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1. Executive summary

Plastic pollution on the seafloor has an
irreversible impact on marine ecosystems and
can seriously affect the health and behavior
of wildlife. Such waste transforms seafloor
habitats that are rich in flora and fauna into
marine landfills, where plastics accumulate yet
can go unnoticed because they are not visible
from shore.

This problem can be particularly pronounced in
places where large quantities of single-use plastics
are used and discarded close to the sea, such as in
coastal locations that are popular with tourists.

As part of a global project to investigate the
extent of seabed plastics in biodiverse sites
with high levels of tourism, Oceana scientists
and divers surveyed a dozen different habitat
types (including corals, sandy bottoms, and
algal forests) along the coast of Valencia,

and in six marine habitats off the island of
Mallorca. The underwater surveys were
conducted outside the tourist season and,

in the case of Valencia, during the Covid-19
pandemic. Despite this, we found large
quantities of plastic waste in every habitat
type documented.

The most frequently observed items were
single-use plastics, such as bags, food wrappers,
packaging, cutlery, and drinking containers, as well
as abandoned fishing gear.
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Healthcare items, such as disposable masks
and gloves, were also observed, in addition

to other types of garbage. Wildlife, including
several threatened species, was filmed in
plastic-polluted areas, at risk of ingesting
plastic fragments, growing upon them, or
entangled in plastic debris. In other cases,
species were settled on moving plastic pieces
that can be transported outside their habitats.

@ Mallorca, Spain
Piece of plastic bag in the seabed.

Overall, our findings demonstrate that the
excessive use of plastics is directly impacting
delicate underwater habitats and the species that
live in them. Our results add urgency to the need
for plastic-free coastal regions, restaurants, and
tourist resorts, and for significant reductions in
the production of single-use plastics (SUPS).
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2. Introduction

Much of our planet is swimming in
discarded plastic. Coastal regions, as
well as the hotel and tourism industries,
have a key role to play in addressing this
problem. Since most of the plastics used
in the tourism sector are made to be
thrown away, and with hotels, restaurants,
and takeaways often located directly

on the seafront, these industries are
responsible for large amounts of single-
use plastics reaching the ocean.

At the same time as the tourism industry
is one of the major contributors to plastic
pollution,! it also depends heavily upon
our planet’s natural beauty. Increasing
ocean plastic pollution in coastal areas
represents a growing threat to the tourism
industry itself, as holidaymakers are very
sensitive to beaches and scenic areas
being littered with plastic. With many local
authorities lacking adequate infrastructure
to keep up with plastic pollution, tourism is
impacted as pristine areas are increasingly
overwhelmed by plastic litter.

To make matters worse, the visible

plastic litter on beaches barely hints at

the magnitude of what lies hidden at the
bottom of the sea. The bulk of all plastics
that litter marine and coastal environments
can be found below the surface.

Plastic littering the seafloor can be
harmful to a wide range of species® and
can disrupt sensitive ecosystems for
centuries as it never degrades. Instead,
it breaks into smaller and smaller plastic
pieces, called ‘microplastics’.

Itis estimated that only 1% of plastics are in
surface waters, 5% wash up on beaches, and the

remaining 94% end up on the seafloor,2 where
they accumulate in underwater structures like
seamounts, canyons, and escarpments.

To make the problem of plastic on the
seafloor visible and to better understand
its extent - specifically in tourist areas
located in some of the world’s most
important biodiversity hotspots - Oceana
documented seafloor plastics and their
apparent impacts on ecosystems, using an
underwater drone.

As part of this global project, we
documented litter on the seafloor in the
waters of coastal cities and holiday areas
with high biodiversity, such as the island
of Mallorca and the Valencian seaside

in the Mediterranean. The coastal area
close to Valencia has been identified as a
hotspot of marine plastic pollution* and, at
the same time, the site of a large variety
of marine habitats that are representative
of the broader Mediterranean. This
combination allowed us to study a wide
range of plastic impacts.®> In Mallorca, the
at-sea research focused on waters close
to heavily frequented tourist areas.

% Oceana’s research focused on determining the
l\\\ﬁ amount and types of plastic on the seafloor, close

Out of season: the plastic footprint of tourism
Seafloor surveys in Mallorca and Valencia

In our seafloor plastic surveys, we
answered questions such as: How much
litter is on the seafloor? What types

of plastic items are on the seafloor?
What are the apparent impacts on
marine animals and ecosystems? Our
recommendations help to answer the
critical question: what must be done to
stop the rising tide of plastic?

While the problem of plastics on beaches and in
floating debris is well known and documented,

to beaches, and noting their apparent impacts on
seafloor habitats and species.

Plastic pollution in the Mediterranean

The Mediterranean is the most plastic-contaminated sea in the world® due to its depth, its
semi-enclosed nature, and the presence of many underwater topographical elements that
act as plastic traps and facilitate the accumulation of garbage on the seabed.” Once plastic
waste reaches the ocean, it can remain there for centuries, either as macroplastics (larger
plastics), or as microplastics (fragmented pieces). Regardless of its size, plastic is transported
by wind across the surface of the sea, carried by currents, and displaced to deep areas where
it becomes trapped in various marine habitats.

A study that was carried out to support the implementation of the EU Marine Strategy
Framework Directive found that 52% of the single-use plastics found on Mediterranean
beaches come directly from coastal and beach tourism, while an additional 9% are from
recreational fishing and boating.2

A scientific study from 2020 found that 86% of the marine litter found on Mediterranean island beaches in July-
August is generated by tourists and the accumulation of garbage can be up to 4.7 times higher during the peak
tourist season than at other times of year

Other research has shown that among European seas, Mediterranean waters are the most heavily polluted by
plastics.? In one study, the most commonly found items on Mediterranean beaches included plastic cutlery, trays, and
straws (17%, with an average frequency of more than one item per meter of beach), followed by cigarette butts (14%),
plastic caps/lids (14%), plastic drink bottles (12%), shopping and other plastic bags (11%), and plastic bottles (4%).°

Most of the time, plastic is transported from land to the coast or the marine environment
through the sewage system, via storm drains, or is carried by the wind from landfills or urban
developments. Spain’s most populous coastal areas and its most important rivers are the main
origins of marine plastic waste found in its waters.

According to the European Union Single-Use Plastic Impact Assessment!! and a 2018 study
by Eunomia,? plastic waste brings high economic costs to coastal municipalities that seek

to keep their streets and beaches clear of litter. In Spain alone, municipalities must pay up to
€744 million per year to remove waste, of which €529 million are needed to remove beverage
containers containing plastic.!! Additionally, there are wider implications for tourism and
recreation, as litter puts tourists off from visiting and participating in sea-based activities.
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3. Methodology

Oceana carried out two expeditions in
Spanish waters, in 2019 and 2020. We
documented the amount and types of
plastic pollution on the seafloor, together
with apparent effects on marine life on
the west coast of Mallorca (in 2019) and
near the coastal city of Valencia (in 2020).
The 2019 expedition was done using

a dive boat, while the 2020 expedition
was carried out with Oceana’s research
catamaran, the Ranger.

Survey areas were selected in both
expeditions using a stratified sampling

method. The study area was divided into
classes based on habitat type, and then,

@ Mallorca, Spain. ROV used in the 2019 expedition.

@ Valencia, Spain. ROV used in the 2020 expedition.

using a hexagonal grid, each class was
further subdivided in hexagonal cells

with sides of 100 m length (and area of
25980.8 m?). Cells of each habitat class
were then randomly selected for surveying.

Surveys were carried out using a
combination of sampling methodologies,
primarily through visual, non-destructive
surveys with a remotely operated vehicle
(ROV). Additionally, we carried out SCUBA
dives to take still images and videos in
higher resolution. In the case of the 2020
expedition, in soft bottom areas, infauna
was documented through grab sampling.

ROV surveys

In the 2019 expedition, images were recorded
using a Geneinno T1 ROV drone, equipped
with a full HD camera with 160° wide-angle
lens and 1/2.5 inch CMOS image sensor

that can capture 4K 30fps video and 1080
photograph resolution. Images were recorded
in both high definition (to film specific
features of interest) and low resolution (for
the total duration of the surveys), along with
position, depth, and time.

In 2020, a Nido Robotics Sibiu Pro ROV was
used, equipped with a high-definition video
camera of 1920x1080 resolution (2.24 MP),
1/2.9 inch sensor, minimum scene illumination
of 0.01 lux, and a focal length of 2.97mm.
Images were recorded in high and low
definition, and simultaneously documented
position, depth, course, and time.

A total of 35 ROV transects were surveyed
during the two expeditions (16 in Mallorca
and 19 in Valencia).

SCUBA dives

Visual data were gathered by a team of two
professional SCUBA divers: one videographer
and one safety diver. A total of 22 dives were
carried out (5 in Mallorca and 17 in Valencia),
and the videographer filmed high-definition
videos and still images.

Infaunal sampling

In the case of the 2020 Valencia expedition,
benthic infaunal community composition
was examined using a 12 L Van Veen grab
sampler. A total of eight grab samples
were taken. Oceana scientists analyzed
these specimens during and following

the expeditions. Specimens retained on
0.5 mm, 1 mm, 3.15 mm, and 10 mm
mesh sieves were kept and identified to
the finest taxonomic resolution possible.
Those samples that could not be identified
definitively while on board were preserved
and identified following the expeditions.

The grab under the water.
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Aerial view of the Ranger in the port of La Puebla de Farnals.

Data analyses

Following the expedition, Oceana
scientists analyzed the ROV and SCUBA
dive videos and still images. They counted
and classified all the waste items found
according to type and material, and
identified habitats and all visible species to
the finest taxonomic level possible.

Expedition leader Ricardo Aguilar checking data.
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4. Survey areas

The Balearic Islands and Valencia

Figure 1: The two survey areas, on the coasts of Valencia and Mallorca®-1¢

The Balearic Islands and the Valencian
Community are two of the most touristic
regions in the Spanish Mediterranean.

In the Balearic Islands, Oceana surveyed
waters off the western coast of Mallorca,
including an area between Palmanova and
Magaluf (Figure 1). This location draws a
high number of tourists, attracted by the
beach and the lively nightlife.

In the case of the Spanish Levante

region, the expedition on board the
Ranger focused specifically on the waters
that extend from the city of Valencia to
Sagunto (Figure 1). These research spots
stand out for their proximity to highly
populated areas and to traditionally
tourist-centered municipalities, indicators
that usually coincide with areas that have
high rates of plastic pollution.
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5. Plastic on the seafloor in Valencia

The region of Valencia has one of the
highest rates of plastic pollution in the
Mediterranean Sea, with an estimated
12.9 kg of plastic waste reaching every
kilometer of the coastline every day.>
That volume is almost three times
higher than the average throughout the
Mediterranean, making it the third plastic
hotspot in the Mediterranean, after
Cilicia in Turkey and the region around
Barcelona in Spain.

51. The survey area

The coastal area between Valencia and
Sagunto is a highly populated region.
Valencia is the third-largest city in Spain,
with a population of nearly 800 000 people,
and an additional 800 000 inhabitants in the
wider urban area that includes neighboring
municipalities. Tourism is one of the most
important economic sectors in the Valencia
region, with over 2 million visitors per year
and over 4.5 million overnight stays.?*

Oceana’s research area lies between Valen-
cia’s port in the south, which is one of the
largest ports in the Mediterranean, and the
marina of La Pobla de Farnals in the north,
with the small port of Port de Sa Platja
between them (Figure 2). We surveyed an
area of 889 813.96 m2.

The coastal area is divided by some smaller
streams and rivers, as well as numerous
breakwater constructions that extend from
the shore into the sea and were built to
block the transport of sediments and to
keep beach areas sandy. The coast in this
area is dotted with smaller urban centers,
agricultural areas, and industrial complexes.

In addition to macroplastic pollution,

the Mediterranean Sea faces microplastic
contamination from car tyre dust, the
washing of polyester textiles, cosmetics,
and pellet loss from plastic production,®
or from the degradation of macroplastics.
Valencia is the Spanish city with the
highest level of microplastic pollution

(42 tons per year), and it ranks seventh
among Mediterranean cities.

Figure 2: Sea bottom habitats in the area
surveyed, close to the coast of Valencial®1®
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5.2. Amount and types of plastic found

Plastic waste was widespread on the
seafloor in the Gulf of Valencia. On the

seafloor area surveyed, we found a total
of 436 items of waste, of which 398 items
(over 90%) were plastic waste. Based on
our findings, we estimate a concentration

of 447.3 pieces of plastic per square

kilometer of seafloor for the survey area in
total. Plastic was particularly abundant in
the surroundings of the port of Valencia.

Figure 3: Plastic distribution and density on the seafloor in

the Valencian survey area'®!4

Almost all the plastic
documented was single-

use plastic from land-based
sources, mostly parts of
plastic film or sheets (41%)
that came from packaging,
bags, or plastic film used for
agricultural purposes.

The second most documented
items were plastic bags (32%),
followed by plastic objects that
could not be identified (13%),
and plastic food wrappers
(4.5%). ‘Covid-19 waste’, such
as disposable masks and gloves,
was also observed. A detailed
overview of the items recorded
is given in Table 1.

Table 1: Plastic, fishing material,
and other waste items found on the
seafloor in the Valencian survey area.

NUMBER
OF ITEMS

TOTAL OTHER ITEMS

Film sheets . Plastic 164
) Bags . Plastic 129
)  Other plastic objects . Plastic 54
3¢ Food wrappers - Plastic 18
<10 Bottles - Plastic 7
Healthcare items : .
© (‘Covid-19 waste’) : Plastic 6
E  Fishing lines - Plastic 4
% Boxes - Plastic 3
7/ Tubes ~ Plastic 3
O Other: fishing-related : Plastic 3
Hl  Fishing nets © Plastic 2
7 Other (gloves, shoes, etc.) - Plastic 2
%  Fishing traps - Plastic 1
% Large plastic objects - Plastic 1
Tobacco pouches / :
% plastic cigarette box packaging : Plastic 1
TOTAL PLASTIC ITEMS .
5 Unspecified Unspecified 24
Q Beverage cans Metal 6
% Non-synthetic ropes : NaIS)r(fllgb/resi 3
£B  Bottles Coomc 1
% Clothing (clothes, shoes) : Na-trs)r(glllgt:resi 1
——° Large metallic objects Metal 1
ﬂ Mooring blocks Cs(fg?rit/e 1

Relatively few plastic bottles were found,

likely because restaurants and hotels almost
exclusively use refillable glass bottles for soft
drinks. Plastic bottles, which are usually made
of polyethylene terephthalate (PET), are sold

in shops, kiosks, and take-outs. However, most
of those were closed at the time of research,
due to the Covid-19 pandemic.

The vast majority of the plastics we found
were from land-based sources and many are
used in hotels, restaurants, take-aways, and
other tourism-related activities, including
plastic bags, packaging, bottles, tableware,
and food packaging.
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Our findings are in line with observations
by the Spanish government, from a study
analyzing marine litter on beaches in the same
area.” The government found that most of
the identifiable marine litter corresponded to
beach tourism (21.8%); recreational fishing
activities (14.5%); other land-based activities
(14%); fishing activities (13.5%); shops, hotels,
and restaurants (11.1%); and boating (9.1%).
21.8%

)

sl Y

5.3. Marine habitats impacted by plastic

The marine area we surveyed close to the
coast of Valencia is characterized by many
different types of soft bottoms, especially
sandy and muddy ones, which are partly
covered by extensive algal meadows,
including abundant green algal communities.
Figure 2 shows the detailed distribution of
habitat types in the area surveyed.

We documented plastic impacts in the Gulf
of Valencia in a dozen seafloor habitats,
including corals, seagrass meadows, sandy
bottoms, and in algal forests.

Natural structures such as reefs, coral
bottoms, and algal and seagrass meadows

act as obstacles to the circulation of sea
currents, so they accumulate plastic waste
that is transported by the sea. In particular, we
found that the complex structure of sea fans,
sponges, bryozoans, and algae means that

plastic can easily get caught on these species,
and we observed that they were generally
heavily impacted by plastic.?°

One such habitat that we found to be visibly
affected by plastic were sea fan (gorgonian)
forests. In line with our observations, a

recent study has shown that these forests’
capacity to retain sediment also increases the
concentration of plastics.?! Studies on the
impacts of plastics on sea fans in other parts
of the Mediterranean have detected abrasions,
an increase in epibionts (species that live on
their surface), and increased mortality. Plastic
contamination is considered to lead to the
local disappearance of gorgonian underwater
gardens.???’ The effect of plastic pollution on
this habitat type adds to the impacts of other
threats to marine habitats and species in the
area. We found sea fans that were extensively
covered by mucilage and filamentous algae,
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very possibly due to pollution. Various media
outlets have reported the discharge of faecal
water from the Pinedo sewage treatment plant
in this area.?827:30

Since green algal meadows have a
sediment retention rate similar to sea fans,
they also retain plastic waste at a high
rate.3! We also found that on coralligenous
bottoms, plastics were a common
occurrence, as well as other items related
to fishing that had become hooked onto
the reefs.?2 Coralligenous reef ecosystems
are widely distributed in the area, and
support a great diversity of species,
including various species of sponges.
These animals have been identified as ideal
organisms for detecting the presence of
microplastics at sea, due to their filtering
activity.®® In the case of the Mediterranean
Sea, up to 72% of sponges on the IUCN
Red List for threatened species are
impacted by microplastics. >34

Seagrass meadows

Seagrass meadows that were once abundant
in the area have almost totally disappeared,
especially Posidonia meadows (Posidonia
oceanica), apart from some smaller patches
that are still intact. In some cases, Posidonia
meadows have been replaced by green algae
and invasive seaweeds.

Taking advantage of the deterioration
and disappearance of seagrass meadows,
the invasive species Caulerpa cylindracea
has become the most common seaweed
in the area, thus modifying the
autochthonous seascapes.

Further away from the coast and in areas
dominated by sandy or muddy bottoms,
species that live in the sediments create
galleries or burrows, and plastic finds its way
into the small gaps and elevations that are
features of these structures. The burrows

of small fish like gobies (Leuseurigobios spp.)
and angular crabs (Goneplax rhomboides),
both characteristic of Valencian waters,
were observed to be particularly affected

by plastic in this way. This type of retention
of plastic waste has been shown in other
parts of the Mediterranean, where areas with

bioturbations lie beyond 30-35 meters depth.

Large quantities of plastic waste were also
concentrated around artificial structures,
such as ports and breakwaters, which alter
sea currents and retain sediments. Organisms
such as bryozoans and polychaetes, which
take advantage of those structures to settle
and thrive, are most visibly affected by the
plastic waste.

@ Valencia, Spain. Caulerpa cylindracea, invasive species.

Coralligenous bottoms

Coralligenous bottoms are hard-bottom
seafloors of biogenic origin, made of
concretions of coralline red algae. They

are common in the survey area and a wide
variety of species is concentrated there,
ranging from soft corals like sea fans to
sponges, sea stars, sea urchins, and a variety
of fishes. Also noteworthy is the abundance
and variety of molluscs (including mussels,
snails and bivalves), which take advantage
of the abundant calcareous algal formations.

Muddy sands and muddy beds

Soft bottoms (muddy sands and muddy beds)
cover large expanses of the seafloor within
the survey area. They are characterised by
bioturbations produced by crustaceans and
fishes. The impact of marine plastic pollution
is also visible in these habitats.

@ Valencia, Spain.
Sea star and piece of plastic.
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@ Valencia, Spain. Red calcareous algae.

Rock formations

Rock formations are often full of
life. Although relatively scarce,
they are more frequent in the
southern part of the survey area.
In the outer and deepest areas,
some hard substrates house
communities of sea fans, although
they have been seriously impacted
by coastal landfills, pipelines, and
other human activity.

@ Valencia, Spain.
Rock covered with sponges and algae.
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5.4. Marine species impacted by plastic

e Species using plastics instead of organic

Plastic produces many highly varied materials to cover themselves.

negative impacts on marine fauna and
flora, ranging from effects on health
(including asphyxiation, ingestion,
dissolution of toxic chemicals, and
physical damage) to behavioral
changes in animals. Some such impacts
were documented during our survey,
and are detailed in Table 2.

» Fauna and flora overgrowing plastic
remains, which has also been widely
documented in the scientific literature.3>3¢

o Animals at risk of ingesting plastics. Various
species (including threatened species)
were observed feeding in areas of plastic
pollution, where they are likely to also ingest
microplastics that are present in the water
column or within the substrate.

SPECIES IMPACTED PLASTIC IMPACTS

Sea urchins
(Sphaerechinus granularis
and Paracentrotus lividus)

Our observations included:

- Behavioral change. Plastics have become so common that sea urchins were observed
- using plastics to cover themselves, instead of biogenic (organic) remains.

- Growth on plastic pieces. For example, species were observed using plastics used as
- substrate. An overgrowth of marine species on plastic means that the waste is integrated
“into the ecosystem and its degradation can cause a prolonged supply of microplastics.®”

Various species
of flora and fauna

Settlement on moving plastic pieces. Such pieces are transported with currents and can

Red algae (Laurencia sp. be displaced to areas where the species would not usually be found.

Settlement on moving plastic pieces. In the case of the common European oyster, the
- association with plastic waste is especially worrying given that the species has suffered
- severe population declines, habitat losses and severe mortality throughout Europe.®

Oysters (Ostrea edulis)

Mediterranean madreporian : Threatened species at risk of ingesting plastic pieces. This sessile benthic species was
coral (Cladocora caespitosa) - observed in plastic-polluted areas.

Threatened species at risk of ingesting plastic pieces. This benthic species was observed

Sti D ti til : .. R
ngray (Dasyatis pastinaca) - feeding in plastic-polluted areas.

Brown meagre (Scigena umbra) Vulngral?le species at risk of ingesting plastic pieces. This benthic species was observed
- feeding in plastic-polluted areas.

At risk of ingesting plastic. Since these animals search for prey within the sediment, they

Mullet (Mull . . . . . X
ullet (Mullus spp. -are highly likely to also ingest other residues, such as plastics.

At risk of ingesting plastic. Since these animals search for prey within the sediment, they

Sand steenb! : ) . ) . .
and steenbras - are highly likely to also ingest other residues, such as plastics.

(Lithognathus mormyrus)

Table 2: Species impacts observed in relation to seafloor plastic pollution on the Valencian coast.

Out of season: the plastic footprint of tourism
Seafloor surveys in Mallorca and Valencia

6. Plastic on the seafloor in Mallorca

@ Mallorca, Spain. Single-use plastics in the seabed.

The Balearic Islands have advanced
legislation to reduce the consumption

of single-use plastics and improve waste
collection. However, holidaymakers tend
to use more disposable products than
they do in their daily life, and they are not
always aware of local waste management
systems. Even if many hotels in Mallorca
have started to reduce their use of single-
use plastics drastically, tourists buy other
throw-away products in local shops. To
this, it must be added marine pollution
coming from mainland Spain, France or
northern Africa.®”

6.1. The survey area

The iconic Balearic Islands - Mallorca,
Menorca, |biza, and Formentera - are
home to a great diversity of marine
animals, including marine mammals,
birds, and hundreds of species of fishes
and invertebrates.*? This rich biodiversity
has been recognised with the creation

of several marine protected areas in the
Balearic archipelago, including 12 marine
reserves and a national park. One of

The island of Mallorca is a tourism hotspot
in the Mediterranean, and the second most
populous island in Spain. It has around
900,000 inhabitants with arrivals of over
10 million tourists in a normal year.*°

Mainly due to tourism, Mallorca’s beaches
are full of single-use plastic waste during
the tourist season and need to be cleaned
every day.*

the most important ecosystems that is
protected in shallow coastal waters of the
Balearics is formed by the plant Posidonia
oceanica; meadows of this seagrass provide
protection and food to many species and
enrich the water with oxygen.

The total area surveyed in Mallorca
(Figure 5) was 481 880.42 m?, and it
included waters adjacent to the tourist
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areas of Palmanova and Magaluf

(Figure 4). Figure 4 shows the distribution
of the main habitat types in this specific
survey area. It is dominated by large
seagrass meadows with rich ecosystems
formed by P. oceanica and sandy bottoms
that are characterized by bioturbations and
galleries formed by various marine species.

@ Mallorca, Spain. Cala Figuera lighthouse.

Figure 4: Bottom habitats in the area surveyed
close to the coast of Magaluf, Mallorca.'® 14 1843

6.2. Amount and types of plastic found

In the survey area we found a total of

146 plastic items, in 11 out of 21 points
surveyed. In total, 66% of the marine litter
found in the area is plastic.

The estimated density of plastic waste on
the sea bottom in the survey area was 330
pieces of plastic per square kilometer, an
indication of the large amount of plastic
garbage that ends up on the seabed.

As in the Valencia area, almost all of the
plastics documented on seafloor habitats
and species were single-use plastic items.
Of these, most were parts of plastic film or
sheets (54%), which may have been parts
of packaging or bags. The second most

Figure 5: Plastic distribution and density on
the seafloor in the Mallorcan survey area.'34

documented items were plastic bags (10%),
followed by plastic objects that could not be
identified (10%), and plastic bottles (5%).

NUMBER
| | OFITEMS
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54%

)

1 Film sheets . Plastic 87
(-] Bags - Plastic 16
) Other plastic objects - Plastic 15 10%
<D Bottles - Plastic 8 @ 5%
9 Food cans / wrappers '\Ffl;tsat!c/ 6 ~ - ( )
{J Plastic cups . Plastic 4 Like in Valencia, the plastic
. © Plasti .
é Beverage containers : ;:pgr/ 1 items observed on the
w>" Healthcare items . Plastic 4 seafloor included those
€3 Plates . Plastic 4 typically used in seaside
Food wrappers - Plastic 3 restaurants and take-aways in
B Beverage cans '\Ig'lgtsi'lc/ 1 Mallorca: plastic bags, bottles,
= Forks ; Plastic 3 cups, plates, and cutlery.
"7 Other (gloves, shoes, etc.) - Plastic 2 _
 Large plastic objects - Plastic 2 Table 3 summarizes the
% Clothing (clothes, shoes) gNatuPrlz;ISftlilzres/g 1 items recorded.
% Bottles CGGE%C 50
Anchors / Anchorage - Metals 6
&2 Ropes - Natural fibres 4
— Large metallic objects - Metals 1
ﬂ Unspecified 1

TOTAL OTHER ITEMS

Unspecified

Table 3: Plastic and other waste items found on the seafloor in the

Mallorcan survey area.

6.3. Marine habitats impacted by plastic

In Mallorca, we documented visible plastic
impacts in six seafloor habitats. These
habitats included meadows of Posidonia
oceanica, Cymodocea nodosa, Caulerpa
prolifera, and Halimeda incrassata, as well
as soft and rocky bottoms.

We found the highest concentration

of plastics in P. oceanica and C. nodosa
seagrass meadows. Seagrass meadows are
very rich and highly valuable ecosystems.

We also observed areas covered by
seaweeds with different species of green
algae (H. incrassata, C. prolifera) polluted
with plastic. In fact, the highest rates of
plastic debris were found in degraded algal
and seagrass meadows.

On some dotted areas with rocky beds,
we found red algae (Liagora sp., Ceramiun
sp.) and brown algae (Cystoseira balearica)
species affected by plastic.
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Posidonia

Posidonia oceanica, also known as Neptune
grass, is a real plant with flowers and

fruit. This seagrass species is only found

in the Mediterranean Sea and forms large
underwater meadows that are among

the richest ecosystems on the seafloor.
Thousands of species live, feed, and

breed there. Seagrass meadows are also
important because they produce oxygen,
improve water quality, and decrease wave
energy, thereby protecting coastal areas
and reducing beach erosion.** Posidonia
meadows are protected under the European
Union’s Habitats Directive, but despite
that, pollution and other disturbances are
responsible for their decline in many coastal
areas.® The plant is also crucially important
for lessening the effects of climate

change because it has a very high carbon
absorption capacity. Posidonia’s annual
primary production is estimated at between

Rocky beds

Rocky beds in shallow waters around
Mallorca and in other Mediterrenan
sites are commonly covered by a wide
diversity of seaweeds. Some of the
most common are the Dictyotales, like
Dictyota spp., Dictyopteris polypodioides
and Padina pavonica. Nevertheless,

the Fucales are the ones that form the
densest canopies,*” mainly comprising
species of the genus Cystoseira.

Cystoseira balearica is a Mediterranean
endemic species with a limited distribution
in the Western Mediterranean® and their
canopies are important as nursery habitat
for several fish species.’* Cystoseira spp.
have experienced massive declines in
several areas in the Mediterranean Sea and
Atlantic Ocean.>?>3

45 and 542 grams of carbon per square
meter.*¢ A significant proportion of this
carbon (approximately 21%) is sequestered
within the sediment; among seagrass
species, P. oceanica appears to be the most
effective at fixing and storing carbon.*’
Posidonia meadows have been shown to
store carbon for thousands of years in their
sediments, and are thus considered a long-
term carbon sink.*®

@ Balearic Islands, Spain. Posidonia.

@ Balearic Islands, Spain. Rocky bed with algae.

Soft bottoms

Bottom currents, sediment movements,
and the action of burrowing species living
on soft bottoms can introduce plastic
pollution into the sediments. This slows the
rate of plastic deterioration and increases
the time it stays in the environment.

In addition to this, healthy benthic
ecosystems are more resilient to the
settlement and expansion of invasive
species.’* Plastic can accumulate in large
quantities in seagrass'® enabling the
spread of non-native species.>® The alien
species Halimeda incrassata already covers
extensive areas in the sites researched in
Mallorca, especially in the more heavily
deteriorated soft bottoms.
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@ Mallorca, Spain. Brown brittle star in plastic piece

6.4. Marine species impacted by plastic

@ Mallorca, Spain. Red starfish and toy flyer.

As noted previously, plastics affect marine
flora and fauna in many ways (see Section 5.4).
In the waters of Mallorca, we documented
apparent such impacts from plastic items on
more than 41 marine species. Table 4 provides
an overview of these observations.

It should be noted that plastic and plastic
debris can be difficult to see within algal

or seagrass meadows, or in habitats

and communities with high densities,
because the plastic is hidden from view as
organisms begin to grow over the plastic
remains.>® This means that estimates of
the plastic within these ecosystems are
very likely to underrepresent the full scale
of the problem.
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Table 4: Examples of species impacts observed in relation to seafloor plastic pollution in Mallorca.

SPECIES IMPACTED PLASTIC IMPACTS

Mediterranean
madreporian coral
(Cladocora caespitosa)

Threatened species at risk of ingesting plastic pieces. This sessile benthic species was
: observed in plastic-polluted areas.

Green wrasse (Labrus viridis) Threatened species at risk of ingesting plastic pieces. This benthic species was observed

§ feeding in plastic-polluted areas.

Fan shell (Pinna nobilis)

Threatened species at risk of ingesting plastic pieces. This sessile benthic species was
- observed in a plastic-polluted area.

Red algae
(Phymatholithon sp.)

Growth on plastic pieces. Red algae were observed growing over plastic debris, with
- echinoderms feeding upon them. This poses a risk of ingestion by the echinoderms, and
: fragmentation into microplastics.

Brown algae
(Cystoseira balearica)

Growth on plastic pieces. Brown algae were observed growing over plastic debris, which
- poses a risk of fragmentation into microplastics and ingestion by other species.

Sea urchins (Sphaerechinus
granularis, Paracentrotus lividus)
and sea stars (Asteroidea)

At risk of ingesting microplastics when feeding. These species were observed feeding
- upon red algae that was growing over plastic debris (see above).

Bryozoans, corals and algae

Entanglement in plastics. Plastic pieces were observed to be entangled in various species
- with complex and tridimensional shapes.

Amberjacks (Seriola dumerili)

At risk of ingesting plastic. These animals were observed feeding in areas with high
plastic pollution, and are thus likely to be ingesting plastic particles.

Seabreams (Diplodus spp.)

At risk of ingesting plastic. These animals were observed feeding in areas with high
- plastic pollution, and are thus likely to be ingesting plastic particles.

Picarels (Spicara smaris)

At risk of ingesting plastic. These animals were observed feeding in areas with high
- plastic pollution, and are thus likely to be ingesting plastic particles.

Seabasses (Dicentrarchus labrax) At r|§k of mgtastlng plastic. The§e animals were gbserveq feedlr)g in areas with high
- plastic pollution, and are thus likely to be ingesting plastic particles.

7. Conclusions

Oceana carried out two expeditions to
document plastic on the seafloor of the
Mediterranean Sea, in locations known
to be important for both biodiversity and
tourism. In the waters of Mallorca and

of the Gulf of Valencia, we found plastic
pollution in every type of sea bottom and
habitat surveyed.

Plastic waste was widespread, and in the areas we
researched, we estimated densities of 330 pieces
per square kilometer of seabed (in Mallorca) and 447
pieces per square kilometer (in the Gulf of Valencia).

Plastics represented a visible threat to
biodiversity in the surveyed areas. We
observed apparent impacts on a range of
species, some of which are threatened.
We documented cases of marine life that
had become entangled in plastic, had
modified behavior in response to plastic,
or was at risk of directly ingesting plastic.
Fauna and flora were also seen growing
on moving plastic pieces, which can
eventually be displaced by currents far
away from their usual areas. Among the
habitats surveyed, we found that those
with complex structures (such as sea fans
and algal meadows) were among the most
heavily impacted. Seagrass meadows were
also heavily polluted with plastics, which is
particularly worrying given their important
role in sequestering carbon and lessening
the impacts of climate change.
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Almost all the plastics documented were
single-use items, such as bags, food
wrappers, packaging, cutlery, and drinking
containers. Most of the items found were
typical of those used by hotels, restaurants,
and take-outs, located close to the beach
in tourist areas.

It should be noted, in the case of

our research in the Gulf of Valencia,
that our surveys were carried out
during the height of the Covid-19
pandemic in the autumn of 2020,
when most of the hotels, restaurants,
and shops in the area were closed.

As a result, our findings are likely to
underestimate typical levels of marine
plastic pollution in the area. Tourism is
the main driver of plastic pollution in
the Mediterranean, and so we would
expect both the number of plastic
items found and the range of impacts
on species in the Gulf of Valencia to
be much greater in years with normal
levels of tourism. Nevertheless, the
types of impacts studied and described
are emblematic, and would also be
expected during a more typical period.
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8. Oceana’s recommendations

Oceana’s recommendations to curb
single-use plastic pollution in Spain are
aligned with an ambitious transposition>’
of EU Directive 2019/904 on the
reduction of the impact of certain plastic
products on the environment;>8

EU Directive 2018/852 on packaging
and packaging waste;*? current European
policies related to the EU Green Deal;%°
the European Strategy for Plastics in a
Circular Economy;®! and the European
Plastic Pact,®? to which Spain is a
signatory.®® They are also in line with the

Spanish Climate Emergency Declaration®
regarding the target to reach ‘zero waste’
by 2050.

Oceana urges Spanish and regional
authorities to address marine plastic
pollution in the most efficient way, by
shifting away from the throw-away culture
and from the focus on merely cleaning up
waste, to instead encouraging reusable
choices and preventing the generation

of waste. More specifically, Oceana
recommends to:

Adopt restrictive measures against products that heavily
impact marine fauna and habitats, such as setting binding
reduction targets for wet wipes and phasing out single-dose
packets and 6-pack plastic rings.

Introduce bans on single-use products (such as beverage and
food containers) in hotels, bars, and restaurants, and promote,
similar initiatives in environments associated with the heavy
use of single-use plastic, such as beach bars, festivals, and
street parties, especially in coastal areas.

Introduce compulsory deposit return schemes, to increase waste
collection rates and reduce littering.

Out of season: the plastic footprint of tourism
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Set targets for refillable beverage containers so that they
account for at least 50% of the market by 2025. Current
refillable systems have a loss rate (broken or unreturned
bottles) of less than 5%.%° Recycling is not enough to
reduce the consumption of raw materials, as only a
limited number of cycles is possible before the material
loses its properties.

Raise awareness among citizens about the invisible impacts
of pollution in the marine environment, particularly in

deep areas. It is urgent to publicly showcase the damages

to vulnerable and lesser-known wildlife, to convey the true
extent of the harm caused by marine pollution.

Develop a protocol for removing marine litter. Specify the
cases where this is not appropriate due to the potential
impact (for example, because of the vulnerability of the
species affected).

Levy a green tax on non-healthcare single-use plastic
products. To help curb marine pollution, this tax should
be targeted and used to finance measures such as those
listed above.
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