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Abstract

Pelagic habitats are a policy priority below Descriptor 1 (Biodiversity) of the Marine Strategy Framework Directive
(MSFD)They are addressed under the D1C6 crite¥ion & (i thei donfifion &f the habitat type, including its
biotic and abiotic structurand its function¥, is notadversely affected due to anthropogenic presstirése
evaluation of pelagic habitats status is challenged by the functional and structural characteristics of pelagic
habitat diversity and processes. To date, pelagic habitats assessments are lacking in common criteria and
methodologiesthat characterize the habitat while accounting for the effects of anthropogenic pressures to
achieve the Good Environmental Status (GES). It is therefoessety to prioritise communication between
scientific and policy communities and frame pelagic researcgtee on common methodsnd approachest
regional or EU scal@his is key for achievidgrmonised and comparable pelagic assessments foMBED.

This report summarizes the outcomes the assessment workflow of pelagic habitafshe JRGi a { C5 LISt I 3A O
K| 0 A tvbrkshiog (9" and 10" March 202), and the need for coordinated evaluations of the scientific
challenges of policy relevandeecommendatios onthe MSFD implementation of D1(C#at were generated

from the experts during the workshop, will m®mmunicatedto the MSFD policy groups and the EU Member
States competent authoritie® supportfuture harmonised assessmenf pelagic habitats.
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Executive summary

The pelagic habitas the largestbiome on Earth keyfor temperature regulationoxygen and food production.

Its physical andbiologicalcomponents andprocesses vary spatially and temporatlgpending on multiple
drivers Understandingthis variability, processesand interactionsis fundamental to identifythe drivers of
changes angroperly assesgelagic habitatsinder the Marine Strategy Framework Directive (MSRDJRC
workshop was organised to align scientific and policy expectations for an impitd&D pelagic habitat
assessmentThe workshop brought together experts from th& EU Member Statesand other organisations
(e.g.RegionalSea Conventions) across Eurdpeshare knowledge and methods and provide a coordinated
regional input towards a harmonisedsessmentThis report summarizes theorkshopoutcomesand the way
forward forpelagic Good Environmental Stat@H$determination.

Policy context

Pelagic haitats are a policy priority below Descriptor 1 (Biodiversity) of the MSFD. Theaddressed by the

MSFLD1C6 criteriofCommission Decision 2017/888), 2017)6 K A O K thelcondit®riof ttie habitat type,

including its biotic and abioti& (0 NHzOG dzNBE 'y R Ada FdzyOQlAz2yaXxXz Aa yz2a
pressure§s The criterion must bdinally assessed as extent of habitatlversely affected in square kilometres

(km?) or as a proportion (percentage) of the total extent of théoiat type. Habitat type refes to broad habitat

types (.e. variable salinity, coastal, shelf and ocefv@yond shelf or to additional habitat typeselected by

Member States ameeting scientific and pracil criteria(Commission Decision 2017/888), 2017).

Key conclusions

The evaluation of pelagic habitats status is challenged by dikiersity of thefunctional and structural
characteristics of pelagic habitat
The adoption of common criteria and methodologié® their MSFD characterizatiocan beachieved by
reinforcingthe coordinationbetweenMSand therefore promoting
1. consistency ofpatial and temporatiata collectionto the pelagic habitat variability and corresponding
GES assessment
2. specific workshopsn data and indicatorto harmonizedata collection, quality control, analysiand
access
3. collaboration among experts from different scientifields and marine regionto investigate links
betweenindicators, environmental variableand anthropogenic presires

Longterm funding notably of data collection is identified as a kegondition for achieving MSFD D1C6
characterization.

A proposal was made to separate the GES evaluation of the-dadidal processes (climate change effects and
permanent bottom layer hypoxia) from the shdadrm processes evaluatn (6year MSFD cycle), thus resulting

in two parallel assessments. This clear separation of time scales would have the merit to effectively mark the
progresses made by MS at short timescale while monitoring and keeping awareness of theromngsues.

Main findings

Criterion elements and scalethe assessment area and the data sampling are two key aspects to account for the
spatiotemporal variability of pelagic habitaharacteristicsA vertical and a horizontal definiticare proposed

for testing to account for physical and biological differences of the pelagic realm across marine regguiar
sampling of biotic and abiotic factoisfundamentalto detectthe natural variability ad anthropogenic impacts

on the habitat.In sititbased indicators can be extrapolated on a regular grid using satellite data and/or model
predictions as a complementary process to account for the sgatigporal dynamics of pelagic habitats
(hereafter gridled approach).

Indicators fourteen out of sixteen indicator¢hat were evaluated by the expertsave an ElWvide scale of
applicability but regionabr subregionathresholds Although hese indicatorsare less accurate than regional
indicators they can be applicable interegionally. Speciesspecificindicators(e.g.M. leidyiand N. scintillan}
have a regional application bpatiotemporally limited Regarding biodiversitpased indicators (e.d?H3),
taxonomic identification by experts is more accurate (and resource demanding) tharastomatic software



(e.g. Zooscan) for plankton classification, and therefore crucial for biodiversity monitéwmngss regional
marine areas, links with biotiand abiotic environmental variableme identified but research is required to
investigate these linkageand the indicators sensitivitthe methods for integrating the indicators for overall
GES assessment are not yet agreed. However, proposal wastmé integrate the indicators of the same
category or ecosystem component (e.g. phytoplankton, zooplankton) followed by their integration for the final
GES assessment.

GESthe estimation of GES in Krar percentage does not inform on tleverallsystem functioning because it
would be biased by theampling strategpf the selected indicators.

Related and future JRC work

The outcomes of the report will be communicated to the MSFD Working Groupr@ES8 the Marine Strategy
Coordination GroufMSGs) andit will be the inputfor the ongoing revisions @1 inthe MSFD Art. &uidelines
Indicatorspecific groups and closer collaboration with experts from diffesamentificfields (remote sensing,
food web and biogeochemical modellingyill constitute opportunities for testingmethods achieveinter-
regional harmonizationandrelate toother MSFD descriptoig.g.D2, D3, D4, D5, D7, P8

Quick guide

The report follows the assessment flowtbe Art. 8 Guidance documenthich was presented in the ITGES
working groupCommon Implementation Stratedy/. Each section includes a short summary ofdhtstanding
issues related to pelagic habitssassessmenand the feedback fromthe workshof farticipants The report
coversthe evaluation of the essential characteristics of pelagic habitats angrégsureresponse relationship
(Section2), the indicator selection (e.gspatial consistency, relevance and feasibilaggd GES determination
(Section 3). Finallythe way forwardin the GES determination along with challenges and uncertainties is
presented in Section 4.



1 Introduction

1.1 Policy contextand gaps

The MarineStrategy Framework Directive (MSHExective (EC) 2008/56, 2008cludespelagic habitatsinder
Descriptor 1 (Biodiversity), criterion D1GBofmmission Decision 2017/848J (2017), hereafter referred to as
GES Decisigandforcestheir assessment for thdetermination of Good Environmental Status (GES).

As for theArticle 17(2) of the MSFDMember States (MS) requitgdatingtheir marine strategy every six years
and therefore to report on Article8 (initial assessment), ®¢termination of the Good Bironmental Status)
and 10 Establishment offnvironmentalTargets). These articles informan specific actions fdb1Céreview and
revision, where necessary, of the leveldavelopment and ambition of the criterioset of the next reporting
cycle (2018024).

CKS Ww/ Qa $2NJ] aK2 LdrigeyibylidRE I BB 2 Kli o a wEGAES S BYR | yIf&asS:
reports¥ 2 NJ | NI A Of §MagligzZi et 20R)ywhich analyedand evaluagéd the D1C6 assessment

from the MSMSFD officialeports(20122018) It showed that: ithe assessment, when completig,carried out

at indicator levebr at specific regions (e.gcohydrodynamicegions in OSPARINd not by criterion elements

(i.e. broad habitat types: variable salinitoastal, shelf, oceanic beyond shelf), ii) indicadoesharacterized by

different threshold across marine regions, @iJack of supporting informatioand harmonised approacihen

GESsNB LJ2 NIl SR I, i&)a ladk & KgkeBn@ Bt Bréthategration methods among indicators, and ki

environmental targetare not measurableo inform on thedistance toGES.

The outcome of tB MS reportavas the basis for gechnical reviewon the stateof-the-art of indicatos and
approaches related to the pelagic habit@sssessment in EU wate(Mlagliozzi et al., 2029. The review
summargescurrentmethods to asses®1C6owith a focus on the limitations and challengesctamply with the
MSFDrequirements Four mainrecommendations were outlined First, there is the need taccountfor the
spatio-temporal variability of pelagic habitat by revising theclassification otriterion elementsas in the GES
Decision(i.e. broad habitat types and other habitat typesecod, the identification of major anthropogenic
pressuresis recommended to evaluate the assessment of the indicators that reflect pressspense
relationshipsThird,the indicators should reflect relevance and feasibility at regional and EU scédiesly, the
need forharmonizedapproaches to GES determination and evaluation

Addressinghese challenges and focirgg on the gapdor the pelagic habitatBssessmentequire coordinated

work and exchanges between scientific communities. To this end, appointed national experts by the MS and
representatives of the Regional Sea Conventions (RSCs) were invited to participate to an online workshop to align
scientific and policy exgetationsfor improving the coherence of tHe1C6 assessment.

1.2 Aim andobjectives

Thisreport summarizes the scientific discusssan data and methodologie®r the MSFBGESassessment of
pelagic habitatslt follows the assessment flow (Figure A1) ahd specifiovorkshof & 2 0 /@K K),J S a
from generalexpert<discussion on GESlefinition anddetermination (e.gconditions forgood and no-good
status pressureindicator relationship to specificexchangeson criterion elements and pressuiadicator
relationships (e.gspatial and temporal definition of pelagic habitats, selectiomegfional and Elindicators.

The NB LJ2aNfHuss include the way forwardfor the GES determination anMSFDassessment of pelagic
habitatsalong withtheir challenges and uncertainties

Objective 1:To define pelagic habitats and adapt the criteria elemdptg.habitat types) by considering the
scalespecific processes thaetermine the variation in pelagic habitats status. This is key to accounting for the
spatiotemporal specificities of pelagic habitats (highly dynamic fluid) across the EU marine regions.

Objective 22¢ 2 ARSYGAFe (GKS LISt I 3A Qreskures, ieiithel pnyicalRlerNidlO G | Y R
characteristics and biological responses. This is key to uncover the linkages between pelagic physical/chemical
and biological processes.



Objective 3:To determine the appropriate spatial and temporal scaissful forthe consistent and comparable
assessmenivithin andacross marineegions. This implies to screen the available ddttaconsistencyas well
as data gaps. Key for this objective is the identification of the dynamiogiofanthropogenic pressures.

Objective 4:To select the regional and Bidde indicators or combination of indicatotkat best reflect the
pressureresponse relationship, evaluate their applicability across marine regions and describe how they can
ensure consistency of GES assessrid®-D Art. 8) in EU waters.

Objective 5:The ultimate scope i® provide recommendations for a quantitative and regionally harmonised
GES determinatioMSFD Art. 9) for pelagic habitats.



2 Spatio-temporal complexity of pelagic habitats

2.1 DI1Ceelements: evaluation of essential characteristics of pelagic habitats

The pelagic habitat originatefrom the interaction othe physical ife. water masses movements and proper}ies
and biologicali(e. lifeformg systemsover multiple spatieeemporal scées (see examples in Magliozzi et al.,
2021b) A thorough understandingpf the hydrographic and biological variabilitg needed to identifythe
essential characteristi¢se. elementsStep 2, Figure Aand thescale of analysis f1C6 assessmegilagliozzi
et al., 202b). To this endthe following questions were raised during the workshop

1 Howto best account for the spatieemporal variability of pelagic habitats in D1C6 GES?

1 Are the four broad habitat types (Box 1) reflecting the sp&timporal variability of pelagic habitat
processes?

Workshop's outcom@&nd recommendation

Two aspects are key to account for tepatiotemporal variability of pelagic habit@rocessesdefinition of the
assessment area (i.e. habitat) addta samplindi.e. collectionandanalysi3.

Assessment area

Pelagic habitats, as fluid in movement, should be defined based on hydrolagitliotic datalt is however

very difficult and resourcéntensive to characterize the scale of these processdbesvary in time and space
Different EUfunded projects, i.eEUNOSAT, HELCOM BLUES, OSPAR NEA PANACEA, and ABIOMMED, could help
with the assessment area definitioo this end, a vertical delimitation of pelagic habitats for testing would
consider physical and biological differences of the pelagic realm acroseentagions (Figure A2)t was
proposed in seasonally temperatustratified seas (e.g. Mediterranean Sea) that the vertical delineation would
include from surface to the seabed, while in permanent halocline areas (e.g. Baltic and Black Seas) from surface
to the upper hypoxic layerSea bottom layers subject to permanent hypoxia in senciosed seas, as areas
extremely vulnerable to the effect of eutrophication, were suggested to be excluded fromytharGassessment

since timescales for potential impneement are severdold longer and, instead, a longer tinseale assessment
showing trends was proposed in parallel together with the temperature increase as a result of climate change.
The assessment would thus result in two parallel and independent atiahs, on one hand the loAgrm
evaluation that includes climate change effects (e.g. midtiadal temperature increase) and geomorphological
induced bottom layer hypoxia (areas with permanent halocline and low water renewal time), and thdeshort
processes evaluation for all the others pressures on the other hand. This clear separation of tharghtohg

term processes in the GES assessment has the merit to effectively mark the progresses made by MS at short
timescale (6year cycle) while monitang and keeping awareness of tlemgertermissues (multidecadalyvhich

is also addressed in assessnswftother descriptorse.g. eutrophication by shoeterm and longterm trends

A gridded approach applied to any broad habitat subdivision camudsal (also on existing dmareas of
assessmentdepending on regional specifications and data availability (FigurePAi8)ity should be giveto
preserving the current assessment spatial ssatethey are linked to different monitoring desgwhen existing
lfaz2z G20KSNIKFoAGEFG dGeéeLlSaéd a ONRGSNR2y StSYSyGas Ydz

Data

Datacollection: sampling of biotic and abiotic factovsth afrequency adapted to the local variabiliig key to
detectrelevant natural and anthropogenic change®l their impacton the habitat.Samplingvould coveralso
offshore sampling stations to answer to the MSFD requirements for assessing D1C6 broad habitat types, while
current monitoring ioften spatially limitedo coastal areage.g. Romaniacoasts) Mostof the MSFD monitoring
programmes rely on existing monitoring survéystoricallydeveloped for the WFD.



With the exception of theship-of-opportunity Continuous Plankton Record@CPR)survey open sea areas are
often sampled at specific times of the yedbr examplein Greece (i.e. Aegedbea and partially lonian and
Levantine Seas}ratified and mixed waters are specifically sampkido, sampling stations representative of an
anthropogenicpressure(e.g. power plantcan be established in coastal areas for kb@gn monitoring (e.g.
Saronikos GulfGreece).

Longterm monitoring sites (e.g.ong Term Ecological Researchvidek- LTERare very impornt to study
biological trendsand todepictnatural variability from direct anthropogenic pressurést their data are often
rare, especiallyin coastal areasBoth fixedsite and opportunistic (CP&nce 1958)long-term data collection
should be supportetbb ensure monitoring of biodiversityultidecadalchanges

Sampling frequency and coverage differ across marine regions according to the main physicialagidal
characteristics of the areand to the availablefunding of the monitoring programsin fact, data acquisition
offshore is heterogeneous in space and time and depends on costlgaseaignsif data collection occurs
within e.g.fisheries survegs, it does notnecessarilyprovide the required seasonal coveragye France, to achieve
costeffective monitoring, offshoreampling isoptimized by innovative technologies (e.g. automated systems
deployment,opticalremote sensinglata) providing useful informatioon the distribution ofplankton dynamics
and phenology

Data analysis Fixedpoint and spatial survey (e.gcPR samplirg can be integrated with satellite data,
oceanographic processes such as advectiesearch vessels datandmodel predictiongo better capture the
gpatio-temporal variability of pelagic physical and biological proces3éss requires consideringiew
methodologicabnd computationapproachegi.e. machine learningandadditionalsource d information (e.qg.
environmental DNA

In France, operational modelling is used to have information on stratification and mixing layers on coastal, shelf
and ocean seascapes. For example, upwelling index and other physical indices at seascape crafmited
from these models alsimtegratingsatellite data.

Box 1. Definition of habitat type for D1C6 |

The GES Decision specifies four broad habitat types: variable salinity, coastal, shelf and oceanic/beyttd shelf.
£ NRIFOofS &l fetained forssitudtidhd hBid estiiaine plumes extend beyond waters designated as
Transitional Waters under Directive 2000/60¢EE | Y R st@ip be andder$tooddon the basis of physi¢al,
hydrological and ecological parameters and is not limited to easiter as defined in Article 2(7) of Directive
2000/60/EE ®

MS by regional and subregional cooperation can select additional habitat types, if meeting the following Eriteria
(GES Decision): i) scientific criteria: e.g. representative of the ecosystgmhigh biodiversity), specific
anthropogenic pressure, extent, and species; ii) practical criteria: e.g. monitoring viability and costs, timeseries.

2.2 D1Ce6scale andareas: he pressureresponserelationship

The identification of the major anthropogenic pressures is key for determining the appropriate sgalagit
habitats assessmentHowever, this isa challenge because the temporal and spatial dimensions of pelagic
processes interact with multiple pres®s (e.g. hydraneteorological factors, contaminants and litter inputs,
human physical interventions; Magliozzi et al., 20”2 According to the GHSecision, the MSFD indicators need
to reflect clearpressureresponse relationshipsTo this end the folloving aspects were raised during the
workshop

1 How to tackle the pressuridicator relationship?discussion session)

1 Identify the direct and indirect pressure in your marine region andrthpatial and temporal scae
(excel tablesxercisg

1 The CPR survey which has samgithkton communities (~700 taxa) throughout the North Atlantic and North Sea since 1958 using a
O2yaAraiasSyld YSGK2Rd® ¢KAAa Adad (kdensive Nk Qiadivefstyadatasat bild is brie bffthe few tfiaR G S Y LI2 N
samples at a monthly timecale in offshore and open ocean waters. CPR data are freely available online and via the Marine Biological
Association, who run the survey.



Workshop'soutcome and recommendation

Discussion sessionrgssureindicator relationship

The pressuréndicator relationship is not linegh ®S® G KS Ay RAOIF 12NDa& QrgdsweadS A &

and requires a stejpy-stepapproachto be investigated

First, we need a thorough understanding of #féect of thepressuresand their interactionsn the marinerealm
This stegncludes considering multiple pressures, anthropogenic atdral, at differenttemporal scales and
integraing descriptors, e.d>1 and D4 (diversity, abundance, biomass, productivity, trophic transfer).

Secondywe need to detect changes in the indicator. This step ainstualyingthe variability of thendicator and
disentanging its drivers of changdi.e. pressures: e.g. SST, nutrients, e}cTo do this, multiple approaches can
be adoptedas, br example, the analysis of different tingeries lengthend sampling strategide highligh links

to different pressurs and depict extreme events (e.g. Bedford et &@020. Complementary tools can késk
metrics,as usedor the cumulative risk assessments of benthic habitats, or sensibility mathiaesan helpto
assess the connections between a pressure and the indic&egarch is also testing the behaviour of
biodiversity indicators in relation tonultiple anthropogenicpressuresdefined categorically as impact levels
(Francé et al., 2021) and of functionabased plankton indicatorgi.e. PH1/FW3%) For example, using
complementary approaches, i.e. ocean colour data dnd situ phytopigment concentrations (HPLC
measurements)Francehas adapted the PHYSMED tool developed by Navarro et €017 to a local scale
allowing the biomassidentification of the major phytoplanktonfunctional groups in coastal waters. The
adaptation of the PHYSAMED tool led to the development of the O@5Y SAT prototype that offers a promising
application in the framework of the MSKD1, D4, D5)

Finally, $sues relatedo climatedriven changes should be addressed uniformly for all biological indicators using
commonly accepted climate change model for a given region

Summarytableson the spatiotemporal variability of indicators andpressuresby marine region(Annex 2)

The main pressuresn pelagic habitatge.g. type of pressure, link with MSFD descriptor, umét)e summarized
by marine regionin a table format following what reported in Magliozzi et al. (2081(see Annex 2) The
operational and undedevelopment indicatorsvere linked to each pressure and thadicator confidence
estimated based on theow, moderate or strong relationshifb.e. 1 to 5, where 1 is lolevel relationshipwith
the pressure (Annex,2Table AR Pressures and indicators were aldiscussed by analysing the indicator
temporal and spatial sampli@nnex 2, Table3, the pressure-scale of variabilityAnnex 2, Table Adand the
data gapsAnnex 2, Table 3.

Amongthe anthropogenicpressureslisted in the GES DecisiofBox 2),eutrophication and nonrindigenous
speciesverecharacterized byhe highestindicator€ronfidenceof pressureindicator relationshigdi.e. 4 and 5)
For eutrophication, the pressunesponse relationship is well represented (confidence scores betweerb3 to
Table A2 by the indicatorsi) ChlorophyHa (n-situ and satellite) whichis commonly use@crossthree marine
regions (e.gMediterranean, BHic and Black Sejsii) Zooplankton Mean Size and Total StGdiSTS)n the
Mediterranean and Baltic Seaand iii)microphytoplanktonabundance in the Mediterranean and the Black seas.
Also, there are two phytoplankton indicators exclusisgred in the Baltic Setlie Cyanobacterial Bloom Index
and the Seasonal Successional of Dominating Phytoplankton Group (Table A2). Rieallgreindicator, i.e.
GYAONROALIt &a(ESE&aSaA., 2000 Wak Qilbed ashhbtentially relevant to identify eutrophication
impacts at subregional scale in thNerth WestMediterranean Sea (Table ARJorrindigenous speciegpresent

a pressure in many subdivisions of the Medanean Sea, in the Black attte Balic SeasMnemiopsis leidyi
biomass is an operational indicator in tBé&ack Seandcould also beusedin the Adriatic Sealthoughpressure
impact relationship wasot yet tested inthe Mediterranean SeaWhile in the Baltic Seah¢ biomass of
Cercopagi pengoicould be usd to complementM. leidyi

Climate change and overfishing were addedhe list of pressures as having a strong link with combined phyto
and zooplankton indicatoris the NorthEast Atlantic (i.eh { t | wQ&a PHIFEWS) PHRRaNdihYhe size

2 The PH1/FWS5 used in the Norffast Atlantic assessment area, combines phgtod zooplankton abundances and ldefns (e.g. size,
motility, trophic preferences) to investigate changes from primary to secondary prodw@etdo top predators (Mcquatter§&ollop et
al., 2019).

y



based indicatoZooplankton Mean Size and Total Stockhe BalticSea(Table A2 Besidesh { t | wQa

were scorel low to medium confidencél-3) for eutrophication

Ten more indicators and metrics (e.g. multiple biodiversity and evenness indices) were listedstigatethe

AYRAOLI

possiblerelationships withoverfishing and multiplecting pressures (i.e. eutrophication, overfishing, climate
change) in the Mediterranean Sea (Table A2).

Links between pelagichabitats and hydrographical conditiongD7) and contaminants (D8)ave not been
explored gt. Howevereco-hydrodynamic regionwhich are currentljused as spatial scalén the NEAregion

couldbe the base foharmonising the assessment scale and exploring possible links between state and pressures
desgiptors.

The temporal and spatial sampling for each indicator at regional scale and across marineisggieasnted in

Table A3(Annex 2. For examplejn-situ data of ChlorophyHa are collected monthly to seasonally in the
MediterraneanSea with differencesof sampling coverage depending on the MS, andidaekly to monthly in

the Baltic Sea (Table A3)ithough monthly sampling is required for most plankton indicator assessmetits in
Baltic Sea, e.g. seasonal succession of dominating phytoplankton groups, there are some salaeysp
different monitoring strategies in MS, which require adjustments in frequency and spatial coverage to improve

assessment results for pelagic indicatdn the NorthEastAtlantic,a combination omonthly data fromfixed-
point station and CPRince 1958isusedfor PH1/FW5, PH2, and PH3 indicat@rableA3). However, here are
several gapbecause) not all time-series capture alifeformsandare of different duration (i.e. PH1/FW5and

i) of the under sampling aémall phytglankton andzooplanktonby some timeseries(i.e. PH1/FW5, PH2, PH3)

nevertheless, there are few datasets that can support indicators at sugpatialtemporal scaleand few
indicators that are sambitious Physicatlata at regionakcale (muidecadalland rutrient data (imeseries<20

years)are collected at the samfexed-point stations(Table A3)
In the Black Sea, most tfe data for the indicators are sampled in the warm (May to September) and cold

seasons (Table A3) and acroeastal, variable salinity and shelf watéfable A4)

1

1

1

Ly
due to anthropogenic pressuggsanthropogenic pressuresefer to the adverse effects from pressures
assessed by the MSlpBessure Descriptors 2, 5, 7, 8 and criteria

Box2. Anthropogenic pressures listed in the GES Decision amkelil to D1C6

0KS RSTAYAGA2Y 2FKSMOQRYRRIARYE RF{ 6KSOKamayividade

D2C3Adverse effects dllonindigenousSpecies (NIS)
D5C2 ChlorophyHa concentratiorin the water column
D5C3Harmful algal bloom&xtent, frequency, duration)
D5C4 Photic limit(transparency of the wair column)
D7C1Permanent alteration of hydrographical conditions
D8C2 Adverse effects of contaminants

D8C4 Adverse effect of significant acute pollution events
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3 Indicatorsfor pelagic habitat assessment

3.1 D1Candicator selection spatial consistencyrelevance and feasibility

TheD1C6 elements and methodological standards (edjcatorg haveto ensureconsistencypetween marine
regions or subregionfGES Decision) herefore, the selection of indicators would reflect their valece and
feasibility at large scale and suggest linkages with abiotic and biotic varigldgBozzi et al., 2024. This section

is about spatial consistency (at stdgional, regional or EU levelhd indicators advantages and disadvantages.
TheMS reprts of D1C6(20122018reporting cyclé show differences in the selection of habitat types and lack
of agreed indicators andssessingnethods(Magliozzi et al., 202).

To this endthe following aspects were raised during the workshop

1 How toensure the spatial consistency (by swgion, region and/or at EU level) of pelagic habitat GES
assessment? (Discussion session)

1 Selection ofegional and EWvide indicatorsfor their relevance and feasibilitgmmarytables)

Workshop's outcome and recamendation

Spatial consistency
Three aspects are key to allow consistency of assessments between regional seas:

i) The definition of habitat typesthat consides environmental (biotic and abiotic) variables and
anthropogenic pressures
i) Theselection ofindicators andthe process for settinghresholdsshould conceptuallybe similar

and methodologically traceableThe monitoring networkscharacterized by harmonizemethods
for _collection, quality control and analysis would help to capture the drivers of change of the
plankton community.
iii) Thedefinition of GES and related thresholds.
RegionakollaborationacrossMSis neededfor progressing on these aspects amakmoniing the assessment
methods

Indicator selection

Fourteen out of sixteen indicators have an&lde scale of applicability but regional threshold@slfleA6). Only

two speciesspecific indicators, i.eM. leidyi and N. scintillans havea regional application (Table A6). The

A Y R A QihkévatiNdoti and abiotienvironmentalvariables which could be used to extrapolate tiresitu-

based indicatorswere identified for i) satellite Chlorophylh, Chla horizontal gradient, ii) SST) Balinity, iv)
inorganicand organicnutrients,and v) pH (Table A6). Research is required to investigate these linkages and the
sensitivity of indicators to drivers and velocity of change (Tabjee A7 Flo et al. (2019) in the WFD framework

The NorthEast Atlanticand Mediterranean Seworking groups highlighted the needo integrating D4 (food
webs) indicators with D1C6

3.2 D1C6Good Environmental Satus (GES)

The overallGESor marine resources the MSFD means that thalifferent uses are conducted at a sustainable
level, ensuring their continuity for future generations (Article 1(3) of the MSFD). In additmoyerall MSFD
GES means that:

i. ecosystems, including their hydroorphological (i.e.the structure and evolution of the water
resources), physical and chemical conditions, are fully functioning and resilient to Hochared
environmental change;

i.  the decline of biodiversity caused by human activities is prevented and biodiversity ésteradt

iii. human activities introducing substances and energy into the marine environment do not cause pollution
effects. Noise from human activities is compatible with the marine environment and its ecosystems.
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Thissectionfocuseson the qualitative definition of good and niegood statusof D1C6pelagic habitaténdicators
(hereafter D1C6 GESheir comparability and integration for the overall criterion assessmentthis end the
following aspects were raised during the workshop

1 Wha doesgood andnot-good status (qualitatively) mean for each indicatds™D1C6GES consistent
across comparable indicators (e.g., the phytoplanktelated types of indicators)? How
specific/general the D1C6 indicators should be as regards to relevadcgpatial consistency? How to
combine the resulting indicators for D1C6 GES status? What is the acceptable surface area in GES by
region? (threshold value of criterion)

Workshop's outcom@&nd recommendation

Indicators good and n¢-good status

Thequalitativedefinition of good andhot-goodstatusfor the indicators in Annex B strictly linked with regional
seas characteristics and the availability of ldegn datasetausing appropriatenonitoring practicesTo this end,
longterm data allow idetification ofthe drivers of change of plankton communities.

For examplejmportant changes of phytplankton biomass in the Nortiicast Atlantic are driven by human
pressure including climate changesather than natural variability. When changes are dnivby local
anthropogenic pressures, the figood status can be identified by comparing biomass with data from subregions
with similar abiotic and biotic characteristics. When considering biomass changes compared to baseline data, the
difficulties arehow to definei) baseline,ii) bestlength of time series aniii) the condition of shifting from the
baseline due to anthropogenic pressures.

For Chlorophyla, GESlepends on the naturalvertical and horizontal gradientsherefore it is firsnecessary to
evaluate the properties of the water masse$his will be investigated in the ABIOMMED project
(https://ec.europa.eu/environment/marine/projects/index_en.htm)ln the Mediterranean SeaChla is
evaluated in coastal watersup to 1 nautical mile following the classification systemefined duringthe
intercalibration exercisef Water Framework Directive Mediterranean Geographical Intercalibration Gaadp

set in the Commission decision (EU) 2018/2&8ile different thresholds might apply beyond coastal waters.
Depth of Chlasamplings an important point to clarify as the current levels are inherited by the VKB work
should be coordinated with the egoing work under Descriptor Bdditionally, h the Mediterranean region
research work is still ongoing for many subregional indicg@ig. zooplankton indices, Table ARpr example
non-indigenousM. leidyiisfoundin the Adriatic Seavhere it can form dense aggregatiomere, GES definition
could be strongly linked to the possibility of mitigatingigh densities i.e. the species high abundance
correspond to not-good status while its absence/low abundance do natecessaryinform on GES
Phytoplankton and Zooplankton abundance/biomaasd diversity including pigment signatures of
phytoplankton communities ang@hytoplankton bloomsand community composition assessed using pigment
signatureare also suggested because they can reflect environmental ch@oge.and nd-goodstatus can be
established as a deviation of natural variability defined at habitat types level (to be defined at
subregional/regional level). This deviation could be related to environmental pressifittethe exception of
PH2 which uses phytoplankton biomagspi@sent, the use of these indicators is still in the early stages of testing.
It is also considered veuseful in the Mediterranean to appiydicatorsbased on phytoplankton or zooplankton
functional traits, in particular morphologicésize classes, colonies) and physiological (silica demand, trophic
position-production type for zooplanktantoxin production etd. In this context, for exampl®©SPAR indicator
PH1/FW5wvasdesigned to apply also on functional traits and can be usechgrdataset and in any region.

Specifically in the Baltic Sea, the MSTS indicator was designed from thedbagerspective, and it is related

to fish predation and eutrophication. The mean size of a zooplankter in the community is indicative of both
grazig pressure on phytoplanktcend fish feeding conditiond.arge stocks of zooplankton composed of large
bodied organisms have a higher capacitytfansferring the energgf primary producers (phytoplankton) to fish
than smallerbodied organismsTherefoe, good status is defined when there is high energy transfer efficiency.
For the Seasonal Successional of Dominating Phytoplarggtonps changes in species composition and
phenology reflect deviations from normal variability based on the4inm obsenations in eactBalticsukbasin.
Deviationfrom this normal variability indicates hgoodstatus. For exampléhe lack of large diatoms in spring

is a symptom opoor sedimentation and poor food to benthos.
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Indicators:spatial consistencynd comparabilityfor D1C6 assessment

Spatial representativity is a key indicator property for detecting charijean be ensured by i) linking state and
pressure indicators to local conditions, ii) giving adequate researchmamitoring resources for allidersity
indicators (these are as good as the data which populate them), and iii) preservingdimae and taxonognas

key to having good data.

For example in the Baltic Seathl-a values afcological Quality RatiEQR are alreadyusedto establish
thresholdsfor MSTSo account for eutrophication pressur@nd will be tested for the Seasonal Successioh
Dominating Phytoplankton Group indicat®urtherinvestigationswill be carried out by the Efiinded project
HELCOM BLUES in 2021.

As for how should D1C6 indicators be as regards to relevance and spatial consistency, a compromise between
EUcommon and regionadpecific indicators must be found to link wiséimthropogenc pressures and balance

costs and data availability, especially regarding indicatorsthat translae a regionatspecific expression of
eutrophication.There are several advantages and disadvantages in the selection of more general and specific
indicators.

General indicators could allow comjrag themarine regions but might not be relevaot less accuratéo assess

the pelagic habitats condition in rexpal seas othey mightrequire anadjustment (e.g. Ckd, phytoplankton

and zooplankton biomass indicators).

For examplesurfaceChla has the advantage of beirggtimatedby satellitesalthoughlimited to the upper
optical depthof the water columnThissatellite-basedndicator well reflects eutrophication pressure, but it does

not detectthe deeper primary productiothat is an important process in subregions of iMestern and Eastern
Mediterranean Sea. During the stratification period from lateirsp to autumn, there is a deepening of the
nutricline followed by the progressive deepening of td-a maximum and primary production even below 50

m, which cannot be depicted by satellifEherefore, he satellite Chh requires to be complemented lig-situ
sampling.On the other hand, sampling deeper waters could inform on the cumulative impact of anthropogenic
pressures. A recent study by Francé et al. (2021) found that the effects of anthropogenic pressuresh@x. b
land and coastal anthropogenic activities) on phytoplankton biodiversity indices (e.g. evenness, dominance,
diversity) are more evident with increasing depth surface, where the communities are more uniform and less
dominated by single species at lampactthan athigh-impact sites.

Specific (regional) indicators have the advantage to reflect changes at regional scale and for time periods
supporting policy implementation. They can be upscaled to other marine regions by using locally relevant taxa
and looking at local pressures. For example, the PH1/FWS5 indicator does not require $pegiekmta because

it is based on lifeformsand not only taxonomy which widens its applicability across dataselis the
Mediterranean Sea, the combined use of npilti biodiversity indices of phytoplankton and zooplankton
(evenness and dominance also) is under evaluation to link to regional scale pressures.

It is important to set indicators that significantly reflect the environmental pressures, which is oftenuldiffi
pelagic habitats. Avay forwardwould beto combine general pressure indicators of phytoplankton/zooplankton
communities (such as chlorophyll a, jellyfish blooms, anomalous presence of NIS species) witksppeifies
functional traits or others status indicators in order to evaluate deviasiavith respect to pelagic communities
where anthropogenic pressures are considered as not significant.

Overall, general/Etwide indicators tend to be less accurate than regional/specific indicators, they however
allow testing interregional consistencyThe satellite-based Chta indicatorfurthermore allow the frequent
monitoring of surface pelagic habitats at local soalth relevant patterns to GES (eghanges in frequency,
time of initiation, duration and peak of bloomsgatellitebased Cha combined with hydrographic variables
would inform about processem situ-based (general and specific) indicatdsecause of undesampling in time

and spacecanfruitfully be extrapolated on a grid that reflects the pelagic habitariability provided a link is
found with environmental variables. Such extrapolatisould enhance the quality of in sHoased indicators
while accounting for most of the spattemporal variability of pelagic habitats.

In the future, 3D physical - biogeochemical and spatialxplicit ecosystem models will be promising
complementary tools since, by construction, the effect of the main pressures on the ecosystem functioning can
be quantified.
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Integrating indicators for an overall GESsessment

Theintegration of indicators requiresvaluatingboth the characteristics of the indicator, i.e. state messure
andits importance fo assessinghe pelagichabitat condition A prerequisite for the indicator integratias the
understandingof the major environmental factors anof their effects on pelagic habitatondition Therefore,
the choice of theintegration method, e.ghierarchical andweighting, between indicatorss linked to the
AYRAOIF 2NEQ O2y TegaRliBg/GES askegshienNB t S y OS

Arecommendation for testing would be to combine indicators for each pelegicponent(i.e phytoplankton
indicators, zooplankton indicatorsyith a multkmetric approach for each componernithe average othe
indicatorvalues withina pelagic componentould definethe componentGES. Theverall D1C&ESof all the
pelagic componentg)ould then be definedy the oneout allout integration rule

For exampleif a strong speciemdicatorof eutrophicationis not-good statusthe overall assessmebuld also
be not-good

In the NorthEast Atlantic and Baltioarineregions the NEAPANACEAnd HELCOMBLUE $rojectsare going to
test indicator change relation to the ecosystenfunctioning and integration approaels Similarly in the
Mediterranean Seathe ABIOMMEDproject will explore how common methodologies and indicators can
improve coherence of pelagic habitat assessments.

In the Black Sedt was proposed that the combination ofthree main indicatorscovering phytoplankton,
zooplankton andChl-a could provide a scigific sound assessment for the pelagic habita#s suchthe
assessment o$elected, i.e. phytoplankton biomass, total mesozooplankton biomassGapdpoda biomass,
could be integrated using aaveraging methodSuch indicators, which are welbvered by the established
monitoring programmescould achieveonsistentassessmendt regional level, at least for the Black Sea.

Finally,in addition to eutrophication descriptor (D3he integration ofthe foodweb MSFD DescriptoDd) in
D1C6 would need consideration, given the existing strong link between pelagic biodiversity and food web
functioning

Once a list of indicators is set atabted by region, different integration methods should be tessatounting

for the relevance and reliability to GES, laufirst integration level could bdone at indicator typelevel (e.g.
phytoplankton or zooplanktoindicator§ and thenbetween different indicator typesThe GES assessment of
longterm processes (climate change and permanent hypoxia) could be kept independent to the other-shorter
term processes in order to disentangle the possible progresses made over an assessmebt yyate¥rom

the multidecadal trends.

GES extent for pelagic habitats

TheMSFDrequeststo providethe fraction of surface area ipercentageor square kilometreshat is in GE®r
eachbroadhabitat in amarineregion. However, gven thephysical and biological variability of pelagic habitats
the estimationof GES in kfor percentagealoes not inform on the system functionibgcause it would be biased

by the assessment system of selected indicatord the related sampling stratedg.g.seasonalersusannual
sampling,integrations between stations, regions, and basind)oreover, thisestimation would imply that
available ata arefully representative of the pelagic habitditandardizing sampling strategies is a key step to
compare GES between marine regioRer MS like Romania that have provided a final GES assessment in the
reporting cycle 2012018, the evaluationvas based on statistical analysis and expert judgement.

As a result, lie final GES assessmeealies uporthe definition of habitat andpatiotemporalconsistency ofhe
assessment areas (Section 2Q@he should question whether a necessarily limitetiwork of sampling stations
(stationary and of opportunity) andubsequent interpolation of GES assessnergubregionallevel (broad
habitat types)is consistent with the pelagic habitat variability in space and tiffe gridded approach, based
on spdial indicators (e.g. satellitbased Chh) and on the extrapolation oih sitibased indicatorsjs a
complementaryspatiotemporalstrategy to account for thdynamicof pelagic habitats. This extrapolation step
would be datadriven anddirectly allow mappingGES assessment at the scale of the pelagic habitat variability
no longer needing tmad habitat type. Furthermore a temporal assessment (eannual) of this highly spatial
complementarystep would valuably inform on the GES trend over the assessment peiatl thus on the
relative distance to the GES objective.
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4 The way forwardthe D1C6 assessment

In the MSFD perspectiva, key aspect foharmonizing sampling strategies and standardizing protocols is to
reinforce the coordination among M3t can be achieved by promoting

i) specific workshops on datand indicators,

i) collaboration _among experts from different fields (e.g. remote sensingd feeb and
biogeochemical modelling) and marine regions,

iii) longterm funding

Workshops for harmonizing sampling stratecgesl protocols

Monitoring data is limited in space and ting® that sampling should be optimizéor investigating pressure
responserelationshipsand the spatial representativity of the GES assessment. In a second step, a better
harmonized sampling strategyould helpbeing compliant with statistical tools for indicators and threshold
settingsand lead to a better assessment in the gridded approach

In the Mediterranean Sea, there are stagional differences in the frequency, duration, and spatial coverage of
plankton data. Also, data access is currently limited tefllded projects and upomequests on national
websites.In Slovenia for example, only €hmonitoring is carried out, while phytoplankton is sampled at one
station which is included in theong Term Ecological Research NetwdrkEfRand considered as reference
condition. On thecontrary, the zooplankton monitoring was dismissed due to lack of agreement on a common
assessment methodologin Greece (representing the Aegean, and partitilyylonian and Levantine seas), the
MSFD monitoring network for plankton biodiversity (phyteokton and zooplankton) is at present focused on
open waters. This network is under revision and considered to be extended to coastal waters also (hot spot areas
mostly), and from 6 to 12 nm for open waters in the lon&eaonly. Chla monitoring is condcted in coastal
stations by the WFD network and in open water stations by the MSFD network, therefead<Gtdvered in all
marine water bodies of Greec€&rance Italyand SpainHCMR is currently building a dedicated database for the
access of monitang parameters for all Descriptors in the frame of the MSFD monitoring program in Greece.
France is building an information systém{ L a a T { @& diniaSon Milieidarin® combiningdatacollected

in the frame of EuropearDirectives(e.g. WFD,Natura 2000, MSBCand integrating activities pressure and
impacts on marine ecosystemih the Black Sea region, sampling protocols are already harmonized among
countries, but intercalibration exercises are necessary to share expertise and capalfdtiend the added

value of workshops for sharing expertise and capabilities, intercalibration exercises would decrease the risk of
bias when data are compared among systems (data consistency).

In the HELCOM area, indicatmaised assessments should be adjusted to the monitoring desigereby it is
important to identify data gaps and address them through adaptati®he harmonization of sampling protocols
was already addressed WELCOM COMBINEooperative Monitoring in the Baltic Marine Environment) and
applied inthe Holistic Assessment of Ecosystem Health Sthi@ Ap

In the OSPAR regiomrttinuation of existing monitoring is key to support letigne series and informing MSFD
indicators (e.gthe CPR)

3 https://www.milieumarinfrance.fr/Nosrubriques/Cadrereglementaire/DirectiveCadrestrategie pour-le-milieu-marin
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Box 3.Workshops on sampling strategies and methods are importémt

1 set data networks at regional scale to harmonize plankton data collection, quality control and methods
of analysis.

1 promote data access at regional scalddest and evaluate common and new protocols.

1 secure longerm funding at regional scale to allow data exploration and evaluation of regular
monitoring data and its extension in areas with low spatial and temporal coverage.

Workshopson indicators

Many questions are still unsolved about indicators spatial consistency ategyibnal, regional or EU lewebnd

what indicators are better pressumepresentative across marine regions. Moreover, there is a need to discuss
if and how integration among indit@rs types (e.g. general and specific) is to be carried out for D1C6 assessment,
and of potential methods.

In terms of indicator developmentaxonomic accuracy is key to functional and diversity indicators and can be

highly variable depending on the opér ND& SELISNIA&SD ¢l E2y2YAO ARSYGATAC
complemented; but not substituted- by automded technologies (e.gCytoSenseZooScan, FlowCanthat are

still characterized biargedifferences in outputs depending on the targeted taxa aadchpling methodMore

research is needed to integrate these different types of data (e.g. this is one of the olgeftNEAPANACEA

andfacilitate the aggregation of datasets across MSptatoriesandresearchteams.The harmonization aflata
measurements, analysis and products from automated approaches has been exipjoted H2020 INFRAIA

projects JERIGREXT and JERIC®. S3

When spatial and temporal protocols are availalgeority should be given to developing flexible indicators that
can be used with different dataset types and account for different sampling regimes (e.g. PH1/FW5, PH2, PH3).

Finally, links between the main indicators and environmental variables needitvestigated and discussed in
targeted working groups in association with environmental data experts (satellite remote sensing and
operational physical models) to explore the extrapolation potentials by indicator and region.

Joint work athe Regional SeaSonvention level

Promoting collaborations between RSCs is particularly needed for tMi&with assessment areas in two
regionalSeaswhichcouldalsoincrease intefregional harmonizatiomnd comparability in the GESsessment
Tothis end the foreseenexchangedbetweenthe new EUfunded projects, the NERANACEAELCONBLUES
and ABIOMMERMvould support this level of collaboration

Box 4.Workshops on indicators are key to:

1 share experience andliscuss advantages and disadvantages of plenkton indicators that are
considered in the different regions.

1 develop flexible indicators to datasets.

1 involve experts from different scientific disciplines, e.g. remote sensing, food webs, biogeochpmical
modelling for investigating the link with thenvironmental variables (extrapolation to a spatial grid).

1 promote data access at regional scale to test and evaluate common and new protocols.

4 www.jericori.eu
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Longterm funding for monitoring

The assessment of pelagic habitats is challenged by insufficient futdign turn, affect data collection (i.e.
monitoring), quality (i.e. curation issues), accessibility (i.e. data storage, format), and analysis (i.e. workflow) (e.qg.
HELCOM BalticDataFlows projettjhen monitoring protocols are already availabd¢able funding iskey to

ensure spatial and tempaal consistency othe time series collectionTo this end, the integration of novel
monitoring methods basedor example onreal timesatellite observations and molecular approaches has to be
considered complementary to current monitoring design.

Finall, joint efforts for peeireview publications would help sharing the scientific challenges of relevance for the
MSFD pelagic assessment at regional and EU scales.

Box5. Secure longerm EUfundingat regional scale to:

91 allow data exploration an@valuation of regular monitoring data and its extension in areas with low
spatial and temporal coverage

1 recognize andupport groupof taxonomy expertas they are critical for continuing supplying data for
the MSFD assessment.

1 fund RSCs (BAL NEA MED B&K
o regional coordination is ecologically consistent (similar needs of sampling within one region).

o specific funding would engage MS to collaborate giving the means to the RSCs to effectively codrdinate
the sampling strategies.

o streamlined governance &U level would ensure that (d)d regional sampling coordination serves the
EU marine policiesand (b) theRSCs collaborate between them for a consistency at EU level (stanflards,
sampling strategies, environmental assessments, good practices, data/fptalige/access).
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ABIOMMED  Assessment of Biodiversity and Measures across Mediterranean
BAL Baltic Sea

BLK Black Sea

CPR Continuous Plankton Recorder

EQR Ecological Quality Ratio

EU European Union

EUNOSAEutrophication of the North Sea with Satellite data

GES Good Environmental Status

HELCOMHelsinki CommissiofHelsinki Convention)

HELCOM BLUESIELCOM Biodiversity, Litter, Underwater noise and Efferdiyinal measures for the Baltic
Sea

HOLAS Holistic Assessment of Ecosystem Health Status
JRC Joint Research Centre
JERICO Shint European Research Infrastructure of Coastal Observatories: Science, Service, Sustainability

JERICO NEXT Joint European Rearch Infrastructure of Coastal Observatories: Novel European eXpertise
for coastal observaTorie

LTER Long Term Ecological Research Network
MS Member Stats

MSFD  Marine Strategy Frameworkifective

MSTS Zooplankton Mean Size and Total Stock
MWE  Mediterranean Western Mediterranean Sea

NEA PANACEA North East Atlantidroject on Biodiversity and Eutrophication Assessmenintegration and
Qreation of Hfective Measures

OSPAR OSPAR Commission (GBlaris Convention)
RSC Regional Sea Convention

WFD Water Framework Directive
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Annexes
Annex 12 2 NJ &4 K 2 LJGad fdrmaS y R |

This first JRC workshop on MSFD pelagic hattigdtsonline on the 9 and 10" March 2021 prought together
58 participants from ¥ EU Member States, includiddS nominated experts arfdegional Sea Conventions (e.qg.
HELCOM, OSPABpresentatives.

AaAONR&2TF (G GRPVSFD Preladid HaliRatstD1C6 assessimeng & ONXB | i S shar@thfe LIdzNLIZ2 &
workshop material anébsteracollaborative approach~our channels were created to allow participants working
in subgroups.

¢rofS 'mM® 22NJ] akK2LIQa F3IASyRI
Tuesday 9th March 2021

09:3009:35 Welcomeparticipants(JRC)

09:3509:50 MSFD policy requirements (JRC)

09:50-10:10 Member{ G 6§ S4Q NBLERNI& 2y 5m/c O! NIad yI ¢ I

10:1010.25 Presentation of the Objectives and Agenda (JRC)

10:2510:40 Presentati_o_n of Objective 1 (JRTY:define pelagic habitats and adapt the criteria elements to
scalespecift processes.

10:4010:55 Discussion on Obijective 1 (All, plenary)

10:5511:15 Break

Presentation of Objectives 2 and 3 (JRC):
ho2a8SO0iA®S wY ¢2 ARSydGAaATe GKS LIStIF3A0
11:1511:20 physical/chemical characteristics and biological responses.

Objective 3: To determine the appropriate spatial and temporal scales of main anthropd
pressures withi and across marine regions. To prepare recommendations on data gaps (day

11:2012:00 SUBGROUPS: discussion on Objectives 2 and 3 (groups)

12:0012:30 Summary of sugroups results (All, plenary)

12:30:13:30 Lunch break

Presentation of Objective 4 (JRT):select the a priori indicators, evaluate their applicability ac
marine regions (regional and Buide) and describe how they can ensure consistency of

13:3513:45 assessment (MSFD Art. 8) (relevance and feasibility). Tgesugaths for finding relationship
between environmental variables & indicators.

13:4514:30 SUBGROUPS: discussion on Objective 4 (groups)

14:30-14:50Break

14:5015:20 Summary of sugroups results (All, plenary)

15:20:16:00 Questions and End bay 1

Wednesday1®March 2021
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09:30:10:00 Summary and questions on 1st day meeting (JRC)

10:0010:15 Presentation of Objective 5 (JRC): brainstorming session first bgreups

10:1511:15 SUBGROUPS: discussion on Objective 5 (groups)

11:1511:35 Break

11:3512:00 Summary of sugroups results (All, plenary)

12:0013:00 Presentation recommendation on Objective 5 (All, plenary)

13:0014:00 Lunch Break

14:0015:50 SUBGROUPS: recommendation (groups)

15:50 16:00 Followup and endf workshop

Figure AlAssessment flow for Descriptor 1, pelagic habitats in Magliozzi et al.p2021

1. Determine CRITERIA

2. Determine ELEMENTS

3. Determine SCALES and AREAS

4. Assign INDICATORS

5. Establish THRESHOLD values

6. Determine if THRESHOLD achieved

7. Integrate INDICATORS
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Figure A2. Vertical limits of pelagic habitgis) marine regions with seasonal thermoclines.(Mgditerranean
Sed, (b)marine regions with permanent halocline (e.g. Baltic $eajn Magliozzi et al., 202).

Definition of pelagic habitats in the vertical dimension: two cases

pelagic habitat of direct interest
I pelagic habitat of NO direct interest
(too high resilience, mostly Baltic and Black Seas)

seasonal thermoclines permanent halocline

permanent hypoxia

———— Sea bed >
(benthic habitat)
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Figure A3Horizontaldelineation of pelagic habitat¢a) pelagic habitats as described in the MSFD (four habitat
types variable salinity, coastal, shelf andeanic and beyond shlfb) description at the scale of variability of
the coastal and oceanic processes (continuous grid of few km) interpolating meigt-based criteria using
environmental and operational model data such as satellite chlorotgitid the Marine Copernicus
operational physical models (CMEBIJCPR: Continuous Plankton Recorder; HAB: Harmful Algal Blooms; NIS:
Nortindigenous Speciggc) sampling frequency afi-situ and satellite/operational model data. Dashed arrows
relate to s@tiotemporal discontinuity and grey colour depicts lower absolute precirom Magliozzi et al.,

2021b).
a- Simplified description of MSFD pelagic habitats (types) b- Description for MSFD at the scale of pelagic habitats’ variability
200 m Sea Land 200 m Sea Land
=. =. RMAE 1
w !: :' % w \‘ e
Oceanic Shelf iCoasta -
Beyond shelf / [ § *
‘,. * River : \\:
* Variable * ~"Tand i * %
" ¢ salinity . : (/
\‘ \\‘ A) !
K St fod o _ r

\ Criteria interpolation to the cell scale (e.g. by month) using:

_ ) ) » Satellite chlorophyll-a for phytoplankton and eutrophication
* Regular sampling stations (e.g. sampling networks) « Chlorophyll-a gradient for zooplankton

¥r Occasional sampling stations (e.g. campaigns, CPR) * Salinity for contaminants’ dilution from rivers
* Currents, salinity, temperature for hydrographical conditions
* Potentially habitat modelling for HABs, NIS
Fishing is addressed with a grid related to the available data

c- Typical sampling frequency and link with the spatial dimensions

Time

t * t
[} : 1

in-situ sampling frequency (about monthly, station with eventual vertical dimension)

5 https://marine.copernicus.eu/
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Annex2.PSf I 3A0 KIFIoAGF{iaQ RANBOG yYyR AYRANBOG LINBaadzNBa
Table . PelagicK 0 A (I G & Q RA NB O lby mayirie regiofi. R heNdhidléncelsiie & araviddl &hen the indicators is applicable to the marine region or it is under
development.

pressure MSFD descriptor and | MSFD unit indicators pre(operational) confidence of pressurendicator relationship (1 to 5, 1 is low) reference
criterion MED BAL | NEA BLK
Non-Indigenous | D2C3 Adverse effects of | extent (kn®) | Mnemiopsideidyibiomass 5 (relevant in the Adriatic S¢a BSIMARO17
Species Nonndigenous Species
Eutrophication | D5C2 Chlorophyll a ug/l ChlorophyHa (Chia) 5 Commission
concentration; Decision (EU)
2018/229
D5C3Harmful algal no.events, | ChlorophyHa (Chia) S 2(')51"820'\"'
I ; i -
blooms; duration Cyanobacterial Bloom Index | 1 (not relevant) HELCOM,
(days), 2018b
extent Microbial species indicator potentially relevantfor NW Ferreraet al.,
(km2) per 2020
S year Diatom/Dinoflagellatdndex 1 (not accurate when HELCOM,
D5C4 Photic limit heterotrophic dinoflagellates 2018¢
m are dominant)
Phytoplankton abundance 3 (it givesus the same BSIMAP, 2017
information as Chlorophyll)
Phytoplankton biomass not used BSIMAP, 2017
Seasonaduccession it doesnot reflect pressure HELCOM,
of DominatingPhytoplankton | unless you have a time series 2018d
group long enough to understand the
ecological mechanisms behind
PH1/FW5: Changes in 2 under development OSPAR, 2018
Phytoplankton and
Zooplankton Communities
PH2:Changes in Phytoplanktorl 2 under development OSPAR, 2019a
Biomass and Zooplankton
Abundance
PH3: Changes in Plankton 1 under development OSPAR, 2019b
Diversity
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pressure MSFD descriptor and | MSFD unit indicators pre(operational) confidence of pressuréndicator relationship (1 to 5, 1 is low) reference
criterion MED BAL | NEA BLK
Zooplankton HShannon 2 under development 1 under BSIMAP, 2017
developmen
Zooplanktonabundance 4 under development 4 BSIMAP, 2017
Zooplanktorbiomass 4 under development 4 BSIMAP, 2017
Copepodaviomass 4 under development 4 BSIMAP, 2017
Noctiluca scintillanbiomass 1 (maybe relevanfor coastal 3 BSIMAP, 2017
areas in Eastern Med)
Zooplankton Mean Size and | 2 under development HELCOM,
Total Stock 2018e
Overfishing D3 Fishing Mortality 5 Stock
assessments
(e.g. GFCM)
CPUE of pelagic fispecies 3 Stock
assessments
(e.g. GFCM)
Copepod Mean Size and Total| 3 (potentially relevant in the Pitois et al.,
Abundance NW) 2021
Zooplankton Mean Size and 2 under development
Total Stock
OPFik/OPHarvest 4 underdevelopment Druon et al.
(under review)
Fishing effort / Fishing effort Stock
fleets overlap assessments
(e.g. GFCM)
Distribution change Pennino et al.
) 2020
Qimate change ? Climate refugia Penninoet al.
2020
PH1/FW5: Changes in 2 under development OSPAR, 2018

Phytoplankton and
Zooplankton Communities
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pressure MSFD descriptor and | MSFD unit indicators pre(operational) confidence of pressuréndicator relationship (1 to 5, 1 is low) reference
criterion MED BAL | NEA BLK
PH2: Changes in Phytoplanktd 2 under development 4 OSPAR, 2019a
Biomass and Zooplankton
Abundance
PH3: Changes Rlankton 2 under development 2 OSPAR, 2019b
Diversity Villarino et al.
2020
Qumulative Linked with several Surface of persistent optimal Ramirez et al.
impacts (areas descriptors environmental areas 2021
under various Surface of safe operational Ramirez et al.
2021

pressures)e.g.
eutrophication/
overfishing/clim

space

Combination of multiple
biodiversity andevenness

2 under developmen{see
comment)

Ferreraet al.,
2020, Varkitzi

ate change indices (ShannckViener's (e:tal" 2|.018’
index, Simpson's index, Berge 0zz0l eta,"
T . 2017, Frané et
Parker's indexyicNaughton's al. 2021

index)

anomalous jelly fish blooms

3 (speciesspecific to
subregion$

Table B.L y R A Gémp@aNaBdBpatial sampling (e.gefijuency and duration, sampling coverigg pressure and marine region

pressure indicator data type indicator temporal and spatial sampling (frequency and duration, sampling coverage)
MED BAL NEA BLK
Eutrophication ChlorophyHa (Chia) in-situ Italy: monthlytransects in bi-weekly to warm season (May

monthly in less

fixed (54 transects)
Sloveniamonthly at
sampling stations

eutrophicated area / bi

eutrophicated areavith

monthly, good to
complement with
CPR data

September)

representative for water
bodies France: ranthly at
coastal sampling stations,
monthly toseasonallyn
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pressure

indicator

data type

indicator temporal and spatial sampling (frequency and duration, sampling coverage)

MED

BAL

NEA

BLK

offshorewater. Greece:
monthly to seasonal
sampling in coastal waters,
seasonal sampling in
offshore waters (fixed point
stations).

Eutrophication

ChlorophyHa (Chia)

in-situ,
satellite

Relative variation respect to
20122017 vs 20042010
Chlorophyll a data in Italy

NO use of satellite data
under development

Eutrophication

Cyanobacterial Bloom Index

in-situ,
satellite

not relevant

Eutrophication

Diatom/Dinoflagellatdndex

in-situ

underdevelopment

under development

Eutrophication

Phytoplankton abundance

in-situ

Italy: transects monthly in
eutrophicated area / bi
monthly in less
eutrophicated area (54
transects, with fixed
sampling stationsvith two
sampling poing: surface
layer and DCMTwo size
clases Greece: monthly to
seasonal sampling in
selected coastal areas,
seasonakampling in
offshore watergfixed point
stations) Slovenia: ranthly
at one LTER station

warm season (May
September)

Eutrophication

Phytoplankton biomass

in-situ

not used

warm season (May
September)

Eutrophication

SeasonaBuccession
of DominatingPhytoplankton

group

under development

30




pressure indicator data type indicator temporal and spatial sampling (frequency and duration, sampling coverage)
MED BAL NEA BLK
Eutrophication PH1/FW5: Changes in in-situ under development Samples from 1958| Samples from 1958

/climate change

Phytoplankton and Zooplankto

Communities

- present for CPR
but shorter for fixed
point t-s. A
combination of CPR
andfixed-point
stations. Monthly
datarequired for
indicator.

present for CPR but shorte|
for fixed point ts (though
may be more frequent). A
combination of CPR and
fixed-point stations used.
Monthly data required for
indicator.

Eeutrophication | PH2: Changes in Phytoplankto| in-situ, satellite | under development Samples from 1958 Samples from 1958
/physical hydre | Biomass and Zooplankton (phytoplankton) - present for CPR present for CPR but shorte|
climatic Abundance but shorter for fixed | for fixed point ts (though
changesdiimate point t-s. A may be more frequent). A
change combination of CPR| combination of CPR and
and fixed point fixed point stations used.
stations. Monthly Monthly data requiredor
data requied for indicator. Remote sensing
indicator. data useful for
phytobiomass, increasing
spatial coverage.
Eutrophication PH3: Changes in Plankton in-situ under development Samples from 1958| Samples from 1958

Iphysical hydre
climatic
changesdimate
change

Diversity

- present for CPR
but shorter for fixed
point t-s. A
combination of CPR
and fixed point
stations. Monthly
data requred for
indicator.

present for CPR but shorte|
for fixed point ts (though
may be more frequent). A
combination of CPR and
fixed point gations used.
Monthly data required for
indicator.
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pressure indicator data type indicator temporal and spatial sampling (frequency and duration, sampling coverage)
MED BAL NEA BLK
Eeutrophication | Zooplankton HShannon in-situ under development There are data, under
testing, threshold values
to be established
Eutrophication Zooplanktonabundance in-situ Italy: seasonal (not linked to
eutrophication(54
transects); 3 size class
Eutrophication Zooplanktorbiomass in-situ Monitoring starting in 2021 warm and cold season
Eutrophication Copepodaiomass in-situ under development warm and coldseason
Eutrophication Noctiluca scintillanbiomass in-situ abundace- transects warm and cold season
monthly in eutrophicated
area / bimonthly in less
eutrophicated area (54
transects)
Overfishing Zooplankton Mean Size and in-situ seasonal samples, under
eutrophication Total Stock development
Non-Indigenous | Mnemiopsideidyibiomass in-situ abundance; spp.sampled, warm and cold season
Species but not indicators developed

Table A.t NB a detapidBabatl spatiasampling (e.grange m to km, days, weeks, monthsy marine region.

coast (MSFD) data
integrated with WFD/ 200
M - 1 NM- monitoring
programmes under WED
(also hydrographical and
chemical parameterare
monitored in Greece and

in Italy)

pressure indicator pressure temporal and spatial scale of variability (range m to km, days, weeks, months)
MED BAL NEA BLK
Eutrophication ChlorophyHa (Chia) 3, 6, 12 miledrom the coastal variable salinity and

shelf waters (€200m isobath)
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pressure indicator pressure temporal and spatial scale of variability (range m to km, days, weeks, months)

MED BAL NEA BLK

Physicechemical
parametersare sampled
along with Chh (Slovenia)

Eutrophication ChlorophyHa (Chia) Relative variation respect NO use of satellite dataunder
to 20122017 vs 2004 development
2010 Chlorophyll a data i
Italy
Eutrophication Cyanobacterial Bloom Index | not relevant in MED not relevant in BLK
Eutrophication Diatom/Dinoflagellatdndex underdevelopment under development
Eutrophication Phytoplankton abundance 3, 6, 12 miles from the coastal variable salinity and
coast (MSFD) data shelf waters (200m isobath)
integrated with WFD/ 200

M - 1 NM- monitoring
programmes under WFD
(also hydrographical and
chemical parameterare
monitored in Greece
Physicechemical
parametersare sampled
along with phytoplankton
abundance (Slovenia)

Eutrophication Phytoplankton biomass not used warm season (Magpeptember)
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pressure

indicator

pressure temporal and spatial scale of variability (range m to km, days, weeks, months)

MED

BAL

NEA

BLK

Eutrophication

SeasonaBuccession
of DominatingPhytoplankton

group

under development

Eutrophication/climate
change

PH1/FWS5: Changes in
Phytoplankton and Zooplankto
Communities

under development

Climate data at regional
scale. Nutrient data
shorter timeseries and
more spatially constricted|
but often coinciding with
fixed-point stations

Climatedata at regional
scale fnultidecada).
Nutrient data shorter
time-series (<20 years)
and more spatially
constricted than climate,
but often coinciding with
fixed-point stations.

Eutrophication /physical
hydro-climatic
changes/climate change

PH2:Changes in Phytoplankton
Biomass and Zooplankton
Abundance

under development
Physicechemical
parameters sampled alon
with phytoplankton
community composition
(Slovenia)

Climate data at regional
scale. Nutrient data
shorter time-series and
more spatialy constricted,
but often coinciding with
fixed-point stations

Climate data at regional
scale fnultidecada).
Nutrient data shorter
time-series (<20 years)
and more spatially
constricted than climate,
but often coinciding with
fixed-point stations.

34




pressure indicator pressure temporal and spatial scale of variability (range m to km, days, weeks, months)
MED BAL NEA BLK
Eutrophication /physical PH3: Changes in Plankton under developmenfalso | Climate data at regional | Climate data at regional

hydro-climatic
changes/climate change

Diversity

hydrographical and
chemical parameters are
monitored in Greece)

scale. Nutrient data
shorter timeseries and
more spatially constricted|
but often coinciding with
fixed-point stations

scale (hultidecada).
Nutrient data shorter
time-series (<20 years)
and more spatially
constricted than climate,
but often coinciding with
fixed-point stations.

Eutrophication Zooplankton HShannon under development coastal variable salinity and
shelf waters (€200m isobath)
Eutrophication Zooplanktonabundance 3, 6, 12 miles from the
coast (MSFD)
Eutrophication Zooplanktorbiomass Monitoring starting in coastal,variable salinity and
2021 shelf waters (200m isobath)
Eutrophication Copepodaviomass under development coastal,variable salinity and
shelf waters (€200m isobath)
Eutrophication Noctiluca scintillanbiomass 3, 6, 12 miles from the coastal variable salinity and

coast (MSFD) data
integrated with WFD/ 200
M - 1 NM- monitoring
programmes under WFD

shelf waters (€200m isobath)

Overfishing eutrophication

Zooplankton Mean Size and
Total Stock

under development

NonIndigenous Species

Mnemiopsideidyibiomass

abundancesampled, but
not indicators developed

coastal variable salinity and
shelf waters (€200m isobath)
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Table 5.t NB & ZeapidBabail spatial sampling (e.cange m to km, days, weeks, mon}tsy marine region.

pressure indicator comments on current data gaps
MED BAL NEA BLK
Eutrophication ChlorophyHa (Chia) -in situ coverage dependsn
the MS
Eutrophication Cyanobacterial Bloom Index | not relevant
Eutrophication Diatom/Dinoflagellatdndex not promising results
so far
Eutrophication Phytoplankton abundance 2-6 times per year
depending on the
area
Eutrophication Phytoplankton biomass not used
Eutrophication SeasonaBuccession 2-6 times per year

of DominatingPhytoplankton
group

depending on the
area

Eutrophication /climate change

PH1/FWS5: Changes in
Phytoplankton and Zooplankto
Communities

2-6 times per year
depending on the
area

Spatial gaps, not all timseries capture all
lifeforms, timeseries are different lengths,
smallphytoplanktonare not well sampled,
few zooplankton timeseries, picenano
component not often sampled (and

preservingexisting timeseries over starting
new ones***

lifeforms not developed). *** The priority ig

Eutrophication /physical hydro
climatic changes/climate changg

PH2: Changes in Phytoplankto
Biomass and Zooplankton
Abundance

2-6 times per year
depending on the
area

Spatial gaps, timseries are different
lengths, few zooplankton timseries. ***
The priority igporeservingexisting timeseries
over starting new ones***
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pressure

indicator

comments on current data gaps

MED

BAL

NEA

BLK

Eutrophication /physical hydro

climatic changes/climate changg

PH3: Changes in Plankton
Diversity

2-6 times per year
depending on the
area

Spatial gaps, not all tirageries go to genus
level, timeseries are different lengths, sma|
phytoplanktonare not well sampled, few
zooplankton timeseries, picenano
component not often sampled. **The
priority ispreservingexisting timeseries
over starting new ones***

Eutrophication

Zooplankton HShannon

Slovenia: no ogoing
monitoring for
zooplankton

Eutrophication

Zooplanktorabundance

Slovenia: no ogoing
monitoring for
zooplankton

Eutrophication

Zooplanktorbiomass

Slovenia: no oigoing
monitoring for
zooplankton

Eutrophication

Copepodaiomass

Slovenia: no oigoing
monitoring for
zooplankton

Eutrophication

Noctiluca scintillanbiomass

Overfishing, eutrophication

Zooplankton Mean Size and
Total Stock

Slovenia: no omgoing
monitoring for
zooplankton

NontIndigenous Species

Mnemiopsideidyibiomass
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Table 4. Indicator€applicability across marine regions and linkages efthironmental variablg

Phytoplankton

group

indicator region scale of threshold methods for threshold ecological and environmental variables (biotic and abiotic)
application scale
MED BAL NEA BLK
ChlorophyHa (CH | MED EU REGIONAL | Deviation from baseline | daily satellite Ché, daily satellite Chl
a) SST, nutrients, a
salinity, oxygen
(when available),
Secchi disk depth
ChlorophyHa (ChH | BAL EU REGIONAL | Deviation frombaseline | daily satellite Cha daily satellite Chl
a) a
Cyanobacterial BAL EU REGIONAL | Deviation from baseline Zooplankton, Wind
Bloom Index speed/weather
conditions? SST,
salinity?,
Phosphorus pool,
summer and/or
winter?
Diatom/Dinoflagella|] BAL EU REGIONAL | Deviation from baseline | satellite Chia, SST satellite Chia, SST, satellite Chia,
te Index Silica SST
concentration?,
winter SST?
Salinity?, N/P ratio?
Phytoplankton BLK EU REGIONAL | Deviation from baseline | satellite Chia, SST, satellite Chia
abundance nutrients
Phytoplankton BLK EU REGIONAL | Deviation from baseline
biomass
Seasona$uccessior] BAL EU REGIONAL | Deviation from baseline | satellite Chia, SS;T satellite Chia, SST, satellite Chia,
of Dominating nutrients salinity?, Nutrients? SST
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indicator region scale of threshold methods for threshold ecological and environmental variables (biotic and abiotic)
application scale
MED BAL NEA BLK
PH1/FW5: Changeg NEA EU REGIONAL | Nothresholds yet, new | satellite Chia, Chia SST, oscillationg satellite Chia,
in Phytoplankton project(NEA PANACEA | horizontal gradient (eg NAO), pH Chla horizontal
and Zooplankton to explore if we will set | SST, nutrients change, gradient
Communities them and how. nutrients
Identifying drivers of
change is important. Ag
can be in GES if anges
are becauseof natural
variahlity, but not
because of anthmpogenic
pressure.
Velocity ofchange should
also be investigated. This
can also reveal
synchrony.
PH2: Changes in NEA EU REGIONAL | see above satellite Chia, Chla see above satellite Chia,
Phytoplankton horizontal gradient Chta horizontal
Biomass and SST,nutrients gradient
Zooplankton
Abundance
(Copepod
abundance)
PH3: Changes in NEA EU REGIONAL | see above satellite Chia, Chla see above satellite Chia,
Plankton Diversity horizontal gradient Chla horizontal
gradient
Zooplankton H BLK EU REGIONAL | Deviation from baseline | satellite Chia, Chla satellite Chia,
Shannon horizontal gradient Chlahorizontal
gradient
Zooplankton BLK EU REGIONAL | Deviation from baseline | satellite Chia, Chla satellite Chia,
abundance horizontal gradient Chla horizontal
gradient
Zooplankton BLK EU REGIONAL | Deviation from baseline | satellite Chia, Chla satellite Chia,
biomass horizontal gradient Chla horizontal
gradient
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indicator region scale of threshold methods for threshold ecological and environmental variables (biotic and abiotic)
application scale
MED BAL NEA BLK
Copepodaiomass | BLK EU REGIONAL | Deviation from baseline | satellite Chia, Chia satellite Chia,
horizontal gradient Chla horizontal
gradient
Zooplankton Mean | BAL EU REGIONAL | Deviation from baseline | satellite Chia, Chia satellite Chla, SST, satellite Chia,
Size and otal Stock horizontal gradient salinity, size of Chla horizontal
hypoxic layer? gradient
Noctiluca scintillans| BLK REGIONAL | REGIONAL | Deviation from baseline | satellite Chla, SST satellite Chia,
biomass and expert judgement (operational and SST (operational
high) and high)
Mnemiopsis leidyi | BLK REGIONAL | REGIONAL | Literature SST SST
biomass
Mnemiopsis leidyi | MED REGIONAL | REGIONAL | trends (timeseries length| SSTsatellite Chia,
biomass to be discussed) increasingrophic
potential for
zooplankton)
Anomalousielly fish | MED SUB SUB trends (timeseries length| SST, satellite Chl
blooms (species REGIONAL | REGIONAL | to bediscussed) zooplankton biomass
specific to
subregions
Microbial species | MED SUB can be SUB | not set yet (to be temperature, salinity,
indicator (picenano REGIONAL | REGIONAL | discussed) nutrients (gradient
plankton diversity) from coast to open
ocean)
Ratio of microbial | MED SUB can be SUB | not set yet (to be temperature, salinity,
biomass REGIONAL | REGIONAL | discussed) nutrients (gradient
from coast to open
ocean)
CPUE of pelagic fis| MED
species
Fishing Mortality MED
Fishing effort / MED
Fishing effort fleets
overlap
MED

Distribution change
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indicator region scale of threshold methods for threshold ecological and environmental variables (biotic and abiotic)
application scale
MED BAL NEA BLK
Climate refugia MED
Surface of MED
persistent optimal
environmental
areas
Surface of safe MED
operational space
Combination of MED SUB SUB deviation from baseline | satellite Chia, SST,
multiple REGIONAL | REGIONAL nutrients, salinity,
biodiversity and (AT LEAST) oxygen (when

evennessndices
(ShannorAWiener's
index, Simpson's
index, Berger
Parker's index,
McNaughton's
index)

available), Secchi disl
depth
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Table A. Methods for linking the indicator with s

pati@mporal env. variable(s) (e.gtrenghsand significance of relationships, spatial clustering, geostatistical analysis etc.)

of Dominating
Phytoplankton

group

indicator region scale of threshold methods for threshold methods for linking the indicator with spatidgemporal env. variable(s) (e.g.
application scale strengthand significance of relationships, spatial clustering, geostatistical analy:
etc.)
MED BAL NEA BLK
ChlorophyHa (Chi MED EU SUB Relation to pressures Strongrelation to provided a good
a) REGIONAL | (outcome of MEDGIG nitrogen and intercalibration
phosphorusn between thein-situ
Aegean coastal Chla and satellite
waters (Greece). data, medium to
Adriatic Sea: good strong correlation is
correlation between | expected
Chla and Total
Phosphorus
ChlorophyHa (Chi BAL EU REGIONAL | Deviation frombaseline
a)
Cyanobacterial BAL EU REGIONAL | Deviation from baseline .
Bloom Index mediumo-low,
potential
correlations-> need
evaluation
Diatom/Dinoflagella| BAL EU REGIONAL | Deviation from baseline potential Diatom/Dinofl. in
te Index correlations-> need relation to
evaluation salinity gradient
Phytoplankton BLK EU REGIONAL | Deviation from baseline
abundance
Phytoplankton BLK EU REGIONAL | Deviation from baseline
biomass
SeasonaBuccessior] BAL EU REGIONAL | Deviation from baseline low
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indicator region scale of threshold methods for threshold methods for linking the indicator with spatigemporal env. variable(s) (e.g.
application scale strengthand significance of relationships, spatial clustering, geostatistical analy:
etc.)
MED BAL NEA BLK

PH1/FW5: Changeg NEA EU REGIONAL | No thresholds yet, new testing

in Phytoplankton project(NEA PANACEA sensitivity and

and Zooplankton to explore if we will set using all s

Communities them and how. together by
Identifying drivers of selecting
change is important. Ag current
can be in GES if ahges assessment
are becauseof natural period as
variability, but not reference
because of anthrmpogenic period and
pressure. looking
Velocity of change shoulc backwards
also be investigated. This
can ale reveal
synchrony.

PH2: Changes in NEA EU REGIONAL | see above see above

Phytoplankton

Biomass and

Zooplankton

Abundance

(Copepod

abundance)

PH3: Changes in NEA EU REGIONAL | see above see above

Plankton Diversity

Zooplankton H BLK EU REGIONAL | Deviation from baseline

Shannon

Zooplankton BLK EU REGIONAL | Deviation from baseline

abundance

Zooplankton BLK EU REGIONAL | Deviation from baseline

biomass

Copepodaiomass | BLK EU REGIONAL | Deviation from baseline

Zooplankton Mean | BAL EU REGIONAL | Deviation from baseline low, need testing

Size and Total Stoc

Noctilucascintillans | BLK REGIONAL | REGIONAL | Deviation from baseline

biomass

and expert judgement
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indicator region scale of threshold methods for threshold methods for linking the indicator with spatigemporal env. variable(s) (e.g.
application scale strengthand significance of relationships, spatial clustering, geostatistical analy:
etc.)

MED BAL NEA BLK

Mnemiopsis leidyi | BLK REGIONAL | REGIONAL | Literature
biomass

Mnemiopsis leidyi | MED REGIONAL | REGIONAL | trends (timeseries length
biomass to bediscussed)

anomalous jelly fishi MED SUB SUB trends (timeseries length
blooms (species REGIONAL | REGIONAL | to be discussed)

specific to
subregions

Microbial species | MED SUB can beSUB | not set yet (to be
indicator (picenano REGIONAL | REGIONAL | discussed)
plankton diversity)

Ratio of microbial | MED SUB can be SUB | not set yet (to be
biomass REGIONAL | REGIONAL | discussed)

CPUE of pelagic fis| MED
species

Fishing Mortality MED

Fishing effort / MED
Fishing efforfleets
overlap

Distribution change MED

Climate refugia MED

Surface of MED
persistent optimal
environmental
areas

Surface of safe MED
operational space

Combination of MED SUB SUB deviation from baseline
multiple REGIONAL | REGIONAL
biodiversity and (AT LEAST)
evemessindices
(ShannorAWiener's
index, Simpson's

Nonlinear
relationshipbetween
indices and pressure
categories
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indicator region scale of threshold methods for threshold methods for linking the indicator with spatigemporal env. variable(s) (e.g.

application scale strengthand significance of relationships, spatial clustering, geostatistical analy:
etc.)
MED BAL NEA BLK
index, Berger
Parker's index,
McNaughton's
index)
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