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Summary: Seabed litter of the Flemish Pass area (NW Atlantic Ocean) was analysed and described using data from the
EU-Spain groundfish survey (2006-2017 period). This study presents baseline information on seabed litter in this area. The
Flemish Pass is located in areas beyond national jurisdiction within the Northwest Atlantic Fisheries Organization Regula-
tory Area Division 3L. A total of 1169 valid bottom trawl hauls were analysed (104-1478 m depth). Litter was found in 8.3%
of the hauls, with mean densities of 1.4+0.2 items km=2 and 10.6+5.2 kg km™. An increasing pattern with depth was found,
the highest densities of seabed litter being identified in the deepest areas located in the Flemish Pass channel and down the
northeastern flank of the Grand Bank. Fishing was found to be the main source of marine litter, and 61.9% of the hauls with
litter presence showed litter included in the fisheries-related litter category. Whereas in most cases the litter was composed
of small fragments of rope, in other cases it was composed of entire fishing gears such as traps. Plastics, metal and other an-
thropogenic litter were the next most abundant categories, accounting for 18.6%, 16.5% and 12.4% of the total, respectively.
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Distribucion de la basura en los fondos de alta mar en el area de Flemish Pass (Atldntico Noroccidental)

Resumen: La basura en los fondos marinos del drea de Flemish Pass (Océano Atlantico Noroeste) ha sido analizada y des-
crita utilizando datos de las campafas demersales de EU-Espafia (periodo 2006-2017). Este estudio presenta informacién de
referencia sobre la basura en los fondos marinos de esta drea. Flemish Pass estd localizado en dreas mds alld de las jurisdic-
ciones nacionales dentro del Area Reguladora de la Organizacion para las Pesquerias del Atlantico Noroccidental Division
3L. Se han analizado un total de 1169 lances de arrastre de fondo validos (104-1478 m de profundidad). Se ha encontrado
basura en el 8.3% de los lances con densidades medias de 1.4+0.2 items km=y 10.6+5.2 kg km=. Se ha hallado un patrén de
aumento con la profundidad, identificindose densidades mayores de basura marina en las dreas mds profundas ubicadas en
el canal Flemish Pass y en el flanco noreste del Gran Banco. Se ha descubierto que la pesca es la principal fuente de basura
marina, el 61.9% de los lances con presencia de basura mostraron desechos incluidos en la categoria de basura relacionada
con la actividad pesquera. Mientras que en la mayoria de los casos la basura estaba compuesta por pequefios fragmentos
de cabo, en otros casos estaba compuesta por aparejos como nasas. Posteriormente, los pldsticos, el metal y otros desechos
antropogénicos fueron las categorias mas abundantes, con 18.6%, 16.5% y 12.4%, respectivamente.

Palabras clave: basura marina; basura en los fondos marinos; pesca; Flemish Pass; Atlantico Noroeste.
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INTRODUCTION

Marine litter has been recognized as a worldwide
problem (UNEP 2016) affecting the marine environ-
ment in several ways, including economic loss, deg-
radation of habitats and impact on biota. Marine litter
is distributed in all the compartments of the marine
environment: coasts, waters and the seabed (Bergmann
et al. 2015). Although the number of studies on marine
litter on the seabed has increased considerably in recent
years (see e.g. Maes et al. 2018, Galgani et al. 2015),
there are still gaps in the knowledge, especially related
to the high seas. Most of the literature has documented
areas close to the coast (see e.g. Neves et al. 2015,
Lopez-Lopez et al. 2017, Garcia-Rivera et al. 2018),
and studies on deep bottoms and locations remote
from land are relatively few (see e.g. Pham et al. 2014,
Vieira et al. 2015). In this pioneering study, we analyse
an extensive database containing 12 years of data on
seabed litter in the NW Atlantic Ocean (2006-2017) in
an area beyond national jurisdiction. The database used
in the present study came from groundfish surveys
whose main goal was to assess fisheries resources in
this region and which were not designed to study litter
on the seabed. Nevertheless, seabed litter data has been
annotated since 2006.

The study area hosts several human activities such
as bottom fisheries for Greenland halibut and snow
crab, shipping routes and offshore oil and gas explo-
ration (ATLAS 2018). Although hydrocarbon explo-
ration has been growing in the area in recent years,
bottom fisheries are traditionally the most important
activity in the area. Several studies in different regions
of the world mention fisheries litter as the major source
of marine litter on the seafloor: in the Australian Bight
(Edyvane et al. 2004), in Korean waters (Hong et al.
2014, Jang et al. 2014) and in the Celtic Sea (Moriarty
et al. 2016). Marine litter from fisheries activities has
been reported on beaches (Gago et al. 2014), floating
on surface waters (Cdzar et al. 2014) and located on the
seafloor (Galgani et al. 2015).

There are no global estimates of the amount of
plastic waste generated by the fisheries sector, but it is
considered that abandoned, lost or otherwise discarded
fishing gears (ALDFG) are an important source of plas-
tic waste into the marine environment (see e.g. Lusher
et al. 2017). ALDFG is a major issue for the marine
environment. Its presence can have a significant impact
and lead to ghost fishing, stock depletion, capture of
non-target species, conservation concerns and hazards
to maritime traffic (Bilkovic et al. 2014). Pham et al.
(2014) estimated that overall debris on the seabed of
some regions of the Mediterranean Sea and northeast
Atlantic was composed mainly of plastics (41%) and
ALDFG (34%).

According to Lusher et al. (2017), ALDFG can be
a result of factors such as enforcement of fisherman to
abandon gears (e.g. illegal fishing), operational pres-
sure (e.g. use of too much gear in restricted time pe-
riods) and environmental conditions (e.g. bad weather
conditions), lack of/inaccessible/expensive onshore
gear and waste disposal facilities (Gilman et al. 2016).

The main objectives of this work were 1) to charac-
terize marine litter on the seabed for this region, 2) to
analyse spatial and temporal distribution for the period
2006-2017, 3) to analyse indicators for describing sea-
bed litter, 4) to determine the main litter sources, and 5)
to analyse potential drivers of seabed litter distribution.

MATERIALS AND METHODS
Study area

This study was conducted in the NW Atlantic Ocean
within the Northwest Atlantic Fisheries Organization
(NAFO) Div 3L Regulatory Area, in ABJN (Fig. 1).
The study area includes the Flemish Pass, a channel ap-
proximately 1200 m deep which separates the Flemish
Cap offshore bank and the Grand Banks of Newfound-
land, and the NE part of the Grand Banks including the
“nose”. The study area holds various types of valuable
habitats and ecosystems, such as deep-water corals
and deep-sea sponge grounds (see Murillo et al. 2011,
2012), and is characterized by the cold southward flow
of the Labrador current (Colbourne and Foote 2000).

Survey characteristics

We analysed seabed litter data recorded from the
EU-Spain groundfish survey (NAFO Div 3L, outside
the Canadian exclusive economic zone) carried out eve-
ry summer between 2006 and 2017. Surveys were con-
ducted on board the Spanish Research Vessel Vizconde
de Eza, following the same standardized procedures and
using the same bottom trawl net type, “Campelen 1800”
(McCallum and Walsh 1994), with a mesh size of 44
mm cod-end and trawl doors of 1400 kg.

The survey area was stratified following the stand-
ard stratification schemes (Bishop 1994). Surveys were
conducted using a stratified random design according
to NAFO specifications (Doubleday 1981). The sur-
veys cover the entire study area (24 strata between 93
and 1463 m) with 100 per year (Fig. 1). The number of
hauls was allocated to strata proportionally to stratum
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Fig. 1. — Location of the study area (in red colour), showing the
divisions of the 24 strata that cover the area.
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size, with a minimum of two planned hauls per stra-
tum, and the trawl positions were chosen at random.
The effective duration of each haul was approximately
30 min and the tow speed was about 3 knots. Net and
door sensors ensured that the fishing gear was properly
configured at the bottom. The survey characteristics
are described in detail in Roman et al. (2018).

Seabed litter data

A total of 1169 trawls hauls were analysed. Litter
items retained in the bottom trawl hauls were exam-
ined. At each haul, all items collected by the gear were
counted, weighed, categorized and recorded on board
according to seven categories: fisheries-related litter,
organic debris, glass, plastics, metal, wood and other
anthropogenic litter. The data were then standardized
by km? and represented using items km~2 and kg km
for each trawl and year and by the different strata of
the EU-Spain groundfish survey. These density values
were calculated by the swept area, obtained by multi-
plying the distance trawled by the net and the estimated
horizontal opening. The Pearson correlation coefficient
was used to test correlation between items km=2 and kg
km2 at each sampling site. Additionally, the percent-
age of trawls with litter presence was also estimated
to determine which of the three indicators best char-
acterize the seabed litter in this area (percentage of
trawls with litter presence, items km= or kg km=2). A
Kruskal-Wallis test was applied to test for significant
differences in the items km2 and the kg km= by years.
Additionally, pairwise Wilcox rank sum tests were
used to calculate pairwise comparisons between years
with corrections for multiple testing when significant
differences were found in the Kruskal-Wallis test.

The fisheries-related litter category (equivalent to
the ALDFG) includes items related to fisheries, and
although most of them are composed of plastic or
metal, they were incorporated as a separate category
as was done in Pham et al. (2014) and Lopez-Lopez
et al. (2017). Fishing activity is historically the most
significant human activity in the area and we consid-
ered it important to take into account this type of litter
category separately. We included organic debris in the
study (accounting for only 1% of the marine litter cap-
tured), following the definition of Galgani et al. (2010).

According to Veiga et al. (2016), all the marine
litter found in our study area can be classified into the
sea-based sources. The marine litter categories were
therefore classified following the classification by
indicator-items sources of OSPAR (2007a).

Potential driver data

Depth, fishing effort and bottom current speed were
considered potential drivers that could affect the dis-
tribution pattern of the seabed litter in the study area.

These data were aggregated with the same spatial
resolution of 0.013x0.013 decimal degrees using the
‘raster’ package Hijmans et al. (2016) in the R software
(R Core Team 2017). A generalized additive model
(Hastie et al. 2001, Wood and Augustine 2002) was im-
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plemented using the ‘mgcv’ and ‘dismo’ packages in R
3.4.2 to test the importance of the potential drivers in the
seabed litter distribution. Before using these predictors
in the model, they were tested for collinearity, correla-
tion, outliers and missing data following the procedure
of Zuur et al. (2010). Default thin plate regression splines
were used as the smoothing function for the predictors
(Wood 2003), limiting the smoothing to 4 degrees of
freedom for each spline to avoid overfitting.

Bathymetry was merged from the MARSPEC data-
base (Sbrocco and Barber 2013) with a spatial resolu-
tion of ~1 km and the multibeam data obtained with the
EM 302 multibeam echosounder on board the Spanish
R/V Miguel Oliver during the NEREIDA (Durdn Mu-
foz et al. 2012) multidisciplinary surveys (2009-2010
period), with a resolution of 75 m. The depth bottom
current speed was extracted from the Viking20 model
(Behrens et al. 2017, Breusing et al. 2016). Fishing ef-
fort was included using vessel monitoring system data
from 2008-2014 non-sedentary bottom fisheries (the
target species were non-sedentary species) following
the NAFO (2015) filtering procedure.

RESULTS
Spatial distribution of litter

Marine litter was found in 8.3% of the total trawls,
with mean densities of 1.4+0.2 items km=2 and 10.6+5.2
kg km=2. Table 1 presents the following data grouped
by year and for the whole period: the number of valid
bottom trawl hauls performed, the percentage of them
with litter presence and the mean values of densities
in kg km=2 and items km=2 of marine litter.

The highest presence and densities of marine lit-
ter were found in the north and northeast part of the
study area. Figure 2A shows the location of the hauls
with absence and presence of litter in the trawl gear
and the percentage of presence of litter in the hauls by
sampling strata, according to the NAFO stratification
scheme. Figures 2B and 2C show the distribution of
litter in terms of densities estimated in items km=2 and
kg km2, respectively, by haul and by strata.

Slight variations were observed according to the
indicator used: percentage of presence of litter in the

Table 1. — Mean values of marine litter densities estimated by

weight km= and number of items km=2 per year and in total. N is

the number of valid trawls performed and % is the percentage of
valid trawls with litter presence.

Year N % Kg km™ Item km2
2006 100 19.0 3.8+£2.1 4.1x1
2007 94 17.0 97.6+63.5 3.1+0.9
2008 100 7.0 1.9+1.1 1.4+0.6
2009 98 6.1 0.4+0.2 0.8+0.3
2010 97 4.1 0.2+0.1 0.8+0.4
2011 89 3.4 0.9+0.8 0.6+0.3
2012 98 8.2 8.1+5.9 1.3+0.5
2013 100 4.0 3.5+2.4 0.9+0.5
2014 99 5.1 6.7+4.2 0.9+0.
2015 97 52 1.1£0.6 0.6+0.3
2016 98 12.2 4.5+£2.2 1.5+0.4
2017 99 8.1 1.9+1.1 1.2+0.4
2006-2017 1169 8.3 10.6+5.2 1.4+0.4
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Fig. 2. — Distribution of seabed litter by haul and by strata of percentage of trawls with litter presence (A), items km= (B) and kg km~
(C), where the black triangle and square represent items with a weight of 400 and 250 kg, respectively.

hauls by strata and items km~2 showed a similar pat-
tern, while kg km? showed differences in some strata.
Indeed, there was no correlation between items km
and kg km2 (Pearson coefficient = 0.065), corroborat-
ing the singular measure of each indicator.

Taking into account the time series data, higher
densities of seabed litter were found in the years 2006
and 2007, and the values declined in the following
years (Table 1). Kruskal-Wallis tests confirmed sig-
nificant differences by year (Kruskal-Wallis kg km
— Year=35.782, 11df, P<0.001; Kruskal-Wallis Items
km=2- Year=37.11, 11 df, P<0.001). Pairwise compari-
sons between years show that there were only signifi-
cant differences between the years 2006 and 2007 and
other years in both cases (Appendix 1).

Categories and sources

Fisheries was found to be the main source of marine
litter, as is shown by the percentages of seabed litter
presence grouped by categories and by their equiva-
lent source (Table 2). Of the trawls with presence of
litter, 61.9 % showed litter included in the fisheries-
related category. In most cases the litter was composed
of small fragments of rope, but in some cases it was
composed of entire fishing gears such as traps and nets
(see Fig. 3).

Plastics and metal were the next most abundant cat-
egories, appearing in 18.6%, and 16.5% of the trawls
with presence of litter, respectively. These marine litter
items included cans, bottles, bags and other pieces of
plastic and metal. In addition, plastic and metal ac-
counted for the vast majority of the material found on
the seabed when the percentage of seabed litter com-
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Fig. 3. — Distribution of fisheries-related seabed litter items found

in the Flemish Pass area, showing in blue the fishing effort (all non-

sedentary bottom fisheries based on 2008-2014 vessel monitoring

system data) and in green the crab snow fishery (sedentary fishery)
footprint (2007-2017).
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Table 2. — Percentage of occurrence of litter categories by trawls with litter presence (%) and their equivalent source. The three columns
on the right represent the percentage of litter presence (%), the mean values of marine litter densities estimated by kg km= and number
of items km= by valid trawls performed.

% Categories Source % Kg km™ Item km~2
61.9 Fisheries related litter Fisheries, including aquaculture 5 9.9+£5.2 0.8+0.1
18.6 Plastics 1.5 <0.1 0.2+0.04
16.5 Metal L o 14 0.3+0.1 0.2+0.04
12.4 Other anthropogenic litter Galley waste from shipping, fisheries and offshore 3 0.3%0.1 0.2+0.04
2.1 Glass actvities 0.2 <0.1 <0.1
2.1 Wood (non-operational waste) 0.2 <0.1 <0.1

1.0 Organic debris 0.1 <0.1 <0.1

posed of these two components that arose from fisher-
ies was added, although most of this was plastic. Other
anthropogenic litter appeared in 12.4% of the hauls,
glass and wood in 2% and organic debris in only 1%.

Probabity

Probabiity

Bottom_current_speed

Probabiity

Fishing_effon

Fig. 4. — Partial generalized additive model plots for the selected
continuous variables for seabed litter distribution. A, depth; B, bot-
tom current speed; and C, fishing effort. Each plot represents the
response variable shape, independent of the other variables, in rela-
tion to the probability of the seabed litter occurrence. Confidence
intervals (95%) around the response curve are shaded in grey.

Identifying the source for the fishing gear category
items (traps, nets, ropes, etc.) was straightforward
(they correspond to the “Fisheries, including aqua-
culture” source) but for other items (cans, bottles,
jars, etc.) it was intricate, so they were included in the
broader source “Galley waste from shipping, fisheries
and offshore activities (non-operational waste)”, (For
example, it is not possible to distinguish whether a can
came from a fishing vessel, a cargo vessel or another
offshore activity).

Relation to depth, fishing effort and bottom
current speed

The generalized additive model, which explained
14.8% of the variance, shows that only depth had a sig-
nificant effect on the litter distribution (p-value<0.001).
Figure 4 shows the correlation between the three poten-
tial predictor variables tested on the predicted distribu-
tion of marine litter. Whereas fishing effort and bottom
current speed showed no clear trend, the shape of the
smoother of the depth highlights an increasing pattern
with respect to marine litter occurrence. Higher depths
occur on the Flemish Pass, the channel that separates
the Flemish Cap offshore bank and the Grand Banks of
Newfoundland, and down the northeastern flank of the
Grand Banks. These areas show (Fig. 2) higher densi-
ties of marine litter.

DISCUSSION
Characterization of the marine litter

The percentage of presence of seabed litter in the
survey trawls and the values of the density indicators
were generally low across the Flemish Pass. This find-
ing could be explained by the location of the study area
in the high seas, far from the coast.

The present study was the first approximation of sea-
bed litter distribution in the Flemish Pass area and one
of the first focusing on the high seas. Pham et al. (2014)
summarize results for various areas of European waters,
which differed greatly. Thus, nowadays seem that it was
difficult to compare results regarding seabed litter due
to the different methodologies (nets or imaging technol-
ogy) used in each study. Similarly, Lopez-Lopez et al.
(2017) synthesize marine litter density results obtained
in different studies in European Continental shelf areas,
but using only bottom trawling as a sampling method,;
again, the difference in results was high (from 97 to
6000 items km2) and in all cases higher than our own. In
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Fig. 5. — Seabed litter items found in the Flemish Pass. A-D, ALDFG items. A and B, being items found in two trawls hauls in 2007 with a
weight of 400 and 250 kg, respectively. E, a mustard pot and F, a tyre.

addition, Lee et al. (2006), in a study of seabed litter in
an broad offshore area (more comparable with our study
area) in the East China Sea that also used surveys trawls
found a higher seabed litter density (30.6 kg km™2) than
in the Flemish Pass area.

Bottom trawling is a common sampling method ap-
plied to study seabed marine litter (Galgani et al. 2010,
Neves et al. 2015, Lopez-Lopez et al. 2017). The data
used in the present study were obtained from bottom
trawl groundfish surveys focusing on the assessment
of demersal fish stocks. As in other studies in different
areas, the sampling of seabed litter was a secondary
objective of these surveys. There could therefore have
been underestimations of seabed litter distribution due
to mesh size and the opening of the bottom trawl gear
(Spengler and Costa 2008): some type of items could
not be retained by the net due to their size or could have
been lost during the retrieving of the gear. Moreover,
bottom trawling cannot be used on hard bottoms, and
Melli et al. (2017) mentioned that seabed litter tends to
accumulate close to rocks or in rocky habitats.

Different indicators for describing marine litter

Due to the large variety of seabed litter types col-
lected by the gear (Fig. 5), the selection of the best
indicator to describe their distribution and density was
a difficult issue. As was noted by Pham et al. (2014),
there are advantages and disadvantages of using seabed
litter indicators based on items and weights in trawl-
based studies. In addition to these two indicators, we
also used the percentage of trawls with presence of
litter, in order to resolve the disadvantage of an items-

based indicator (some items can break into pieces and
thus be overestimated).

Moreover, the use of percentage of trawls with
presence of litter avoided comparing litter distribu-
tion based on large differences in weight (the kg km=
density indicator), as was observed in our study: heavy
items such as traps (Fig. 5C) and nets (Fig. 5A, B) were
not comparable with light items such as cans, pots (Fig.
SE) and fragments of rope (Fig. 5D). The European
Marine Strategy Framework Directive establishes only
as obligatory the number of items for monitoring ma-
rine litter, while weight is only recommended (Galgani
et al. 2013). However, in order to describe better the
seabed litter distribution, we encourage the collection
of data on number and weight and the use of other asso-
ciated indicators such as the percentage of trawls with
a presence of litter.

Sources for marine litter

The identification of the sources of litter is essen-
tial to implement management measures to reduce the
presence of marine litter and mitigate its impact (Veiga
et al. 2016). The Flemish Pass is far from the coast,
so the influence of land sources is expected to be low.
Moreover, the area hosts trawl and pot fisheries, ship-
ping lanes and offshore oil and gas activities (ATLAS
2018). Taking this into account, seabed litter found
in the present study could be considered as derived
from sea-based activities included in two main sources
(OSPAR 2007a): (i) fisheries and aquaculture and (ii)
galley waste from shipping, fisheries and offshore ac-
tivities (non-operational waste).
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Historically, high seas fisheries have been the most
important human activity in the area, so it was not sur-
prising that fisheries were identified as the main source
of marine litter in the Flemish Pass. As other authors
suggest (Moore and Allen 2000, Lee et al. 2006, Vieira
et al. 2015), litter from fishing activity is usually preva-
lent in fishing grounds. In our study, some examples
of entire fishing gears found in the trawls were two
trawling nets weighing 400 kg and 250 kg (Fig 2C,
5A, B) and five traps where three of the five locations
overlapped clearly with the snow crab fishery footprint
(DFO 2018) (Fig. 3, 5C). Management measures should
focus on encouraging fishermen to minimize ALDFG
and also to land the marine litter that is captured. For
instance, in the fishing for litter scheme, fishermen
land marine litter trapped in their nets. This initiative
is being applied increasingly in several countries due
to the promotion of European directives, international
strategies and conventions (OSPAR 2007b, Ronchi et
al. 2018). Among other measures, fishermen are pro-
vided with large, hardwearing bags to accumulate the
marine litter, and facilities are offered in ports for the
fishermen to deposit the litter at no cost.

In our study, it was not possible to identify the
source of certain items such as cans and bottles because
in the Flemish Pass, in addition to fishing and ship-
ping, other human activities occur (ATLAS 2018) that
could potentially cause that waste (UNEP 2005). It is
worth noting that during recent years there has been an
increase in offshore hydrocarbon exploration activities
in the area (CEA 2019). Therefore, in terms of source,
these non-specific items were classified as “galley
waste from shipping, fisheries and offshore activities”.

Potential drivers of seabed litter distribution

Currents, geomorphologic features and human ac-
tivities are variables that influence the spatial distribu-
tion of seabed litter (Pham et al. 2014, Sanchez et al.
2013, Lopez-Lopez et al. 2017). We therefore studied
the influence of bottom currents, depth and fishing
effort with the aim of better understanding the distri-
bution patterns of seabed litter in the Flemish Pass. A
significant effect with depth was found: the presence of
litter increased linearly with depth (Fig. 4A).

These results agree with the spatial distribution
observed in the present study (Fig. 2): the highest oc-
currences and densities of seabed litter were found in
the northern and northeastern part of the study area,
where the deepest bottoms are located. A similar dis-
tribution pattern influenced by depth has been reported
in other studies for the US western coast (Moore and
Allen 2000, Keller et al. 2010). Moreover, Keller et al.
(2010) state that debris from sea-based sources follows
this pattern rather than debris from land-based sources.
This is the case of the Flemish Pass, located far from
land, where sea-based sources of litter are expected to
be dominant.

A non-significant relationship with bottom currents
was found. However, this result should be used with
caution because the spatial resolution of the data used
in the present study may not characterize these vari-
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ables well in the area. The bottom current information
was based on an ocean basin model that may not incor-
porate the specific geomorphologic characteristics of
the study area and therefore the bottom current speed
in the Flemish Pass.

Regarding the influence of fishing effort, though
most of the litter items were related to fisheries, no
significant relationship was found between fishing ef-
fort and seabed litter distribution. This could be due to
the litter settlement process influenced by other vari-
ables such as currents. In the case of heavy items (e.g.
entire fishing gears), less influenced by the settlement
process, the explanation could be the fact that fisher-
men relocate these items to marine dumps or just clean
the fishing ground areas where they have trawled, as
has been suggested by other studies (Neves et al. 2015,
Lopez-Lopez et al. 2017). These reasons could also
explain the higher values observed at the start of the
survey series (the years 2006 and 2007) than in later
years (Table 1).

The case of the aforementioned traps (overlapped
with the snow crab fishery footprint) was different, as
is shown in Figure 3. The traps remained in the fish-
ery area and were not relocated. The reason could be
that this area was not trawled. It is important to note
also that the snow crab fishery was not included in the
fishing effort calculation used, though the effect of the
fishing effort should not have varied because of the
small scale of this fishery in the area. Sdnchez et al.
(2013) also found no relationship between fishing ef-
fort and marine debris in northern Mediterranean fish-
ing grounds subjected to different effort intensities, but
in this case few items related to fisheries were found.

CONCLUSIONS AND FUTURE WORK

This study presents baseline information on seabed
litter in this area, where no studies have been carried
out before. It thus contributes valuable new data on
deep-sea litter on the high seas. The study illustrates
the opportunities, advantages and disadvantages of
using groundfish bottom trawl surveys to investigate
densities, spatial distribution, composition and sources
of seabed marine litter.

Standardized protocols for marine litter data collec-
tion in NAFO groundfish surveys were done to apply
to the other two surveys taking place every summer in
Flemish Cap and in the Tail of the Grand Bank (NAFO
Divs 3M-3NO, outside the Canadian exclusive eco-
nomic zone). This could be an important contribution
to marine litter knowledge in the high seas and allow
comparisons with the data in the Flemish Pass. There is
currently global concern about the importance of moni-
toring marine litter in a standardized way. Some efforts
from the scientific community are asking for a global
monitoring strategy such as the Integrated Marine De-
bris Observing System (Maximenko et al. 2019).

We found low values for seabed litter in the area,
which could be explained by their great distance from
the coast where sea-based and mostly fisheries was
the source. This finding was not unexpected, because
fishing activity had historically been the most impor-
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tant human activity in the area. The fact that fisheries
were identified as the main source of the marine litter
presence in this area facilitates the implementation of
management measures to mitigate and monitor this
environmental problem. The management procedures
should focus on encourage fishermen to land the ma-
rine litter found during their fishing activities, to miti-
gate ALDFG during fishing activities and to monitor
the litter discarded at sea.
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Appendix 1. — Pairwise comparisons using a Wilcoxon rank sum test between years of items km=2(A) and kg km=2 (B).

A (items km2)

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
2007 0.856 - - - - - - - - - -
2008 0.079  0.157 - - - - - - - - -
2009 0.044 0.101 0.856 - - - - - - - -
2010 0.027 0.034 0.627 0.763 - - - - - - -
2011 0.027 0.032 0529 0.627 0.856 - - - - - -
2012 0.124 0229 0856 0.775 0.529 0.445 - - - - -
2013 0.027 0.034 0.627 0.763 0.994 0.856 0.529 - - - -
2014 0.032 0.047 0.763 0.856 0.856 0.775 0.627 0.856 - - -
2015 0.032 0.044 0.763 0.856 0.856 0.775 0.627 0.856 0.994 - -
2016 0334 0529 0.548 0.449 0.174 0.135 0.680 0.164 0.258 0.238 -
2017 0.102 0.185 0.878 0.804 0.529 0.449 0968 0.529 0.627 0.627 0.627
B (kg km2)

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
2007 0.924 - - - - - - - - - -
2008 0088 0138 - ; ; ; ; - ; ; ;
2009 0.057 0.088 0.875 - - - - - - - -
2010 0.031 0.037 0.629 0.765 - - - - - - -
2011 0.031 0.037 0535 0.670 0.875 - - - - - -
2012 0.138 0.198 0.875 0.778 0.513 0.439 - - - - -
2013 0.031 0.037 0.629 0.765 0995 0.875 0.513 - - - -
2014 0.037 0.057 0.795 0.875 0.857 0.777 0.670 0.857 - - -
2015 0.037 0.057 0.778 0.875 0.857 0.777 0.670 0.857 0.995 - -
2016 0522 0.629 0.513 0356 0.138 0.126 0.629 0.139 0.255 0.255 -
2017 0.138 0.198 0.875 0.777 0.513 0.439 0995 0.513 0.674 0.670 0.629
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