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Marine litter is recognized as a global environmental concern. Seafloor litter can
provide important information to help assess the status of the marine ecosystem and is
relatively easy to collect on a regular basis. The Belgian fisheries area covers different
parts of the OSPAR Greater North Sea region and the Celtic Seas. In these regions,
seafloor litter data were gathered by quantifying the litter items caught in the trawl net
during two different fisheries surveys to investigate litter distribution on both regional
and local scales. In the international beam trawl survey (BTS), covering essentially the
OSPAR Greater North Sea and Celtic Seas, an average of 2.2 + 0.05 items.ha™ were
caught with a median of 1.4 items.ha™. In the environmental monitoring survey (EMS)
only the Belgian part of the North Sea was covered and a smaller cod-end mesh size
was used, resulting in 12.7 + 1.7 litter items.ha™! in the coastal zone (< 12 nm) and 2.8 +
0.2 items.ha™* in the more offshore zone (> 12 nm). In both surveys plastic items were
predominant, representing up to 88% of the collected litter in the Belgian part of the
North Sea. The impact of human activities at sea such as fisheries, sand extraction,
wind farms and dredge disposal was investigated. A significant correlation was found
between fishing activities and the amount of litter registered in the Belgian part of the
North Sea, but not for the OSPAR Greater North Sea and Celtic Seas.

KEYWORDS

bottom trawl survey, dredge disposal, fishing activities, litter contamination, North Sea,
offshore wind farms (OWFs), sand extraction, seafloor litter

1 Introduction

Marine litter consists of man-made solid waste materials that end up in the marine
environment. An estimated nine to 14 million tons of marine litter enters the oceans each
year and by 2040, this amount is expected to rise above 23 million tons (United Nations
Environment Programme, 2021). Marine litter mainly consists of plastic (61% - 87%)
(Bergmann et al., 2017; Sheppard, 2018) and the main source is land-based (United Nations
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Environment Programme, 2021). Nevertheless, marine litter has also
been associated with fisheries and mariculture (Buhl-Mortensen and
Buhl-Mortensen, 2017; Gutow et al,, 2018). A link between litter
distribution and fishing intensity was observed on a regional scale
(Buhl-Mortensen and Buhl-Mortensen, 2018). However,
hydrodynamic and geomorphological processes can influence the
spatial distribution of marine litter (Koutsodendris et al., 2008;
Ramirez-Llodra et al,, 2013) resulting in its accumulation in all
habitats of the world’s oceans, even in the most remote areas such
as the Arctic (Browne et al, 2011; Bergmann and Klages, 2012).
Human activities at sea could also affect the seafloor litter distribution.
Sand extraction and dredge disposal activities may disturb the seabed
resulting in hydrodynamic accumulation of seafloor litter (Fakiris
et al., 2022), whereas, for offshore wind farms, no clear link has been
reported so far (Abramic et al., 2021).

Depending on the density of the material, marine litter can sink to
the sea floor, drift in the water column or float in surface water
(OSPAR, 2014; Cozar et al, 2015). Marine litter can impact the
benthic habitat and reduce photosynthesis and the movement of
organisms, gases and nutrients (OSPAR, 2017b). Additionally, marine
litter can be swallowed and can entangle organisms, which may injure
them, reduce mobility, or even result in their death (Foekema et al.,
2013). In combination with other stressors such as climate change, a
negative synergistic effect is observed on the marine ecosystem (Ford
et al,, 2022). Therefore, marine litter has been recognized as a global
concern and a major environmental challenge (Law, 2017;
Laufkoetter et al., 2020).

The European Marine Strategy Framework Directive (MSFD)
states that marine litter should be contained to a level where it does
not harm the coastal and marine environment with specification of
the different compartments to be evaluated (MSFD, 2008/56/EC;
2017/848/EU; Descriptor 10, criterion 2). Additionally, the zero
pollution action plan aims to improve water quality by reducing
plastic litter at sea by 50% by 2030 (European Commission, 2021). As
a consequence, documentation and follow-up of the state of litter
pollution is necessary. A possible way to monitor seafloor litter, is by
assessing the litter content in a fishing haul. Within fisheries
campaigns of the International Council for the Exploration of the
Sea (ICES) such as the International Bottom Trawl Survey (IBTS) and
Beam Trawl Survey (BTS), joined protocols to record litter in a
standardized manner have been defined (Moriarty et al., 2016; ICES,
2018b; ICES, 2022). This approach has the advantage of combining
fisheries and environmental monitoring.

Between 2007 and 2017, no change in plastic pollution on the
seafloor was observed in the North Sea (Maes et al., 2018), whereas in
the Baltic Sea, a slight increase was observed (Zablotski and Kraak,
2019). Kammann et al. (2018) reported a mean seafloor litter
abundance of 0.17 items.ha™ and 0.05 items.ha™, respectively for
the North Sea and Baltic Sea (mesh size of 20 mm). In the German
part of the North Sea, seafloor litter was detected in 70 out of 122
bottom trawls with a mean of 13.1 (SD= 33.5) items.ha™' (mesh size of
10 mm) (Gutow et al, 2018). In France, a decreasing trend was
observed from 2000 to 2013 followed by an increasing trend towards
2017 (Gerigny et al,, 2019). Although the amount of litter found in
many coastal areas remained steady over the years, the total amount
of marine litter increased. Remote areas can act as reservoirs in which
litter accumulates over time making it challenging to predict the
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overall effect of marine litter on the marine ecosystem by only
monitoring coastal and nearshore areas (Galgani et al., 2021).

The main goal of this study is to assess the distribution of litter on
a regional scale (OSPAR Greater North Sea and Celtic Seas) and a
local scale (Belgian part of the North Sea) based on data from the BTS
and from a local environmental monitoring survey (EMS). Because
the EMS applied a net with a smaller cod-end mesh size (20 mm)
compared to the BTS (40 mm), smaller litter fragments were detected,
resulting in a more profound assessment. The spatial distribution of
litter was mapped and linked to possible sources at sea such as fishing
activities, offshore wind farms, sand extraction, and dredge
disposal activities.

2 Materials and methods
2.1 Data collection

To assess seafloor litter in the OSPAR Greater North Sea and Celtic
Seas, BTS data were extracted from the ICES DATRAS database that
contains the haul information from 2011 to 2019 submitted by Belgium,
Germany, the Netherlands and Great Britain (Dataset ICES, 2021a). Data
were collected using a beam trawl of 4 to 8 m and a net with a cod-end
mesh size of 40 mm (stretched). To assess seafloor litter on a local scale,
data were collected within the EMS conducted by the Flanders Research
Institute for Agriculture, Fisheries and Food (ILVO-Marine) from 2013
to 2019. The EMS data covers the Belgian part of the North Sea, an area
of 345,400 ha situated along the Belgian coast in Western Europe. Data
were collected in spring (March) and fall (October) using a beam trawl of
8 m and a net with a cod-end mesh size of 20 mm (stretched). A
complete overview of the different hauls collected during the EMS is
reported in the Supplementary Material Table S2. In both campaigns
(EMS and BTS), seafloor litter was collected according to OSPAR (2017a)
and MSFD (JRC, 2013) guidelines.

2.2 Data cleaning and quality validation

A total of 2800 observations (hauls) were obtained from the BTS
database. The measured haul length was compared with the calculated
haul length (D):

T
180

)cos((90—Lh)L> + (1)

D = 1000r,acos ( cos((90 - L) 180

sin((90 -L) %) sin((90 -Ly) ?ZCO) cos((ls -1 %) ) i

with r, the radius of the earth, L, the shoot latitude, L;, the haul
latitude, I, the shoot longitude, and I, the haul longitude. In the BTS
data, the length of 12 hauls was missing and the length of 24 hauls
deviated by more than 20% when compared to the calculated haul
length. For these 36 hauls, the calculated haul length (D) was used
instead of the measured haul length. Observations that were labelled
as invalid were excluded, as were the hauls with missing or
inconsistent data and three outliers with over 100 items. In total
2695 observations were maintained including 324 tracks with no
litter. A detailed description of the data cleaning is given in the
Supplementary Material.
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From the EMS, a total of 467 observations (hauls) were included in
the dataset. After removing six hauls with (partially) missing data, a total
of 461 observations were retained, including 29 hauls with no litter. If no
length was available, the distance between the shoot and haul of the track
was calculated according to Eq. 1. For both surveys, the data were
standardized by dividing the number of items by the surface area swept
by each haul (length of the haul times length of the beam).

2.3 Data processing

Data processing was performed in R (version 4.1.2). For the BTS,
seafloor litter data were visualized using grid cells of 0.5x0.5 degrees,
while for the environmental survey (EMS) data in the Belgian part of
the North Sea, grid cells of 0.05x0.05 degrees were used. The
midpoint of each haul was used to allocate the haul to a grid cell.
All observations within the same grid cell were pooled. The number
of hauls per grid cell is illustrated in Figure 1. The midpoints of
each haul were also linked to the sediment type using the
EMODnet-Geology substrate map (scale 1:250.000) (Version
October 2016) (Van Lancker et al., 2008). The Folk classification
was used to make a distinction between the percentage of mud
(<63um), sand (63um - 2mm) and gravel (>2mm). In total four
sediment types were encountered (muddy sand, sand, coarse substrate
and mixed sediment). Because mixed sediment was only encountered
in one haul, it was not included in this study.

Litter was divided into categories: plastic (A), metals (B), rubber (C),
glass and ceramics (D), natural products (E), and miscellaneous objects
(F) (JRC, 2013). Each category can further be divided into subtypes. To
study litter originating from fishing activities, subtypes monofilament
fishing line (A5), entangled monofilament fishing line (A6), fishing net
(A8), fishing related metal (B3) and fishing related rubber bobbins (C3)
were combined. This remains indicative as, on the one hand, not all
monofilaments (A5-A6) will originate from fisheries, and on the other
hand synthetic ropes (A7) can also originate from fishing activities. A full
overview of the litter categories is reported in the Supplementary Material
in Table S1. In this text, the mean amount of litter is reported with its
standard error (SE) unless otherwise stated.

2.4 Linking litter data to human activities

The effect of fisheries was further studied by assessing the fishing
intensity in the North Sea. Data on bottom fishing (beam trawler,
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FIGURE 1

Left panel: spatial overview of the number of hauls per grid cell (0.5 x 0.5) (2011-2019 combined) for BTS in the OSPAR Greater North Sea and Celtic
Seas (N = 2695). Right panel: spatial overview of the number of hauls per grid cell (0.05 x 0.05) (2013-2019 combined) for the EMS in the Belgian part of

the North Sea (N = 461)
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dredge, demersal seine and otter trawl) was retrieved from OSPAR
special request to ICES (ICES, 2018a). over a period of 2011 to 2019.
The data were aggregated and mapped in Figures S2 and S3 in
Supplementary Material. Three parameters can be distinguished:
fishing hours, surface swept area ratio (SAR) (penetration depth of
gear components < 2 cm), and sub-surface SAR (penetration depth of
gear components 22 cm). The fisheries data were allocated to grid
cells of 0.05 x 0.05 degrees. The BTS data were reallocated to a 0.05 x
0.05 degrees grid, allowing for both datasets to be merged.

Locations of other human activities that take place in the Belgian
part of the North Sea such as dredge disposal, sand extraction and
offshore wind farms are shown in Figure 2. Within the EMS, to assess
the effect of each activity on the litter contamination, litter was
collected in the area where the activity took place (impact), in the
surrounding area (nearby) and at reference locations (reference).
Dredged material is disposed of over five dredge disposal sites that
are located in the Belgian part of the North Sea (LNP, Br&WOO,
Br&WZE, Br&WS1 and Br&WS2).

The polymer type of plastic seafloor litter collected during the
spring EMS of 2021 was identified as described by Velimirovic et al.
(2022) using a Nicolet iS™ 10 FTIR Spectrometer (Thermo Fisher
Scientific, United States). Before analysis, all samples were carefully
cleaned with Milli-Q water and dried. The spectra were recorded in
the region 4000 to 400 cm™ with a resolution of 4 cm™ averaging 32
scans for each measurement. The recorded FTIR spectra were
processed using the OMNIC Specta software and compared to the
reference spectra available in the FTIR Spectral Library (Thermo
Fisher Scientific, United States) including (i) Polymers, (ii) the
Hummel Polymer and Additives, (iii) Polymer Additives and
Plasticisers, (iv) Polymers and Plasticisers. Before starting and after
every 20 consecutive measurements a background spectrum was
recorded to reduce the noise in the spectra and receive the most
accurate match with the assigned reference spectra. Samples with a
match less than 75% were reported as undefined.

2.5 Statistical analysis

The litter data of the EMS and BTS were not normally distributed
(Shapiro-Wilk test; p< 0.05). Therefore, a generalized linear mixed-
effect model using a Poisson distribution was fitted between the log-
transformed number of litter items and the litter type, litter subtype,
sediment type and distance towards the coast. The sample locations
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FIGURE 2

Spatial overview of the monitoring sites in the Belgian part of the
North Sea according to specific human activities at sea sampled
between 2013 and 2019 (differentiating between the location of the
activity, close to the activity and reference site). The 12 nm line
separating the coastal area and offshore area has also been drawn.
Note: some reference sites were used as a reference for several
activities and may therefore be included more than once.

(stations) were included as a random effect. The Poisson distribution
uses counts, and hence differences in haul lengths are not
incorporated. However, histograms revealed that the majority (90%)
of the haul lengths deviated less than 30% for the BTS and 20% for the
EMS. A boxplot representing the haul lengths has been included in
the Supplementary Materials (Figure S1). The model was constructed
using the glmer function in R and group dependency was calculated
using lsmeans. For the fishery intensity data (fishing hours, SARs,
subSARs), for each sample location, the total sum of litter items was
calculated and the number of observations was included as an offset
variable. The model was constructed using the glm function in R. The
statistical reports generated in R were included in the Supplementary
Materials. The spatial distribution of the different litter types was
analyzed using non-metric multidimensional scaling (NMDS) using
the metaMDS function.

Items per ha

48°N|

10°W 5°W 0° 5°E 10°E

FIGURE 3

Left panel: average number of litter items per grid cell for the BTS, pooled over a period of 2011 to 2019 (n = 2695). Right panel: The mean number of
litter items per grid cell for the Belgian part of the North Sea, pooled over a period of 2013 to 2019 (n = 461).
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3 Results and discussion
3.1 Spatial variation of litter

The number of litter items caught in nets within the BTS (2011-
2019) is shown in the left panel of Figure 3. All BTS hauls were located
outside the 12 nm zone. An average of 2.2 + 0.05 items.ha™ were
caught with a median of 1.4 items.ha™". This was in line with what was
found in the EMS (2013-2019) for which 2.8 + 0.2 items.ha™ were
found offshore (> 12 nm zone) and 12.7 + 1.7 litter items.ha™ in the
coastal zone. The BTS covers a large area allowing to assess the effect
of fisheries on litter contamination. However, the BTS does not cover
coastal or nearshore areas where other human activities such as
offshore wind farms and dredge disposal sites occur. The EMS
could, therefore, further complement the assessment of marine
litter in these areas. In the coastal zone, a four to five times
significantly higher (glmer; p=3.05e-12) litter abundance was
observed which can possibly be explained by the proximity of land-
based activities such as tourism, industry, etc. (Lohr et al., 2017).

No clear spatial trend was observed for the OSPAR Greater North
Sea and Celtic Seas, although a slightly higher number of litter was
observed nearby the Dutch coast (see left panel of Figure 3). This is in
contrast to the OSPAR intermediate assessment, where an increasing
north-south gradient was observed in the OSPAR Greater North Sea
and Celtic Seas which was linked to different inputs such as human
activities, rivers, sea currents, and winds (OSPAR, 2017b; OSPAR,
2022). Within the EMS, a higher abundance of litter was observed in
the eastern coastal zone of the Belgian part of the North Sea (see right
panel of Figure 3). The deposition of litter mainly occurs in the area of
the Belgian part of the North Sea where the velocity of water decreases
and coincides with the sedimentation of muddy to muddy sand soil
particles (Fettweis et al., 2009). This is reflected in the left panel of
Figure 4, where a higher abundance of litter was associated with these
mud to muddy sand areas. The litter abundance of coarse substrate
and sand were not significantly different and resulted in a predicted
litter abundance of respectively 4.70 items.ha™ and 5.48 items.ha™.
For mud to muddy sand areas, a significantly higher (glme; p< 0.001)
litter abundance of 10.94 items.ha™" was observed.

The variability in litter contamination for the EMS between
consecutive years is illustrated in the right panel of Figure 4. In the
coastal zone (<12 nm), the variability in litter collection was high. In
2013, 2015, and 2019, a maximum yearly average (spring and fall
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FIGURE 4

Left panel: The mean number of litter items.ha™* according to sediment type per substrate material based on the Folk classification (EMS, 2013-2019).
Error bars show the 95% confidence interval. Right panel: mean number of litter items.ha™ within and beyond 12 nm of the Belgian coast, per year
between 2013 and 2019 for the EMS. Error bars show the 95% confidence interval.

surveys) of 5.3 + 1.3 litter items.ha™ was observed within the 12 nm
zone, whereas, in 2014, 2016, 2017, and 2018, the annual averages
observed started from 10.1 + 4.0 up to 24.6 + 4.0 litter items.ha™* in
the same area. This can be caused by natural variability. Next, the
collection of seafloor litter is often a secondary objective in fisheries
surveys, and thus, the interpretation, attention and interest depend
upon the observer, possibly resulting in high variability between
different surveys and between consecutive years (Kammann et al,
2018; Maes et al., 2018; ICES, 2021b).

3.2 Variations in litter items

Within the BTS, 77% of the items were plastic, followed by
miscellaneous (6.4%), rubber (6.0%) and natural products (5.5%).
Within the plastic litter category, dominant items were plastic sheets
(A2, 25%), monofilament (A5, 11%), synthetic rope (A7, 11%),
entangled fishing lines (A6, 6%), and fishing nets (A8, 2%). These
results were in line with the EMS in which 88% of the litter was
plastic, with 87% of plastic in coastal areas and 92% of plastic in
offshore areas (see Table 1). This was also coherent with the literature
in which plastic was estimated to account for 80% of the global marine
litter items (UNEP, 2016). Within the international bottom trawl
surveys (IBTS), plastic percentages of 58%, 68% and 98% were
recorded respectively for the Celtic Seas, Greater North Sea and
Eastern Bay of Biscay (OSPAR, 2017b). Moreover, according to
OSPAR (2022), the most commonly found plastic litter items in the
OSPAR Greater North Sea were sheets, synthetic rope, bags,
entangled and monofilaments and fishing nets.

On the North-West side of the BTS area (near Scotland), a higher
abundance of non-plastic items such as metals, rubber, glass/ceramic,
natural products and miscellaneous products was recorded compared
to the OSPAR greater North Sea. This is also illustrated in Figure 5,
where sample locations situated between 56N - 58N and 1W - 2E
were clustered separately. Based on an observational analysis, plastic-
based litter was recorded in high abundance near the Dutch coast and
consisted mainly of ropes and filaments (A5, A6, and A7), but did not
cluster separately in an NMDS plot. Within the plastic category (A) of
all BTS data, sheets (A2) and filament lines (A5 and A6) were most
abundant which was in accordance with the observation made by
Kammann et al. (2018).
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Within the EMS, relatively more sheets (A2), bottles (A1), crates
and containers (A11) and caps and lids (A4) were found in coastal
areas compared to offshore areas (>12nm). These items may be
associated with a land-based origin. While in offshore areas, more
monofilaments (A5) were encountered compared to other items.
Monofilaments are often low-density polyethylene (Bekaert et al.,
2015) and can thus be transported over longer distances before
sinking to the seafloor. For non-plastic litter, natural products such
as processed wood had the highest occurrence followed by the
miscellaneous group and glass/ceramics. In contrast to plastic litter,
no clear spatial pattern could be found in relative abundance for the
different non-plastic categories.

In the plastic category (A), 8 to 10 independent subtype groups
are detected in both BTS and EMS data (see Table 2). Only certain
subtypes such as cable ties (A9) and bands (A10) resulted in a similar
contamination pattern. Type B to F litter can be divided into two or
three similar groups, with different subtypes resulting in similar
contamination patterns. For example, for the BTS, the spread of
beverage cans (B2) revealed a different pattern than contamination by
other metal items, whereas for the EMS, beverage cans (B2) had a
similar contamination pattern compared to other metal subcategories
(B1 to BY).

Examination of the polymer composition of plastic litter in the
EMS in the Belgian part of the North Sea showed that (high density)
polyethylene (36%) and polypropylene (20%) were the most
abundant. This was expected as these two polymers make up for
more than 50% of the total plastic production (Birch et al., 2020).
About 25% of the items resulted in an inconclusive FTIR result,
mainly due to weathering processes. A complete overview of the
results is presented in Table S3 in the Supplementary Material.

3.3 Impact of human activities on the litter
distribution

Tt has been demonstrated that fisheries are a source of marine
litter (Garcia-Alegre et al, 2020). Fishery-related litter consists of
fishing lines (A5 and A6), fishing nets (A8), fishery-related metals
(B3), and rubber bobbins (C3). According to Hermans (2021), a
higher share of plastic filaments was observed in the North Sea
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TABLE 1 Overview of litter items from the EMS within and beyond the 12 nm zone in the Belgian part of the North Sea. % is expressed as items of this

category relative to the total number of litter items within this zone.

Litter category

Within 12nm zone

Beyond 12nm zone

Number of items % of items Number of items % of items

Al Bottle 73 2.0 2 0.2
A2. Sheet 1525 41.5 267 26.3
A3. Bag 43 12 7 0.7
A4. Caps/lids 61 1.7 4 04
A5. Fishing line (monofilament) 718 19.6 450 44.3
Ae6. Fishing line (entangled) 405 11.0 70 6.9
A?7. Synthetic rope 97 2.6 83 82
A8. Fishing net 16 0.4 7 0.7
A9. Cable ties 2 0.1 1 0.1
A10. strapping band 8 0.2 3 0.3
A11. Crates and containers 69 19 3 0.3
Al2. Diapers 0 0 0 0

A13. Sanitary towel/tampon 1 0.1 0 0

Al4. Others 167 4.5 34 33
Total 3185 87 931 92
B. Metal 46 1.2 8 0.8
C. Rubber 27 0.7 8 0.8
D. Glass/ceramics 83 2.3 11 1.1
E. Natural products 238 6.5 39 3.8
F. Miscellaneous 92 2.5 18 1.8
Total 486 13 84 8

compared to the Scheldt estuary and may be linked to the use of dolly
rope during fishing activities. Although in our study a higher
abundance of fishing gear was detected in coastal areas compared
to offshore, its relative share was lower, being 31% in coastal areas
compared to 52% in offshore areas.

In the area covered by the BTS (N = 962), no correlation at all was
observed between the litter contamination and the number of fishing
hours (glm; p =1), surface SAR (glm; p =1), and subsurface SAR (glm;

p =1). Within the EMS, a significant correlation (N = 66) was detected
between the litter contamination associated with fishing activities and
the number of fishing hours (glm; p< 2e-16), subsurface SAR (glm; p<
2e-16) and surface SAR (glm; p< 0.005). The area with the highest
fishing intensity was situated closest to the coast. This was also the
area where most litter items were found. However, other effects such
as sedimentation may also affect the litter contamination.
Sedimentation areas can act as a reservoir in which litter that was
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FIGURE 5

A nonmetric multi-dimensional scaling assessing the difference in composition between the different sample locations for the BTS and EMS. The fill
colour represents the latitude and the stroke colour represents the longitude of each datapoint.
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TABLE 2 Independence of subtype litter per type for the BTS and EMS.

10.3389/fmars.2023.1124580

Sub type
Al 0.058 0.006 4/5 0.098 0.015 4
A2 0.741 0.031 10 2.352 0.251 8
A3 0.339 0.017 7 0.066 0.011 3/4
A4 0.022 0.003 2/3 0.085 0.014 4
A5 0.488 0.023 8 1.533 0.166 7
A6 0.189 0.012 6 0.623 0.071 6
A7 0.399 0.019 7 0.236 0.030 5
A8 0.075 0.007 5 0.030 0.007 2/3
A9 0.036 0.004 3/4 0.004 0.002 1
Al0 0.043 0.005 4 0.014 0.004 1/2
All 0.035 0.004 3/4 0.094 0.015 4
Al2 0.002 0.001 1
Al3 0.010 0.002 1/2 0.001 0.001 1/2
Al4 0.638 0.023 9 0.264 0.033 5
B1 0.022 0.003 2 0.005 0.003 1
B2 0.064 0.006 3 0.014 0.005 1
B3 0.004 0.002 1
B4 0.001 0.001 1
B5 0.003 0.001 1 0.003 0.002 1
B6 0.001 0.001 1
B7 0.004 0.001 1 0.001 0.001 1
B8 0.038 0.005 2 0.043 0.009 2
Cl1 0.008 0.002 1
C2 0.005 0.002 1 0.005 0.003 1
C3 0.058 0.006 2 0.001 0.001 1
C4 0.004 0.001 1 0.009 0.004 1
C5 0.060 0.006 2 0.030 0.007 2
[0 0.109 0.008 3
D1 0.005 0.002 1
D2 0.044 0.005 2 0.017 0.005 1
D3 0.052 0.005 2 0.098 0.015 2
D4 0.002 0.001 1 0.008 0.003 1
El 0.398 0.019 4 0.198 0.026 4
E2 0.071 0.006 3 0.102 0.016 3
E3 0.019 0.003 2 0.001 0.001 1
E4 0.002 0.001 1
E5 0.031 0.004 2 0.062 0.011 2
F1 0.077 0.007 2 0.079 0.013 2
(Continued)
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TABLE 2 Continued

10.3389/fmars.2023.1124580

Sub type
F2 0.019 0.003 1 0.001 0.001 1
F3 0257 0.014 3 0.064 0.011 2

transported in the water column sinks to the seafloor. This often
coincides with mud to muddy areas in which silt particles are also
deposited from the water column.

A low correlation between fishing activities and marine litter has
also been reported by other authors (Buhl-Mortensen and Buhl-
Mortensen, 2018; Garcia-Alegre et al., 2020) and may be explained by
different factors. First, the number of recorded litter is often low with
high variability resulting in a lack of power and hampering the
detection of correlations. Second, the spread of litter is not only
related to its source, but also to hydrodynamic and geomorphological
characteristics (Koutsodendris et al., 2008), resulting in the
accumulation of litter even in remote areas. Third, fishing activities
can delocalize litter during fishing operations, reducing the litter
density (Lopez-Lopez et al.,, 2017). The latter was also observed by
Eriiz et al. (2022) who found that the litter abundance was lower in
trawl zones compared to no-trawl zones. The litter caught in fishing
nets is often thrown back overboard, resulting in a drift of the litter
items according to the currents.

The effect of other human activities in the Belgian part of the
North Sea is illustrated in Figure 6. No significant difference was
observed between impact, reference and low activity areas for sand
extraction (glme; p = [0.61-0.96]) and between impact, reference and
nearby for offshore wind farms (glme; p = [0.35-0.95]). For sand
extraction areas, an average of 2.4 + 0.3 litter items.ha™! was observed
at impact locations compared to 2.7 + 0.3 litter items.ha™ at reference
locations. Also the presence of offshore wind farms did not affect litter
contamination, with respectively 2.6 + 0.6 and 2.2 + 0.2 items.ha™* at
impact and reference locations. These areas were mainly located
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Mean items per ha
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FIGURE 6

The average number of litter items.ha™ at sand extraction and
offshore wind farm areas and corresponding reference areas between
2013 and 2019 with 95% confidence interval.
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offshore and were exempted from other activities such as shipping
and fishing.

The effect of dredge disposal can be observed at five dredge
disposal sites located within the 12 nm zone (see Figure 2). A higher
amount of litter was observed at dredge disposal sites (21.6 + 5.2
items.ha™) compared to reference locations (in the coastal area (<12
nm)) (11.5 + 1.5 items.ha™") (glme; p< 2e-16). There was a variation in
litter contamination between dredge disposal sites. The highest
contamination was observed at Br&WZE (61.4 + 26.4 litter
items.ha’l), whereas the lowest contamination was observed at LNP
(6.4 % 1.1 litter items.ha™"). This coincides with the dumping intensity
at both sites, where a higher amount of dredge was disposed of at
Br&WZE (1.84 ton dry matter (DM.m_Z.year_l) compared to LNP
(0.08 ton DM.m_z.year_l) in the period between 2007 and 2017
(Lauwaert et al., 2019). Nevertheless, each dredge disposal site has a
different sediment composition and is exposed to different currents
and sedimentation conditions, which can also influence the
contamination by litter. To minimize these environmental effects,
impact locations, as well as nearby and further away reference
locations, were compared. Only at Br&WZE a substantially higher
litter contamination was observed compared to nearby locations (15.0
+ 6.0 litter items.ha™!) and reference location (11.5 + 2.9 litter
items.ha™'). This indicates that a high degree of litter contamination
can be caused by dredge disposal activities when dredge disposal
intensities are high.

4 Conclusion

Marine litter was assessed on the seafloor in the OSPAR Greater
North Sea and Celtic Seas, by collecting trawling data from two
different surveys: the BTS (2011-2019) and the EMS (2013-2019). The
BTS data allows for the assessment of litter on a large scale whereas
the EMS offers a unique dataset with a high density of hauls in coastal
and offshore areas in the Belgian part of the North Sea. Especially in
the coastal area, a four to five times higher litter contamination was
observed compared with offshore areas.

Litter mainly consisted of plastic (88%). Heavier litter items with
land-based sources such as bottles or crates and containers were
especially found in the coastal area of the Belgian part of the North
Sea, whereas low-density filament fishing lines were more equally
distributed over the Belgian part of the North Sea. In the area covered
by the BTS, filament fishing lines had the highest densities in front of
the Dutch coast. Different factors may impact distribution patterns, as
not only the location of the source plays a role, but also hydrodynamic
and geomorphological characteristics impact litter distribution. As a
consequence, correlations between litter distribution and human
activities are difficult to make. No increased number of litter items
was observed at sand extraction and offshore wind farm areas.
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A hotspot marine litter location was identified at dredge disposal site
Br&WZE, at the eastern coastal zone of the Belgian part of the North
Sea. Although, in this area too, the effects of dredge disposal cannot be
unambiguously differentiated from the effect of hydrodynamic
processes such as sedimentation. A significant correlation was
found between fishing activities and the amount of litter registered
in the Belgian part of the North Sea, but not for the OSPAR Greater
North Sea and Celtic Seas. Nevertheless, up to 52% of the collected
litter in the offshore area of the Belgian part of the North Sea can be
linked to fishing activities.
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