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SUMMARY: The present study aims to analyse the local and regional variability in the density and typology of marine debris 
on fishing grounds on the northern Mediterranean continental shelf, and to test relationships between marine litter and trawl 
fishing activity. Moreover, the colonization of plastics was examined in order to study the importance of plastics as a source 
of impact on marine communities and their further environmental implications. This study surveyed 11 sites, associated 
with trawling grounds and subjected to different levels of fishing intensity, located in four areas of the Mediterranean: one 
in Italy, the Central Tyrrhenian coast, one in Greece, the eastern Ionian coast, and two in Spain, the Murcian and Catalan 
coasts. Samples were collected during an oceanographic cruise undertaken from the 21 May to the 24 June 2009. Results 
showed geographical variation in the density of marine debris which ranged from 0 to 405 pieces per hectare in the surveyed 
areas, plastics being the dominant components. Variability within sites was higher than between areas, indicating small-scale 
patchiness in the distribution of the debris over the seafloor. Though the study areas were within trawling grounds, the density 
of debris was not significantly correlated with fishing effort. More than 30% of plastics were between 10 and 20 cm width/
length, and more than 40% of the plastics were colonized by a biofilm of microorganisms, suggesting indirect effects on 
benthic communities. 

Keywords: marine debris, seabed plastic accumulation, colonized benthic plastics, northern Mediterranean Sea.

RESUMEN: Estudio de referencia sobre la distribución de basura marina en fondos blandos asociados a caladeros de 
pesca de arrastre en el Mediterráneo Norte. – Este estudio tiene como objetivo analizar la variabilidad local y regional de 
la basura marina en caladeros de pescas de la plataforma continental mediterránea septentrional y estudiar la relación entre 
ésta y la actividad pesquera. En este estudio se examinaron once estaciones de muestreo asociadas a caladeros de pesca, 
sujetas a distintos niveles de esfuerzo y situadas en 4 áreas en el Mediterráneo: una en Italia, en la costa central del Tirreno 
(TC), otra en Grecia, en la costa jónica occidental (IC) y otras dos en España, en las costas murciana y catalana (MC y CC). 
Las muestras se obtuvieron durante una campaña oceanográfica llevada a cabo entre el 21 de mayo y el 24 de junio de 2009. 
Los resultados mostraron una variación geográfica en la densidad de basura marina comprendida entre 0 y 405 piezas por 
hectárea en las áreas muestreadas, siendo los plásticos el componente principal. La variabilidad entre estaciones resultó 
más alta que la variabilidad entre áreas, lo que indica una heterogeneidad a pequeña escala en la distribución de la basura 
sobre el fondo. Aunque las áreas de estudio estaban situadas en caladeros pesqueros, la densidad de basura no mostró una 
correlación significativa con el esfuerzo de pesca. Más del 40% de los plásticos se encontraron colonizados por un biofilm 
de microorganismos y más del 40% presentaba dimensiones de entre 10 y 20 cm ancho/largo. Se examinó la colonización 
de los plásticos con el fin de estudiar su importancia como fuente de impacto en las comunidades marinas y sus posibles 
implicaciones ambientales.

Palabras clave: basura marina, acumulación plásticos fondo marino, colonización plásticos bentónicos, mar Mediterráneo 
Norte.
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INTRODUCTION

The noxious effect of plastic pollution on marine 
populations has been known since the 1960s. The list 
of their potential harms has increased considerably and 
plastic pollution is now considered a real threat to ma-
rine populations and biodiversity (see reviews Derraik 
2002, Gregory 2009, Galgani et al. 2010). In addition 
to the negative effects on marine mammals, turtles 
and seabirds, marine plastic contamination can also 
indirectly alter the ecosystem structure, e.g. through 
the introduction of alien or invasive species by float-
ing plastics (Barnes 2002, Aliani and Molcard 2003, 
Masó et al. 2003), and can consequently modify the 
ecosystem functioning (Derraik 2002). Moreover, the 
accumulation of floating microplastics in convergence 
zones and its negative impact on marine populations 
through their incorporation into the food web have re-
cently called the attention of the scientific community 
(Boerger et al. 2010, Aloy et al. 2011, Graham 2011). 
However, these indirect consequences are still poorly 
known.

Although the majority of plastics have positive 
buoyancy, it is believed that most plastics are cur-
rently accumulated on the oceans’ seabed and will 
persist there for hundreds or even thousands of years 
depending on the properties of the polymer (Stefatos 
et al. 1999, Barnes et al. 2009, Galgani et al. 2010). 
A recent review (Barnes et al. 2009) illustrates how 
plastic pollution on the seabed is currently extended 
worldwide. Topography, currents and their proximity 
to the source, such as large cities, will determine the 
preferential deposition sites of marine debris and plas-
tics (Galgani et al. 1996, Galgani et al. 2000, Moore 
and Allen 2000). However, data on the distribution 
and abundance of plastic accumulation on the seabed 
are still scarce (Galgani et al. 2010) and even less is 
known regarding the long-term dynamics of plastic in 
the oceans.

In the Mediterranean Sea, plastic pollution has been 
the object of several scientific studies that aimed to 
evaluate its impact on the surface (Aliani and Molcard 
2003) and on the seabed (Galgani et al. 2000). How-
ever, due to a lack of systematic evaluation and differ-
ent methodological approaches, a comparison among 
areas is difficult ; in this context, the MSFD (MARINE 
STRATEGY FRAMEWORK DIRECTIVE) recom-
mended systematically studying the amount, distribu-
tion and composition of litter, including plastics, on the 
sea floor (Galgani et al. 2010).

In the present paper we analyze the local and re-
gional variability in the density and typology of marine 
benthic macrodebris over four areas located on Medi-
terranean continental shelves associated with trawling 
grounds. Therefore, the study will offer novel data 
on litter distribution over the Mediterranean seabed 
already impacted by different intensities of trawling 
effort. Fishing activities can also be a source of litter 
into the oceans (e.g. remains of fishing nets, boys, and 

vessel-associated garbage), and paradoxically the accu-
mulation of marine debris might have negative effects 
on fishing activities (Nash 1992). In addition, in order 
to increase our knowledge on the long-term dynamics 
of the marine plastic debris accumulated on the seabed 
and its potential negative impact on the soft-bottom 
communities, the degree of plastic biocolonization was 
analysed. 

Overall, this study aims to highlight the need for an 
integrated assessment of the ecosystem effects of these 
sources of impacts. 

MATERIALS AND METHODS

Study area

The study focused on four distant areas associated 
with trawling grounds in the northern Mediterranean: 
one in Italy, the Central Tyrrhenian coast; one in Greece, 
the eastern Ionian coast; and two in Spain, the Murcian 
and Catalan coasts (Fig. 1). Information on commercial 
trawling activity was obtained from data gathered by 
the fishermen’s’ association. Within each area we se-
lected three study sites subjected to different levels of 
fishing effort (high, medium and low fishing activity) 
and located between 40 and 80 m depth. In parallel, side 
scan sonar images recorded at the study sites showed the 
same three levels of fishing effort by analyzing the trawl 
marks (see more details in Demestre et al. 2010, de Juan 
and Demestre, 2012). The study sites all had mud and 
sandy mud habitats, with the exception of the Murcian 
sites, which were had heterogeneous substrates with 
gravely sand and maërl (Soto 1990). 

Data collection and analysis

The experimental cruise was conducted from 
21 May to 24 June 2009 in the aforementioned four 
Mediterranean areas. Sampling was simultaneously 
conducted for benthic debris and epibenthic fauna with 
an experimental surface dredge similar to a 2-m beam 
trawl, with a 2 m × 40 cm iron-framed aperture and a 
10-mm cod-end. 

The same sampling protocol was followed at each 
site, and a total of six replicate samples were randomly 
collected at each study site (1.5 ha sampled) within the 
four areas, following the sampling strategy used by 
epibenthic studies (de Juan et al. 2011). Each replicate 
consisted of a 15-minute tow at 3 kn; to ensure con
tinuous contact of the gear with the seabed, a scanmar 
sensor was placed on the iron frame of the dredge. 

The marine debris collected with the surface dredge 
were classified on board into six general types: 1) plas-
tic debris, 2) sanitary waste, 3) debris related to fish-
ing activities, 4) glass, 5) metal, and 6) cloth. Objects 
classified in type 1, plastic debris, were divided into 
plastic categories (bags, bottles, glasses, dishes, food 
packaging, tobacco products, toys, and non-identifia-
ble pieces) and measured. 
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Based on the results, the objects identified were 
grouped into the following categories for statistical 
analysis: soft plastic (plastic bags and bag pieces), cel-
lophane (cigarette packaging, food packaging and non-
identifiable pieces), hard plastic (bottles and pieces, 
cups and plates, food packaging and others), semi-hard 
plastic, sanitary waste (sanitary towels and rarely adhe-
sive bandages), remains of fishing gears (such as nets 
and lines) and latex-rubber or silicone. In addition, due 
to the low density found at all sites, glass, metal, cloth 
and wood were regrouped in the same typology (other 
debris). The significance of differences of these groups 
of debris between sites was assessed using the Kruskal-
Wallis rank test.

Additionally, two important aspects of plastic de-
bris were analyzed: size and colonization by organ-
isms. All benthic plastics collected were macroplastics 
(minimum length >2 cm) (Hidalgo-Ruz 2012). Plastics 
were grouped by size into 5 ranges (cm) based on their 
maximum length:

2<x≤5; 5<x<10; 10≤x<20; 20≤x<50; x>50. 

The colonization was assessed based on the organ-
isms attached to the plastic and it ranged from primary 
colonization with biofilm to complete colonization. 
Five levels of colonization were considered. Attached 
organisms were identified to the lowest possible taxo-
nomic level.

A two way PERMANOVA test (Anderson et al. 
2008) based on the Bray-Curtis resemblance matrix af-
ter the debris density data, was used to test the signifi-
cant effects of the terms Location (site) and Intensity 
(level of fishing intensity), which were considered as 
fixed crossed factors, on debris distribution. A multi-
dimensional scaling ordination was performed with 
debris abundance from the Tyrrhenian coast, Ionian 
coast, Murcian coast and Catalan coast to visualize 
geographical patterns.

The SIMPER (similarity percentages) procedure 
was used to identify the most important items for 
typifying the groups: the Tyrrhenian coast, the Ionian 
coast, the Murcian coast and the Catalan coast. The 
cut-off for a low contribution was set at 90%. 

All the multivariate analyses were performed with 
the PRIMER 6+PERMANOVA software package 
from Plymouth Marine Laboratory, UK.

RESULTS

Debris characterization 

A total of 555 pieces of debris were collected. Plas-
tic bags and bag pieces were the most abundant items 
(37% of the total), followed by cellophane type (28%). 
Hard plastics accounted for 11% of the total debris, 
fishing-related debris 8%, hygiene-related items only 
2%, and finally glass, metal, cloth and anthropogenic 

Fig. 1. – Study locations in the Mediterranean Sea. MC, Murcian coast (Spain); CC, Catalan coast (Spain); TC, Tyrrhenian coast (Italy); IC, 
Ionian coast (Greece). Detailed maps include the 3 sites surveyed in each area, with high (H), medium (M) and low (L) fishing activity.
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wood accounted for 3%, 3%, 1% and 1% of the total 
debris, respectively (Table 1). 

Size and colonization of benthic plastics

Table 2 shows the percentage of main categories 
of plastic debris classified by size ranges and areas. In 
the four study areas the smaller pieces of plastic de-
bris, >2cm and <10cm, were the most abundant items 
(57%). The abundance percentage of the other catego-
ries diminished with the size of the pieces. 

A total of 462 plastic items were examined to assess 
their colonization. The identification and abundance of 
the organisms attached to the debris were used to deter-
mine the five levels of colonization: 

– No organisms (0).
– Incrustation of nano- and micro-planktonic or-

ganisms (1). 
– The first step of colonization with biofilm struc-

tures. Conspicuous green, green-brown or red patches 
are visible to the naked eye; SEM analysis showed mi-
croalgae, fungi and bacteria (Fortuño et al. 2010); few 
incrustations of macroalgae, Polychaeta or Bivalvia 
(consistently Anomia) (2). 

– Incrustations of Polychaeta, Anomia, Bryozoa, 
and Cnidaria (3). 

– The same organisms as in 3 with the addition of 
Ascidiacea, Porifera and ramified Cnidaria (4). 

– Plastic surface almost completely covered by or-
ganisms (5). 

Table 3 shows the degree of colonization of hard 
and soft plastics (bags and cellophane) in the four study 
areas. Level 1 accounted for 42% of the total plastics; 
levels 2 and 3 accounted for 46%; plastics with high 
levels of colonization, levels 4 and 5, accounted for 
low percentages. The highest percentages for levels 4 
and 5 were obtained for hard plastics in Greece, Italy 
and Murcia, and soft plastics in Murcia. Only 8% of the 
plastics showed no sign of colonization to the naked 
eye. 

Spatial variability

High variability between samples was detected. 
Overall debris density ranged from 0 to 405 pieces per 
hectare (pd/ha) (the latter detected in the medium fish-
ing intensity area on the Catalan coast). No debris was 
found in five of the samples (four on the Murcian coast 
and one on the Catalan coast). 

Average abundance of marine debris collected at 
the different locations showed that soft plastics were 
the most important items, ranging from 27.38±19.8 at 
the Tyrrhenian coast medium fishing intensity site to 0 
pd/ha at the Catalan coast low fishing intensity site. On 

Table 1. – Percentage of debris classified by type.   

Debris type	 Percentage		  Type	 Percentage

Plastic bags	 37	 Cellophane	 Food packaging	 22
Cellophane	 28		  Tobacco packaging	 12
Hard plastic	 11		  Unidentified	 66
Fishing debris	 8 	 Hard plastic	 Food packaging	 13
Glass	 3		  Broken plates	 27
Metal	 1		  Water bottles 	 22
Hygiene items	 3		  Cups	 2
Cloth	 3		  Unidentified	 15
Anthropogenic wood	 1		  Other bottles	 3
Others	 5		  Building material	 5
		  Fishing debris	 Fishing lines	 34
 			   Rope	 51
 			   Net remains	 4
 			   Others	 11

Table 2. – Percentage of plastic debris classified by size ranges at 
each location.

		  2<x≤5	 5<x<10	 10≤x<20	 20≤x<50	 >50
					   
Cellophane	 27	 36	 30	 6	 2
	 Catalan coast	 31	 44	 19	 0	 6
	 Ionian coast	 26	 13	 42	 19	 0
	 Tyrrhenian coast	 26	 41	 27	 3	 2
	 Murcian coast	 25	 38	 38	 0	 0
Hard plastic	 40	 27	 27	 6	 0
	 Catalan coast	 46	 43	 11	 0	 0
	 Ionian coast	 24	 18	 47	 12	 0
	 Tyrrhenian coast	 40	 7	 40	 13	 0
	 Murcian coast	 67	 33	 0	 0	 0
Soft plastic	 25	 24	 34	 15	 3
	 Catalan coast	 25	 29	 29	 17	 0
	 Ionian coast	 24	 24	 29	 20	 2
	 Tyrrhenian coast	 26	 24	 38	 8	 5
	 Murcian coast	 18	 14	 36	 32	 0

Total	 28	 29	 32	 10	 2

Table 3. – Degree of colonization, in percentages, of hard plastic 
and soft plastic (bags and cellophane types) at each location

Degree of colonization	 0	 1	 2	 3	 4	 5
						    
Catalan coast	 15.2	 50.6	 11.4	 21.5	 1.3	 0.0
soft plastic	 17.6	 51.0	 13.7	 17.6	 0.0	 0.0
hard plastic	 10.7	 50.0	 7.1	 28.6	 3.6	 0.0
Ionian coast	 7.1	 48.5	 10.1	 22.2	 11.1	 1.0
soft plastic	 6.1	 53.7	 12.2	 20.7	 6.1	 1.2
hard plastic	 11.8	 23.5	 0.0	 29.4	 35.3	 0.0
Tyrrenian coast	 6.9	 39.9	 17.7	 22.6	 8.1	 4.8
soft plastic	 6.4	 41.2	 18.0	 22.7	 6.9	 4.7
hard plastic	 13.3	 20.0	 13.3	 20.0	 26.7	 6.7
Murcian coast	 5.6	 19.4	 0.0	 33.3	 30.6	 11.1
soft plastic	 3.0	 21.2	 0.0	 33.3	 30.3	 12.1
hard plastic	 33.3	 0.0	 0.0	 33.3	 33.3	 0.0

Total general	 8.2	 42.0	 13.6	 23.2	 9.3	 3.7
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the Catalan coast the most important debris were hard plastics, whose 
abundance was highest at the medium fishing intensity site 25.2±41.5 
pd/ha (Table 4).

The average density of other debris (glass, metal, cloth and wood) 
was very low in comparison with debris of plastic origin at all sites. The 
abundance of remains of fishing material in samples from the Murcian 
(15±32.53 pd/ha) and Catalan coast (19.72±30.34 pd/ha) was far higher 
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Fig. 2. – Quantities of debris (pd/ha) of: a) Fishing material; b) Soft plastic; c) Hard 
plastic; d) Total plastics (hard, soft and semi hard plastics) collected at the study locations 
under different fishing effort. TM, Tyrrhenian coast medium intensity; TL, Tyrrhenian 
coast low intensity; IH, Ionian coast high intensity; IM, Ionian coast medium intensity; 
IL, Ionian coast low intensity; MH, Murcian coast high intensity; MM, Murcian coast 
medium intensity; ML, Murcian coast low intensity; CH, Catalan coast high intensity; 

CM, Catalan coast medium intensity; CH, Catalan coast low intensity
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than on the Ionian coast (0.82±1.27 pd/ha) (Fig. 2a).
Taking into account soft, hard and total plastics 

(Fig. 2b, c, d) there were significant differences for the 
overall comparison between locations (Kruskal-Wallis 
p<0.05). The comparison between groups of debris 
indicated significant differences between locations for 
soft plastic (p=0.004), hard plastic (p=0.002) and total 
plastic (p=0.005).

None of the results of the Kruskal-Wallis test of 
differences between fishing intensities were significant 
(soft plastic p=0.08, hard plastic p=0.8 and total plastic 
p=0.1).

Non-significant differences between locations and 
fishing effort were observed regarding fishing debris 
and other debris. The standard deviation was high as 
their presence was sporadic.

In order to analyze the effects of fishing activity and 
geographic location on multivariate composition of de-
bris density, a PERMANOVA analysis was conducted. 
The results revealed significant differences only for the 
term Location (Table 5). A more accurate analysis of 
the differences in debris density between sites within 
each area was done with MDS, but results showed no 
clear separation between samples from different loca-
tions regarding fishing intensity. 

High variability between samples was detected re-
garding the percentage contribution of different types 
of debris by location. This variability was observed for 

soft plastics (Fig. 3), which had a high contribution to 
the total debris in samples from all locations, and for 
fishing gear debris (Fig. 4), which mainly appeared in 
samples from the Murcian and Catalan coasts. 

According to the SIMPER analysis, five main de-
bris categories contributed to debris abundance in sam-
ples from the Tyrrhenian coast, four in those from the 
Ionian coast, and three in those from the Murcian coast. 
Overall, the most important debris categories in these 
areas were soft plastic and cellophane. Five categories 
contributed to the Catalan coast samples, hard plastic 
being the most important debris category, followed by 

Table 5. – Results of 2-factor PERMANOVA test for differences in 
debris composition. Significant differences are indicated: * p< 0.01.

Source	 df	 SS	 MS	 Pseudo-F	 P(perm)

Location	 3	 12607	 4202.2	 3.5404	 0.0011*
Intensity	 2	 1701	 850.5	 0.71656	 0.6314
Location × Intensity	 5	 8099.2	 1619.8	 1.3647	 0.1927
Res	 42	 49851	 1186.9		
Total	 52	 73706			 

Table 6. – Bray-Curtis dissimilarity percentage between locations.

	 Tyrrhenian coast	 Ionian coast	 Murcian coast

Ionian coast	 38.57		
Murcian coast	 53.99	 51.96	
Catalan coast	 47.34	 46.26	 61.12

Fig. 3. – Multi-dimensional scaling ordination based on the debris 
density matrix. The size of the bubbles defines the average density 
of soft plastic in every sample. TM, Tyrrhenian coast medium in-
tensity; TL, Tyrrhenian coast low intensity; IH, Ionian coast high 
intensity; IM, Ionian coast medium intensity; IL, Ionian coast low 
intensity; MH, Murcia coast high intensity; MM, Murcian coast me-
dium intensity; ML, Murcian coast low intensity; CH, Catalan coast 
high intensity; CM, Catalan coast medium intensity; CH, Catalan 

coast low intensity.

Fig. 4. – Multi-dimensional Scaling (MDS) ordination based on the 
debris density matrix. The size of the bubbles defines the average 
density of fishing debris in every sample. TM, Tyrrhenian coast 
medium intensity; TL, Tyrrhenian coast low intensity; IH, Ionian 
coast high intensity; IM, Ionian coast medium intensity; IL, Ionian 
coast low intensity; MH, Murcia coast high intensity; MM, Mur-
cian coast medium intensity; ML, Murcian coast low intensity; CH, 
Catalan coast high intensity; CM, Catalan coast medium intensity; 

CH, Catalan coast low intensity.

Fig. 5. – Percentage of the contribution of the most important debris’ 
categories by SIMPER analysis. TC, Tyrrhenian coast (Italy); IC, 
Ionian coast (Greece); MC, Murcian coast (Spain); CC, Catalan 

coast (Spain).
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remains of fishing material and soft plastic (Fig. 5). 
SIMPER dissimilarity between groups showed that 
Murcia coast group had more than 50% dissimilarity 
with the other three groups (Table 6). 

DISCUSSION

Spatial distribution and density of debris

Several approaches have been adopted to evaluate 
the abundance of debris on the sea floor, and the review 
by Galgani et al. (2010) of the different methods used 
to date considers that the beam trawl survey is the best 
approach. However, these are partial results since they 
are only related to those areas where trawling opera-
tions can be carried out. We collected debris samples 
with an experimental surface dredge similar to a 2-m 
beam trawl that was towed over soft bottoms between 
40 and 80 m depth in areas with different fishing inten-
sities, and the results reflected the variable distribution 
of macrodebris, composition and degree of coloniza-
tion by attached fauna. The variability in debris accu-
mulation between areas was lower than between sites, 
indicating the importance of small-scale distribution of 
debris over the continental shelves. The accumulation 
of plastic debris over the ocean bottom is patchy for 
a variety of reasons, including local wind and current 
dynamics, coastline geography and the sources of en-
try into the system, such as urban areas, trading routes 
and large rivers. Once plastic reaches the marine envi-
ronment, pulled directly or indirectly via other routes 
(rivers, wind, storms, natural disasters, etc.), it can 
travel considerable distances transported by the wind 
and currents until eventually it sinks and reaches the 
seabed. The sinking process depends on the specific 
density of the polymers, but the factors that determine 
this process are still poorly understood. Biofouling 
may be one of the determinants (Ye and Andrady 1991, 
Lobelle and Cuniliffe 2011) and Morét-Ferguson et al. 
(2010) evidenced the change in plastic specific density 
in contact with the marine environment and related 
to microorganism biofouling. Preferential deposition 
sites have been associated with areas of low circulation 
and high sediment accumulation (Galgani et al. 2010). 

The Mediterranean Sea is one of the world’s marine 
biodiversity hotspots and yet it is subjected to high an-
thropogenic pressure (Coll et al. 2010). Galgani et al. 
(2000) report data suggesting that the seafloor of the 
Mediterranean is one of the most polluted habitats in 
Europe. They estimated mean concentrations of 19.35 
total pd/ha in the NW Mediterranean but lower mean 
values were estimated for the Adriatic Sea, the Gulf of 
Lions and eastern Corsica. The average debris density 
recorded in the four areas included in this study was 
higher (60 pd/ha, 59.5 pd/ha, 34 pd/ha, 23 pd/ha for 
the Catalan, Tyrrhenian, Murcian and Ionian coasts 
respectively). Nevertheless, the overall concentra-
tion of macrodebris on the seafloor in our study areas 
(0-405pd/ha) was not higher than the concentration 

estimated in other studies also conducted in the Medi-
terranean. In Greek coastal areas 0-2513 pd/ha were 
detected (Katsanekis and Katsarou 2004) and in the 
Gulf of Lions Galgani et al. (2000) obtained ranges be-
tween 0 and 1010 pd/ha. In the latter area, the presence 
of large amounts of debris was related to urban activity 
from Marseille and to a lesser extent from other large 
cities such as Nice. The relatively high density detected 
in the present study could be due to the high amount of 
plastic fragments of rather small size (28% and 29% of 
<5 cm and <10 cm, respectively). Currently, pd/ha is 
considered the best measure to compare data regarding 
marine debris, as the weight of items is highly variable. 
However, the analysis of the plastic size showed that 
this is an important variable to analyze in conjunction 
with density (pd/ha). Moreover, our results highlight 
that the high spatial variability found between repli-
cates in the present study must be taken into account 
for future studies that should consider small-scale het-
erogeneity in debris distribution.

Fishing activities could be an important source of 
litter to the seabed, and in this context, we aimed to de-
termine whether debris density was linked with fishing 
activities. Feder et al. (1978) published the first reg-
ister of fishing areas in the Bering Sea having higher 
amounts of benthic debris than nearby non-fished 
areas. Hess et al. (1999) indicated that marine debris, 
particularly fishery-related debris, was commonly col-
lected with benthic trawls in the Kodiac Island region. 
However, there is a relatively small population on Ko-
diac Island compared with the region where the Euro-
pean studies were conducted (Galgani 1995, 2000, our 
study) and in the Kodiac region the density of benthic 
debris was accordingly also lower. Though our study 
was conducted in trawl fishing grounds subjected to 
different effort intensities, no relationship between the 
density and composition of debris and fishing intensity 
was detected. Moreover, the fishing debris (e.g. re-
mains of fishing nets) was generally scarce and did not 
show significant differences regarding either the loca-
tion or the sites with variable fishing activities. Higher 
density of fishing debris was observed in areas adjacent 
to marined protected areas: on the Catalan coast and 
the Murcian coast (Fig. 1), but due to the high standard 
deviation no statistical differences were detected. This 
higher density of fishing gear remains could be related 
to artisanal fishing activities occurring in these coastal 
marine protected areas, e.g. gillnets or long-lines (fish-
ing gears that are deployed over the seabed, frequently 
rocky bottoms, and that can easily get entangled in the 
bottom and therefore abandoned there) (Gómez et al 
2006, Badalamenti et al. 2000, Sarda et al. 2012). 

Typological analysis of our debris samples showed 
that plastics accounted for between 50.8% and 95% 
of the total debris abundance, depending on the zone 
(Table 2), and this is fairly consistent with previous 
findings. Galgani et al. (1995) found that plastic debris 
accounted for 77% of total debris on the sea bottom 
around Corsica. Stefatos et al. (1999), in Echinadhes 
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Gulf and Patras Gulf (western Greece), described plas-
tics as the most important debris component (79-83%). 
According to Kanehiro et al. (1996), plastics reached 
80-85% of the seabed debris in Tokyo Bay. 

Consequences for benthic marine ecosystem 

Our understanding of plastic degradation processes 
and direct and indirect effects on the marine environ-
ment is still slight. Our study shows a high percentage 
of plastics in the first phase of the succession process 
under colonization by microorganisms (microalgae, 
fungi and bacteria). This could be an indication of 
recent sinking of the plastic debris. It is worth men-
tioning that we collected some benthic plastics with 
encrusted Cirripeda (Lepas sp), typical colonizers of 
surface floating plastics (Aliani and Molcard 2003). 
As suggested by Goldberg (1997), once in the ocean 
plastics suffer a process of colonization that, in combi-
nation with the effect of currents, causes them to sink 
to the ocean seabed. Once on the seabed, as our data 
evidenced, the process of colonization continues and 
macro-organisms, such as Polychaeta, Bryozoa and 
Cnidaria, become encrusted in this new substrate. This 
colonization process obviously maintains plastics on 
the seabed and thus potentially modifies the ecosystem 
structure and functioning, e.g. by creating anoxic areas 
or providing hard substrates for the attachment of or-
ganisms (Derraik 2002). 

Epifaunal species are good indicators of the benthic 
ecosystem degradation due to their limited mobility and 
tight link with their habitat. Regarding fishing impacts, 
de Juan and Demestre (2012), showed that a set of bio-
logical traits of the epifaunal species, which had been 
previously related to trawling disturbance responses, 
could be significantly linked with trawling disturbance 
intensity. For example, increased abundance of sessile 
filter feeders, such as sponges and gorgonians, char-
acterized the less disturbed sites. However, the areas 
associated with trawling grounds generally harbour 
chronically disturbed communities dominated by small 
and mobile invertebrates that can sustain continuous 
disturbance (de Juan et al. 2007, de Juan et al. 2011). In 
the present study, relationships between the epibenthic 
community structure and the functional composition 
and density of plastic debris were tested but no sig-
nificant interactions were observed (unpublished data). 
The four areas we sampled through the Mediterranean 
are within fishing grounds and the chronic disturbance 
of commercial trawling activities probably has such 
profound effects on benthic communities (de Juan et 
al. 2007) that no interaction between the local epifau-
nal communities and marine debris could be detected. 
Currents can transport plastics from one location to 
another and in this process sessile organisms would 
be damaged, whereas active motile organisms can 
escape. In an experimental study, Katsanevakis et al. 
(2007) demonstrated changes in marine benthic com-
munities related to the accumulation of debris on the 

seabed. On the other hand, we analyzed the organisms 
colonizing the plastic debris from our study areas and 
observed that plastic debris were highly colonized by 
organisms typical of hard bottoms, e.g. Briozoa, sabel-
lid Polychaeta, sessile Bivalvia, Ascidia and encrusting 
Porifera, evidencing alteration of the community com-
position. Most of these species are primarily inhabit-
ants of rocky or gravelly bottoms, with hard structures 
for the attachment of organisms, and should be absent 
from purely muddy bottoms. These species colonizing 
plastics were not included in the epifaunal community 
data set, and this could also partly explain the lack of 
relationships between the epifaunal community and 
density of plastics.

As a concluding remark, we highlight that the 
colonization of plastic debris by organisms might have 
further consequences for the functioning of the ecosys-
tem. For example, it may modify the habitat at a small 
spatial scale and facilitate the introduction of species, 
leading to new negative/positive species interactions 
that could operate at larger scales. Additional studies 
of the species interactions arising from plastic intro-
duction in the environment and modification of the 
ecosystem functioning should be undertaken to inves-
tigate potential secondary effects of the accumulation 
of plastic debris on the seabed. These potential effects, 
and their interaction with other sources of disturbance, 
such as fishing with trawled nets, should be further as-
sessed in a context of increasing human activities in 
coastal zones that imply multiple sources of stress to 
ecosystems, including the accumulation of plastic de-
bris on the ocean floor. 
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