microplastics by marine biota, A review. Env. Poll., 218, 1200-1208 

Zambianchi E, I.Iermano, S. Aliani (2014) Marine litter in the Mediterranean Sea, An Oceanographic 

perspective. In Ciesm Workshop N°46 (Coordination F Galgani), Tirana, 18-21 juin 2014, 172 p. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Vandermeersch%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26249746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Cauwenberghe%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26249746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Janssen%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=26249746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marques%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26249746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Granby%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26249746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fait%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26249746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kotterman%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=26249746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kotterman%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=26249746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diog%C3%A8ne%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26249746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bekaert%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26249746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robbens%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26249746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Devriese%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26249746
https://www.ncbi.nlm.nih.gov/pubmed/26249746


Annexe I                                       ABREVIATIONS 

 

 
GES        Good Environmental Status  

MSFD         Marine Strategy Framework Directive  

ICC   International Coastal Cleanup 

MIO-ECSDE   Mediterranean Information Office for Environment, Culture and Sustainable  

   Development  

NGO   Non-Governmental Organisation  

GAP    Global Action Programme  

UN Environment United Nations Programme for the Environment  

RPML   Regional Plan on Marine Litter  

 

 

 

 

 




