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» Spatial distribution and typology of marine litter on the seabed in the
GSAL7 were assessed in 2011-2012 (67 stations of SOLEMON

survey);

» Marine litter was sorted and classified in 6 major categories (plastic,
metal, glass, rubber, wood, other).
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» Plastic was dominant in terms of weight followed by metal and other categories (up to 700

a /x_ kg/km2)1
S & sS > Plastic litter was further subdivided in 3 sub-categories based on its source: fishing nets,
o] (aSaEekm) \ ;\ | Adriatic Sea g aquaculture nets (mussel farms) and other;
S e \3 ﬂ _— » The highest concentration of litter was found close to the coast likely as a consequence of
QO 11-a13 o r\\ - — high coastal urbanization, river inflow and extensive navigation associated with the
Qa1 RN ¢ U morphological and hydrological features of the basin.
2]/ Bathymetry :\\\\»:C’} T‘:\\ T\
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Environmental Pollution 234 (2018) 943-952

S » Occurrence, amount, typology of microplastic litter in the gastrointestinal

‘sepma tract of the common sole Solea solea and its spatial distribution in the
GSAL17 were assessed in 2014-2015 (67 stations of SOLEMON survey);

» The digestive tract contents of 533 individuals were examined for
microplastics, which were recorded in 95% of sampled fish, with more

Contents lists available at ScienceDirect

Environmental Pollution

journal homepage: www.elsevier.com/locate/envpol

Characterization of microplastic litter in the gastrointestinal tract of ) than one m|Cr0p|aSt|C item found in around 80% of the examined

Solea solea from the Adriatic Sea”™ L specimens;

G. Pellini ¢, A. Gomiero ™", T. Fortibuoni ¢, Carmen Ferra ®, F. Grati ®, N. Tassetti °, > The most Comm0n|y found pOlymerS were pOlyVIr]yl chloride (PVC),

P. Polidori °, G. Fabi ®, G. Scarcella " .

2 Coop. “Mare Ricerca”, Via Cialdini, 76, 60122 Ancona, Italy p0|ypropy|ene (PP)’ p0|yethy|ene (PE)’ p0|yeSter (PET)’ and pOIyamIde
(PA) (72% as fragments and 28% as fibers);

€ National Institute of Oceanography and Experimental Geophysics (OGS), Borgo Grotta Gigante 42/c, 34010 Sgonico, TS, Italy >

PVC and PA showed the highest densities in the northern Adriatic Sea,
both inshore and off-shore while PE, PP and PET were more
concentrated in coastal areas with the highest values offshore from the
A port of Rimini.

19.79% 21.11%

45°

®m Polypropylene
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mm " m Polyvinyl chloride
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LN S 17.37% & 21.25%
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Environmental Pollution 278 (2021) 116872

Contents lists available at ScienceDirect

» Types and number of microplastics were assessed in 23 individuals of
Norway lobster Nephrops norvegicus collected from two wild populations
of the Adriatic Sea;

Environmental Pollution

4.' 'i‘ 7“ " journal homepage: www.elsevier.com/locate/envpo . . . . .. .

— : — — > MPs were found in all the investigated individuals with an average of
about 17 MPs/individual

Preliminary results on the occurrence and anatomical distribution of @) > Fragments were predominant over fibers with a ratio of about 3:1

microplastics in wild populations of Nephrops norvegicus from the S . ’

Adriatic Sea*™ specimens

Michela Martinelli * !, Alessio Gomiero ™ !, Stefano Guicciardi ¢, Emanuela Frapiccini ?,

Pierluigi Strafella ¢, Silvia Angelini * ¢, Filippo Domenichetti ¢, Andrea Belardinelli ¢,
Sabrina Colella ® Polvester (PY)
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ooy Environmental Pollution

L

g ¥ ¢
El1.SEVIER journal homepage: www.elsevier.com/locate/envpol

FD2
8%

Preliminary results on the occurrence and anatomical distribution of 7
microplastics in wild populations of Nephrops norvegicus from the St
Adriatic Sea™

FD1
HEP D3
48% 31%
GUT
29% D2
49%

Michela Martinelli * !, Alessio Gomiero ™ !, Stefano Guicciardi ¢, Emanuela Frapiccini ?,
Pierluigi Strafella *, Silvia Angelini * ¢, Filippo Domenichetti %, Andrea Belardinelli *,
Sabrina Colella °

» The three anatomical compartments (hepatopancreas, gut and
muscular part of the tail) were differently contaminated according to

the shape and dimensions of the MPs. The largest MP patrticles in Fll.),/: TAI |.
form of fibers (FD) were found in the gut, while the smallest in form of FD2 sier
fragments (D) in the tail samples (FD1 50-100um; FD2 100-300um; 23% g
FD3 >30um; D1 20-50pum; D2 50-100um; D3 100-300um; D4 4
>300um); D3 D2 I

» The hepatopancreas was found to be the most contaminated 43% 41% B
compartment, while only the smallest fraction of MP particles was
found in the muscular part of the tail.

» The results of this preliminary study indicate that MP pollution should s .
be taken into consideration when preparing crustaceans for human 100 b
consumption and while selecting portions to eat (e.g. avoiding D1
hepatopancreas and intestine if possible), in order to minimize D2 ' 38%
possibly derived human health concerns. 14%

www.med-ac.eu
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Contents lists available at ScienceDirect
Marine Pollution Bulletin llMacrO'“tter”'
journal homepage: www.elsevier.com/locete'marpolbul . . . . .
* was examined in 614 specimens belonging to 11 species
Assessment on marine litter ingested by fish in the Adriatic and NE lonian [ * 147 “macro” litter items were identified among all fish
Sea macro-region (Mediterranean) | T |

_ specimens examined
Aikaterini Anastasopoulou™*, Manca Kovaé Virsek”, Dubravka Bojanié¢ Varezi¢®, Nikoletta Digka®,
Tomaso Fortibuoni*, Spela Koren®, Milica Mandi¢?, Chryssi Mytilineou®, Ana Pesic®, °

) 0 0 o i i
Tomaso Fortbiont Spels Koren', Miica Mandics, Chryes Mytlineos, Ans Peic was present in the guts of 2.6%, 25.9% and 2.7%, individuals of
et o s Bl R o 67 S Mo A . 8 508 e the examined fish individuals, in the N Adriatic, S Adriatic and NE

® remtune for weser of the Repubiic of Shoventa, Demaprka cea 156, 1000 Lubliors, Sloventa

© pussinse of Oc comgraphy and Rokeries, Senbilse hama Melsevila 83, 21000 Spli, Croaia .

“ Fisllentc Comser jior Morine Resaareh, [nsiune of Ocasnogrephy, 46.7 Em Athens Sounds, Mawo Lithas, F.0), Box 19013, Anavnd, ASics, Gresce I o n I a n Sea
* psdiam Naima! Instrate jor Evtrorevireal Prosecan and Research, Loc. Bromdelo, 300 15 Chiggic, VE, Tty
fmmqawww.swmmut 24010 Spovica, TF, lasdy

# ntversry of Msmameg, leminse of Marine Biskygy, Dobraw b, P. Box 69, 85330 Kour, Monimegro

ARTICLEINFO ABSTRACT

Keywords: This study presenis data on the marine litter occumence in the siomachs of fish species living in differsnt marine

Marine limer habitats for the Adriatic and NE onian Sea maco-region “"Macre-lither™ was examined in 6§14 specimens be

Blom longing i 11 species, while micro-itter in 230 specdmens belaging i 7 species. The study highlights for de

f:h v Bites® first time the pr=sence of litter in the stomachs of the fish spedes Githaus Bnguatila. The ocumence of “mac
acre liier

lither™ im the guis of fish was < 3% in bo# the NE onian and N Adriatic but reached 26% in the S Adriatic Sea.
Microditter oocurmence was 40 for the NE onian and incressed to 7% in the N Adratic (Slovenian S=a). The
ingested “macro™ and micro-litter differsd among the areas. The marine habitat was Bund toaffect the “macm™

Miorolimer
Adriatie and loodan S

litter ingestion but not e micro-lither.

1. Inroduction

Ingestion of marine liter by a wide varety of marine organdams has

chemical and physical impacts are Ikely to occur in manine food webs,
which implies potential impacts on human end consumers {eg. Famel
and Melson, 2013 Setdli et al, 2014; Kithn et al., 2015 and meferences

been well documented and reviewed (e.g. Laist, 1997; Dermaik, 2002 therein). O Citharus linguatula
Kilhm ot al., 2015 Anademo et al, 2015 Hall et al, 2015 Wiloox et al,, Marime litter also affacts fsh. However, the number of relatad re
2015; Macall et al., 2018) So far, almost 700 species have been re- ferences although Increagng year by year because many fish specles B Mullus barbatus
ported to ingest marine litter {Gall and Thompson, 2015) and the const fiute an important food source for humans & still mlatively low
mumber i3 constantly ncreasing. (Kihn et al, 20151 Fish consumption s significantly Increasing, B Solea solea

Plastics (macro and micro) sccounts for 92% of all encounters be- leading to a new recond high of 20kg in 2014 on waorld per capita fish . .
tween organkms and marine liter (Phillips and Bonner, 2015). It is supply (FAD, 2016) The increased fish consumpton along with the Dsardmaplldmrd“s

well known that plastic produecton grows at 5% per year (Andrady and
Neal, 2009) and plastic does not really disappear as they fragmented
into smaller persktent particles (secondary microplastics) under UV
rmadiation, bacterial degradation and physical abrasion by wave action
(Bames et al, 2009 Kithn et al, 2015). Plastkes may also be orglnally
manufaciured into very small sizes (primary microplastic, eg. micro-
beads, plastie nanoparticles, “scrubs™). Therefore, liner particles can be
ingested by marine organisms and there are indicatlons that their

= Cowresp onding amthor.
Edl geddres: kanastihoome gr (A Anastasopoulon).

betipes# Aol org /1001 016 marpalbal 30 1806 050
Recetved 23 May 2018 Recetved in revisad dorm 15 Jone 2018 Accepaed 17 June 3018
0025 326X/ & 2018 Elsevier Led. Al rights reserved.

constant increase of plastie production and the fact that fish constinute
significant levels into food chain towards higher trophic level (in-
cluding human consumers), which ralse potentlal concems for the
human health, make the necessity of such studies more and more im-
perative. Sudies on litter ingestion by fish showed that a wide mnge of
species having different feeding behavios, inhibitng various geo-
graphic areas and depths has been affected (e.g. Boerger et al, 2010;
Anastasopoulow ef al, 2013% Lusher et al, 2013 Neves et al, 2015;

38.78%

O Trachurus trachurus
Scomber japonicus

W Pagellus erythrinus
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Micro-litter:

e 230 fish individuals were studied

* The concentration of micro-litter items per individual (all fishes pooled) was highest for the fishes from Slovenian Sea
(6.7 £ 3.5 items/individual), followed by those from Croatian Sea (2.5 + 0.2 items/individual). NE lonian Sea was third
in order (1.7 £ 0.2 items/ individual).

e the concentration of micro-litter items per individual was 100%

highest for Chelon auratus (9.9 + 8.4 items/individual) Zi

from the Slovenian Sea and lowest for M. barbatus

(1.5 + 0.7 items/individual) from the NE lonian Sea

70%

60%

50%

40%

. 30%

Conclusion: .
The frequency of “macro”-litter occurrence in the guts of all = o, I l

0% = -

examined fishes per area was very low (< 3% in occurrence) in
the N Adriatic and NE lonian Sea but quite higher in S Adriatic
Sea (26%). However, the occurrence of micro-litter in fish was
much higher, ranging between 40% and 87%).

% of ingested microplastics

v N

2

15

2
<

Chelon auratus
Sparus auraa
Soleasolea
Pagellus erythrinus
Sadinapilchardu
Mullus barbatus
Pagellus erythrinu
Sadinapilchardu

Mullus surmuletus

North Adriatic Sea South Adratic Sea Northeast lonian Sea

m fragments fiaments
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Check for

Effects of Nutrient Management
Scenarios on Marine Food Webs: A
Pan-European Assessment in
Support of the Marine Strategy
Framework Directive

Chiara Piroddi™*, Ekin Akoglu?, Eider Andonegi?®, Jacob W. Bentley*s, Igor Celics,
Marta Coll?, Donna Dimarchopoulou®s, René Friedland’, Kim de Mutsert,

OPEN ACCESS  Raphael Girardin, Elisa Garcia-Gorriz’, Bruna Grizzetti', P.-Y. Hernvann'341s,
Johanna J. Heymans'®, Barbel Miiller-Karulis'?, Simone Libralato®,

Edited by: Christopher P. Lynam™, Diego Macias'', Svetla Miladinova’, Fabien Moullec?,
Xosé Anxelu G. Moran, Andreas Palialexis’, Ove Parn’, Natalia Serpetti®?’, Cosimo Solidoro$,
King Abdullah University of Science Jeroen Steenbeek?, Adolf Stips’, Maciej T. Tomczak'’, Morgane Travers-Trolet?® and
and Technology, Saudi Arabia  Athanassios C. Tsikliras®

LTL: 3D hydrodynamic biogeochemical models
representing the 4 main MSFD regions
(Mediterranean Sea, Black Sea, Baltic Sea and
North East Atlantic)

HTL: 19 food web models (from plankton to fish ad
fisheries) covering different areas.

11 ecosystem models representing areas of the
Mediterranean Sea, 3 the Adriatic Sea

This analysis is a result from a series of workshops “Redevelopping
Models of the European Marine Environment” (MEME) promoted
by DGMARE and DGENV

In this group modelling experts from Low Trophic Level models (LTL;
from physics to plankton) and High Trophic Level models (HTL; from
plankton to fish & fisheries) interacted since 2014 to develop best
models and approaches to link and connect LTL and HTL

In this work the aim was to examine how nutrient discharge to
coastal areas influence marine ecosystems

60°0"'N~

S0°0'NA

40°0'N-

(

FIGURE 1 | Map showing the location and spatial extent of the 14 ecosystems models included in the analysis. Light-blue background and Arabic numbers
correspond to MSFD regions and sub-regions (1 = Mediterranean Sea; 2 = Black Sea; 3 = Baltic Sea; 4 = North Sea; b = Celtic Seas) while dashed background and
Roman numbers refer to smaller areas within an MSFD region/sub-region (| = Western Mediterranean; Il = North-East Adriatic; Il = Inner lonian Archipelago;

IV = Thermaikos Gulf; V = Baltic Proper; VI = North Sea; VIl = English Channel; VIl = Celtic Sea; [X = Irish Sea; X = West Coast of Scotland).

www.med-ac.eu



The approach consists in a complex cascade of STATE-of-the-ART modelling approaches

LTL: Athmospheric

the circulation model

and climatic drivers force

Atmospheric forcing
\wind, temperature, precipitation

/

1. Hydrological
model

m 2. Hydrodynamic
model

| Y-

HTL: Fisheries drives the
food web model

Fishing forcing
effort, fishing mM

a N

4. Food web
model (HTL)

/ 3. Biogeochemical
\ model (LTL)

}m\ /

LTL: Circulation models

with plankton process
(Biogeochemical)

(hydrodynamics) is coupled

www.med-ac.eu

LTL >> HTL: the production
of plankton is linked offline
to HTL model




IMPLEMENTED The two scenarios

covering inland water quantity and quality

(nutrients) in Europe include:

(1)

(2)

actual nutrient loads from river
discharge (reference scenario,
REF)

maximum technically feasible
reduction (MTFR scenario) of

nutrient input to surface water
(nutrient surplus in agricultural areas to a
minimum, optimizing mineral fertilizer
applications and upgrading wastewater
treatments to the highest level of nutrient

®

®

Nutrient surface water
enter with rivers (

wind, temperature, precipitation

Atmospheric forcing 1

arecirculated/dispersed
by the hydrodyamic

model

nutrients then enterin|
the plankton biological

cycle

removal)

RESULT 1.

Substantial reductions on the
INPUTS (Nitrogen -13%: -22%;
Phosporous -28% : -35%)

result in MUCH LOWER reductions
at sea (because of dispersion/use
of excess) and smoothed effects of
primary production BUT BIG
SPATIAL DIFFERENCES

1. Hydrological

model

3. Biogeochemical
model (LTL)

Offline

Offline

Fishing forcing
effort, fishing mortality

1

4. Food web
model (HTL)

...And fisheries @

Changes in

productivity affects

food webs.... @

HTL European marine

HTL Madel type and

HTL Spatial extent

Hydrological model

Hydrodynamic-

ecosystems acronym biogeochemical
models
Change (%) Change (%)

TN TP DIN DIP PP

Mediterranean: West EwE 35.1-44.4°N and -5.9t0 16.2°E —-13.6 —-35.7 —0.4 0.2 -0
(West_JRC/\West_ICM)

Mediterransan: West Osmose (West_OSM) 351-44.4°N and —-5.9t0 16.2°E —13.6 —35.7 -0.2 —04 —0.03
Mediterransan: Adriatic EwE (Adri_JRC) 39.7-45.8°N and 12.1-20.0°E -21.8 —28.6 —0.5 —3.4 —-1.5
Mediterranean: Adriatic Osmose (Adri_0OSM) 39.7-45.8°N and 12.1-20.0°E -21.8 —28.6 —2.6 —4.5 —2.2
MNorth-East Adriatic Sea EwE (NE_Adn) 45.4-46.0°N and 13.0-14.0°E —-22.4 —36.7 —13.0 —6.6 —4.8

www.rmeQ-Qc.eul



Indicators used to evaluate effects among —

scenarios: 53c2
Spawning stock biomass of one
commercial species within the small
pelagic group =R
m [ ]
o
-
E 0'"";""‘"‘" """"" . | i""""I""' """" I'"
O e * de—om, ,*
2 =
_5—
RESULT 2:
Large differences by site, in general : =
decrease of biomass between -0.1 : -5% = O )
E|9|E$mc5%ﬁ2£3'2":E
. . . = = = = m O
The Mediterranean Sea models highlighted R %I = ¢ ¢ £ =5 E < & = g
a reduction in the SSB in all the = = < | = i E,
models/areas considered Model L
odels
Mediterranean Sea SSB small pelagics BI Med Sea = -1.3%+0.9 EI Baltic Sea = -1.4%5.0
decreases by -1.3% MSFD mean change iy B ck Sea = -2.0%+1.9 =8 NE-Atlantic = -1.8%+3.0
Adriatic Sea SSB small pelagics decreases
by -3%

www.med-ac.eu



Indicators used to evaluate effects among

scenarios:
: : D4C2
Total biomass of small pelagic group
5_
Q .. . .
RESULT 3: g 0*"*"‘**’ """ “*"_*H—'ﬁ - **“*ﬁ*
Small pelagic fish biomass had the highest 5 T ., -
variability among the areas/models e 51
-101
Mediterranean Sea total biomass of small .
. 1 =
pelagics decreases by -0.9% cz3ozclos= o = . . < 3 ~
S, 0 =15 21 3 S5, 0 E S5 2 2 0 )2 = 8
. r F'F'E._Iol‘{l_'lO.iF'FlEEE5223-25
At sub-regional level, the Adriatic Sea from g § 33 s wls s @ ¥E£a2d 2 22 0 = =
the Mediterranean model (Adri_JRC) was TR
the area with the highest Models
reduction (-2.0%). Conversely, the Osmose MSED mean chanae ¥® Med Sea =-0.9%+2.7 B Baltic Sea = +2.0%%3.1
model for the Adrlatlc Sea (Adrl OSM) g EZ Black Sea =-2.3%+1.3 EE NE-Atlantic = -1.8%+2.9

projected an increase (+1.3%). the North-
East Adriatic Sea showed the highest
reduction (-8.4%)

Catches follow the biomass change since fishing effort is assumed constant

www.med-ac.eu



Indicators used to evaluate effects among scenarios:
Mean Trophic level of the community (mTLco) and mean trophic level of the fisheries catches (TLc)

Looking at mTLco, the highest negative changes small reductions in TLc were observed in the North-
were observed at smaller scale with a reduction East Adriatic (-0.2%)
in the North-East Adriatic (-0.7%)

mTLco TLc
0.51 * J .
g S
0_0__“*____.“*_"_._.**5.—** ------- —_ o—m— Semge_ _ | _ _ mmm oo-
m - N - - - - N
g, . . i . T s e
© -0.5 . = . L. .
< oy - .
Q *
X110 .
-1.51
=2 5 E
0 = = O = = O =
& O = fjlo = o < O +. o = __ = w
56 94QE 8 2N 8 58 ETeEJoE s 8 € 2 e 3 518 3 £ 39 . ,0 59 5
EEE-CI'ZILIJICIIZEEIGJEESOE'CSEM 1 9 _’|O{|_’O£_’|O|§3£§QOE'§U
2822 =le8 & EF - = 8 dssuws 85 2adsss =2
- 1] [+ = =
AT = = < I F|° = aof e 2 ‘o
Models Wi
Models
=- %t i = %t
MSFD mean change B Med Sea = -0.01%%0.3 EX Baltic Sea = +0.08%=0.1

E3 Black Sea = -0.01%+0.003 E& NE-Atlantic = -0.2%0.4 MSFD mean change B2 Med Sea = +0.02%+0.2 EX Baltic Sea = +0.08%=0.2

Ed Black Sea = +0.02%+0.04 E8 NE-Atlantic = -0.08%+0.2

This study suggests that improved nutrient management, in line within European directives to preserve and/or recover the
status of coastal and marine water status, will have little impact on the assessed HTL marine ecosystems.

Although large differences occur across systems ad size of the area investigated.
www.med-ac.eu
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CLAIM

CLEAMING LITTER

BY DEVELOPING AND

APPLYING INNOVATIVE METHODS
IN ELUROPEAN SEAS

Deliverable Number: D3.5

Deliverable Title: Report on characterization of the basic level of presence of
litter in commercial seafood specimens to evaluate ecosystem services
status in WPy

WP Mumiter: WF3
Lead bensfdary: CHR

Disseminadon lewel: Confdenal'Only for members of the Consortium
Maonth: 26

The CLAIM project made a ccharacterization of the basic level of microplastics (MP) presence in seafood species of
commercial interests (fish, bivalves, crustaceans, cephalopods) collected during two sampling campaigns in CLAIM key study
areas of the Mediterranean (Ligurian Sea, Gulf of Lyon, Gulf of Saronikos, Gulf of Gabes). Different not-farmed seafood
species have been collected from CLAIM key study areas and investigated for their MP content. Laboratorial analysis have
been performed at the laboratory of CNR (Genoa, Italy) in order to gather data about MP abundance, shape, size and

% fish with MP-l campaign
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Ligurian Sea Gulf of Lyon Gulf of Saronikos Gulf of Gabes Gulf of Finland Bornholm Island

MP ingestion by different species (% of individuals with MP in the digestive tract)
analyzed during the 1t CLAIM campaign according to each sampling area. Red bars
indicate Mediterranean region, blue bars indicate Baltic region.

polymer composition in the investigated species of commercial interest.
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Ligurian Sea Gulf of Lyon Gulf of Saronikos Gulf of Gabes Gulf of Finland Belt Sea

MP ingestion by different species (% of individuals with MP in the digestive tract)
analyzed during the 2"4 CLAIM campaign according to each sampling area. Red bars
indicate Mediterranean region, blue bars indicate Baltic region.

The present study revealed a widespread MPs presence in seafood species, belonging to Mediterranean
and Baltic regions, and sampled during two different campaigns.
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Microplastic ingestion in each seafood species analyzed in the
present study expressed as % of MP occurrence in species
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No remarkable differences in
geographical or seasonal weather pattern
of distribution were found; our results
confirm MP ingestion by Mediterranean
and Baltic species occurring with similar
values: 8% of individuals with MP in the
gut for Mediterranean species vs 10% of
Baltic species (campaign I); 11% of
Mediterranean species vs 8% of Baltic
species (campaign II). Similarly, no
differences in MP ingestion were found
between species collected in
Autumn/Winter (10% of seafood species
found with MPs) and those in
Spring/Summer (10% of seafood species
found with MPs).

30

In the present work, it is interesting to note that we found at the top position three species Arnoglossus laterna, Perca fluviatilis
and P. flesus, with demersal habitat, and therefore their feeding ecology may explain the higher MP ingestion compared to other
species with different habits. Indeed, MPs could have been ingested during their normal feeding behaviour, with the sediment
ingested when feeding on benthic invertebrates. Benthic environments retain MPs that sink to the ocean floor or river bed, with
fragments being caught on or between grains of sediment. Katsnelson (2015) reported that MPs can be accumulated in deep

sea floor at densities four times higher than at the sea surface.
www.med-ac.eu
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