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1 I ntroducti on

This report describegsne example othe development and application of the natural capital
accounting framework foEuropean mi@ne ecosystems on regiors¢aand European level.

The study focuses on ecosystem asset and service accountsrforercial fish stockasone

part of marine ecosystem capitahdis suggested as a contribution to the INCA Ki®ject

on building an EU ecosystem accounting syst@ire work presentedas initially inspired by

the approach put forward in the Ecosystem Natural Capital Accounts: A Quick Start Package
(ENCA-QSP)and is now placed withithe conceptual framework presentedSEEA EEA

(UNSD handbook on experimental ecosystem accountinig) now suggested as a potential
satellite account tonform on the status of the commercial marine fish spe@ssalso
proposed in the KIP INCA Phase 1 report.

This reportapplies theecosystemaccounting frameworko marine fish specifically in

relation to their capacity to delivahe ecosystem service Wi §edaf ooddé Provi s
Service(WSPS) This is the one component of marine natural capital wéresdabledata and

current knoviedge provided a good platform for applying ecosystem accounting principles

The resultingmarine fishasset and servicgccouns weretested through applidan in most

of the EU marine regions (Figure fgsulting in a consolidateHuropean assessment and
elaboration of the most relevant metritbese different SEEA EEA related components were
combined i n ranre fishacooud@ g¢ BMEA) t hat al so incl
sustainability of use of fish stocks. This integratiallows a goodink to EU policy by

analysing how themnetrics relate to the status of fish stocks as would be generated by the
indicators and reference values proposed for the implementatithre célevantEU marine

policy frameworls.

The main objective of this pilot study are:

1. Developing ecosystem account®eveloping a conceptual framework foEuropean
marine fish accounting, in particular:

a. Conceptual and methodological elements, including their consequences for the
reporting of meaningful angolicy-relevant information

b. Calculation of marine fish accounts for the 4 Europesgional seas as well as a
Europearaccount

c. Review of the quality of the assessmign.e. in terms of representatiness
expressed as the proportion of commercial speciesred by the assessed stacks

Developing the policy link of the accounts'he potential of the marine fish accounting
framework to provide (complementary) polioglevant informatiorwasassessed through
a comparison with a suite of indicators based on existing fisheries management indicators
involving fish stock assessments and possibly including ssmooomic indicators.
The resulting pilot marine fish accounts help to test the ytdit an ecosystem accounting
framework as a complement to standard fisheries management metrics in informing policy
making regarding marine fish stocks and their use. Tlégectives areset out in three
sections:

2. Conceptual and methodologicgbproackor theintegratednarine fishaccounsg
3. Presentation afesultsand discussion
4. Reviewof approach andglicy relevance
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2 Materi al andnmeg Madead e
FI sAc c o lsiiMF A)

The development gdilot marine fish accountstarted in 2014ndhas edto the development
of an integratedcuropean marine fish accounting framework including

1 the conceptual and methodological elements, and their consequences for the reporting
of meaningful and policyelevant information

1 the calculation ofseveralregional marine fish accountsis well asone European
marine fish account

1 an indication of the quality of the assessments in terms of their represamasy
expressed as the proportion of commercsthcovered by the assessed stocks

Data availabilityallowed the calculation aharine fish accountfr mostof the EU narine
regions (Figure 1) For the European account datquirementsmeant that the existing
fisheries indicators could only be calculated for the stocks coverethebynternational
Coundl for the Exploration of the SeatOES), i.e. Northeast Atlantic and Baltice®, due to
lack of comparability with the other regiongkas i.e. Mediterranean and Black Sea
However,even thoughthe European accourtdoves only the Northast Atlantic(NEA) and
Baltic Sea,it represergmost of the EU landingspproximately 75%&andhences considered
reasonablyepresentativef the EUmarine fish food provisioning services
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Figure 1. Marine regions according to the Marine Strategy Framework Directive
(coloured) and corresponding ICES management areas (red lines). All
named regions are included in the calculation of the IMFA.



2.1 Key IMFA metrics for analysing the state and exploitation of marine fish

The overall purpose of integrated marirgh accounts is to understand the sustainability of
marine fid resources as a sourcenadirine fish foodorovisioning servicesrhis can be done

by combining standard fisheries management knowledge with ecosystem accounting concepts
and results in a patéial implementation of bighysical capacity accounts poposedunder
SEEAEEA. The use of fisheries management data implies that when referring to a fish stock
this describesthe characteristics ofa semidiscrete groupof fish with some definable
attributes which are of interest to fishery manag@rBsh population may therefore consist of
several fish stocks.

Figure 2 illustrates howhe population dynamigsrocesses underpin the development of the
fish assetgthusconsisting of several fish stockd)/hen these fish stocks are harvested they
generate an ecosystem service flow (o6wild
landings.This process can be described via three separate IMFA components:

1 Processes Recruitmend , body growtld a Natural bmortalityd represent
production due to natural processes, equivalent to the total iimftowhe asset

Asset Aggregateccommerciaffish stock biomass

Service (=Flow): Catchd r epr es ent s fishareas remgualscfiom thef  t
asset equivalent to the total use bfomass In practice the data usually represent the
landings(which is catch without the discajds

1
1

The fish stocks are consideretbsed units (i.eno emigration or immigration) which are
usually attributed to one marine region. If this was not possible beoaesstockoccurs in
several regions it was divided between those regions according to the ratio of the landings.

Ecosystem Economy

Service

Landings

Figure 2 Basic processes determining fish stock dynamics and how they relate to
(environmental) ecosystem accounting components and the delivery of
ecosystem services
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A review of marine and coastal ecosystem sendigekiquete et al. (20133howed that the

few studies that dealith the assessment of marine ecosystem services have mainly focused
on the 6Wild Seafooddé Provisioning Service
economic relevance and the existence of market prices to value it. According to this review,
some of the mostrequently usedndicators of this service include: abundance or biomass of
commercial marine living resources (icapacity, catches or landings (i.Bow) and income

from fisheries (i.ebenefi).

Froma fisheries management perspeethe capacityindicators make sense as they relate to

the two processes through which harvestable biomass is generated: recruitment and growth.
The recruitment potentiak also reflected in one of the two indicators commonly used to
report the status of commercial fish species, Spawning Stock Biomass (SSB), which
representgthe amount of biomass of a fish stock taking account of the proportion above a
certain age/size wbl is considered mature and thus contributing to recruitment. However, as
the indicator for theNVSPSaims torepresenthe potential biomass that can be sustainably
harvested gnd hence provide the servidbe preferred indicator would need to reflectt jus

that i.e. the amount of biomagkat can be sustainably harvesté&tie Surplus production

(SP) a wellestablished concept in fisheries science, is considered to represent this concept
best and is therefore proposed as the prefenetdcfor theWSPS6 ¢ a p alr additiprowe
present two other metrics that captumdevant processesletermining SP. ecosystem
productivity and fisheries exploitatiofhese concepts were useddeavelopng IMFA and

their associatethetrics that are consideredrepresent the most relevant aspects of European
fish stocks:

1 Surplus production (SP)is thenetresult ofseveralbiological processes.e. growth,
recruitment and natural mortalitygnd reflects thecapacity of the marine fish
populationgsee 2.1.1) taleliver the food provisioning service

1 Productivity (= Surplus production/Total Biomass) reflects the amount of SP
produced per unit of Biomass aisdn ecosysternspecific measure of the capacity of
the fish communityds represented by the sestfish stock$ to produce SPThis is
considered a robust paramedsrlong ashe subsebf marine fish stocks sufficiently
representative of thtargetedegional, marine fish communitin case regional
selections are made this metric allows comparksetween marine regions.

1 SBU (Sustainability of BiomassUse = SP/catch)s a fisheriesspecific measure
showingto what extent the marine fighopulations areexploited sustainablyMore
specifically t reflects the level of human exploitationrelation to the WSPS capacity
of themarine fish populationdn case regional selections are made this metric allows
comparison between marine regions.

SPis considered the bestpresentation of the capacity of the marine fish to contribute to the
WSPS. The SRoncepts clearly related to (fisheries) exploitatidn an unfished population,
the biomass (total weight) of fish dominated by relatively large fish amdll approach the
carrying capacity (maximum amount that can live in an area)abirarine regionFishing
causes digher turnover of individual fislby removing themany large older fisfallowing
younger, faster growing fisto replace them thereby increasing 8Bwever, if this SP is not
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harvested sustainably (i.e. landingsSP)it will result in a decrease of the stock biomass
which, in turn, may compromise the stocks recruitment potefitn. unfished-esourcecan
therefore beviewed as a relatively stable mdation with moderate&SP whereashe fished
populationis amoredynamic populatiorbut with a higher SP

The change in biomass represents the net change in basic stocks and the catch represents the
removals.Surplus poduction itself represents the net inputs to the stock. This effectively
divides the net change in biass into ecological and fisheries induced components. For
calculating ecosystem account in areas with varying levels of data availability, it is beneficial
that these same basic components can be derived from both simple and more intricate stock
assessmestmodels.

Productivity is considere@n informative metric because it ties the SP concept to other
important characteristics of an ecosystem such as primary and secondary prodibetsen.
characteristics not only differ between regions but may also clamgdime. A decrease in
productivity should result in a decrease of SP even if the total fish biomass remains the same.

Another important metric is the Sustainability of Biomass Use (SBldure 3 explains the
concept SBU in more detail and shows hovs italculated on the basis of ecosystem Surplus
Production and human use, i.e. fisheries landings, of marine fish biomass.

The Sustainable intensity of biomass use (SBU) shows to what extent marine fish is exploited sustainably

SBU= Accessible Resource Surplus (Surplus Production)/
Total use of marine fish biomass (Landings)

SBU >1: = sustainable: stock biomass will increase over time

SBU<1: = not sustainable: stock biomass will decrease over time

Figure 3 Sustainable intensity of biomass use (SBU)

2.1.1 Understanding marine fish stock dynamics in relation to IMFA

Fish stocks are dynamic resources. For management purposes fisheries scientists attempt to
understand the flows and changes in this resource over time. Population dynamics describes
how a population grows and shrinks over time as new fish enter andhegvepulation.



The basic component of population dynamics are birth, death, and migration, but growth is
another important component when dealing with biomass rather than abundance. In fish
population dynamic models migration is usually considered teegigible for most

managed fish stocks, since stock definitions (boundaries) are usually defined to ensure that
managed stocks are closed units (i.e. no emigration or immigration). The difference between
stock production (recruitment and body growth) aatural mortality is called the surplus
production of a stock. In the absence of a fishery, this is greater than zero in growing stocks,
and less than zero in declining stocks. If a fishery exists, even if surplus production is
positive, if catch exceedhis the stock will decline. If surplus production is positive and
greater than catch, the stock will increase. In other words, surplus production should not be
viewed as purely biomass available to the fishery.

Surplus production models specificallyigsdte the production over time. However, this

cannot be separated out into recruitment and growth due to the lack of age structure in the
model. This makes it challenging to generically incorporate recruitment and growth separately
in fish accounts for aitocks. Estimating natural mortality is even more problematic and for
the vast majority of stocks this is usually simply assumed as a constant proportion over time
and age. When looking at flows in an accounting context, surplus production (in comparison
with catches) may be the best estimate that can be used.

A simple way to calculate surplus production is to look at change in biomass from one year to
the next and to remove the impact of the catch thereby leaving the net stock growth in that
first year.How the rearranging of the standard population dynamics equation can be used to
calculate Surplus Production is given in Box 1.

Box 1. The main processes that determine marine fish stock dynamics and how they
are applied to calculate Surplus Production (SP). See also Figure 2.

Change in biomass (recruitment+ body growth - natural mortalityi catch
where

(recruitment+ body growth - natural mortality= Surplus Roduction

and thus

Surplus Poduction= Change in biomass catch
or

SPy = (By+11 By)+C,y.
with

SPy = Surplus production in yegr

By = Biomass in yeay

By+1 = Biomass in yeay+1

Cy = Catch in yeay




Thus for accounting this implies thagveral stockspecific natural processes determine the
inflow of biomassdnto the stock while the fisheries catches cause a flow out, together causing
the stock biomass to grow or shrink over time

2.2 How IMFA is related to ecosystem accounting concepts

Ecosystem accounting concepts have been developed with a focus on terresyriaecsodt

is important, therefore, that the integration of marine ecosystems and their services into
ecosystem accounting approaches is explotashking at narine fish stock and the
provisioning services they proviaddfersa goodopportunity formethoalogical development

as they are often wetlocumented and fisheries management frameworks existcémat
provide underpinning data and ecological understandifiys section briefly discusses the
approach proposed in this paper in relation to the UNSBeByef Environmental Economic
Accounting, in particular the handbook on Experimental Ecosystem accounting (SEEA EEA),
as well as the methodological proposal for Ecosystem Natural Capital Acdodntpiick

start package (ENGASP), published by the Secnesd of the Convention for Biological
Diversity.

The initial inspirationto develop and calculate IMFéame fromthe methodology proposed
in the ENCA QSPwith regard to establishing accounts for biomass cartborproduce the
basic account in accordance with ENQSP (Box2) requires buildingTables I, II, Il and
IV proposed irsection 5.1of the ENCAQSP document.

Table | Ecosystem FisBiomass Balanceonsists ofan Opening Stock (C1), with the Total
inflow into the marine fish (C2) and Total outflow (G¥ithdrawalsof secondary biomasg)
get the marine fish biomass basic balance (difference between C1 and C9) (®eTBux
biomass basic balance is entirely based on the selmetedefish stocks.

Table II, Accessible Resource Surplus represents the Total inflow for whicplus
production is considered the best method to calciilate

Table 11, Total Uses of Ecosystefish hiomass is best represented by theheries landings
Otherusesreng | i gi bl e compared to that of fisherie
based on a selection of commercial fish stocks is not an issue as these specifically represent
the part of the whole marine fish community that contributes td tii@ Usesof Ecosystem

fish bomass

Table IV, Sustainable intensity of biomass use can then be calculated as the ratio between the
Total inflow biomass, i.enet ecologicaSurplus Productiorand Total outflow biomass, i.e.
human useepresented by fisheri¢éandings



Box 2 ENCA-QSP (Weber, 2014) and how this relates to the IMFA metrics.

Table I. Ecosystem Fish Biomass Balance
C1 Opening Stocks
C2 Total inflow
C7 Total outflow (=C5 as C6 is currently ignored for lack of data)
C9 Closing Stocks
Table Il. Accessible Resource Surplus
C2 Total inflow of fish biomass = C2.b Total secondary biomass resource
C2/C1 Productivity (= capability of the Stock to generate the Accessible Resourd]
Surplus)
Table Ill. Total Uses of Ecosystem fish biomass
C5 Taal use of ecosystem fish biomass = C3.b Withdrawals of secondary bioma
Table IV. Table of indexes of intensity of use and ecosystem health
SBU Sustainable intensity of fish biomass use (=C2/C5)

Note: This accounting table for fish biomass accountsbieesn developed from a proposed biomass carbon
accounting table in the ENGRSP (see the annex for details of that table).

In SEEA EEA terms thisipproach corresponds to the concepeadsystem capacity which

has been initiallydefined as h e A a lan etosystgnto generate an ecosystem service
under current ecosystem conditions and uses at the maximum yield or use level that does not
affect the future supplyf the same or otheecosystem services ( Hee al.,n2016)
Considerations for applyinghis concept in theSEEA EEA context currently focus on
integrating(monetary) values foecosystem and their servicego national accounts, hence

the emphasis is differently compared to the ENQ@3P. However there are opportunities for
developing theconceptof ecosystem capacity furthén the SEEA context in a way that
elaborates on the sustainable management of ecosystem assets and their services. One
particular dimension that is important to consider in this context is the interest to explore the
links between accounts for ecosystem extent and condition with ecosystem caghtity an
(sustainability of) connected flows of ecosystem servidagure 4 provides a first proposal

for how these links could be seen:

Linking ecosystem extent & condition to
ecosystem service supply and use accounts

/ Ecosystem \ Fish Fish
Surplus harvest consumg
P =ES : -tion

P P d Ct' f—
CapaCIty reguction supply

=ES
e demand

i

Supply from
|| elsewhers

Ecosystemn condition
{chemical & biological status, standard fish growth rates, past

impact of fishing pressure on fish stocks etc

Ecosystem extent

l\ [depth, width, main characteristics of sea area
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Figure 4 Schematic representation of links between accounts for ecosystem extent
and condition, ecosystem capacity and ecosystem services

In this proposal ecosystem capacity is seen as encompassing the accounts for ecosystem
extent and ecosystem condition, both of which underpin surpbdugtion. Fish harvest is
assumed to equal surplus production as ecosystem capacity is @defaoeding to itsability

to generate an ecosystem service at rates that correspdidxtmum SustainableYield

(which is also the aim of current EU fisheries manageméigh demand in this case is
greater than sustainable supply but the gapssumed to be closed by fish supply from
elsewhere (which is the case in many-lgalsituationsas it is in mosEuropean countries).

2.3  Data availability and the processing of data

As the calculation of thtMFA has specific requiremenpgrtaining tathe availability of data
(sufficiently long timeseries based on annual stock assessments reporting on total stock
biomass)we made an inventory of all the marine fish species for whigguatenformation

was available. This resulted in a selection df commercial fish stockgsee Annex 3)
available through a dedicated website, i.e.|@E€S (International Council for the Exploration

of the Seas) Stock Databaseovering most European marine regions except for the
Mediterranean and Black sea (see Figure 1). While several of th&eidtifsin these regions

are assessed and would futhle basic requirements further selections needed to be made to
allow the calculation of consistent regional or European -8erees of the maiiMFA
metrics. Thisequiremenimplied that all theMediterranean and Blacke& stocksfor which

the assessments did not fulfil the requirements, could not be incNuele this reduces the
spatial coverage of the IMFA it is not considered to bias the outcome substantially as a
analysis of the availableatch sttstics for all EU marine regiorshowed that the stocks used

for this European assessment covemwarage-75% of all landedmarine fish caught ithe

EU marine waters (based on period 2@04.3)

The dataused to calculate this IMFAs based o the information usetb inform fisheries
management of the commercial fish stocks. For the regional analysis we therefore needed to
match the zonings applied for the management of fish stoekdCES areasto the (sub)

regions identified in the maipolicy framework for the marine environment, the Marine
Strategy Framework Directive (MSFD3ee figure 1

The regionalsea IMFAwere calculated for fixed periods where the selection of the period
was determined by the availability of data. In this fixed period the composition of the marine
fish in the database was consistent so as to avoid bias through differences in datditgvailabi

When combining theegionalTotal Biomass data with the landings data we attempted to use
only the part of the landings that can be attributed to the stoesich regionlf this was not
possible, the total amount of landings weedwhich may caise an overestimation of the
regionalsurplus production for that stockhis, however, did not concern any of the main
stocks nor did it affect the European IMFA.
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3 Resuldgi onal and European

The IMFA is based on thaggregatednarinefish stock biomasacross alspecies/stocks for
which the required data are available which impbasy commercial fish speciesubject to
guantitative stock assessments and for wtothl biomass is reported.

3.1.1 Table I: Ecosystem Fish Biomass Bance

The marine fish Biomass basic balance over the pd88& 2013 shows thafor Europe as a
wholein- and outflow are fairly balancdaut with markedregional differences (Table).ln

the Azores we observe the biggest decrease in fish biomass with approximately 25% while the
Baltic sea as well as the Barents and Norwegian sea show a 15% increase.

Table 1 Marine fish biomass basic balance (in tonnes). Opening is in 1999, closing in
2013. The in- and outflow are summed over the whole period.

° © ") % ©
c .G
2 “;J ) c < ) ) o 8 o
o S S = D >S5 o g
= © = = O 53 -~
Opening 9548987 4986668 12700253 3652996 7197915 953184 141588

Additions 28270224 11984640 25621016 9463830 15911355 2947891 328985
Reductiors 26839872 12435507 25935299 8905842 17078395 3131925 365161

Closing 10979339 4535801 12385970 4210984 6030876 769150 105412

3.1.2 Table Il: Accessible Resourcesurplus

For this aspect of the biomass amebwe not only considered theiplus production of the
marine fish but also theirr®ductivity (= Surplus production / Total biomass) which indicates
the capability of the standing stock to generate this Summladuction Annual Surplus
production per EUnarineregion is given in Figur®. This shows conseatable differences
between the marinegions, or at leastetweerthe stocks as they are attributed to rierine
regions.The regions contributing most to the SP are the North sea (32%) and the Barents and
Norwegian sea (28%)Productivity is on average 18% with only mindifferences between

the regions (Table 2).
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peninsula

@ Macaronesia

Figure 5 Share in annual Surplus Production for each EU marine region over the
longest possible consistent time-period (1999-2013)

Table 2 Productivity (%) of marine fish per European marine region over a fixed period
of time (1999-2013).

Region Productivity (%)
Barents and Norwegian se 19
Iceland sea 18
North Sea 18
Baltic sea 17
Celtic seas 17
Bay of Biscay and Iberian peninsula 24
Macaronesia 18

3.1.3 Table lll: Total Uses of Ecosystem FishiBmass

The total use of marine fish biomass in each EU marine region shwaslsedly more
variation over timethan the aggregated (European) total (sseFigure 6). Over the time
period considered thtetal EU landingsepresented by the included marine regidesreased
by approximately 2% annually.

13



™ Macaronesia

m Bay of Biscay and |berian peninsula
M Celtic seas

M Baltic sea

m North Sea

M Iceland sea

Catches [million tonnes)

M Barents and Norwegian sea

1989 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Figure 6 Total cumulated fisherieslanding (million tonnes) over time per EU marine region

3.1.4 Table IV: Indexes of intensity of use

Table 3shows the Bstainable intensity of biomass use (SBU=Accessible Resource Surplus /
Total Uses of marine fish biomass) for mariilsh over time per Eopeanregion as well as

for the whole EU(or at least thenarineregionsconsderel in this analysis)in the EU as a
whole nearly all Sirplus production is usedp by the fisheryand exploitation can be
considered sustainabliee. SBU=1.05. However theege minor regional differencegherein

some regionshe fishery useslightly morethan the arplus productior{i.e. SBU<) leading

to adecrease over timef the total fish biomass.g. in the Iceland sea, Celtic seBay of
Biscay and Iberian peninsuhnd Macaronesia)
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Table 3 Sustainable intensity of biomass use per EU regidiperiod 19992013)

EU region SBU
Barents and Norwegian sea 1.03
Iceland sea 0.97
North Sea 1.22
Baltic sea 1.04
Celtic seas 0.93
Bay of Biscay andberian peninsula 0.95
Macaronesia 0.89
EU 1.05

All regionsshowhuge variation over tim@~igure7) caused by the large variation iulus
production usually caused by a single stock of small pelagics which dominates the biomass in
that particularregion, i.e. Sandeel in the North sea, Herring in the Bay of Biscay and Iberian
sea, Sprat in the Baltic sea (see section Accessible Resource Surplus).

25
2 A 'l A
\ ——Barents and Norwegian sea
A Iceland sea
———North Sea
215 \ J .
I ——Baltic sea
——Celtic seas
/ —— Bay of Biscay and Iberian peninsula

Macaronesia

rd

0.5

T T T T T T
199920002001 20022003 2004 200520062007 200820092010201120122013

Figure 7 Sustainable intensity of biomass use (Surplus production/andings) over time per EU
marine region.
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3.2 European assessment

This Europeanassessment shows thbbtal Biomass TB) remains faily stable over time

while the Total catch isgradually decreasingFigure 8). The Productivity and SPshow
considerable varfdlity over time but also, at least over the time period considered,
decreasing trends. This is probably driven by the Productivity of the marine fish (i.e. the SP
per unit of TB) where the same amount of TB is producing less SP and with high variability.
This variable and decreasing Productivity is the result of natural processes which contrasts
with the landings which are mostly driven by anthropogenic processes (i.e. fisheries
management).This assessment shows that over the 4imeod considered fishies
management has succeeded in reducing the catches sufficiently to compensate for this
reduced productivity and even succeeded in a slight increase &utiopean levelSBU
resulting in a slight increase in TB.
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Figure 8 Marine fish indicators and metrics for all stocks in the ICES region. Units are in
million tonnes, exceptproductivity and SBU whichare ratios.

The relative contribution of the different stocks to SP is far from equal and few stocks are
respasible for most of the SP. The mainaks consist ofwo so-called straddling stocks or
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widely distributed speciese.Blue whiting (whbcomb) andViackerel (maeea),two
pelagicspecis, i.e. Herringwith stocks in théBarentsand Norwegiarsea(hernoss) and
North sea (hed7d3)andSpratwith two stocks in the North sea (spsea)andBaltic sea (spr
2232)and Arctic codwhich togethemake upalmostthreequartersof the total European SP
see Figure P Only the latter, i.e. Arctic cod is not a pelagic spedi@ge out of eight ofthese
stocks arelecreasingThese large variations over time are due to various natural processes,
notably pelagic species are known to have highly variable recruitment. Although the
decreasing trenith productivity over time auld be cause for alarm & almost entirely driven
by only few stocks andonsidering the large fluctuations in productivity and the recent
increase, one dwo additionalyears of higher productivityould provide an entirely different
perspective. Probably the main (positive) dosions is that fisheries managemappears to
have adequately responded to deal with these natural variations.
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Figure 9 Surplus production per stock ordered according to the total SP over the study period

and the cumulative SP (upper graph) and the me:n annual change over time per

stock (lower graph).

Quality of European Assessment

3.3

The quality of the assessment is reflected best by the extent to which the European marine

fish are represented by the fish stocks/species for which sufficient datadablavto

calculate théMFA metrics. As these metrics are primarily considered to be relevant for the

marine ecosystem food provisioning service the quality is expressed by the proportion of the
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landings covered by the stocks in this assessment. Torileéethe proportion of the landings
covered by these stocks the Official Nominal Catches-2003, were downloaded from the
ICES websitel{ttp://www.ices.dk/marinelata/datasetollections/Pages/Fistatchand
stockassessment.aspx he proportion of the catch represented by species included in the
calculation of the IMFAwvas approximately 75% and covering many biological guilds, e.g.
demesal and pelagic, benthivorous and piscivorous. Therefore this assessment can be
considered reasonably representative even though two marine regions could not be included.

4 Discusasndnpoli cy relevanc

The findings aboveare based on analysis at gtily aggregated level, i.&curopean or
regional and over eelativelylong timeperiod(19997 2013, i.e.14 yearsAs information is
disaggregated or the tinperiod shortened the meaningful patterns are likely to disappear

to the high variability in the ecosysteifhus, therequirement of relatively long periods may

need to be balanced against the limitations in terms of data availability and/or a potential
requirement of selecting specific periods in which a specifinageament regime occurred

(e.g. revisions of the CFPJ. h e q u emattcande corisidered an appropriate period for
obtaining meaningful results from the calculation ofste account sd6 needs
explored.

The development of théMFA did resultin three potenal IMFA metrics, i.e. Surplus
production (SP), Productivity and Sastability of Biomass use (SBUJurplus production, a
well-established concept in fisheries sciemea be considered the best indicator for the
AFood pr-oidicapbuor ag seeoasysteinseovidePiet et al., 2017) The
relevance of the othéMFA metrics follows from how they relate to tharBlusproduction
Productivity reflects relevant characteristics of the (populations that make up the) marine fish,
i.e. the supply side, as the same amount of dgsmmay result in a different Surplus
production depending on the functioning and/or composition of the marine fish. The
Sustainability ofBiomass usshows to what extent the marine fish are exploited sustainably.

It reflects the level of human exploitation of the marine fish populations, i.e. dentEnd s
Thus, with Sirplusproductionas the main metric,UStainability ofBiomass usés probably

also relevant for reporting purposes as productivity is an intrinsic characteristic of the marine
fish and the ecosystem not subject to any political decisiaking.

The application of IMFA as part of any regional Buropean marine natural capital
accounting framework based on absolbitemassvaluesof the assessed commercial species

is hampered by the fact that thegmecies represert (regional) subset ofthe marine fish

resuling in a systematic underestimation of ttmal fish biomass.However, while the
commercial marine fish covered by stock assessments only make up a relatively small
component in terms of their contribution to tte¢al fish biomassn the marine ecosystem,

they make up a key component in terms of the
provisioningwi | d capture sea f oo dMFA mfermationgresented he v a
here should therefore be considered from that petispeés such thisMFA reveals relevant
information onthe biomass fluxes on which mastour food provisioning service depends. It

shows how the natural production (iQurplus productionyhows great variability over time

but because this productionrfthe current year is unknown while the exploitation aims to

capture all of this accessible resource surplus, exploitation levels are likely to overshoot in
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one year and undershoot the other causing#isef(i.e. Total fishstockbiomass) to change
over time, albeit with much less variability than &ie

Moreover, the relative aspects of these accounts (i.e. Productivity or SBU) are not
systematically underestimated by the fact that these are based on a subset of the species but
may suffer in terms of accuracy if for example two regions are not adequately represented by
this subset. Obviously any increase in the number of species/stocks that can belimcthde
calculation of theMFA or the length of the time period will impre the accuracy of the
accounting framework.

4.1 EU policy relevance of Marine fish biomass accounts

An exploration of how this accounting concept links to existing policy through a modelling
exercise for several stocks showed that an exploitation using (@stof the surplus
production is in line with the policy requirements of exploitation levels that deliver Maximum
Sustainable Yield (MSY). However, simply ensuring catch does not exceed surplus
production may ensure sustainable use of the resourcdpbsitnot guarantee optimadeor
MaximumSustainabléeYield (MSY) which is whatcurrent EU policies airto achieve.

In the short term, natural fluctuations in stock productivityl \eiad to large variations in
Surplus production and, depending on thelstpc a f f i solstiateqy may teverivi/&y
temporary negativeBplus production. Hence periods of stock decline and stock increase can
be expected even when fishing within the raafjshing-induced mortalities compliant with

ani f i shi nag segyr SE&Nhile in an optimally managed stock you would expect to
land all of the surplus production in the long term, this cannot be expected over relatively
short time periods. Thus any shtetm (e.g. annual) index of Sustainable Biomass Use
(SBU) canno be used to draw conclusions on the long term appropriateness of current
management. Likewise, the current level of surplus production should not be the basis to
inform currenffisheriesmanagement.

As such, bothIMFA metrics i.e. SP and SBUare probaby bes't suited as

i ndicatorso which are not supposed to und
provide complementary information (including warning signals) that provide a broader and
more holistic picture of state, and inform andpport policy (Shephard et al., 2015)
Pertaining to this we need to bear in mind that also in the biomassodatehich these

accounts are basgithe last (most recent) year will always be the most poorly estimated. This

is the inherent difficulty of fisheries management, i.e. never knowing the exact current status,

nor whatthisis likely to bein the immediate future.

Acknowledging that these amagnts are not very informative when calculated annually or even
relatively shortterm, i.e. muldannual, we attempted to calculate them for the longest period
possible which was sometimes hampered by the availability of data. Aggregating across
stocks wihin a region or even bettaggregating to &uropean levehas the advantage that
much of the stoclspecific variation disappears and meaningful patterns emerge. These show
that the SBUs over time or per region are usually close to the SBU=1 level imgliait
surplus production is used by the fishery and only some regions in specific periods of time are
unsustainably exploited. What should be an appropriate period to calculate and report on this
account, however, still needs to be assessed.
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For managemd purposes, more detailed stock assessmerdsinvolving agestructured

Virtual PopulationAnalysis (VPA) andstatistical Catchrat-Age (SCA)models, are better for
observing the performance of management in relation to policy. These more detailed,
relaively dataheavy models provide better insights into the impact of current fishing pressure
on stock sizen relation to policy target®eveloping full agedisaggregated stock assessment
models for all stockshowever,is an unreasonable aim. So whenaleping an accounting
approach that can be more universally applicable (e.g. to the more data poor areas) simpler
approaches are necessary. Surplus production models have much simpler data requirements
than full agebased models. Often only total catchd agffort data are required, though
fisheries independent indices can also be included where available. As such these methods
can be more generally applied to produce desired IMFAmetrics. Note, however, these
metrics should not be used to triggery fisheriesmanagement action but rather to support
policy with an evaluation of historic management and possible regional differences therein.

4.2 Conclusion and way forward

This reportpresent one potential @mponent accouribr marine natural capital accounts, i.e.
IMFA. The IMFA currentlyincludes all the main requirements ah asset account, i.e.
Opening Stockthe Additions to the assetdtal inflow) and Reductions to the asseldtal

outflow) of which the balance prodas the Closing Stock. All this is based on the subset of
the marine fish for which the required information is available in the marine region, i.e.
commercial fish stocks covered by stock assessments. The Opening Stock is equal to the Total
Biomass in a articular year. The Total inflow is equal to the Surplus production over a
certain period, while the Total outflow is equal to the total catch (or actually lardicagsh
discards) over that same period. As the amount of discards (= unwanted catadreiuhe

sea) may differ over time and between regions this may affect the IMFA estimates.

The IMFA reflectsa (regional) account of the marine fish biomassuding best estimates of

the net inflow due to natural processes and the outflow causedrbgnhactivities. This

di stinction then allows the calcul ation of
Inflow / Total Outflow) as proposed in ENCASP. The accuracy of this SBU per marine
region is expected to depend on the proportion of the neafish covered by the
species/stocks in the analysis as well as discarding pradtitéle. there aresomeissues that

could befurtherexploredfor an assessment basedIbHi-A, this pilot account and its metrics

can be considered operational.

In SEEA EEA terms this approach corresponds to the concept of ecosystem capacity which
has been initially defined as the fability
under current ecosystem conditions and uses at the maximum yield or use level tinat does
affect the future supply of the same or other ecosystem services. The example in this report
shows that there is good alignment between the El&R proposal to develop an index of
sustainability of use and the SEEA EEA concept of ecosystem capab#yreport also
illustrates how to construct accounts that implement these concepts.

The discussion in chapter 4 above shows that the potential of integrated marine fish accounts
to inform policy decisions in Europe lies mainly in their ability to sigrslds rather than as a

basis for concrete fisheries management decisions. This is not surprising, however, as the
basic data and concepts for fisheries management in Europe have been developed over several
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decades already and are thus difficult to imprewth other approached his accounting
approach however s strongly aligned wittthe current fisheriesnanagement commercial

fish stacksas it is based on the same information sourceadsuistrives toward exploitation

at Maximum Sustainable Yiel@1SY). This approach is complementary to existing indicators

on the status of commercial fish stocks that primarily reflect the performance of fisheries
management whereas this emphasizes their status in relation to their food provisioning
capacity (see Bt et al. 2017)In regions that have less sophisticated fisheries management
systems and fewer data on fish stocks accounts based on surplus production may be a good
first information for a better management of regional or national fish stocks. In antluas

work provides a foundation for including aspects of marine ecosystem capital in overall
natural capital accounts.

In practical term,lie way forward therefore mainly involves addressing/resolvingeheing

issues mentioned in this report. Thésmies all revolve around the availability of data which
hamper including ideally all marine fish but realistically at least the main commercial fish
species. While this applies to all regions this is most apparent in the Mediterranean and Black
searegions

The fact thatthe two most relevanSPrelated metrics Production and Sustainability of
Biomass usecould also be calculated through Surplus production models which have much
simpler data requirements than the full ageicture models usually applied to inform
fisheries management may alleviate some of the prabtencalculatethese metricsThis
meanstha in the nearfuture a truly European assessment involving stocks from all regions
may be conducted over a longer thperiad than currently available. Due to ongoing efforts

at ICES and by EU Member States it is expectedrtttat stockswill begin tofulfil the data
requirementsand hencehe reliability and accuracy of th&FA and its metrics willikely
increase with evergnnual update.

It has been shown thatiplus production models have much simpler data requirements than
full agebased models. Often only total catch and effort data are required, though fisheries
independent indices can also be included where awailabd such these methodse
sufficientto develop IMFAas part of an ecosystem accounting system for marine ecosystems
Note, however, these metrics should not be used to traggefisheriesmanagement action

but rather to support policy with an evaloat of historic management and possible regional
differences thereinThey are nevertheless a useful approach for integrating aspects of the
marine capital into an overall ecosystem accounting approach.
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5 Gl ossary

Integrated Marine Fish Account (MFA ): Because all fish data are reported in terms of
biomass and theorrespondingMFA metrics were deemed more relevant for the Target
2/Action 5 of the EU 2020 Biodiversity Stratedkie IMFA was to represent the marine fish
component in the natural capital cacinting framework. Note that because of data
requirements thitMFA is calculated based on only a subset of the commercial.fishthose
covered by stock assessments.

IMFA metrics: These are Surplus Production (SP), Productivity and Sustainability of
Biomass use (SBU). For further explanation see below.

Surplus Production (SP): This is thepart of the fishproduction that can biearvested and is
actually increased through this activifyhe unfished population can be viewed as a relatively
stable popudtion with moderate production. The fished population, on the other hand, is a
dynamic population with a higher turnover of individual fish as the older fish are replaced by
younger, faster growing fish. The SP metric is probably the most appropriate noetri
represent the capacity of the marine f-ish

t o

wild capture sea foodo and as such very rele¢

of the EU 2020 Biodiversity Strategy. The concept of Maximuntetuable Yield (MSY)

often used as a target for policy is the maximum surplus production that can be harvested

sustainably.

Productivity: This reflects the amount of SP produced per unit of Biomass and is a
characteristic of the fish community as represdnby the selection (e.g. regional) of fish
stocks. As such this metric allows comparison between marine regions. As this is a ratio it is
not affected by the fact that often only a subset of marine fish are considered providing this
subset is sufficientlyepresentative of that marine fish community (e.g. regional).

Sustainability of Biomass use (SBU)This is essentially the ratio between the surplus
production and the exploitation level (i.e. landings) and is a characteristic of the human use of
the resarce. This metric allows comparison between marine regions. As this is a ratio it is not

affected by the fact that often only a subset of marine fish are considered providing this subset

is sufficiently represent at i wdkcates Bustdinaldetusema r

(but not necessarily optimal, i.e. MSY) and SBU<1 unsustainable use resulting in a decrease

of fish biomass.

Surveillance indicators: Such indicators monitor key aspects of the ecosystem for which
there is: firstly, insufficient edence to define targets and support formal state assessment;
and/or secondly, where links to anthropogenic pressures are either weak or not sufficiently
well understood to underpin specific management advice. Surveillance indicators are not
expected to dectly track state in relation to policy objectives, but provide complementary
information (including warning signals) that provide a broader and more holistic picture of
state, and inform and support science, policy and management (Seephrth pres).
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/7 Annes

Annex 1 Ecosystem carbon accounts as proposed in ENGASP

SEEA-EEA & ENCA-QSP land cover ecosystem units
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I. Ecosystem Carbon Basic Balance

c1 Opening Stocks

. Supply & use system

C2.3 | NPP (Net Primary Production)

c24 Secondary ecosystem repiration
(heterotrophic)

C2.a NEP (Net Ecosystem Production) =
C2.3-C2.4

C2.b s/Total secondary biocarbon resource

Cc2 Total inflow of biocarbon (gains)
= C2.a+C2.b

C3.a Harvest of agriculture crops, wood &
other vegetation

C3b Withdrawals of secondary biocarbon

&S Total withdrawals of biocarbon =

C3.a+C3.b

c4 Net indirect anthropogenic losses of
biocarbon & biofuel combustion

C5 Total use of ecosystem biocarbon =
C3+C4

Ccé Natural processes and disturbances

C7 Total outflow of biocarbon
(losses)

C8.1 | NECB 1 [Flows] = Inflows -
Outflows = C2-C7

C8.2 Adjustment and reappraisals

C8.3 | NECB 2 [Stocks] = Change of
biocarbon stocks

Cc9 Closing Stocks = C1+C8.1+C8.2
or=C1+C8.3

Il. Accessible Resource Surplus

Cc2 Total inflow of biocarbon (gains) =
C2.a+C2.b

C10 Accessibility net correction

C11 Net Ecosystem Accessible Carbon
Surplus = C2 + C10
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IIl. Total Uses of Ecosystem Bio and Geo-Carbon -
C5 Total use of ecosystem biocarbon =
C3+C4
C12.1 | Imports of biocarbon/ commodities &
residuals content
C12.2 | Exports of biocarbon/ commodities &
residuals content
C12a | Direct use of biocarbon = C5+C12.1
C12.3 | Virtual biocarbon embedded into
imported commodities
C12c | Biocarbon requirement = C12a+C12.3
C12b | Domestic consumption of biocarbon =
C5+C12.1-C12.2
C13a | Direct use of fossil carbon
C13.3 | Virtual fossil carbon embedded into
used commodities
C13b | Fossil carbon requirement =
C13a+C13.3
C14a | Total Carbon Direct Use =
Cl12a+C13a
C14b | Total Carbon Requirement =
C12¢+C13b
IV. Table of indexes of intensity of use and ecosystem health
C11 Net Ecosystem Accessible Carbon
Surplus = C2 + C10
Ch Total use of ecosystem biocarbon =
C3+C4
SCU Sustainable intensity of carbon use =
C11/C5
CEH Composite ecosystem biocarbon health
index
CIP Biocarbon ecological internal
unit value = AVG(SCU+CEH)
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Annex 2. European marine regions according to the MSFD.

Figure 1 Draft map of MSFD regions and sub regions (Note: this is a 'live' map, subject to
changes as MSs provide input through the MSFD Cl$elated processes)

These MSFD (stlyegions are thévasis for the marine fishiomassaccounting.

(a) the Baltic Sea;

(b)the Northeast Atlantic Ocean;
(i) the Greater North Sea, including the Kattegat, and the English Channel,
(i) the Celtic Seas;
(iii) the Bay of Biscay and the Iberian Coast;

(iv) in the Atlantic Ocean, the Macaronesian biogeographic region, being tieeswa
surrounding the Azorepadeira and the Canary Islands;

(c) the Mediterranean Sea;
(i) the Western Mediterranean Sea;
(i) the Adriatic Sea,;
(iii) the lonian Sea and the Central Mediterranean Sea;
(iv) the Aegeatievantine Sea.

(d) the Black Sea.
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