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The Impact of Marine Litter in Marine Protected Areas
(MPAS) in the Mediterranean Sea
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The Impact of Marine Litter in Marine
Protected Areas (MPAs)

in the Mediterranean Sea: How Can We
Protect MPAs?

Marine litter and biodiversity interactions

1 The PlasticSea

in the Mediterranean Sea (Sep 2019)

Maria Cristina Fossi and Cristina Panti

In the whole Mediterranean basis 1231
MPAs and OECMs (Other Effective
area- based Conservation Measures)
cover 179,798 km for a total surface of
7.14% under a legal designation. Many

s sl e T of these areas are heavily subjected to
:;;"’..:‘.‘."‘..,. s R T marine litter pressure.
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First person event - is intended to transfer knowledge gained on
harmonized ML monitoring approaches and methodologies to MPA
managers and staff members interested in developing skills on how
to design an effective ML monitoring programme in their MPAs,
consistent with the MSFD and the Barcelona Convention frameworks.

This first session is dedicated to explaining the basics of ML
monitoring and it provides an overview on the methodologies and
approaches to monitor ML presence on beaches, sea surface, sea
floor as well as in biota and the ML impact on living organisms and
the type of results and indications that can be drawn from such

monitoring.

PLASTIC BUSTERS MPAS

Regional Training
on-Harmonized
Marine Litter Monitoring

24th May 2021 | 9:30 - 12.00 CET

via video conferencing

Target Audience

» MPA managers and staff

» Other interested parties:

Local public authority, Regional public authority
National public authority, Interest groups
including NGOs Higher education and research
International organisation, EEIG
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Plastic Busters MPAs: Training Agenda

TIME (CET [SESSION | SPEAKERS/TRAINERS

15.15-15.30 Registration i
Fnierreg ®m

/Mediterranean
@ PLASTIC BUSTERS
MPAS

Session 1: in the classroom . e
Welcome _ PLASTIC BUSTERS MPAS

The Plastic Busters MPAs in a nutshell — Regional Training
on-Harmonized

Marine Litter Monitoring

Training scope, and agenda for the
following days
Trainees’ expectations
The Plastic Busters MPAs Toolkit on
marine litter monitoring:
o Beaches (macrolitter, microlitter)
o Sea surface (macrolitter,
microlitter)
o Seafloor (macrolitter)
o Biota (endangered species)
o Biota (commercial species)

Cristina Fossi, UNISI

Cristina Panti, UNISI

llaria Caliani, UNISI

Matteo Baini, UNISI

Thomais Vlachogianni, MIO-ECSDE

24th May 2021 | 9:30 - 12.00 CET

VYV VVvVYy

via video conferencing

15.30-17.30
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PLASTIC BUSTERS MPAS ADDRESSES THE ENTIRE MANAGEMENT CYCLE OF MARINE LTTER

MITIGATION AND PREVENTION
Regional guidelines to suppart replication actions throughout the Mediterranean
buit on 10 mading liter demanstration projects in pdot MPAS

@

CAPACITY BUILDING
AND KNOWLEDGE TRANSFER
MONITORING
Defining and testirg
harmonized mnodolkm
In pelagic and coastal

Mediterranean MPAs

MEASURES AGAINST
MARINE LITTER

In coastal and pelagic

Maditerranea MPAS

JOINT COVERNANCE
A jaint governance alan will
empower MPAS managers,
decision makers and other stakehokders
to undertake coordinated and targeted

IMBACTS
ON BIODIVERSITY
Harmanized methodalagies
and assessment of marine
ther imgacts on biodhversity
actions against marine litter

MARIME LITTER HOTSPOTS

Forecasting model to identify hMarine Litter
cumulation zones within Mediterranean MPAs

Sters M@

/

/

5 general objectives

‘Marine Litter

PlasticBusters MPAs, is a 4-year-long project Interreg Mediterranean
funded project aiming to contribute to maintaining biodiversity and
preserving natural ecosystems in pelagic and coastal marine protected
areas (MPAs), by defining and implementing a harmonized approach
against marine litter.

The project entails actions that address the WHOLE MANAGEMENT
CYCLE OF MARINE LITTER, from monitoring and assessment to
prevention and mitigation, as well as actions to strengthen networking
between and among pelagic and coastal MPAs located in Italy, France,
Spain, Croatia, Albania and Greece.

The project will support the implementation of the MSFD and the
Barcelona Convention Regional Plan on Marine Litter Management in the
Med.
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Plastic Busters MPAs:

Harmonized Diagnosis in the Environment

4.1 - Coordinating WP 4

4.2

Piloting harmonized ML monitoring in Med MPAs to assess ML
(macro- and micro-plastics) in the coastal and pelagic
environment

4.3

Piloting harmonized ML monitoring approaches in Med MPAs
and hotspots to establish the impacts on biota, including
endangered species and fishery resources

4.4
Preparation of the demo projects
Piloting ML prevention and mitigation measures

MARINE MONITORING
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Plastic Busters MPAs:

Harmonized Diagnosis in Biota

4.1 — Coordinating WP 4

4.2

Piloting harmonized ML monitoring in Med MPAs to assess ML
(macro- and micro-plastics) in the coastal and pelagic

environment
4.3
Piloting harmonized ML monitoring approaches in Med MPAs
: : : : : i) Plastic % i} Plastic tracers ‘ iii) Biomarkers g
and hotspots to establish the impacts on biota, including detection detection ' detection i) Marine litter Zovertrre.,
q a nalysis of the ingeste nalysis of plastic ects at molecular level: detection " '.
endangered species and fishery resources pesofthe ngestedd | | A of plat Ffects at molecular evet ¢

! ii) Plastic tracers

iii) Biomarkers'.-". i
B “detection

detection

*Alteration of cell functions

4 5 = Weight (g) compounds:

*Polymer analysis *PCBs
Preparation of the demo projects

- Effects at tissue level:

*DDTs
*PAHs
*Mercury

4. 4 litter/microplastics: «Phthalates e o~
*Occurrence (%) 'EPDES " e!ltpression .
. . *Bisphenol *+Alteration of proteins
Testing the ML forecasting model el :
- Analysis of PBT - Effects at cellular level:

*Histological and
histopathological
alterations

4.6
Piloting ML prevention and mitigation measures

o’

IMPACTS ON BIOTA
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ction In reiation to habitat/home range
COAST LINE AND - BIOINDICATOR SELECTION STRATEGY
SEASURFACE  COASTAL WATERS  OPEN WATERS SEAFLOOR Il
BEACH SEDIMENT
Ecological and
Balaenoptera biological selection
physalus; criteria
Cetorhinus maximus
~ ) Xiphias gladius; . . Habitat and
BASIN SCALE . alonectns' Calonectris diomedea, Thunnus thynnus BLU E: b’ on d’ cator ,f or home range
Joint s o ; diome.. ' Puffinus Puffinus yelkouan Xiphias gladius; ) selection
impact on biodiversity i di ean | g r g
& se‘l‘ected_ monitorin logi (Med’terranean Sea) V! elkou Thunnus th ynnus m acr O' ' tter cl'iteria
Caretta caretta
Physeter
e e e
macrocephalus RED: bioindicator for
MEDIUM-SCALE I 1
THE INTERREG MED Thunnus alalunga m’crop’ast’cs
PLASTIC BUSTERS MPAs PROJECT (Mediterranean UN “vphaena hippurus
= ‘ Environment/MAP . S
bbb ot Thunnus . ~lunga
i sub-regions )
“Mullus barbatus
~hrops
norvey. ‘<.
Galeus
Maurolicus muelleri melastomus,
SMALL-SCALE Boops boops Engraulis encrasicolus Merluccius Local Scale
(F A0 GSA ) Trachinotus ovatus Sardina pllcitardus merluccius,
Myctophids Solea spp.
Galeus
Scyliorhinus
canicula
ytilus galloprovincialis
LOCAL SCALE i Arenicola marina :
Decapods (e.g. Carcinus sp.)




Plastic Busters MPAs:
Three Fold Monitoring Approach in Biota

Conterts lsts available at Sciencerect ]’

i) Plastic Yﬁ :

. . detection VY Environmental Pollution
Commercially harvested species o ___________ ; e
- Analysis of the ingested
marine litter/microplastics:

*Occurrence (%)
* Abundance (n®)
* Weight (g)

* Polymer analysis

Bioindicators for monitoring marine litter ingestion and its impacts on
Mediterranean biodiversity™

i
1

]

1

'

'

'

' Maria Cristina Fossi *”, Cristina Peda *, Montserrat Compa *, Catherine Tsangaris °,
' Carme Alomar “, Francoise Claro ', Christos loakeimidis *, Francois Galgani .

'

1

'

'

1

'

Tatjana Hema *, Salud Deudero *, Teresa Romeo °, Pietro Battaglia °, Franco Andaloro *,
llaria Caliani . Matteo Baini *"

", Silvia Casini *", Cristina Panti **

- ii) Plastic tracers
Invertebrates Vertebrates detection

HE Analysis of plastic additives: i
= Phthalat: . . .
BRDET Toolkit-fer monitori
* Bisphenol A a . -’ /
impacts on biodive

MPAs

- Analysis of PBT compounds:
*PCBs
*DDTs
* PAHs
* Mercury

iii) Biomarkers g
detection :

Endangered species

- Effects at molecular level:

- Effects at tissue level:

* Hystological and https://plasticbustersmpas.interreg-med.eu

K Stranded organisms Free-ranging animals /

' ll
'
| *Measure of DNA damage E l
4e Alterations of gene expression PREPARED BY
pe f 1
: Alteration of proteins : THE INTERREG MED
| - Effects at cellular level: ' PLASTIC BUSTERS MPAs PROJECT
1 *Alteration of cell functions H
; |
l 1
L 1
! |
\ | 1
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Plastic Busters VIPAS:

Main nnrlmg expected by the application or the PBMPAS

CJJUJUT 4dGil alfe...

v DIAGNOSTIC PHASE: development of effective methodologies to diagnose the marine

litter (including microplastics) presence and impacts on biodiversity inhabiting Mediterranean
MPAs (Deliv. 3.3.1), including the identification of Marine Litter hotspots (Deliv. 3.5.1).

AIVITTIGATTON PHASE: development of efficient tailor-made surveillance, prevention and
mitigation measures in Med MPAs (Deliv.3.6.1) designed according to the diagnostic actions
carried out during the monitoring phase. Identification of a series of measures to prevent and
mitigate the impacts of marine litter in the hotspot areas, while capitalizing on previous projects
results (e.g. Interreg MED ACTALITTER, MEDSEALITTER, DG-ENV INDICIT, IPA-Adriatic DeFishGear,

etc.). S
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Plastic Busters MPAs activities in MPAs
Risk Assessment - From Diagnosis to Mitigations

i
i
I

b ——— e

TR

I

WP4 -Testing

*Pelagos Sanctuary (IT,FR,IMC)
*Tuscan Archipelago (IT)
«Zakynthos National Marine Park (GR)
*Parque Nacional Del Archipiélago

De Cabrera (SP)

WP5 - Transferring
Karaburun-Sazan MPA (AL)

A Diagnosis ======) Mitigation

Reserve Naturelle des Bouches de Bonifacio (FR)
\\ interreg &
Mediterraneaw
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From Diagnosis to Mitigation:
the PB MPAs Mitigation Measures

TESTING PHASE
—

O

. SPAIN - Cabrera Archipelago Maritime-

. SPAIN - Natural Park of Ebro Delta =

. CROATIA - Brijuni National Park ‘

. ALBANIA - Karaburun Sazan MPA

TRANSFERRING PHASE

Photo © Thomais Vlachogia i




Plastic Busters MPAs: MPAs Tipology

The monitoring methodologies described in this training have been developed to be tailor-made according to the extension of the
Marine Protected Areas to be monitored. Whenever necessary, these methodologies have been described for each of the three types
of protected areas completed in the project:

v Small scale MPAs: Cabrera, Zakynthos
v Medium scale MPAs: Tuscan Archipelago
v’ Large pelagic and coastal areas (SPAMI, EBSA): SPAMI Pelagos Sanctuary

The end goal is to develop a monitoring strategy, which could be adapted to other Mediterranean MPAs on the basis of their extension
and characteristics — including MPAs/SPAMIs (Specially Protected Areas of Mediterranean) and EBSAs (Ecological or Biologically
Significant Areas) — during the transferring phase of the project.
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Plastic Busters MPASs:

Joint strategy for monitoring marine litter and its impact on biodiversity in
Mediterranean MPAs & selected monitoring methodologies

The harmonized monitoring protocols are described in detail in the thematic chapters
Joimstrammmommﬁﬂgi subdivided in the following methodological sections:

1 e litter and its
impact on biodiversity in"Medii@rranean MPAs

& selected monitqrjpg methodologies

a. SURVEY DESIGN: this section describes how the survey will be planned in the different
MPAs according to MPAs extension

b. SAMPLING METHODOLOGY: this section describes how the sampling should be performed
THE INTERREG MED in all the environmental compartments as well as biota and the methodologies to be used

PLASTIC BUSTERS MPAs PROJECT

¢. SAMPLE PROCESSING METHODOLOGY: this section describes how the samples should be
processed and how data should be analysed and reported.
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Plastic Busters MPAS:

Joint strate

AThe
PP,

&
(D

y Tor monitoring marine litter and its impact on biodiversity

FESATE

_ ’ SYNERGY BETWEEN MPA MANAGERS AND RESEARCHERS
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Plastic Busters MPAs: Toolkit

= MONITORING MACRO-
Toolkit-for momton@l:gnd-its AND MlCROLITTER IN THE

impacts on biodive in-Med

s> ENVIRONMENT

PREPARED BY

THE INTERREG MED
PLASTIC BUSTERS MPAs PROJECT

MONITORING MACRO-
AND MICROLITTER IN BIOTA

lnterreg [ ]
/Vediterranean

(%) PLASTIC BUSTERS
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Plastic Busters MPAs:
Toolkit - Supporting documents

JRC TECHNICAL REPORTS

JRC SCIENTIFIC AnD poLic A Joint List of Litter Categories
for Marine Macrolitter Monitoring

,-\ Guidance on Monitoril
Toolkit-fer monitg_rj L andiits
impacts on biodiversiy in Med

Manual for the

Marine Litter in Europez application of the

classification system

Methodology for Monitoring

N Marine Litter on Beaches l * @‘

Fet. 0., v
I Tuchis

7., Hanke, 6
P—

Macro-Debris (>2.5cm)

201

MPAs

Standard Protocol for Floating
» Marine Litter monitoring from

PREPARED BY

THE INTERREG MED
PLASTIC BUSTERS MPAs PROJECT

SmaLL anp Mepium VesseL

UNITED
@ NATIONS EP
UNEP/MED WG.490'5
Interreg H Interreg Bl s
/Vlediterranean, Y @ UNITED NATIONS M.m.m.g _—
) PLASTIC BUSTERS A}/ "\ ¥ ENVIRONMENT PROGRAMME MEDSEAUITTER
MPAs M=25 MEDITERRANEAN ACTION PLAN
1 March 2021
o i UNEP English

Mecting of the Approach C Marine Li

Videocanference, 30 March 2021

ing (CORMON Marinc Litter)

Agenda item 5: Regional operat itoring IMAP Candi

Regional i itoring IMAP Candi icator 24

...and more
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Monitoring MACROLITTER on beaches

r

This document describes the methodolegical gpproach for manitoring macralitter on beaches. It has
been compiled bosed on the reioted methodologies developed within the IPA-Adriotic DefishGear
praject ond it hos been adopted within the framework of the Interreg Med PlasticBusters MPAs
praject to address the recent advances in the field.

Urvey from
Strandjipg tothe back of
of the beach

PREPARED BY

THE INTERREG MED
PLASTIC BUSTERS MPAs PROJECT

©Thomals Viachogianni/MIO-ECSDE'
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Monitoring MICROLITTER in beaches sediments

This document describes the methodolegical approach for monitoring microlitter an beaches. It has
been compiled bosed on the related methodologies developed within the IPA-Adriotic DeFishGear
praject and the JPI-Oceans BASEMAN project and it hos been adapted within the framework of the
Interreg Med PiasticBusters MPAs project to oddress the recent odvances in the fizld.

—>

<>

PREPARED BY

THE INTERREG MED
PLASTIC BUSTERS MPAs PROJECT

/Viediterranean
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Monitoring MACRO-LITTER on sea-surface

\

7 o Presented
| by UNISI

This document describes the methadological approoch for monitaring macralitter on the sea surface.
It has been compiled bosed on the related methedalogies developed within the IPA-Adriatic
DeFishGear and the Interreq Med MEDSEAUITTER prajects ond it hos been odapted within the
framework of the Interreg Med PlasticBusters MPAs project to address the recent advances in the
field.

Interreg H
/WVlediterranean o

) MEDSEALITTER

PREPARED BY

THE INTERREG MED
PLASTIC BUSTERS MPAs PROJECT
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Monitoring MICROLITTER on sea-surface

Presented
by UNISI

r s

This document describes the methodological opproach for monitoring microlitter on the sea surface.
It has been compiled bosed on the related methodologies developed within the IPA-Adrigtic
DeFishGear praject as well as other EU prajects and the scientific iiterature, and it has been odapted
within the framework of the Interreg Med PigsticBusters MPAs project to address the recent odvances
in the field.

PREPARED BY

THE INTERREG MED
PLASTIC BUSTERS MPAs PROJECT
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Monitoring MACROLITTER on the seafloor
with scuba and ROV \

Presented
by UNISI

This decument describes the methodologico! approach for monitoring macrolitter on the seafloor. It
haos been compiled based on the reloted methodology developed within the IPA-Adriotic DeFishGear
and it has been adapted within the framework af the Interreg Med PlasticBusters MPAs project to

address the recent advances in the fisld.

PREPARED BY

THE INTERREG MED
PLASTIC BUSTERS MPAs PROJECT
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Monitoring MACRO and MICROLITTER
in BIOTA: INVERTEBRATE

Presented ya
by UNISI

This document describes the methodological approach for maonitoring macrolitter ond micralitter
ingestion in invertebrates. It hos been compiled based on the reloted methodologies developed within
the IPA-Adriatic DeFishGear project ond the interreg Med MEDSEALITTER project, and it has been
adapted within the fromework of the Interreg Med PlosticBusters MPAs project to address the recent

advonces in the fleld.

Digestion | Filtration |Microscopy

PREPARED BY

THE INTERREG MED
PLASTIC BUSTERS MPAs PROJECT
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Monitoring MACRO and MICROLITTER

in BIOTA: FISH

Presented
by UNISI

DIAGNOSTIC MARKERS FOR CONTAMINANTS
Markers of exposure DIAGNOSTIC MARKERS FOR IMMUNE SYSTEM
(CYP1A, CYP2b, AhR) ALTERATION
Markers of general stress = Markers of immunosuppression
Markers of reproductive alterations (Cytokines, Immuno-related prateins and genes)
(Ers, ARs, steroid sex hormones)

Markers of genotoxicity

{Lipid peroxidation, DNA Adducts, DNA strand

break, Micronucleuous, apoptosis) %
Markers of suscej ity

(AhR)

Tissues:

g . ¢ Muscle MARINE LITTER ANALYSIS

ANALYSIS OF ANTHROPOGENIC CONTAMINANTS ¥ Gills e -

S ot + Uver/Digestive giand + Analysis of tics and ML
v Kidney ] tract

PAHs + Gonads
PBDEs and other HAHs ¥ Gltract
Plastic additives

NEW FRONTIER METHODOLOGIES

* Organotypic culture

This document describes the methadologicol opproach for manitoring macrofitter and microiiter

ingestion in fish species. It has been compiled bosed an the reloted methodolagies developed within
the IPA-Adriotic DeFishGeor project and the interreg Med MEDSEALITTER praject, and it has been
odapted within the fromework af the Interreg Med PlosticBusters MPAs project to address the recant
advances in the field.

PREPARED BY

THE INTERREG MED
PLASTIC BUSTERS MPAs PROJECT

interreg M
/Vediterranean -

() PLASTIC BUSTERS
MPAs



Monitoring MACRO and MICROLITTER
in BIOTA: ENDANGERED SPECIES

Presented
by UNISI

DIAGNOSTIC MARKERS FOR CONTAMINANTS
. DIAGNOSTIC MARKERS FOR IMMUNE SYSTEM
Markers of exposure P
(different CYP isoforms, porphyrins) -
+ Markers of immunotoxicity
* Markers of general stress
(blood immune cells, Immuno related proteins

(lysosomal membrane stability, HSPs, cortisol, enzymes and genes) . . . R - - -
IDH,  LDH,GGT) This document describes the methodologico! approach for monitoring macralitter and micraliter

* Markers of oxidative stress N . . . . . P
ingestion in sea turtles. it has been compiled building on the methodologies developed within the EL-

(LPO, CAT)
+ Markers of genotoxicity Sfunded INDICIT | project and the marine litter monitoring guidonce documents of the MESFD TG10 and
{DNA Strerd b ke Tl ppkoska) UNEP/MAP and it has been adapted within the framewark of the Interreg Med PlosticBusters MPAs

* Markers of neurotoxicity

(inibition of plasmatic esterases) praject to oddress the recent advances in the field.
DIAGNOSTIC MARKERS FOR
REPRODUCTION FUNCTIONALITY

« Markers for reproductive system
ANALYSIS OF ANTHROPOGENIC
CONTAMINANTS (hormone receptors, sex hormones,
vitellogenin)
* OCs

+ PBDEs and other HAHs 3 s
+ Plastic additives PREPARED BY

THE INTERREG MED
PLASTIC BUSTERS MPAs PROJECT

interreg HE
Vediterranean
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Plastic Busters MPASs:

An approach for monitoring marine litter ingestion and impact in Mediterranean biota

LEVEL OF EXPERTISE REQUIRED

HIGH

Low £

i) Plastic
detection

ii) Plastic tracers
detection

INVESTIGATION TOOLS

D §
x V

iii) Biomarkers

- Analysis of the ingested
marine litter/microplastics:
* Occurrence (%)
* Abundance (n®)
* Weight (g)
* Polymer analysis

- Analysis of plastic additives:

* Phthalates
*PBDEs
*Bisphenol A

- Analysis of PBT compounds:

*PCBs
*DDTs
* PAHs
* Mercury

detection
- Effects at molecular level:
e of DNA damag
=Al i of gene exp

* Alteration of proteins

- Effects at cellular level:
* Alteration of cell functions

- Effects at tissue level:
* Hystological and
hystopathological alterations

V
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Plastic Busters MPAs: MPA scale

The monitoring methodologies described in this training have been developed to be tailor-made according to the extension of the

Marine Protected Areas to be monitored. Whenever necessary, these methodologies have been described for each of the three types
of protected areas completed in the project:

v Small scale MPAs: Cabrera, Zakynthos ﬁ

v Medium scale MPAs: Tuscan Archipelago

v’ Large pelagic (SPAMI, EBSA): SPAMI Pelagos Sanctuary

3\\ wniterreg &
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iy Monitoring activities in small scale MPASs:
hcmr Zakynthos National Marine Park
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“Monitoring activities in small scale MPAs:
Cabrera National Park :

GOVERN
TLLES
BALEARS\

) Interreg H
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Monitoring activities in
Tuscan Archipelago National Park
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PLASTIC BUSTERS MPAS
Marive litter rejearch
expdifion
TUSCAN ARCHIPELAGO NATIONAL PARK

 8July - 23 July

7 ISLANDS MONITORED
IN 15 DAYS
19 RESEARCHERS
FROM 7 MED INSTITUTIONS
Summary of the activities:
* 71 manta-trawls
131 floating marine litter surveys
11 cetacean skin biopsies
120 mussel samples
20 pools of neustonic indicators

* 100 fish I
Interreg - ish samples
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+: Monitoring activities in Large pelagic ant
unvers™s coastal areas: SPAMI - Pelagos Sanc
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protecting marine mammals in the Mediterranean Sea
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Thank you !

Maria Cristina Fossi, UNISI
fossi@unisi.it
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www.plasticbustersmpas.interreg-med.eu
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