Welcome to the CERESCIimeFish Policy Session with BEREA
Online conference Thursday™af June at 10.00 CEST

Advice for the meeting:

APlease, mute your microphone

ATurn off your video after you presented yourself
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Welcome to the CERESIimeFish Policy Session with EC & REA

Agenda:

A10.0010.05 Sigim, switch off your camera and mute your microphone
after you say hello

A10.0510.20 Welcome and goals for the meetiignipoukasDG RTD)

A10.2010.40 Marine aquaculture (Aschan, Papandroulakis, Peck)

A10.4011.00 Freshwater (Peck, Aschan)

A11.0011.10  Stretch your legs and fetch a coffee

A11.1011.30  Marine fisheries (Aschan, Peck)

A11:3011:40 General conclusions and advice (Peck, ASchan

A11.4011.50 Arctic impact on weather and climate, Bidetion,(Payne, DTU

A11.5012.00 Closing remark&mpoukasDG RTD)
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Two IPCC Scenarios (RCP4.5 and RCP8.5) vﬁCEéREIS

W CMIP5 models, RCP scenarios
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ClimeFisiCase Studies Iin 3 sectors

European level

Fisheries

Aquaculture

Lakes and ponc

dn wonog

Case study level
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Seafood Sectors and ClimeFish Case Studies

Fisheries L akes and Ponds Agquaculture

Northeast Atlantic Hungarian Pond Northeast Atlantic:
Pelagic Fisheries Production Marine Aquaculture

West of Scotland: L ake Garda Fisherie Greece: Marine
Demersal fisheries Agquaculture

Shellfish production in
Galicia

Thisproject hasreceivedfunding from the EuropeanUnion's

W ClimeFish Horizon 2020 research and innovation action under grant

agreementno. 677039




ClimeFisIbecision Support Framewatk&veloped with stakeholders
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Case
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ClimeFisIbecision Support Framewatk&veloped with stakeholders

Risk Risk
assessmen assessmen Finalconference
In Rome 2020
Forecast Forecast DSF v3
for end user
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What was included in ClimeFish models?

CIF | ©F | G3F | C5F | GBF | C7F | G8F | COF |C10A|CL1A|C12A|C13A]CL4A

Cl15A;

stressors/ drivers

climate-related

Sealevel rise

wind (including storms)

temperature

heat waves

salinity

dissoved oxygen

nutrients (eutrophication)

pH

food availability

invasions/ HABs

diseases/ treatment

managerial

fishing mortality

feeding

seeding/ stocking time

seeding/ stocking den. /size

W ClimeFish

Thisproject hasreceivedfunding from the EuropeanUnion's
Horizon 2020 research and innovation action under grant

agreementno. 677039

. Modelled

Considered
Knowledge gap

Not applicable




Aquaculture

Thisproject hasreceivedfunding from the EuropeanUnion's

W C||meF|Sh Horizon 2020 research and innovation action under grant

agreementno. 677039



Greek marine aquaculture is a growing sector

A Stands for more than 88 of nationafish productlon
A 63 companies run 31nfishfarms e
A European sehass andjiltheadseabream |mportant”t‘ \

ClimeFish studied CC effects .

AEuropean sea bass anteagre (emerging T
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Change'n days to I‘eaCh w-+4 5 1 2 1 1 6 4 5 5 5 3 5 5 7 5 4 5 100
] S o444 2 1 2 1 0 3 4 4 3 2 1 4 3 4 3 4 2 50
harveStSIZe ) S5 4 1 3 9 FJOEn Q o+, 73%2 3 2 4 4 5 4 :
2030:noc negative effect , » 1% % 1 Bomowo g | L Ll L L. e
2050 pOS|t|V$ﬁeCt A s4d3 3 4 4 0 4 2 3 3 5 4 5 3 4 3 4 3 3 100
T T T T T T T T T T T T T T T T 1
IN OF IN OF IN OF IN OF IN OF IN OF IN OF IN OF IN OF

Hfect of husbandry on growth is higher than that of temperature and wind velocity

Thisproject hasreceivedfunding from the EuropeanUnion's

C||meF|Sh Horizon 2020 research and innovation action under grant -
W agreementno. 677039
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Shared Impacts of CC across Aguaculture C

Hungarian Ponds, North Atlantic Salmon, Mediterranean Seabass, Iberian Upwelling Shelfish

Growth/size Escapees,
variabilty and  predation
mortality and HABs

Suboptimal  Suitability of  Changes in
conditions sites productivity

Increased fouling

Change site Changes in
productivity production capacit

Increased size
variability

Increased predatio Anoxic conditions

HABs and jellyfish Accessibility and
blooms human safety issue

Harvesting closure

ingi
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W agreementno. 677039
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Riskassessment
Adaptation measuresj

Stakeholders have a say!

2 stakeholder meetings:
Athens, April 2018, June 2019

In total 24 adaptation measures/ actions identified on 4 levels

ATechnical/ Industry
AResearch and knowledge building
APolicy and Regulation
AFunding



Towards anational Climate Adaptatiddan

Alndustry
0 Increase collaboration between farms in a wider organizational level
(zones of development)

AResearch community
0 understand the biological mechanisms implicated in response to various
climate change drivers

AAdministration
0 establish a flexible legal framework for the operation of the farms and
designation of new sites
0 support research and innovation



ClimeFishn the GalicianClimateChangeStrategy

X XUNTA
DE GALICIA ¥ L

Estratexia

Galega de Cambio
Climaticoe »

Enerxia 2050

W ClimeFish

6.2.3.2.-Vulnerabilidade e risco do sector pesqueiro en Galicia

En Galicia, a pesca considérase un sector caracteristico da economia galega por ser fonte
de ingresos, subministro de alimentos e actividade dinamizadora do mercado laboral.
Segundo o Instituto Galego de Estatistica (IGE), no ano 2015, o sector da pesca supuxo
un 1,9% do PIB de Galicia, empregou a 33.503 persoas e un VAB de 1.097.577€.

Segundo os ultimos rexistros nas lonxas galegas a especie mais capturada en 2017 foi a
xarda pintada, cun 27,5% do total de capturas, seguida da merluza (16,5%), o xurelo
(14,4%) e o lirio (12,3%).

Actualmente, a importancia da repercusion do cambio climatico sobre o comportamento e
a distribucion das especies marifias de maior interese comercial esta a ser analizada no
marco do proxecto europeo. Climefish. Espafia e Portugal tamén traballan conxuntamente
no proxecto MarRisk para analizar e monitorar a evolucion do clima litoral, asi como
impulsar a resiliencia dos sectores economicos estratéxicos da costa galega, como € o
caso da explotacion do mexillon.

Thisproject hasreceivedfunding from the EuropeanUnion's
Horizon 2020 research and innovation action under grant

agreementno. 677039




Implementation of advice on EU level:

ClimeFisiprovided recommendations for the new X
G{ OGN G§STIAO0 TFdZARSEtAYSa F2NJ adzaidl Ayl of S
Aquaculture Technical Seminar with the MS in Brusséli®ctober2020

A Thiseventwasorganizecdoy DGMare

A Advice on how to include climate change adaptation into the Multi Annual
Plans for Aquaculture in Member States and how the new knowledge can

be utilized

Thisproject hasreceivedfunding from the EuropeanUnion's

C||meF|Sh Horizon 2020 research and innovation action under grant -
W agreementno. 677039




CERES
@ Top-value specieso EuropeanAquacultureExamined

Salmon Trout
Salmo salar Oncorhynchusnykiss
Seabass Carp

Dicentrarchudabrax Cyprinus carpio

Seabream
Sparusaurata

Bluemussel
Mytilus edulis

Cuppedoyster Mediterraneanmussel
Crassostreagigas Mytilus galloprovincialis

Europeanclam
Ruditapesdecussatus

https://ec.europa.eu/fisheries/cfp/aquaculture/species_en



Year 2100

Impactsof ClimateChange on Growth Country | species | Harvestweight | Total Prod
Performanceof AquacultureSpecies RCP4.5 | RCP8.5 | RCP4.5 | RCP8.5
Ireland Salmon
. : : ) Norway Salmon
APhysiologicabasedcultivationmodel Tarkey | Sea bass
calibratedagainstspecificfarms(same Spain Sea
modelfor all specied countries). bream
] ] Poland Carp
A ClimatechangeWinnersiand Ysersy y—
dependingon locationandspecies Turkey | trout
: : Blue
A Someshellfishfarmsdo particularly Denmark | ©
poorly dueto warmingandreduced Blue
. . . Netherlands
primaryproductionprojectedfor 2100 mussels
(muchlesschangeby 2050). Netherlands PaCifiC
_ _ _ oysters
AOnlydirectandno indirect effects Med
: Portugal
Includedhere. mussels
CERES . much lower - significantly lower . lower average < present day
@ same average and same average, wider > present day Higher average
range range

significantly greater . much greater

CERES Synthesis Report: Chapter 5



Indirect Effects of Climate Change

A Examples: Disease, HABs, Jellyfish.

A Focus on diseasgglobal significance
& major stakeholder concern.

A Tools developed to study impacts
under present day and future climate
scenarios.

A >20 diseases, across 6 host species
and 10 countries investigated.

A Other EU and national programs
creating shortterm (1- to 2-wk)
forecasts for HABs. More work
needed on jellyfish.

CERES Synthesis Report: Chapter 5




A Projection of change
In suitable days for
specific diseases

A Shown is example for
SpringViraemiaof
carp in Poland
(RCP8.5, 2050)

Change in days of suitable
water temperature.
Decreases (negative) are

#» 3-4 Dblue and increases

« 5.9 (positive) are red.

CERES Synthesis Report: Chapter 5



CERES _ WM NE GS LS
\ Economidmpacts onAquaculture 000t «m Netcage
| TypicalFarms i eteage
1000t "< (SH | A Netcage
ATypicalffarm modelsconstructedfor specied regions —— oy S
andfour scenariodested: WorldMarkets(WM), 00 Racevoy
National Enterprise (NE), Glol&istainabilit GS) 75t == Pond/Raceway
andLocalStewardshigLS). 700t === Raceway RAS
. ] ] ] 450t == Netcage
AProjections indicatedeabass, salmon and best 360t Raceway
practice trout farmsavere most profitable 00t < s
150t =t Pond
A Substantial losses in profit projected for some farm: |of
same / other species (trout and carp in ponds). 3680t | Netcageind
] _ 1560t | Netcage org.
ALossesor gainsoften scenariedependent Results
depend more on future sockEconomic trajectories 5t Pond
than on direct effects of climate change. ” o
AFor example, fish price relatively low in more global 190t L_Pond
(GS) compared to nationalistic scenarios (NE & LS o0 onatine
Innovation needed taontrol fishmeal / oil prices . | Bottom
- .

<-100 -100 -80 -60 -40 -20 0 +20 +40 ¢6b +80 +100 >+100%



ClimateChangeVvulnerability Assessment

ARanked national vulnerability based on farmed speci~-

TﬁCERES

methods, economic indicators, expert evaluation. "
Aclimate-drivenwarming(RCP8.5, 2050) causkitie 65°N -

reduction in habitat suitabilitypased on species therm
growth performance. 60°N -

A Small farms lacking environmental control (e.qg. 55°N-
traditional trout, carp and shellfish farms) more
vulnerable(low adaptive capacity by technological 50V
Innovation).

ASE Europe vulnerabtiue to relative importance of
aquaculture to GDP, smaller portfolio of species, and -
status of national climate adaptation plans.

AMeasuresncreasing economic performance.g.

45°N

35°N+

vertical integration, RAS) will also reduce climate

change vulnerability.
CERES Synthesis Report: Chapter 5

o . High

Vulnerability




StakeholderMind-mapping TurkishTrout Farms

Strongest expected climate Projected consequences for
impacts production

Changes in Production period <~  Reduced jobs 5‘7%

shorter

season patterns

'l
Increased -
temperatures /(o

Decreased
rainfall

Reduced market but
higher prices m

Large firms buy up
and dominate sector
A

Reduced
growth

Reduced
re productlon

'V

—

High logistics cost as
Increased dlsease and production moves to
parasites 3 higher latitudes

Most preferred mitigation measures

Government: (1) support cultivation of new species (2) pay compensation (3) help
designate more production sites

Technology: (1) use recirculation systems (2) use technology to reduce some CC impacts

CERES Synthesis Report: Chapter 5 (mind-mappingconductedin all 24Sorylines)



FutureChangesn River Flow |

S|

A Rainfall pattern projected to change across Europe (drier in south)

A River discharge projected to decrease in south and increase across
northern Europe

A High degree of uncertainty within ensemble of different models but
large-scale pattern is robust

CERES Synthesis Report: Chapter 2
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. . Thisproject hasreceivedfunding from the EuropeanUnion's
W ClimeFish

A Higher change in yield at |
lower stocking density \

supplementary water will be |
needed "

- J o @
A Increasing occurrence of sub —

optimal oxygen levels

Horizon 2020 research and innovation action under grant
agreementno. 677039




dforecasts
ectsof the industry: modelled & normodelle
Theprosp

Inlet water quality

Pathogens

Bird predation ?
Production rigks.

ion's

A Thisproject hasreceivedfunding from the EuropeanUnion

i i ion under grant -
Horizon 2020 research and innovation action
ofi
agreementno. 677039
W ClimeFish

Better growth of carp:

eased appetite, increased
plankton availability)

(inr




Adaptation measurasentified

A Monitoring (real time diagnostigs

A Developinfrastructures to withstand floods

A Use of aeratorsoxygenmanipulation

A Adequate stocking rate and biomass management

Industry-level

A More detail in official statistics Governance

A Breeding programmes
A Monitoring andmappingdiseaseoutbreaks
A Preventivetreatments and vaccines

Research&
knowledgebuilding

Thisproject hasreceivedfunding from the EuropeanUnion's

W ClimeFish Hungarian pond aquaCUIture Horizon 2020 research and innovation action under grant -

agreementno. 677039




Aquaculture: Questions?

Thisproject hasreceivedfunding from the EuropeanUnion's

C||meF|Sh Horizon 2020 research and innovation action under grant -
W agreementno. 677039




Lake fishery: Relative change28650with present day fishing pressure

+

RCP4.5 RCP8.5
100 100
Pikeperch -
50 50
Whitefish
0 0
Trout -
-50 -50
Arctic charr =
-100 -100
T T T T T T T T
Norway Tsk Norway St Lake Garda Czech lakes Norway Tsk  Norway St  Lake Garda Czech lakes

Thisproject hasreceivedfunding from the EuropeanUnion's

W ClimeFish Horizon 2020 research and innovation action under grant

agreementno. 677039




Declinein whitefishin South and Central Europe

ADespite potential for increased
growth and production

APredation by invading speciesg.
pike-perch is a threat
AReduced reproduction due to

Increase In predation, siltation,
oxygen deficit, too high incubation

lemperatures. In Czech whitefistost 90%
of original distribution

. . Thisproject hasreceivedfunding from the EuropeanUnion's
C||me|:|sh Horizon 2020 research and innovation action under grant
W agreemen tno. 677039




Consequences for the good ecological status
(GES)

ASalmonid fishare considered the
Indicators of GES everywhere 2t L

AExpect decline in ES in southern andesss s
central Europe =k

ASlowing or reversing this trend requi
huge effort

AProtect, prevent invasive species,
conduct (semi)artificial reproduction

Thisproject hasreceivedfunding from the EuropeanUnion's

W ClimeFish Horizon 2020 research and innovation action under grant

agreementno. 677039




Consequence®r the goodecologicaktatus
(GES)

ACyprinid fishare considered
the indicators of degraded
Ecological state

AMany will competitively
benefit from warming

AES is very likely to decline

Thisproject hasreceivedfunding from the EuropeanUnion's Ve A e
Horizon 2020 research and innovation action under grant 61 h

W ClimeFish agreemen tno. 677039




Shared Impacts CC on Freshwater Operations

Italian Lake GardaHungarian Ponds

Natural feed HABS,
availability pathogens Decreased Increased Costs and
and increased and invasive water quality = Evaporation Income
mortality species

Frequent
Affects fish outbreaks of
stocks and siz{ HABs Water

turbidity

Decreased
water
availability

Increased feed
demand

Harmful

Natural bacteria and

Increased

- pathogens :
recruitment / Increased operational

costs

Feed _ water prices
availability Species
replacement
Increased risk Deterioration Water
suboptimal Decreased of water inlet shortage
conditions- ecological affects region's
anoxia balance income

More controls
|/ systems
required

Thisproject hasreceivedfunding from the EuropeanUnion's

W C“meFlSh Horizon 2020 research and innovation action under grant

agreementno. 677039




Stretch your legs!

Marine fisheries next



Marine Fishery

Relative change 13050
under RCP4.5%vith
present day fishing
pressure

W ClimeFish

— 100

50

Bluefin Tuna -
Flatfish — Flatfish
Planktivorous fish —
Mugilidae 4 \/jullet
Veneridae -{ Clams
Pectinidae - Scallops
Whiting 9 \Whiting
saithe | Salithe
Monkfish | Monkfish
Hake -
Haddock
cod 4 CoOd
Flounder -
Sprat -
Herring - Herring
Blue whiting -
Mackerel —
| | T T
NE Atlantic Baltic sea West Scotland Adriatic sea

-100



Shared Impacts CC across marine Fisherie:

Species
composition

Northwards shift o
species

Increased stocks:
Mackerel, Whiting
Hake

Decreased stocks
Herring, Cod

Emerging species
Seabass

ClimeFistAnnualMeeting
W 24-26 April 2018 Szarvas, Hungary

North Atlantic pelagic, WoS demersal

Species Distribution allcgggtti?)n
phenology  and fisheries .~ """
and growth ~ dynamics TAC

Increased
complexity in
negotiations

Catch

Alterations year
composition

class

Overfishing of

Spatial
shared stocks

distribution

Deployment of
gear and catch
efficiency

Growth rates

Thisproject hasreceivedfunding from the EuropeanUnion's
Horizon 2020 research and innovation action under grant
agreementno. 677039

Production
dynamics

Longer distance

to fishing
grounds

Reduced safet

infrastructure

Reduced fishing

days / Increased




Attribution - Importanceof Biological Time Series

ATime series analyses (11 applications) of single or multiple

species within 8 European regions.

Mean Length (cm)
N
(9]

Y
o

351

w
o

N
o

gy
+++ +++
|

1900

AHistorical changes in stocks mainly driven by fishing but

climate variablility has triggered (amplified weakened)
observed responses

A Capacityto build reliable projection model®quires robust

(long, continuous, dataich) time series for the main
European Seas and inlangters. Suchime seriesare
scarce and in onlyfaw areas

AHealthy stocks will display less climatgven variation (until

physiological thresholds are passed) underscoring

Importance of sustainable, ecosystamased management

for climate adaptation

CERES Synthesis Report: Chapter 4
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G CERES

ProjectedClimateChangeEffects
on Marine FisheryTargets

AApplied 12 stateof-the-art biological
projection models (often 2 models per
region).

AProjections of shift are consistent
across different types of modeds
shown is % change by 2050

AMarkedlystronger effects of RCP8.5
(right) compared to RPCA4.5 (left)

AWinners and loserge.g. also when
comparing stocks of same species)

AModelsprojectedchangefor species
currentlyin regionc future, novel
specieqnot considered

CERES Synthesis Report: Chapter 4
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-/.CERES
@ Economidmpacts on Fleets Groutis €08
@ e

A Profitability at 2050 tested
under four scenarios (consistent
narratives of environmental,
economic, legal, technological
and political change)

AChanges in policy (e.g. access)
and economics (fuel / fish price)
more important than direct,
biological effects of climate
change.

A Shifts in profitability between
fleet segments projected In
Norwegian / Barents Sea.

CERES Synthesis Report: Chapter 4
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Sea*

Baltic Sea

North Sea/
North East
Atlantic

Western
Mediterranean
Sea

Aegean Sea

Most neiative

No effect Most iositive No data




@ ClimateChangeRiskAnalysis

ARegions in SE Europe and UK have highesbris| h
both fleetsandcommunities (low GDP, few
targeted species)

AlIn other regions, risk is greatest at flemt
community level butonsiderable dierencesexist
even within acountry

A Smallest vesselddss than 6mhad much higher
riskthan other sizeclasses (Mediterranean
Croatig Bulgaria, France, Malta akitreece)

AlIn some regions (e.g. SE Baltic) increasing resi
needed (e.gcreatingalternative employment
opportunitiesin community)

Aln regions wherdleet risksdominate,prioritize
Increasing fleet efficiency / diversity
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StakeholderMind-mapping Examplefor dolphinfish WesternMediterranean
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Social & economic impacts

More jobs @

Increased market size

Reinforced traditional
cultural values

Potential consequenses

Oversupply decreases

the market price

Mitigation measures

GPS-tracked Fish
Aggregating Devices
could reduce fishing

costs and debris

©

Potentially modify the
fishing season

New laws following
changing presence
and/or distribution
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General: outcomes and recommendations

Thisproject hasreceivedfunding from the EuropeanUnion's

C||meF|Sh Horizon 2020 research and innovation action under grant -
W agreementno. 677039




Key exploitable outcomes
at case study level

A Identified knowledgeyaps (published papers)

A Forecasting models for fish production

A Identified risksand opportunities

A Climate Adaptation Plans for fisheries and aquaculture
A The ClimeFish Decision Suppélramework

A DecisionSupportSoftware

W ClimeFish



Key exploitable outcomes
at EU level

AEtSINYAY3 O2dNES 2y G/ fAYFGS
Ay CAGKSNAGE FyR 1 liAzd®nst § dNB

A Guidelines for establishing legal good practice
A Recommendations for eoreationpractices

A Guidelinedor making Climate Adaptation plafes fisheries
and aquaculture European voluntary standard (CWA)

A Contributionto the EU Adaptation Strated3ackage for fisheries
and aguaculture

. . Thisproject has vedfunding from the EuropeanuUnio
C||meF|Sh Horizon 2020 r ch and innovation action under grant
W agreemen tno. 677039



Guidelines for creating

Climate Adaptation Plans (CAPS)
= CENWorkshopAgreement CWA17518:2020

Good practice recommendations for making Climate Adaptation Plans for fisheries and aquac

Outcomes

Main risks and
opportunities

Main vulnerabilities

Adaptation measures
and tradeoffs

Implementation plan for
adaptation measures

Thisproject hasfeceivedfunding from the EuropeanUnion's

w C||me|:|sh Horizon 2020 research and innovation action under grant

agreemen tno. 677039



Adaptation StrategyPackagdor EUfisheriesand

aguaculture

15t C1imeFish EU round table meeting:
Outcomes and next steps
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Stakeholderghat participated in the case study events

64 Industry representatives

and fishers 6 NGOs

o® B
A,
{] mw i & 5 Advisory bodies

44 policy makers

,, 12 external scientists

" | 45 climefish scientists

Thisproject hasreceivedfunding from the EuropeanUnion's

C||meF|Sh Horizon 2020 research and innovation action under grant -
W agreementno. 677039




CERES
Recommendationgor Future Research @

1) Integrating climate researchacrossdisciplines It is inherently challengingto conduct
inter-disciplinary science,foster training programs Need to embed social scientistsas
facilitatorsof stakeholderengagementPerceived\N-Sgradientin Europearemphasis

2) Conductingtrans-disciplinary climate changescience Barriersto cooperationbetween
climate scientistsand industry (aquacultureand fisheries)are disappearing Callsneeded
that focuson artisanalfishersandfarmers

| ‘I N -:
&1 .n.-nﬁ*ik\.e’w

Pelagic Freeze-trawler Asscociation VisNed: Inskie Centrum Rybactwa : Longline Environment Vet Aqua International: Kilic:
Association of 9 European pelagic Association of producer organizations  Large ponds: carp, whitefish, Consultancy for aquaculture Veterinary practice & consultancy Interface between industry, Large aquaculture facilities: trout,
freezer-trawler companies in Dutch Demersal Fisheries pikeperch companies, risk assessment for aquaculture companies education and scientific research seabass, seabream, meagre



CERES
Recommendationgor Future Research @

3) Capturing uncertainty in physical & biological prpigctiomﬁultiple RCPs (scenarios),
mdzZf GALX S D/ aa R2gyaOlfSR (2 NBIAZ2ZYIf K@
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CERES
Recommendationgor Future Research @

4) Spatial and temporal resolution of physical impachove from regional climate change
(subo I AAYy &aOlFfSa0d bSSR LINR2SOGAZ2Yya 6A0K

NASMMapsGreece
https://www.google.comimapdd/ viewer...
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CERES
Recommendations$or Future Research @

5) Direct biological effects of climate change on aquatic living resourGsgp analysis
Identified research needs on interacting factors and life stage responses.

6) Indirect biological effects of climate changeed to be better represented in models
such as (novel) food webs or future prevalence of disease.
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