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Abstract

Studies concerning marine litter have received great attention over the last several
years by the scientific community mainly due to their ecological and economic
impacts in marine ecosystems, from coastal waters to the deep ocean seafloor. The
distribution, type and abundance of marine litter in Ormonde and Gettysburg, the two
seamounts of Gorringe Bank, was analysed from photo and video imagery obtained
during ROV-based surveys carried out at 60-3015 m depths during the E/V Nautilus
cruise NAO17. Located approximately 125 nm southwest of Portugal, Gorringe Bank
lays at the crossroad between the Atlantic and the Mediterranean and is therefore
characterized by an intense maritime traffic and fishing activities. The high frequency
of lost or discarded fishing gear, such as cables, longlines and nets, observed on
Gorringe Bank suggests an origin mostly from fishing activities, with a clear turnover
in the type of litter (mostly metal, glass and to a much lesser extent, plastic) with
increasing depth. Litter was more abundant at the summit of Gorringe Bank (ca. 4
items.km™), decreasing to less than 1 item.km™ at the flanks and to ca. 2 items.km™" at
greater depths. Nevertheless, litter abundance appeared to be lower than in continental
margin areas. The results presented herein are a contribution to support further actions
for the conservation of vulnerable habitats on Gorringe Bank so that they can continue

contributing to fisheries productivity in the surrounding region.
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Introduction

Seamounts are prominent structures globally distributed across the ocean basins rising
from bathyal depths to a few tens of meters below the sea surface (Clark et al., 2010;
Wessel et al., 2010). In the northeastern Atlantic, several seamounts are irregularly
spread over 700 km from the SW Iberia to the Madeira archipelago (Abecasis et al.,
2009; Morato et al., 2013). The Gettysburg and Ormonde seamounts, forming
Gorringe Bank, are the most outstanding of these features at a close distance from
Portuguese mainland (Karson et al., 2012).

Gorringe Bank harbours large areas with rocky outcrops that support vulnerable
habitats such as coral gardens and sponge aggregations (Xavier and van Soest, 2007;
Karson et al., 2012), and at shallower depths also coralligenous algae and kelp beds
(OCEANA, 2005). Earlier surveys on Gorringe Bank, conducted by SCUBA divers
and with ROVs in photic zone, provided a comprehensive study of the fish
communities in shallower depths (e.g. Gongalves et al., 2004; OCEANA, 2005;
Abecasis et al., 2009) but very little is known on the benthic biodiversity at greater
depths.

Seamounts are particularly exposed to human activities owing to their role for world
fisheries (Pitcher et al., 2010). Threats, such as overfishing, habitat loss, and litter
disposal have been already documented on some seamounts (Clark et al., 2010;
Pitcher et al., 2010; Wienberg et al., 2013). Recently, Pham et al. (2013) provided the
first study on marine litter on seamounts, and reported a significant amount of lost
fishing gear on the summit and slopes of Condor Seamount suggesting a fisheries-
related origin of lost or dumped materials.

Perceptions on distribution and abundance of marine litter have increased over the last

few years (Ramirez-Llodra et al., 2011). Although some studies have been conducted
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from shores to deeper regions of continental margins, the effects of debris on marine
communities and its habitats remain poorly known (Keller et al., 2010; Miyake et al.,
2011; Mordecai et al., 2011; Ramirez-Llodra et al., 2011; Wei et al., 2012). Marine
debris may enter directly into the oceans through a wide variety of maritime human
activities including disposal (e.g. clinker, sewage, chemical products or radioactive
materials) and exploitation of natural resources (e.g. lost fishing gears, oil and gas,
mining, pipelines) (Kidd and Huggett, 1981; UNEP, 2009; Ramirez-Llodra et al.,
2011). Moreover, any debris discarded, disposed, or abandoned at the coast or even
far inland can potentially become marine debris. In fact, terrestrial human activities
are the main source of marine debris worldwide and are responsible for 70-80% of all
debris that end up in the ocean (Bowmer and Kershaw, 2010) dragged by the wind,
rain, and tides or transported by rivers (Barnes et al., 2009).

Anthropogenic debris has been accumulating in marine environments from heavily
populated coastlines to remote shorelines in high latitudes, floating on the surface or
sunk at the bottom of the ocean (Barnes et al., 2005). Factors such as coastline
morphology and hydrodynamics determine the extremely irregular distribution of
marine debris throughout the oceans. However, it is recognized that marine debris
distribution patterns along the seabed are influenced by human activities such as
fishing activities, urban development, tourism, and maritime traffic (Micheli et al.,
2013; Ramirez-Llodra et al., 2013).

Here we provide an analysis of the abundance, type and distribution of litter on
Gettysburg and Ormonde seamounts documented during ROV video transects

conducted at bathyal depths on Gorringe Bank.

Material and methods
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Survey area - Gorringe Bank

Gorringe Bank is a ridge with a northeast-southwest direction that extends from
southern Portugal, approximately 125 nautical miles off Cape St. Vicente (Figure 1).
It is formed by Gettysburg and Ormonde seamounts and covers an area of about 9500
km?. Gettysburg (36°33°N, 11°34°W) and Ormonde (36°42°N, 11°09°W) peaks rise up
to less than 50 meters below the sea surface, while the bases of these seamounts are
rooted in the Horseshoe Abyssal Plain at depths of more than 5000 meters. Gorringe
Bank sits on the Eurasian-African plate boundary and has been the site of intense

geologic activity (Tortella et al., 1997).

Video survey

From 8 to 19 October 2011, E/V Nautilus revisited the Gorringe Bank. The main
objective of the cruise was to document unexplored geological features of the
Gorringe Bank (Karson et al. 2012), but the ROV surveys also provided relevant
information on the benthic assemblages and human impacts on the seafloor. Three
dives were conducted on the Gettysburg Seamount, one on the SE flank (H1201) and
two on the NW flank (H1202 and H1203); and a fourth dive was conducted on the
southern flank of the Ormonde Seamount (H1204) (Table 1; Figure 2).

The dives were performed by the ROVs Hercules and Argus, a two-body vehicle
system, that uses a state-of-the-art navigation system in tandem with ultra-short
baseline positioning and its equipped with a high-definition video system, a high-
resolution stereo still camera system and a Seabird Fastcat conductivity-temperature-
depth (CTD). Hercules was always deployed with the deep-towed system Argus that
floats several meters above the seafloor providing a bird’s-eye view of Hercules on

the seafloor (Bell et al., 2012).
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Annotations from video footage and photos provided the data on the type and
distribution of marine litter. The observations were checked thoroughly to avoid
double counting (video and photo) and each fragment was counted as one item; long
but continuous fishing lines were counted as one item. Litter items were categorized
as fishing gear (e.g. longlines, nets and cables), glass, metal, plastic. The category
“Others” includes pottery, rubber, wood and unidentified or complex items.

For the estimates on litter abundance (number of items per linear km) the following
bathymetric ranges were considered: 0-125 m, 125-500 m, 500-1000 m, 1000-2000
m, and 2000-4000 m (see Supplementary material). The area of the seafloor covered
by each dive varied, but was often greater at shallower depths. Therefore, in order to
obtain more accurate estimates on the density of litter, the bathymetric ranges

considered here were progressively wider at greater depths.

Results

A collection of 4832 photographs of the seafloor was taken and 124 hours of video
recorded. The bathymetric range of dives was between 60 to 3015 m along a distance
totalling 80.6 km (Table 1).

A total of 91 litter items were found in the photos and video analysed from Gorringe
Bank (Table 2). Marine litter composition suggested an origin mostly from maritime
activities. In fact, lost or discarded fishing gear (hereafter designated as lost fishing
gear) accounted for most of the observed items (56%), whilst other frequent types of
litter included dumped glass bottles (15%), metal (e.g. ship artefacts, tins, cans) and
plastics (10% each). Observed items of litter also included processed wood, rubber,

pottery and, even, a chair at 2340 m water depth (Figure 3).
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The spatial distribution of the different types of litter (Figures 2, 4 and 5) shows that
lost fishing gear (FG) was observed mostly on the summit and upper flank (approx.
500 m) of Gettysburg and Ormonde seamounts although some items were also found
at greater depths. Figure 4 illustrates the turnover in the type of litter with increasing
depth: lost fishing gear that prevails at shallower depths (0-500 m) is gradually
replaced by heavier items such as glass bottles (G) and then metal (M) at greater
depths. Glass bottles, the second most common debris found in the Gorringe Bank,
were particularly concentrated in the gentle southern slope of the Ormonde Seamount
(500-1000 m, Figures 2 and 5) in the vicinity of fished areas, while plastics (P) were
predominantly detected on the SE slope of Gettysburg Seamount. Metal items were
scattered around the two seamounts at depths between 1300 and 2950 m (Figures 2
and 5).

The highest densities of litter were observed during the dives at the Ormonde
Seamount (Figure 5). Overall, litter was more abundant at the summit of the
seamounts (ca. 4 items.km™', mostly fishing gear, at 125-250 m depth), decreasing to
less than 1 item.km™ at 500-1000 m and then increasing again to ca. 2 items.km™ at

greater depths (Figure 5).

Discussion

Type, abundance and distribution of litter

Studies concerning marine litter have received great attention over the last several
years by the scientific community mainly due to their ecological and economic
impacts. These studies are mostly focused on the coastal areas and, to a lesser extent,

also on deeper areas along the continental margins.
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Terrestrial activities are often identified as the main source of the plastic materials and
glass that form most of the litter frequently observed in marine ecosystems along the
continental margins. This has been observed for instance in the Greek gulfs
(Koutsodendris et al., 2008), but also in several submarine canyons, some located
near heavily populated and industrialized regions such as the Gulf of Lions canyons
(Galgani et al., 1996), Lisbon and Setibal canyons in the NE Atlantic (Mordecai et
al., 2011), the Blanes Canyon in the Mediterranean Sea (Ramirez-Llodra et al., 2013),
and the Monterey Canyon, off central California, USA (Schlining et al., 2013).
Gorringe Bank is located at the crossroads of important corridors of maritime traffic
(from and to various Atlantic and Mediterranean regions) and is also open for fishing
activities (CNADS, 2001), which may explain the diverse array of litter items
reported herein.

The predominant maritime origin of litter on the Gorringe Bank is consistent with the
results obtained by Pham et al. (2013) on the Condor Seamount where lost fishing
gear dominates the litter accounting for 73% of the debris found near the summit
(185-265 m depth). Other types of litter such as glass and plastics are also found on
the slopes of seamounts (Pham et al., 2013). On Gorringe Bank, glass (mostly bottles)
was found in the vicinity of the fishing areas suggesting that this material may have
been locally disposed. Yet, the origin of plastics is more difficult to determine as
these materials can easily drift over long distances from either terrestrial (Watters et
al., 2010) or maritime sources. In certain cases, such as in submarine canyons, the
interaction between topography and oceanographic conditions is likely to favour long-
term litter deposition (Schlining et al., 2013). Gorringe Bank is an obstacle to the
Mediterranean Outflow Water (Mason et al., 2006) and the seamount topography

offers favourable conditions for the incidence of meddies (Serra and Ambar, 2002;
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Peliz et al., 2005; Aguiar et al., 2013). Such conditions may contribute to the retention
and deposition of plastics as suggested by the predominance of these materials on the
SE flank of the Gettysburg seamount.

Previous studies have shown the influence of terrestrial inputs on the accumulation of
marine litter in coastal areas as well as the relationship between the distribution and
type of litter and the distance to the coast or the depth gradient (e.g. Galgani et al.,
1995; Katsanevakis and Katsarou, 2004; Lee et al., 2006; Watters et al., 2010; Pham
et al., 2013; Ramirez-Llodra et al., 2013). However, quantitative studies on marine
litter are scarce and comparisons of densities from different areas are hindered by
differences in sampling methodologies (Watters et al., 2010; Mordecai et al., 2011;
Ramirez-Llodra et al., 2013). According to Galgani et al. (2000) marine debris on
seabed may range from 0 to 101000 items per km™ in European seas but their
abundance may decrease with distance from the shore and/or towards deeper waters
(e.g. Greek gulfs; Koutsodendris et al. 2008). The abundance of litter in seamounts is
expected to be lower: on Condor Seamount summit overall litter density was
estimated as 1439 items.km™ or 0.3 items.100 m™ (3 items.km™) (Pham et al., 2013)
while on Gorringe Bank at comparable depths it was 4 items.km™. This density is
high considering the remoteness of these oceanic features but in both cases litter is
mainly composed of lost fishing gear suggesting a high fishing pressure on these

seamounts.

The impact of fisheries
Lost fishing gear is consistently the main component of marine litter in areas
impacted by fishing activities, either off California (Moore and Allen, 2000), or in the

East China Sea (Lee et al., 2006), the Celtic Sea (Galgani et al., 2000), at the upper
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slopes of the Blanes Canyon in the Mediterranean Sea (Ramirez-Llodra et al., 2013),
and of the Nazaré Canyon off Portugal (Mordecai et al. 2011). The economic value of
fish stocks on seamounts is high and the pressure over these oceanic features
increases with their proximity to fishing harbours (Ressurreicao and Giacomello,
2013).

In terms of deep-sea fisheries, bottom trawling has much more severe impacts on the
integrity of the seafloor and their biological assemblages (Puig et al., 2012) than
drifting vertical longline fishery. However, according to information retrieved from
experienced fisherman, the impacts of the latter on the Gorringe Bank may extend
down to 2000 m depth while the exact depth range to which trawling is done is
unknown. The effects of lost fishing gear on the benthic ecosystems are direct and
immediate (e.g. damaging corals and other erect biogenic structures, removing non-
target species trough by-catch), persisting over time (e.g. ghost-fishing, hitch-hiking
and alien invasions) (Erzini et al., 1997; Borges et al. 2001; Gilman et al., 2006, 2008;
Gregory, 2009; Sampaio et al., 2012). Long-term impacts of lost fishing gear on
marine ecosystems remain poorly understood but it is known that even when the
original materials are degraded they may be detrimental to some organisms (e.g.
cluttering of filter-feeder structures by microplastics) and they can also be transported
to other areas as reported by Watters et al. (2010) who found fishing monofilaments
as the main debris on deep seafloor areas off California (USA).

The high frequency of lost or discarded fishing gear, such as cables, longlines and
nets observed on Gorringe Bank ranks fishing activities as the main source of litter
and suggests a high fishing pressure on these seamounts. Commercial fisheries
operated by fishing vessels from the mainland and from the Madeira Islands are

allowed over all the seamounts to the south of Portugal including Gorringe Bank

10
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(OCEANA, 2005). Longlines are commonly used by the Portuguese fishery fleets
(Erzini et al., 1999, 2001) to catch on large number of different species in a wide
depth range from shallow to deep waters (Menezes et al., 2009). Data provided by the
Portuguese Directorate of Marine Resources (DGRM) shows an intense longline
fishery activity in recent years in five geographic areas over and around Gorringe
Bank (Table 3 and Figure 1). Although there are no data available on previous years,
the analysis of the Table 3 reveals that the highest fishing pressure occurred in 2010
(257 days of fishing and 31 vessels), especially in the area 2D8 located over the
summit of the two seamounts (89 days and 8 vessels). In 2011, the total fishing effort
in the region was greatly decreased in number of vessels (77% of the previous year)
and mainly in number of fishing days (43% of the previous year), but most vessels
(12 out of 23) focused their activity on area 2D8 and the pressure over this area was
maintained (83 days of fishing). In 2012, the fishing activity in the region was
practically abandoned. Considering that the average catch (kg.d™') maintained similar
values between 2010 and 2011 (with the exception of area 1D8) this trend may be
related with the economic downturn in Portugal; the conjunction of rising costs
associated to fishery operations (increasing prices of fuel), especially at greater
distances from the mainland harbours, and decreasing market value of the fish landed
resulted in unprofitable cost/benefit ratios.

The catch composition on Gorringe Bank is diverse and accounts for a total of 61
species, both pelagic and benthopelagic (Figure 6, based on landings on mainland
Portugal). The prevalent catch is Conger conger, Phycis phycis, Polyprion
americanus and Muraena helena (Figure 7) and other species typically associated

with rocky outcrops where the risk of losing or damaging the fishing gear is highest.
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Final remarks

Accumulating proof of the human impact on the deep sea confirms the significant
threat to its biodiversity and requires serious and urgent action (Morato et al., 2010;
Ramirez-Llodra et al., 2011; Levin and Sibuet, 2012; Norse et al., 2012; Micheli et
al., 2013). Information on distribution and type of litter is a powerful tool to increase
societal and scientific awareness regarding the degradation of even the most remote
marine ecosystems (Ruhl et al., 2011). It also provides important evidence on the
anthropogenic pressures operating in these ecosystems and is therefore essential for
their effective management (MSFD, 2008).

Until now, the abundance and diversity of litter on Gorringe Bank remained unseen, a
silent record of long-lasting impacts from intense maritime traffic and commercial
fisheries. Owing to the high value of the fisheries at these seamounts one can expect
that, in the absence of further protective legislation, the improvement of the economic
circumstances will resume the fishing pressure and subsequent degradation of the
natural habitats on Gorringe Bank.

The large areas with rocky outcrops on Ormonde and Gettysburg seamounts support
vulnerable habitats such as coral gardens and sponge aggregations at bathyal depths
and coralligenous algae and kelp beds at the summit; the highly diverse and
productive benthic assemblages provide habitat for feeding and reproduction not only
for commercially important fish and crustaceans, but also for other species including
turtles and seabirds (Gongalves et al., 2004; OCEANA, 2005; Xavier and van Soest,
2007; Abecasis et al., 2009; Hilario and Cunha, 2013).

Because of these characteristics, Gorringe Bank was used by the World Wildlife Fund
as a showcase example and it was subsequently nominated by Portugal for the

OSPAR set of Marine Protected Areas

12
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(http://www.ngo.grida.no/wwtneap/Projects/MP Amap.htm). The results presented
herein are a contribution to support further actions for the conservation of vulnerable
habitats on Gorringe Bank. Protection of these seamounts is expected to maintain
healthy ecosystems locally so they can continue contributing to fisheries productivity

in the surrounding region.
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Figure 1. Location of Gorringe Bank. Rectangles mark different subdivision areas for
assessment of fishing effort in the region (see also Table 3). Background bathymetric

contour lines from http://www.gebco.net (The GEBCO 08 Grid, version 20100927).

Figure 2. ROV transects conducted on Gorringe Bank. Litter items are indicated with
different symbols. O (other); P (plastic); M (metal); G (glass); FG (fishing gear).
Background bathymetric contour lines from http://www.gebco.net (The GEBCO 08
Grid, version 20100927). Black lines represent ROV on bottom, while white lines

symbolize off bottom transit movements.

Figure 3. Examples of litter found in the Gorringe Bank. a) Fishing net; b) cable; c)
lost fishing gear; d) part of fishing gear colonized by benthic fauna; e) dumped chair;

f) glass bottle.

Figure 4. Bathymetric turnover of the types of litter.

Figure 5. Density of litter items at different bathymetric ranges in the SE (dive #1)

and NW (dive #2 and #3) flanks of Gettysburg, the S flank of Ormonde (dive #4) and

the overview of all pooled data. O (other); P (plastic); M (metal); G (glass); FG

(fishing gear).

Figure 6. Trend in the benthopelagic (a) and pelagic (b) catches from 2010 to 2012

based on landings on mainland Portugal (data provided by DGRM).
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Figure 7. Images of fishes observed in the Gorringe Bank. a) Conger conger, at 145
m; b) Phycis sp., at 115 m; ¢) Polyprion americanus, at 550 m; d) Muraena helena, at

144 m.
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Table 1

Table 1. Metadata of the ROV dives on Gettysburg and Ormonde Seamounts (data from ROV).

Location Dive  Distance (km) Date Time Depth(m) Latitude Longitude
on bottom 2011.10.10  00:00 3015 36°25.01°’N  11°20.05°W

SE Gettysburg #1 10.5
off bottom 2011.10.10  17:27 1500 36°26.78’N  11°22.02°W
on bottom 2011.10.13  17:21 2326  36°40.02°’N  11°37.99°'W

NW Gettysburg — #2 25.1
off bottom 2011.10.15  07:02 60 36°33.13°’N  11°34.59°W
on bottom 2011.10.15  12:42 1503  36°35.01’N  11°39.99°W

NW Gettysburg ~ #3 11.3
off bottom 2011.10.16  13:11 110 36°32.94°'N  11°35.03’W
on bottom 2011.10.16  20:25 2255 36°37.32°’N  11°01.38°W

S Ormonde #4 33.7
off bottom 2011.10.18  16:30 125 36°41.29°N 11°08.23°W




Table 2

Table 2. Types of debris found in Gettysburg and Ormonde seamounts. N. number of observed items.

Type of debris  Examples Seamount Depth (m) N %
Fishing gear Cables, lines, net, shackle  Gettysburg, Ormonde 114-3014 51 56.0
Glass Bottles, glass window Gettysburg, Ormonde 151-2196 14 154
Plastic Bottles, bags Gettysburg, Ormonde 387-2944 9 99
Metal Beverage can, tin can, shelf Gettysburg, Ormonde  1283-2958 9 99
Rubber Fragment Gettysburg 920 1 1.1
Processed wood  Fragment Gettysburg 386 1 1.1
Pottery Fragment Ormonde 730 I 1.1
Other Chair, others Gettysburg, Ormonde 166-2942 5 55




Table 3

Table 3. Descriptors of fishing activities in the Gorringe Bank by area (as shown in Figure 1), between 2010 and 2012 (data provided

by DGRM and ADAPI (Associagdao dos Armadores das Pescas Industriais).

Area

2010

1ID8 2D8 1D9 2D9 3D9 Total

2011

1D8 2D8 1D9 2D9 3D9 Total

2012

1D8 2D8 1D9 2D9 3D9 Total

No. of vessels
No. of fishing days
Biomass (kg)

5 8 4 7 7 31
63 89 7 57 41 257
44841 78460 4675 51498 46107 225581

4 12 3 2 2 23
13 83 9 2 3 110
6347 57331 5940 1830 3688 75136

0 0 0 1
0 0 0 2
0 0 0 610

1
2
610

Catch (kg.d")
Fuel (€/ton)

712 882 668 903 1125  877.7
476

488 691 660 915 1229 683.1
622

305.0
681
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