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Abstract : 
 
Marine litter is a matter of increasing concern worldwide, from shallow seas to the open ocean and from 
beaches to the deep-seafloor. Indeed, the deep sea may be the ultimate repository of a large proportion 
of litter in the ocean.  
 
We used footage acquired with a Remotely Operated Vehicle (ROV) and a towed camera to investigate 
the distribution and composition of litter in the submarine canyons of the Bay of Biscay. This bay 
contains many submarine canyons housing Vulnerable Marine Ecosystems (VMEs) such as 
scleractinian coral habitats. VMEs are considered to be important for fish and they increase the local 
biodiversity. The objectives of the study were to investigate and discuss: i) litter density, ii) the principal 
sources of litter, iii) the influence of environmental factors on the distribution of litter, and iv) the impact 
of litter on benthic communities.  
 
Litter was found in all 15 canyons and at three sites on the edge of the continental shelf/canyon, in 25 of 
29 dives. The Belle-île and Arcachon Canyons contained the largest amounts of litter, up to 12.6 and 
9.5 items 100 images−1 respectively. Plastic items were the most abundant (42%), followed by fishing-
related items (16%).  
 
The litter had both a maritime and a terrestrial origin. The main sources could be linked to fishing 
activities, major shipping lanes and river discharges.  
 
Litter appeared to accumulate at water depths of 801–1100 m and 1401–1700 m. In the deeper of these 
two depth ranges, litter accumulated on a geologically structured area, accounting for its high frequency 
at this depth. A larger number of images taken in areas of coral in the shallower of these two depth 
ranges may account for the high frequency of litter detection at this depth. A larger number of litter 
items, including plastic objects in particular, were observed on geological structures and in coral areas 
than on areas of bare substratum. The distribution of fishing-related items was similar for the various 
types of relief.  
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Litter items were mostly colonised by scleractinian corals and hydroids. Several fish species and a 
lithodid crab seemed to associate with the accumulated litter.  
 
This extensive study showed litter to be widely distributed in the submarine canyons of the Bay of 
Biscay. These findings increase our understanding of the distribution of litter, its composition and 
accumulation and its impact on benthic communities. 
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1. Introduction 

 
The impact of human activities on the deep-sea environment has increased over recent decades, and 
this trend is predicted to continue in the near future (Ramirez-Llodra et al., 
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2011). The exploitation of living, mineral and energy resources are of particular concern, but 

there is also a growing body of evidence that litter is common and widespread, even in the 

deepest parts of the ocean (Miyake et al., 2011).  

Litter on beaches and items floating on the surface of the ocean have been extensively studied 

(Galgani et al., 2015; Ryan, 2015). The interaction of this debris – especially plastics – with 

turtles, sea birds and marine mammals, through suffocation, ingestion and entanglement has 

been widely in the literature (Kühn et al., 2015; Ryan, 2015). By contrast, little is known 

about the amount, distribution and composition of litter in the deep-sea environment, and its 

impact on deep-water habitats and benthic communities (Galgani et al., 2015; Miyake et al., 

2011), although increasing numbers of studies are being undertaken to explore these issues 

(e.g. Galgani et al., 2015, Pham et al., 2014, Ramirez-Llodra et al., 2013). The studies carried 

out to date have indicated that plastic items predominate, at least in the Bay of Biscay 

(Galgani et al., 2000; Pham et al., 2014), four Portuguese canyons (Mordecai et al., 2011), 

several parts in the Mediterranean (Ramirez-Llodra et al., 2013; Tubau et al., 2015), the Gulf 

of Mexico (Wei et al., 2012), and along the shelf and slope of the west coast of the US (Keller 

et al., 2010), particularly in the Monterey Canyon (Schlining et al., 2013). Plastic longlines, 

originating from the fishing industry, were the main type of litter observed in the Azores 

(Pham et al., 2013) and off the coast of California (Watters et al., 2010), whereas ropes and 

gill nets were the most frequently observed items on the coral mounds off the Irish coast 

(Grehan et al., 2005). Fishing gear also dominated the litter found on the seamounts of 

Gorringe Bank (NE Atlantic; Vieira et al., 2015), the Tyrrhenian Sea in the Mediterranean 

(Angiolillo et al., 2015) and off the coast of South-East Africa (Woodall et al., 2015).  

Submarine canyons along continental margins may act as a conduit for the transport of marine 

litter from shallower to deeper waters, or as a sink, retaining the litter in the deep sea 

(Mordecai et al., 2011; Pham et al., 2014; Schlining et al., 2013). Based on submersible video 
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surveys in the Bay of Biscay, Galgani et al. (2000) reported higher densities of marine litter at 

bathyal depths in submarine canyons than on the continental shelf. 

There are about 135 submarine canyons along the continental margin of the Bay of Biscay 

(Bourillet et al., 2006). These canyons host many Vulnerable Marine Ecosystems (VMEs) 

constructed by corals, sponges and oysters (De Mol et al., 2011; Huvenne et al., 2011; 

Reveillaud et al., 2008; Van Rooij et al., 2010). VMEs are considered to be functional and 

biodiversity ‘hotspots’, providing structural complex habitats that locally enhance the 

diversity and biomass of benthic communities (Buhl-Mortensen et al., 2010). Cold-water 

coral reefs, in particular, are thought to be important for many fish species (Costello et al., 

2005; Roberts et al., 2006), as they provide shelter, feeding sites, spawning grounds (Auster, 

2007; Sulak et al., 2007), and nursery areas (Baillon et al., 2012). However, the species 

responsible for the construction of these VMEs may, like geological structures (e.g. boulders 

and rocky outcrops; Schlining et al., 2013; Watters et al., 2010), trap litter (Bergmann and 

Klages, 2012; Galgani et al., 2000).  

The principal human activities in the Bay of Biscay are fishing and shipping. The French and 

Spanish fishing fleets operate in this area, with the French (deep-sea) fleet targeting 

grenadiers (Macrouridae spp., especially Coryphaenoides rupestris), black scabbard fish 

(Aphanopus carbo), monkfish (Lophius spp.) and langoustines (Nephrops norvegicus) in 

particular (ICES, 2015). This part of the Atlantic Ocean also hosts a number of commercial 

and recreational shipping lanes. Human activities can have major detrimental effects on 

VMEs, which are fragile and easily disturbed, and recover only slowly, if at all (Althaus et al., 

2009; Williams et al., 2010).  

There is a need to determine what types of litter are present and their distribution, if we are to 

understand their impact on VMEs. We used footage acquired with an ROV and a towed 

camera system between 2009 and 2011 to estimate the amount of litter, its composition and 
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distribution within the canyon systems of the French part of the Bay of Biscay in the North-

East Atlantic Ocean. The objectives of this study were: i) to determine the density of litter, ii) 

to establish the principal sources of litter, iii) to consider the influence of environmental 

factors on the distribution of litter within and between canyons, and iv) to investigate the 

impact of litter on benthic communities.  

 

2. Material and methods 

 

2.1. Study site  

 

The Bay of Biscay is part of the North-East Atlantic Ocean located to the west of France and 

the north of Spain. It includes the Armorican and Aquitaine margins, which we studied here, 

and it is bounded by the Celtic margin in the north, and the North Iberian margin in the south. 

The Armorican margin extends from the Berthois Spur to the Conti Spur, with a broad 

continental shelf (up to 200 km) and a steep, canyon-dominated slope. By contrast, the 

Aquitaine margin extends from the Conti Spur to the Capbreton Canyon, and has a narrow 

shelf (70 km) and a smooth slope (Bourillet et al., 2006). 

 

2.2. Data collection 

 

Data were collected during two cruises on the R/V Pourquoi Pas? (Ifremer, France) — 

BobGeo in 2009 (Bourillet, 2009) and BobEco in 2011 (Arnaud-Haond, 2011) — and one 

cruise on the R/V Le Suroît (Ifremer, France) — BobGeo 2 in 2010 (Bourillet, 2010). The 

main objectives of these cruises were to study VMEs and/or geological features in canyons of 

the Bay of Biscay. Fifteen canyons were included in this study, mainly along the Armorican 
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margin with the exception of the Arcachon Canyon located on the Aquitaine margin. In total, 

29 dives were undertaken, 26 of which took place within canyons. The remaining three dives 

took place on the edge of the continental shelf/canyon (Table 1).  

The Scampi towed camera system was used to collect data during 17 dives, and the Victor 

6000 ROV during 12 dives (Table 1). The Scampi is equipped with a Nikon D700 photo 

camera directed vertically downwards. The system was towed at a mean speed of 0.9 knots, 

about 2 to 3 m above the seafloor. Photographs were taken at intervals of 10 to 90 seconds.  

The Victor 6000 has multiple cameras. For the purpose of this study, we used the downward-

facing video camera (Sony FCB-H11). For comparison of the footage obtained with the ROV 

and the images taken by the towed camera, frame-grabs were taken from the video footage at 

one-minute intervals, with ADELIE annotation software. These frame-grabs were analysed in 

the same way as the photographs obtained with the towed camera system. Hereafter, we use 

the term ‘images’ to refer to both frame-grabs from the ROV and photographs from the 

Scampi. We obtained a mean of 5.8 images 100 m-1 with the ROV (after averaging over all 

dives), and 5.3 images 100 m-1 with Scampi. 

Metadata (image name, time code and latitude/longitude) were recorded with ADELIE 

software, for both the towed camera and the ROV. 

A depth value was extracted for each image from Digital Terrain Models, with grid sizes of 

15, 25 or 125 m (Bourillet et al., 2012). These depth values were used to calculate the mean, 

minimum and maximum water depth of each dive. The mean depth of the dives was between 

228 and 1598 m (Table 1), with a minimum water depth of 223 m and a maximum water 

depth of 2359 m. 
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2.3. Data analysis 

 

Images were subjected to quality control to ensure that litter items were reliably identified and 

counted. Two criteria were used for quality control: i) altitude; images were excluded if they 

were taken less than 1 m or more than 5 m above the seafloor, and ii) image quality; images 

were excluded if poorly focused, taken in low-light conditions or with a high particle load. 

Each image was annotated for three sets of criteria: i) marine litter, ii) the fauna colonising the 

marine litter, and iii) seafloor structures. Litter items were identified and allocated to one of 

six categories: ‘Plastic’, ‘Fishing-related items’, ‘Cables and ropes’, ‘Glass bottles’, ‘Other 

items’ and ‘Unidentified items’ (Table 2). The category ‘Fishing-related items’ included only 

items that could confidently be linked specifically to fishing activities. The fishing fleet may 

also discard plastic items, glass bottles or cables and ropes, but it is not possible to affirm a 

particular origin for these categories. Thus, we assigned non-specific plastic items, such as 

plastic bags and sheets to the ‘Plastic’ category, longlines to ‘Fishing-related items’ and 

rubber and metal products to ‘Other items’ (Table 2). If a particular item was visible on more 

than one image, it was counted only once, to prevent duplication and ensure a conservative 

estimate.  

The presence or absence of colonising fauna was recorded. The colonising fauna was 

identified to the lowest possible taxonomic level. Mobile species, such as ophiuroids and 

crinoids, were recorded as colonising fauna only if they were found in or on the litter. Highly 

mobile species, such as fish and large crustaceans, were recorded interacting with litter items 

if the distance between the species and the item did not exceed about two body lengths.  

The seafloor structure criterion was used to investigate the influence of the local relief on the 

distribution of litter. Seafloor relief may result from the construction of biological structures 

such as corals, sponges and xenophyophores, or geological structures, such as pebbles, 
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cobbles and rocky outcrops (Table 3). Four categories were defined: “Corals”, “Other 

biological structures”, “Geological structures” and “Bare substratum”. 

Litter densities were quantified and normalised per 100 images (litter items 100 images-1). 

The contribution of each type of litter to the total number of items encountered during a 

complete dive was calculated as a percentage. In most cases, only one dive was performed per 

canyon. If multiple dives were performed within the same canyon, the numbers of items 

attributed to each category were averaged between dives before the calculation of 

percentages. We included multiple dives for a given canyon if the dives took place far enough 

apart to ensure that they did not cross paths and none of the items would be counted twice.  

The presence or absence of litter on each image was also used to investigate the difference in 

litter densities with water depth. The percentage of images showing litter was calculated from 

the total number of images for each 300-m depth class. These depth classes were chosen to 

optimise the trade-off between the number of classes, the class interval and the number of 

observations in each class in the depth range of our dataset (water depth of ~200 – 2400 m). 

Seven depth classes were chosen of which two depth classes were merged into a single class, 

because they contained too few images for separate analysis (> 1701 m depth), resulting in six 

classes in total. A chi-squared test was used to assess the influence of water depth. 

The density of litter in each seafloor structure category was normalised on the basis of the 

total number of images in the corresponding category and is expressed in litter items 100 

images-1. The percentage of images showing litter was calculated from the number of images 

showing at least one item of litter and the total number of images in each category. A chi-

squared test was used to assess differences in litter abundance between categories on the basis 

of presence/absence data for each image.  
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3. Results 

 

3.1. Distribution and composition of litter 

 

In total, 198 individual litter items were recorded on the 6255 images analysed (Table 1). We 

observed a mean of 3.2 items 100 images-1 over the entire Bay of Biscay. However, the 

distribution and densities of items differed considerably between dives and between canyons. 

Litter items were observed in 25 of the 29 dives (86%). Litter was found in all 15 canyons and 

in the three dives located at the edge of the continental shelf/canyon. However, no litter was 

found in four single dives (Sorlingues Canyon, BobEco, dive 472; Chapelle Canyon, BobGeo, 

dive 3; Odet Canyon, BobGeo, dive 10; and Arcachon Canyon, BobGeo 2, dive 2). The 

maximum number of litter items detected in a particular dive was 30, equivalent to 39.5 items 

100 images-1, for the Arcachon Canyon (BobGeo 2, dive 3). However, litter density was 

highest in the Belle-île Canyon (12.6 items 100 images-1; BobGeo, dive 11) if we averaged 

the findings for the three dives in the Arcachon Canyon. The second highest mean density of 

litter was that for Arcachon Canyon, at 9.5 items 100 images-1 (BobGeo, dives 2, 3 and 4). 

The third highest mean density of litter was that of Morgat Canyon (8.9 items 100 images-1; 

BobGeo, dives 5 and 6).  

 

Overall, 42% of the items observed were made of plastic, mostly bags or sheets (Fig. 1A; Fig. 

2). Fishing-related items, such as nets and longlines (Fig. 1B) were the second most frequent 

category of items found, accounting for 16.2% of all the litter items observed (Fig. 2). 

“Cables and ropes” (Fig. 1C) accounted for 6.1% of litter items. “Glass bottles” (Fig. 1D), 

“Other items” and “Unidentified items” accounted for 8.6, 15.2 and 11.6% of litter items, 
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respectively (Fig. 2). The “Other items” category included an artillery shell, ceramics and 

metallic items (Fig. 1E). 

 

The distributions of the various types of litter differed in the Bay of Biscay (Fig. 3). Plastic 

items were observed mostly in the central and southern parts of the Bay of Biscay. Fishing-

related items and cables and ropes were found all over the Bay of Biscay, but their relative 

abundance was highest in Ars Canyon (66.7% of all litter items found in this canyon). Glass 

bottles were observed predominantly in the canyons off the coast of southwest Brittany, with 

the highest percentages obtained for the interfluve between the Douarnenez and Morgat 

Canyons (35.7%), and for Crozon Canyon (25.0%). The highest percentages for “Other 

items” were obtained in the centre of the Bay of Biscay (Douarnenez-Morgat: 35.7%; 

southern-most location on the shelf near Odet Canyon: 30.8%). 

Two sites of litter accumulation were identified in Arcachon Canyon: i) a fishing net trapping 

at least 20 pieces of plastic and ii) a longline, plastic items, cloth and an item resembling a 

piece of glass.  

 

3.2. Depth classes 

 

The percentages of images showing litter items were highest for the ‘801-1100 m’ and ‘1401-

1700 m’ depth classes, at 3.2% and 7.4%, respectively (Fig. 4). The percentages of images 

showing litter items were less than 2% for all other depth classes. Litter density differed 

significantly between depth classes (χ2 = 34.5382; df = 5, p < 0.001). We initially thought that 

this difference might be the result of litter accumulation at two sites within Arcachon Canyon, 

both in the 1401-1700 m depth class. However, this difference remained significant after the 

removal of these accumulations from the analysis (χ2 = 17.9053; df = 5, p = 0.003).  
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3.3. Influence of seafloor structures 

  

The relief created by geological or biological structures influenced the distribution of litter 

(Table 4). The observed distribution of litter between seafloor structure categories was 

significantly different from a random distribution (χ
2 = 44.363, df = 3, p < 0.0001). The 

relative frequency and density of litter were higher in areas with elevated geological structures 

(4.3%, 9.9 items 100 images-1), than in areas with other types of relief (corals: 3.9%, 4.5 items 

100 images-1; other biological species: 1.5%, 1.4 items 100 images-1) or bare substratum 

(1.3%, 1.5 items 100 images-1).  

The accumulations in the Arcachon Canyon mentioned above were located next to rocky 

outcrops, which largely accounted for the influence of geological structures. When these 

accumulations were removed from the analysis, the number of images showing litter 

decreased to 11, leading to decreases in average litter density to 3.4 items 100 image-1 and the 

percentage of images showing litter to 2.5% (based on 435 images from the “geological 

structures” category). However, even with the elimination of these accumulations, the 

influence of seabed structure on litter distribution remained significant (χ2 = 39.3524, df = 3, p 

< 0.0001).  

The number of items allocated to the different litter categories differed between seafloor 

structures (Fig. 5). There were too few litter items in areas in which the relief was constructed 

by organisms other than corals for valid chi-squared tests. We therefore merged this category 

with the ‘corals’ category. The composition of the litter associated with the three remaining 

types of seafloor structure (biological structures, geological structures and bare substratum), 

differed significantly from a random distribution (χ2 = 22.3062, df = 10, p = 0.01). 
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This difference was driven by differences in the relative abundance of glass bottles, plastic 

and other items. Glass bottles were absent from areas of geological structure and were more 

abundant in areas in which the relief was constructed by biological organisms. The relative 

density of plastic items was lower on bare substratum than on biologically or geologically 

structured areas. “Other items” were observed predominantly on bare substratum. 

By contrast, fishing-related items were more evenly distributed, with percentages of 41% for 

biological structures, 59% for geological structures and 29% for bare substratum.   

The distribution of seafloor structures differed between the depth classes described above 

(Fig. 6). The relative abundance of seafloor structures formed by corals was higher in the 

‘801-1100 m’ and ‘>1701 m’ water depth classes (χ
2 = 1147.897, df = 15, p < 0.0001). 

Interestingly, the accumulations observed at depths of 1401 to 1700 m in the Arcachon 

Canyon were located in an area in which the relief is formed by geological structures, even 

though geological structures were rare in this depth class. 

 

3.4. Colonising fauna 

 

Twenty-seven items (13.6% of the items observed) were colonised, mostly by sessile 

suspension feeders. Plastic items, fishing gear, ropes and cloth were colonised by actinians (at 

least three different species; e.g. see Fig. 1A). Scleractinians (Madrepora oculata, Lophelia 

pertusa and/or solitary corals) and hydroids generally colonised fishing gear, such as 

longlines, nets and traps, and cables. One cable was also found to be encrusted with sponges 

and serpulids. The artillery shell was colonised by oysters. Mobile species, such as crinoids 

and ophiuroids were observed on plastic materials, fishing gear and cables. Single 

occurrences of a holothurian next to a part of a trawl net, the echinoid Cidaris cidaris in a 

fishing net and an unidentified echinoid (probably Echinus spp.) on a cable were also 
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recorded. Crustaceans of the genus Munida were found to use plastic items and cloth as 

burrows. About 12 fish (Macrouridae spp., Synaphobranchus kaupii and Lepidion eques) and 

a lithodid crab were found close to a large fishing net and longlines. Another seven fish were 

found further away, but still less than five body lengths from the item. However, it was 

difficult to determine whether the fish in or very close to the net were still alive.  

Sixty-four items (32.3%) were either partly buried or covered by a very thin layer of 

sediment. 

 

4. Discussion 

 

4.1. Litter density in the Bay of Biscay 

 

Marine litter is one of the qualitative descriptors for which goals have been set for the 

achievement of Good Environmental Status in the European Marine Strategy Framework, and 

it is one that needs to be tackled urgently (Galgani et al., 2013). Knowledge about the 

amounts, nature and origin of litter at the European scale is essential for the definition of 

priority areas and management strategies. However, it is often difficult to compare the results 

of different studies, due to the use of diverse methods for data acquisition and analysis. 

Trawling surveys can sample buried litter and small items but integrate litter distribution data 

over large distances which prevents precise localisation of each litter item recovered in the 

net. On the other hand, optical surveys can provide a precise geolocalisation of items as well 

as additional information about the local environmental and the biological setting, but only for 

visible macroscopic litter. In both cases, quantification of the area sampled or observed is an 

issue. For optical surveys, an estimation of the absolute size of an image requires lasers or 

precise information about the position and attitude of the vehicle (altitude, pitch, roll) and the 
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camera (pan, tilt, zoom). In this study, we used cameras directed vertically downwards. This 

approach should, theoretically, provide more accurate estimates of absolute image size than 

approaches using a forward-directed camera. Unfortunately, the available information about 

the attitude of the Scampi was not precise enough for the accurate quantification of image 

size. In addition, the design and processing of optical surveys may complicate comparisons 

even further. Several studies have analysed still images (this study; Bergmann and Klages, 

2012; Mordecai et al., 2011; Pham et al., 2014), whereas other have analysed a continuous 

video (Pham et al., 2013; 2014) or a combination of still and video images (Fabri et al., 2014). 

Image-based surveys, with non-contiguous images, provide a sub-sample of video surveys 

that does not capture the full range of the heterogeneity of litter distribution. 

Aware that our optical, image-based surveys were likely to underestimate litter density, we 

still asked whether our results were in the same range as reported in previous studies, or more 

than an order of magnitude different. Based on the calibration of the ROV camera and the 

mean altitude of ROV dives (2.5 m above the seafloor), we estimated that the area of seafloor 

observed in each image was 6.6 m2. This value was used to extrapolate litter densities from 

the number of items 100 images-1 to the number of items km-2. 

In the Bay of Biscay, the mean litter density was 4,813 items km-2 and the litter density per 

dive ranged from 0 to 9,626 items km-2. Outliers of 15,643 (Morgat Canyon), 18,952 (Belle-

île Canyon) and 59,412 (Arcachon Canyon) items km-2 were observed. Mean litter density in 

the canyons of the Bay of Biscay was an order of magnitude higher than the highest densities 

reported from trawling on the continental shelf (Galgani et al., 1995), confirming that canyons 

along continental margins act as a sink for marine litter (Pham et al., 2014). The range and 

mean densities of litter in our study were consistent with previous observations in canyons of 

the NE Atlantic and the Mediterranean Sea (Pham et al., 2014). The outlier values of density 

obtained for the Belle-île and Arcachon Canyons, 200 km and 75 km from land, respectively, 
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were, however, unusually high, well above those reported for the Lisbon Canyon (6600 items 

km-2, 27 km from land, Mordecai et al., 2011), and higher than, but not dissimilar to those 

reported for the La Fonera Canyon (15,057 items km-2, 4 km from land, Tubau et al., 2015, 

thus establishing a new record for European canyons. The densities calculated here are also 

higher than those already reported for similar and nearby canyons in the Bay of Biscay. Pham 

et al. (2014) reported a litter density in Guilvinec Canyon two times lower than the one given 

in this study (3190 vs. 7521 items km-2) and a litter density for Whittard Canyon only one 

third of that obtained for the nearby Sorlingues Canyon in our study (140 vs. 602 items km-2).  

These discrepancies may indicate the existence of methodological biases in these 

comparisons, which should be considered with caution. However, this study, like others, 

highlights considerable spatial heterogeneity in the distribution of litter, possibly reflecting 

the variability of and distance from sources, the shape and activity of the canyons and the 

roughness of the seafloor (Galgani et al., 2000; Mordecai et al., 2011; Tubau et al., 2015; 

Woodall et al., 2015). 

 

4.2. Influence of human activities on the nature and distribution of litter 

 

Litter on the deep-sea bottom may be of terrestrial or maritime origin. Terrestrial sources 

probably predominate for plastics, which, due to their buoyancy, can travel large distances 

before settling down on the seafloor (Bergmann and Klages, 2012; Pham et al., 2014). 

Mordecai et al. (2011) concluded that most of the litter in Lisbon Canyon probably came from 

the land, because this canyon is located close to the shore. Litter from the land can be 

transported into the sea by rivers, and thence to the canyon system. This process clearly 

occurs at the submarine extension of the Rhone into the Gulf of Lion in the Mediterranean 

Sea (Galgani et al., 2000), the discharges of the Tordera River into the western Mediterranean 
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(Ramirez-Llodra et al., 2013; Tubau et al., 2015) and the Gironde estuary in the Bay of Biscay 

(Galgani et al., 1995). The predominance of plastic items among the litter observed in this and 

other studies (Galgani et al., 2000; Mordecai et al., 2011; Pham et al., 2014; Ramirez-Llodra 

et al., 2013; Schlining et al., 2013; Tubau et al., 2015) may indicate a major input of litter 

from terrestrial sources, but it is difficult to determine their precise source (Pham et al., 2014). 

The highest mean densities of plastics were observed in the Belle-île and Arcachon Canyons. 

The continental shelf is at its widest in the region of the Belle-île Canyon, but this section of 

the Armorican margin is probably under the influence of the Loire River (Jouanneau et al., 

1999) and has a high abundance of litter (Galgani et al., 2000). The Arcachon Canyon may be 

affected by discharges from the Gironde estuary, which are directed to the south west 

(Jouanneau et al., 1999), because zones of litter accumulation are found in this direction but at 

some distance from the estuary (Galgani et al., 2000). The coastline facing the Belle-île and 

Arcachon Canyons also attracts large numbers of tourists and recreational sailors, potentially 

contributing significantly to the accumulation of plastics items in these two canyons. 

Litter of maritime origin is more easily traced because it consists of rapidly sinking debris, 

such as glass bottles (Ramirez-Llodra et al., 2013), and activity-specific material such as 

pieces of longlines, nets and traps from the fishing industry. The number of glass bottles 

observed was highest for the Crozon Canyon and for the adjacent canyons and interfluves to 

the south (the Morgat and Douarnenez Canyons). This area is crossed by a major shipping 

lane, extending from the west of Spain to the English Channel. Many of these glass bottles 

may have been discarded from ships, because the disposal of glass at sea is still permitted 

beyond the territorial waters of states (> 12 nautical miles from the nearest land; Annex V of 

the Convention for the Prevention of the Pollution from Ships MARPOL 73/78). Another 

major shipping lane in the Bay of Biscay crosses the canyon system near the Croisic and 

Belle-île Canyons. No glass bottles were observed in these canyons, but we cannot exclude 
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the possibility that litter discarded from ships also contributed to the large amount of plastic 

items found in Belle-île Canyon. 

Fishing activities are widespread throughout the Bay of Biscay (Lorance and Leonardi, 2011), 

and this is reflected in the observed distribution of fishing-related items. Fishing-related items 

were observed in 11 canyons and on the edges of the continental shelf near the Lampaul and 

Odet Canyons.  

Most litter items, with the exception of plastic items, present in the canyons of the Bay of 

Biscay therefore probably originated from the maritime activities of the fishing, commercial 

and recreational sectors. These activities may also be a source of plastic items, but such items 

are unlikely to be of purely maritime origin, with many such items being transported from the 

land to the sea via rivers.  

 

4.3. Influence of environmental factors on litter distribution 

 

Marine litter is not distributed evenly over the deep-seafloor (Pham et al., 2014; Ramirez-

Llodra et al., 2013). Environmental factors may modify the transport and permanent 

deposition of litter. These factors include currents, which interact with topographic features at 

various spatial scales and are a major driver of the distribution of litter (Galgani et al., 2000; 

Mordecai et al., 2011). Canyons, which funnel deep-water currents from the shelf to the 

abyss, have been identified as large topographic features likely to act as a conduit for litter 

transport, particularly for light plastics (Galgani et al., 2000; 1996; Mordecai et al., 2011; 

Ramirez-Llodra et al., 2011; Schlining et al., 2013). This hypothesis is confirmed by the 

predominance of plastic items among the litter observed in nine of the 15 canyons included in 

this study, consistent with the findings of other canyon-related studies (Mordecai et al., 2011; 

Tubau et al., 2015). Pham et al. (2014) found that litter densities were higher in submarine 
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canyons than in other physiographic settings, such as continental shelves and seamounts, 

banks and mounds. The composition of litter in a submarine canyons is different compared to 

other settings. Half the items of litter found in submarine canyons were made of plastic (Pham 

et al., 2014), whereas only a small percentage of plastics were observed on seamounts (Pham 

et al., 2014; Vieira et al., 2015).  

Within canyons, litter transport and accumulation vary with the natural dynamics of the 

canyon and the roughness of the seafloor (Schlining et al., 2013). As canyons are thought to 

act as conduits of both natural and anthropogenic materials, litter might be expected to 

accumulate towards the lower parts of canyons. However, analyses of the depth distribution 

of litter have not given consistent results between canyons. Some studies have reported an 

accumulation of litter at greater depths (Galgani et al., 2000; Schlining et al., 2013; Tubau et 

al., 2015), but others have reported an absence of a relationship between depth and litter 

distribution (Fabri et al., 2014; Mordecai et al., 2011; Ramirez-Llodra et al., 2013). 

Downslope accumulations of litter have been suggested in canyons actively carrying sediment 

towards the deep-sea fan (Galgani et al., 2000; Mordecai et al., 2011). Stronger dense shelf 

water cascading events may also explain the transport to and accumulation of litter at greater 

depths in the Cap Creus Canyon than in La Fonera Canyon, in the Western Mediterranean Sea 

(Tubau et al., 2015). In the canyons of the Bay of Biscay, litter density varied according to 

depth. Litter was most abundant in the middle depth classes (‘801-1100 m’ and ‘1401-1700 

m’) in our study. However, little is known about current dynamics in the canyons of the Bay 

of Biscay. Along the Armorican margin, current strength and direction are driven by internal 

tides, and net downslope currents have been recorded in the upper parts of the Guilvinec, 

Audierne and Blackmud Canyons, with instantaneous current speeds as high as 1 m s-1 

(Khripounoff et al., 2014; Mulder et al., 2012). Net down-canyon currents extend to depths of 

1500 m in the Audierne Canyon, whereas up-canyon currents predominate at this depth in the 
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Blackmud Canyon. In both canyons, an alternation of up- and downslope currents suggests 

that particles should be trapped in these canyons (Mulder et al., 2012). This and the roughness 

of the seafloor (see below) may account for litter being most abundant in the middle of the 

depth range. Canyon dynamics may be different along the Aquitaine margin. In the Cap Ferret 

Canyon, just north of the Arcachon Canyon, the upper part of the canyon above 500 m depth, 

is a by-passing area, with sediments, and probably litter, passing straight through to 

accumulate in the middle region, at depths of 500 to 1500 m (Schmidt et al., 2014). The 

Arcachon Canyon has a distinctive morphology, more like a channel-levee system, with a 

broader canyon thalweg and very gentle flanks (De Chambure et al., 2013). Areas of 

deposition towards the lower part of the Arcachon Canyon may account for the accumulation 

of large amounts of litter, resulting in high densities for the 1401-1700 m depth class. 

In addition to depth, complex biological and geological structures significantly influence the 

distribution of litter in the canyons of the Bay of Biscay. Indeed, geological features, such as 

ledges, sand dunes, terraces and boulder fields, and biological structures, such as corals, may 

trap litter and prevent its onward transport with the current (Galgani et al., 1996). More litter 

was seen in rocky areas than in sandy habitats or habitats with cobbles off California (Watters 

et al., 2010). In the Monterey Canyon, litter tended to accumulate in high-relief outcrops or in 

depressions (Schlining et al., 2013). Large numbers of Cladorhiza gelida sponges were 

frequently found entangled with plastic, due to their emerging characteristics (Bergmann and 

Klages, 2012). In the Bay of Biscay canyons, the relative abundance of plastics, which are 

thought to be particularly prone to transport by currents, was higher in complex habitats than 

on bare substratum. Moreover, these complex habitats were dominated by corals, particularly 

along the Armorican margin, where they occurred predominantly in the 801-1100 m depth 

class. In the lower part of the Arcachon Canyon, complex structures were rare, but the largest 

accumulations of litter in the 1401-1700 m depth class were nevertheless observed next to 
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rocky outcrops. Seafloor roughness is thus a major driver of the local distribution of lighter 

marine litter, such as plastic items, which are trapped equally efficiently by biologically and 

geologically complex habitats.  

Several environmental factors, such as current (speed and direction) and geomorphology, can 

influence the accumulation of litter. These factors may act at different scales, from the entire 

Bay of Biscay down to individual canyons and, even small geological and biological 

structures.  

 

4.4. Impact of litter on benthic communities 

 

Litter can affect marine species and habitats by entanglement, suffocation, ghost fishing 

and/or physical damages to the sessile fauna (Kühn et al., 2015; Ramirez-Llodra et al., 2011). 

In the Bay of Biscay, VMEs, such as coral habitats, were found to be hotspots of litter 

accumulation, especially plastics. There was no evidence of a direct impact of plastic items on 

the benthic communities. However, fibres and particles released by plastic degradation may 

eventually be ingested by the suspension-feeders that are dominant in coral communities 

(Thompson et al., 2004). The effect of such contamination remains unclear, but it may have a 

cumulative effect with other anthropogenic factors (fishing, chemical contamination, climate 

change), resulting in a significant impact on deep-sea coral communities. 

Fishing-related items were found throughout the Bay of Biscay and, unlike plastics, were not 

preferentially associated with corals or with any other complex habitat. This suggests that 

fishing-related items may be too heavy for displacement by currents. However, 15 to 20% of 

the marine litter found in corals (including cable and ropes) was related to fishing activities, 

highlighting this additional, potentially strong pressure on the health status of corals.  
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In addition to its negative impacts, marine litter may provide a new habitat locally favouring 

beta diversity. Litter was found to be colonised by marine species from various taxonomic 

orders in this study, as in others. For example, actinians were found to have colonised a 

plastic sheet (this study; Fig. 1A), serpulid worms have been found on a missile (Wei et al., 

2012), hydroids have been observed on a metal oil drum (Mordecai et al., 2011) and the 

brachiopod Grypheus vitreus has been found on clinkers (Ramirez-Llodra et al., 2013). Litter 

items may provide protective structures for mobile fauna, fish in particular (Bergmann and 

Klages, 2012; Watters et al., 2010). In this present study, several fish (Macrouridae spp., S. 

kaupii and L. eques) and a lithodid crab species were seen in and around a large fishing net. 

The fish trapped in the net were probably dead, attracting the macrourids and S. kaupii, 

known to be scavengers (e.g. Cousins et al., 2013; Priede et al., 1990; and references therein). 

However, the net may also provide shelter, accounting for the presence of L. eques. Angiolillo 

et al. (2015) reported mobile species, such as crustaceans, echinoids and octopuses, using 

litter as a refuge, similar to Munida in our study. 

It appeared that 13.6% of the observed litter items in the Bay of Biscay was colonised, which 

is much less than 80% of litter reported by Angiolillo et al. (2015) and 67% reported by 

Bergmann and Klages (2012), of which the latter did not distinguish between colonisation or 

other interactions, such as entanglement. However, interactions between fauna and litter are 

rarely quantified in the literature and therefore the extent of litter colonisation or association 

remains largely unknown. The effects of such associations on the composition of benthic 

communities locally and regionally also remain to be determined. Such associations may 

increase local diversity, as seen in Portuguese canyons (Mordecai et al., 2011), but the 

replacement of existing species by other naturally occurring fauna can lead to non-natural 

changes to the composition of the local fauna (Bergmann and Klages, 2012), with effects on 

predation and competition for space and food. Colonisation may occur to such an extent that 
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older litter items may eventually be completely covered by organisms, such as the reef-

building scleractinian corals that cover the artificial substrate provided by oil rigs in the North 

Sea (Bell and Smith, 1999; Gass and Roberts, 2006).  

 

The effects of litter on benthic communities thus remain unclear, but the risk of cumulative 

adverse effects and application of the precautionary principle should foster an increase in 

public awareness and the establishment of regulations to prevent litter entering the oceans. 

Awareness of the presence of VMEs and the negative impact of human activities on those 

ecosystems is increasing. This awareness is the first step towards the establishment of 

measures limiting the introduction of litter into the submarine canyons of the Bay of Biscay. 

The establishment of Marine Protected Areas (MPAs), marine reserves and/or no-take zones 

(Ramirez-Llodra et al., 2011) is among the measures that could be taken. There is currently 

only one such zone in the Bay of Biscay, the no-take zone of Capbreton Canyon (Delayat and 

Legrand, 2011; Sanchez et al., 2013). A consensus between policy makers, scientists, 

industries making use of the deep-sea environment  (e.g. fisheries and oil and gas companies) 

and all other relevant stakeholders could be developed for this and other measures, such as 

stricter regulations on the disposal of rubbish.  

 

5. Conclusion 

 

An analysis of litter density and distribution on image footage showed litter to be widespread 

in the Bay of Biscay, with some of the highest densities ever found on European continental 

margins in the North-East Atlantic (up to 59,000 items km-2). This extensive study involved 

29 dives in 15 canyons and at three other sites on the edge of the continental shelf/canyon.  
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The litter in the Bay of Biscay is of both terrestrial and maritime origin. Plastic items were the 

most abundant type of litter, accounting for about 42% of the items observed, followed by 

fishing-related items (16%).  

The distribution of litter resulted from the interplay between litter sources, litter buoyancy and 

the nested scales of hydrodynamic processes. Some of the lighter plastic items probably 

arrived in the canyons from the Loire and Gironde rivers. These items would have been 

transported by large-scale currents to the shelf break and downslope. Within canyons, internal 

tides transported the light litter further downslope, until it eventually became trapped in areas 

of deposition, including complex biological and geological structures. Corals were found to 

be particularly favourable structures for the accumulation of plastic items. Glass bottles 

seemed to be linked to shipping activities, whereas fishing-related items were more evenly 

distributed both within and between canyons. 

Fishing-related items were not preferentially associated with corals, but they nevertheless 

accounted for 15-20% of the debris in these habitats. Even though litter has been shown to 

provide a habitat or shelter for benthic species, the cumulative impacts of litter and other 

anthropogenic pressures, such as fishing and climate change, suggest that effective prevention 

measures should be implemented to limit the discarding of litter in the marine environment.  
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Table 1: The number of litter, litter densities and main characteristics of the dive surveyed 

with the towed camera Scampi (BobGeo and BobGeo 2) or the ROV Victor 6000 (BobEco). 

The names of the canyons are listed from north to south. Litter densities per canyon are given 

in bold; it consists of the results of one dive if there was only one dive performed in that 

specific canyon or it consists of the mean between several dives when multiple were 

undertaken in one canyon. Standard deviations are provided between brackets, if possible. 

Mean values for the Bay of Biscay are also provided. 

 

Table 2: Details of the items allocated to each category: ‘Plastics’, ‘Fishing-related items’, 

‘Cables & ropes’ and ‘Other items’. The category ‘Glass bottles’ needs no further description, 

because only glass bottles were included in this category. The ‘Unidentified items’ are not 

described further either, because they were, by definition, impossible to identify. Individual 

items are listed in alphabetical order. 

 

Table 3: Litter densities (in items 100 images-1), the percentages of images showing at least 

one item of litter and the total number of images for each area of relief: “corals”, “other 

biological species”, “geological features” and “bare substratum”.  

 

Table 4: The different biological and geological structures forming each relief category. 
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Figure 1: Examples of marine litter; each representing one of six categories: A) “Plastic 

items” (BobGeo 2 cruise); B) “Cables and ropes” (BobEco cruise); C) “Fishing-related items” 

(BobGeo 2 cruise); D) “Glass bottles” (BobEco cruise) and E) “Other items” (BobEco cruise). 

 

Figure 2: The proportion items corresponding to each category in the Bay of Biscay (205 

items in total).  

 

Figure 3: The distribution and composition of litter in the canyons of the Bay of Biscay. The 

pie charts represent the proportion of each litter category among the total items found in the 

canyon concerned:  

 

Figure 4: The percentages of images showing signs of litter, from the total number (n) of 

images per 300-m depth class.  

 

Figure 5: The number of items allocated to each litter category within the different seafloor 

structures.  

 

Figure 6: The distribution of seafloor structures within each depth class. 
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Table 1: The number of litter, litter densities and main characteristics of the dive surveyed 

with the towed camera Scampi (BobGeo and BobGeo 2) or the ROV Victor 6000 (BobEco). 

The names of the canyons are listed from north to south. Litter densities per canyon are given 

in bold; it consists of the results of one dive if there was only one dive performed in that 

specific canyon or it consists of the mean between several dives when multiple were 

undertaken in one canyon. Standard deviations are provided between brackets, if possible. 

Mean values for the Bay of Biscay are also provided. 

 

Canyon Cruise Dive Av. 

Depth 

(m) 

Min. 

depth 

(m) 

Max. 

depth 

(m) 

Length 

(km) 

Tot no. 

Images 

No. 

litter 

items 

No. 

items 

per 100 

image
 

Sorlingues BobEco 477 746.6 381.4 1240.5 9.21 588 3 0.5 

Sorlingues BobEco 472 1598.2 1095.6 2358.6 2.94 180 0 0 

Sorlingues 

(mean) 

     6.07 

(±4.43) 
384 

(±288) 

1.5 

(±2.1) 
0.4 

Petite Sole BobEco 471 794.8 657.7 1000.4 7.86 458 6 1.3 

Petite Sole BobEco 476 955.0 943.0 964.9 2.63 199 3 1.5 

Petite Sole 

(mean) 

     5.25 

(±3.70) 
329 

(±183) 
4.5 

(±2.1) 
1.4 

Lampaul BobEco 478 805.2 509.1 1249.9 11.13 516 8 1.6 

Shelf-N BobGeo 1 291.5 223.4 353.9 2.05 97 2 2.1 

Chapelle BobGeo 3 467.1 426.9 527.4 0.80 20 0 0 

Chapelle BobGeo 4 784.8 560.3 1062.2 1.61 100 1 1.0 

Chapelle BobGeo 2 621.9 404.0 1082.0 2.93 150 2 1.3 

Chapelle 

(mean) 

     1.78 

(±1.08) 
90  

(±66) 
1.0 

(±1.0) 
1.1 

Crozon BobEco 479 929.9 673.9 1385.7 10.07 492 12 2.4 

Morgat BobGeo 5 742.4 418.3 1205.4 4.00 280 29 10.4 

Morgat BobGeo 6 707.8 572.9 915.8 1.06 81 3 3.7 

Morgat 

(mean) 

     2.53 

(±2.08) 
181 

(±141) 
16 

(±18.4) 
8.9 

Morgat - 

Douarnenez 

BobEco 480 880.9 704.6 1201.3 8.50 388 14 3.6 

Guilvinec BobEco 469 877.0 790.5 923.9 4.71 303 15 5.0 
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Odet BobGeo 

2 

6 700.9 345.2 1172.3 6.66 352 9 2.6 

Odet BobGeo 10 722.0 625.5 897.4 1.48 86 0 0 

Odet BobGeo 7 880.9 645.9 1320.9 2.83 213 7 3.3 

Odet BobGeo 9 710.1 542.9 917.6 2.15 140 1 0.7 

Odet 

(mean) 

     3.28 

(±2.32) 
198 

(±115) 
4.3 

(±4.4) 
2.1 

Shelf-S BobGeo 

2 

5 228.4 227.1 229.1 0.99 56 2 3.6 

Shelf-S BobGeo 8 334.8 293.4 393.3 2.71 173 11 6.4 

Shelf-S 

(mean) 

     1.85 

(±1.22) 
115  

(±83) 
6.5 

(±6.4) 
5.7 

Belle-île BobGeo 11 681.5 418.8 987.8 2.09 143 18 12.6 

Croisic BobEco 468 836.1 711.9 940.3 2.97 197 1 0.5 

St. Nazaire BobEco 467 1495.5 1148.1 1763.2 2.15 129 5 3.9 

Rochebonne BobEco 465 949.8 587.2 1498.6 3.25 134 5 3.7 

Ars BobEco 466 801.8 517.1 1094.7 2.90 172 1 0.6 

Ars BobGeo 

2 

1 717.6 463.3 1196.5 5.16 207 2 1.0 

Ars 

(mean) 

     4.03 

(±1.59) 
190  

(±25) 
1.5 

(±0.7) 
0.8 

Arcachon BobGeo 

2 

2 1261.4 1103.6 1534.4 5.21 151 0 0.0 

Arcachon BobGeo 

2 

3 1392.9 1261.4 1517.1 4.35 76 30 39.5 

Arcachon BobGeo 

2 

4 933.6 768.9 1086.8 4.52 174 8 4.6 

Arcachon 

(mean) 

     4.69 

(±0.46) 
134  

(±51) 
12.7 

(±15.5) 

9.5 

Bay of 

Biscay 

  836.4 223.4 2358.6 119 

(total) 

6255 

(total) 

198 

(total) 

3.2 

(mean) 
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Table 2: Details about the items allocated to each category ‘Plastics’, ‘Fishing-related items’, 

‘Cables and ropes’ and ‘Other items’. The category ‘Glass bottles’ does not need to be 

detailed, since only glass bottles are allocated to this category. The items in ‘Unidentified 

items’ are not specified neither, since it was impossible to identify these items. Individual 
items are in alphabetical order. 
 
Plastic Fishing-related items Cables & ropes Other items 

Bags Gill- or trawl nets Cables Artillery 
Fake Christmas tree  Longlines Ropes Ceramic cups 
Hard plastics Mesh Wires Ceramic plates 
Sheets Parts of fishing gear   Cloth/fabrics  
Tubes Traps  Metal drinking cans 
   Metal items 
   Metal pipe 
   Rubber tubes 
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Table 3: The different biological and geological structures constructing each relief-category. 
 

Coral Other biological 

species 

Geological structures Bare sediment 

Antipatharians Actiniaria Boulders Consolidated mud 
Gorgonians Brachiopoda Cobbles Gravel 

Scleractinians Cerianthids Pebbles Hard substrate 
Scleractinian rubble Oysters Mix of two or more of 

the above 
Soft sediment 

Seapens Oyster and other shell 
debris 

Rocky outcrops  

Mix of two or more of 
the above 

Sponges Ledges  

Mix of corals and 
xenophyophores 

Xenophyophores Steps  

  Very high slope  
  Walls  
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Table 4: The litter densities, percentages of images showing one or more items of litter and 
the total number of images for each relief-areas: “Corals”, “other biological species”, 

“geological features” and “bare substratum”.  
 
 

Relief-type Total number 

of images 

Number of images 

showing litter 

Litter density 

(items 100 images
-1

) 

Percentage images 

showing litter 

Coral 2216 85 4.5 3.9 
Other biological 

species 

345 5 1.4 1.5 

Geological 

structures 

443 19 9.9 4.3 

Bare substratum 3251 42 1.5 1.3 
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