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Executive Summary

European marine environmental management is cilyremidergoing a transition
towards an ecosystem-based approach to managehsemicontribution to integrated
management the MEFEPO project is examining theireapents for implementing
operational ecosystem-based fisheries managenem ptross Europe.

The Integrated Maritime Policy (IMP) is the oveclaing European policy framework
that aims to integrate all aspects of maritime qyMvithin the EU. The Marine
Strategy Framework Directive (MSFD) was establisagdhe environmental pillar of
the IMP and is the thematic strategy for the proda@cand conservation of the marine
environment with the goal of achieving good envinemtal status (GES) across all
European waters by 2020. As such all other maritpokces, including the CFP,
should be set up to provide the right instrumeatsupport the ecosystem approach
and attainment of GES by 2020.

As a step towards integrating the requirements G&S into European fisheries
management this report develops, and trials, agsstor operationally assessing the
environmental impacts of fishing on GES as partEbf ecosystem based fisheries
management.

Developing a set of operational environmental dbjes for fisheries management is
a three staged process:

i) Identify the minimum necessary set of environmeptgkectives that
require explicit consideration by fisheries managerThese can be
identified from the full list of environmental olgjives that are
applicable across all marine sectors.

i) Develop ‘operational’ objectives in relation to sifie and measurable
aspects of the marine environment. Operational renmiental
objectives act as a bridge from general high I@aticy statements to
sector-specific measures that are necessary temgpit them.

iii) Select, or define, indicators and associated referdevels associated
with each operational environmental objective.

The use of indicators should be consistent acles&t, but associated management
reference levels may vary between assessment eegloe to variation in the
environmental setting. Therefore the selection pérational objectives and their
associated region specific reference levels ardwtird separately.

The initial set of eleven qualitative descriptors GES listed in the MSFD was
examined and reduced to a set of four descript@srieed explicit consideration by
fisheries managers. These are GES descriptors4.aBd 6 relating to biodiversity,
commercial species, food webs and sea-floor presagspectively.

The ‘conservation status of fish’ indicator wasesétd to report on GES descriptor 1;
biodiversity. The ‘status of commercial stocks’ icator was selected to report on
GES descriptor 3; commercial species. The ‘largd fndicator’ was selected to
report on GES descriptor 4; food webs. The ‘prdpariof area not trawled’ was
selected to report on GES descriptor 6; sea-flabithts.



The selection of indicators was constrained byrdwiirement to establish a set of
indicators that could be operationally implementacer a short timescale. This

confined the set of indicators to those that hagenbdeveloped, tested and are
reasonably well understood, and to indicators tizat be calculated with existing

datasets. To allow fisheries managers to estatthehimpact of fishing on the

attainment of GES the indicators need to be magdponsive to the effects of fishing
rather than other pressures.

Due to the above restrictions the set of indicasaigcted are primarily focussed on
the fish community, or selected parts of the fismmunity. This limits the coverage
of ecosystem components considered in indicatautation. However as fisheries,
other than invertebrate fisheries, specificallygér the fish community it is
considered that managing fisheries to enable GE&#&fish community could go a
long way to achieving GES for many ecosystem corapt®) and thus provides a
logical starting point for developing this framewor

Whilst it is considered that the indicators idertif provide a rational starting point
for the assessment of the impact of fishing on GE®as concluded that the
indicators do not provide a complete and robusbsatdicators to establish fishing
impacts on GES. The indicators to assess GES nmstef biodiversity and sea-floor
processes are identified as priority areas for ldgveent.

When considering the number and nature of indisdaimiinclude in this analysis it is
necessary to have a clear understanding of exagtlythe indicators are to be used in
the management process; are the indicators usetly@s an ‘indication’, or are they
to be ‘hard wired’ as triggers in a management gge€ For example an indicator that
provides a good measure of the state of an attrilit is sensitive to multiple
pressures would be useful as an ‘indication’ ofestaut inappropriate if it is used to
‘trigger’ specific management interventions.

The selected indicators were applied to the Nordgsién Waters Regional Advisory
Council (NWW RAC) region to i) trial combined sintaheous assessment of
environmental status across a large multi-natioegion to examine the practicality
of operationally implementing the approach; andijt@ttempt to assess the current
status of the NWW RAC region in relation to the anfs of fishing on GES.

The two survey based indicators, the conservattatus and large fish indicators,
could be applied across this region, and the statusommercial stocks indicator
could be applied to the extent that stock assedsnae available. Applying the
indicator of the proportion of area not impacted rogbile bottom gears proved
problematic as VMS data is required from individusdtion states and national
datasets were not made available to all partners.

The preliminary assessment concluded that GESrrermtly compromised within the
NWW RAC region by fishing activities. However a noien of caveats are associated
with this conclusion.

In summary this report describes the development fast implementation of a

process to assess the impact of fishing on GES. doncluded that a preliminary
process could be rapidly implemented; however thezea number of weaknesses and
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areas of concern with the tools as currently ab&laThe limitations and directions
for future development are discussed.
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Introduction

European marine environmental management is cilyremidergoing a transition
towards an ecosystem based approach to manageAwera. contribution to fully
integrated management, the MEFEPO project is examithe requirements for
implementing operational ecosystem based fishemesmagement (EBFM) plans
across Europe.

The phrase ‘ecosystem based management’ has bevolely used and a variety of
different definitions have been proposed. Desphiis there are three aspects of
ecosystem based management that are core to theptpthese are:

o Simultaneously accounting for the impacts of midtipressures, both within
and across sectors;

o Considering both the indirect, and direct, impadtthese pressures;

o Explicitly considering society’'s multiple objective for the marine
environment relating to environmental, social opremmic aspects of the
ecosystem.

This report is concerned with the last of thesentspiexplicit consideration of
multiple objectives for the marine environment. Klospecifically this report
develops, and trials, a set of operational enviremial objectives for ecosystem based
fisheries management that could be implemented rutite reformed Common
Fisheries Policy (CFP).

Developing environmental objectives for operatioimaplementation in European

fisheries management is a three step process.ifBhatep is to identify the complete
set of environmental objectives for the marine mmnent on the basis of
comprehensive high level policy commitments. Onlpraportion of these will be

affected by fisheries, or can be directly influestht®y measures which target fisheries.
These objectives are therefore screened to redueeoverall set to just those
objectives relevant to EBFM.

The second step is to translate these high levietypobjectives into specific and
qguantifiable attributes of the marine environmemt \ivhich management action can
be taken. The development of such ‘operationaltestents of objectives defines
policy requirements in terms of measurable aspHotgosystem components. This is
the process of developing ‘criteria’ as definedhe MSFD.

The third step is to select, or define, an indicaio set of indicators to report on

environmental status in relation to the objectivAs. ecosystem status is to be
reported in relation to these objectives it is seeey to define limit or target

reference points for the indicator. The target ionitl reference level may vary

between assessment regions due to underlying ieariat the climatic and ecological

setting. Therefore the process of defining the aip@mnal objective and specifying the
associated reference points are separated. Thatimmel objectives and associated
indicators are expected to be consistent acros&lthebut the associated reference
points can vary on a regional basis.

It should be noted that steps two and three mag teeproceed as an iterative process
as the choice of indicator will have implicationsr fthe specific wording of the
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operational objective. Operational objectives aca dridge from policy aspirations to
field measurements of the state of the environmetien building a bridge it is
necessary to know both where it will start and weheshould end.

This report is one of three related reports thetl the process across three RC
regions, the North Sea, the North Western Wateds South Western Waters RAC

regions. Section 1, developing the process, is comto all three reports. Section 2,
trialling the process across a RAC region is unitoeeach report. This report

considers the North Western Waters RAC region.



Section 1: Environmental objectives for ecosystemdsed management in the
reformed CFP.

Section 1.1.1 The reformed CFP and environmentgatibes in the Marine Strategy
Framework Directive

The CFP is the primary legislation concerning mafisheries in the EU. The current
version of CFP was introduced in 280&nd is under review with a view to
implementing a reformed version of the CFP in 20M3ilst the current version of
the CFP does explicitly state the need to consatsfironmentally status, this is
essentially limited to the statement that:

The Common Fishery Policy shall ensure exploitat@inliving
aguatic resources that provide sustainable econpemeironmental
and social conditions.

This statement provides no guidance on the relgpineritisation of economic,
environmental and social objectives, nor doesetHp or provide guidance on what
is required of the marine environment for fishilmghte considered environmentally
sustainable. The CFP Green Paper recognises thisness in the current iteration of
the CFP and notes that ‘imprecise policy objectressilting in insufficient guidance
for decisions and implementation’ is one of thefstructural failings of the policy.

Since the implementation of the 2002 CFP therebe®s increased acceptance that
productive fisheries require a healthy and robasburce base, and that society has
environmental objectives for the marine environraémt their own right aside from
the desire for sustainable fisheries. The firshp@ born out by the CFP Green Paper
which states that:

Economic and social sustainability require produetifish stocks
and healthy marine ecosystems. The economic amal sability of

fisheries can only result from restoring the proikity of fish

stocks.

The second point, that environmental objectivestf@ marine environment exist
outside fisheries management, is manifest fromngeaof Directives including the
Water Framework Directive, the Habitats and Birdee€lives, and the introduction
of the Marine Strategy Framework DirectivéMSFD). The MSFD forms the
environmental pillar of the Integrated Maritime ®g! (IMP), and is the thematic
strategy for the protection and conservation of th&ine environmentwith the
overall aim of promoting sustainable use of the ssead conserving marine
ecosystem$ with the goal of achieving or maintaining good ieowmental status
(GES) across all European waters by 2020. The obléhe MSFD in defining
environmental objectives for fisheries policy isally stated in the MSFD. For
example the MSFD states that it:

! Council Regulation (EC) No 2371/2002 of 20 Decenfti#2 on the conservation and sustainable
exploitation of fisheries resources under the Comifisheries Policy.

2 Directive 2008/56/EC of the European Parliamernt e Council of 17 June 2008 establishing the
framework for Community action in the field of nagi environmental policy (Marine Strategy
Framework Directive).

% An Integrated Maritime Policy for the European ami COM(2007)575.



...should contribute to coherence between differesilicips and
foster the integration of environmental concern® iather polices,
such as the Common Fisheries Policy.

Whilst in relation to the prioritisation of envirorental objectives the MSFD states:

...while enabling a sustainable use of marine good services,
priority should be given to achieving or maintaigingood
environmental status in the Community’s marine remvnent...

This role for the MSFD in developing environmentdljectives for all aspects of
maritime management including fisheries is ackndgésl in the Green Paper on the
reform of the CFP which notes:

... the fisheries sector interacts closely with othmaritime sectors.
The Integrated Maritime Policy (IMP) addresses iatdions
between EU policies and maritime affairs.

Furthermore the need for the reformed CFP to marfadeeries such that the
objectives of the MSFD are not compromised is tyestated in the CFP Green Paper
which adds:

. an ecosystem approach to marine management, iogveil
sectors, is being implemented through the Marineat&gy
Framework Directive, which is the environmentalgsilof the IMP
and sets the obligation for Member States to aehi€ood
Environmental Status in 2020. The future CFP mustsét up to
provide the right instruments to support this esteyn approach.

This illustrates the commitment for the reformedPCB manage fisheries to operate
within the constraint of achieving GES across Egewpwaters. To establish what this
means for fisheries managers, and what the opeehtemvironmental objectives for
fisheries management should actually be, requilesec examination of the MSFD
definition of, and requirements for, GES.

1.1.2 Environmental Objectives for Fisheries Mamagat in the MSFD

The MSFD is the European thematic strategy forpilmgection and conservation of
the marine environment with the goal of achievingnmaintaining GES across all
European waters. Thus ecological objectives defimedthe MSFD have been
established with regard to the impact of all presswn the system, not just fisheries.

Within the MSFD GES is broadly defined as:

... the environmental status of marine waters whieesd provide
ecologically diverse and dynamic oceans and seakhwhre

clean, healthy and productive within their intriogionditions, and
the use of the marine environment is at a levdl ihaustainable,
thus safeguarding the potential for uses and aawiby current
and future generations



In addition to the general definition of GES, theSKD lists eleven qualitative
descriptors of good environmental status (here@nafeferred to as the ‘GES
descriptors’) that provide more specific statemesftslesired environmental status
(Table 1). These eleven more specific qualitatiescdiptors of GES provide an
appropriately detailed starting point for the depehent of operational environmental
objectives on the basis of policy aspirations.

Fisheries management is a complex process. Managegidate pressures on a
variable system that is driven by multiple extringnpredictable drivers on the basis
of imperfect data and have to simultaneously carsidultiple -often conflicting-
stakeholder demands. Therefore the general ethuadéeveloping environmental
objectives for explicit inclusion in operationasiieries management was to keep the
requirements as simple as possible given the nelgaicy stipulations.

The first step in developing a set of operatiomali®nmental objectives for fisheries
management on the basis of the eleven qualitatesergtors of GES is to identify
which of the GES descriptors cover aspects of magmvironmental status impacted
by fishing. Thus only the descriptors notably afiéecby fishing are brought forward
for explicit considerations by fisheries managers.

Table 1: The eleven qualitative descriptors of GESTicks indicate the descriptors of

environmental status that were selected for explitconsideration by fishery managers, see text
for discussion of selection.

Marine Strategy Framework Directive ANNEX |
Qualitative descriptors for determining good envirmmental status
(referred to in Articles 3(5), 9(1), 9(3) and 24)

(1) Biological diversity is maintained. The qualignd occurrence of habitats and the distributiod v
abundance of species are in line with prevailingspigraphic, geographic and climatic conditions.

(2) Nonindigenous species introduced by human activities & levels that do not adversely alter X
ecosystems.

(3) Populations of all commercially exploited fiahd shellfish are within safe biological limits,hébiting ¢ v
population age and size distribution that is inthieaof a healthy stock.

(4) All elements of the marine food webs, to théeek that they are known, occur at normal abundam v
diversity and levels capable of ensuring the lergatabundance of the speciesl dine retention of their fi
reproductive capacity.

(5) Humaninduced eutrophication is minimised, especially eade effects thereof, such as losse X
biodiversity, ecosystem degradation, harmful aljaems and oxygen deficiency in bottom waters.

(6) Seafloor integrity is at a level that ensures that steucture and functions of the ecosystem: v
safeguarded and benthic ecosystems, in parti@arnamot adversely affected.

(7) Permanent alteration of hydrographical condgidoes not adversely affect marine ecosystems. X
(8) Concentrations of contaminants are at levelggiving rise to pollution effects. X

(9) Contaminants in fish and other seafood for hurnansumption do not exceed levels establishe X
Community legislation or other relevant standards.

(10) Properties and quantities of marine littemdb cause harm to the coastal and marine environmen X

(11) Introduction of energy, including underwateise, is at levels that do not adversely affectrtizin X
environment.

The selection of GES descriptors that cover aspettthe marine environment
impacted by fishing were made during two MEFEPOjgmtoworkshops involving
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MEFEPO project partners and policy makers, NGO esgmtatives and marine
scientists external to the project. There was unans agreement amongst all
participants over the selection of the four desgorgpthat were chosen for inclusion;
namely descriptors 1, 3, 4 and 6 relating to biedsity, commercial species, food
webs and benthic processes respectively.

Descriptors 2, 9, 10 and 11, relating to invasipecges, contaminants in seafood,
litter and underwater noise, were highlighted dyritne workshops as possibly
requiring inclusion. The reasons for not includitittese descriptors are briefly
outlined below.

(2) Non-indigenous species introduced by human ad@sviéire at levels that do not
adversely alter the ecosystemEhe potential impact of non-indigenous
species (NIS) on ecosystems and fisheries is ofcezon For example
introduction of the comb-jellfvinemiopsis leidyto the Black Sea is believed
to have contributed to the poor recovery of Blaga $ish stocks following
reduction in fish pressure (Shiganova & Bulgako@®®. However fishing
activities are not seen as the direct cause ofiepantroductions; rather
fishing may create conditions that facilitate eB&hnent of introductions.
Theory suggests that ecosystems that are speclesvith many ecological
links are more resilient to invasion (May & McLeak0Q07). Therefore if
fishing simplifies the system by, for example, st@lee removal of top
predators or larger size classes there may be @eased likelihood that
introduced species can become established. Hovesvitis effect is linked to
fisheries impacts on biodiversity and food web &tite it is considered that
the effect of fisheries on system simplificationlivie addressed by GES
descriptors 1 and 4 respectively.

(9) Contaminants in fish and other seafood for humansamption do not exceed
levels established by Community legislation or otledevant standardsin
relation to contaminants in seafood it was noted thilst fisheries managers
may have to respond to contamination in seafooth s the monitoring and
closure of shellfish areas, fisheries are not aniogant cause of
contamination. As fishery managers can not takesorea to control the
levels of contamination in the marine environmentwas not considered
appropriate for this descriptor to be included m&@avironmental objective for
fisheries management.

(10) Properties and quantities of marine litter do nause harm to the coastal and
marine environment Two separate aspects of fishing and litter were
considered separately; these were ‘general’ littem fishing vessels, and
‘ghost fishing'. Litter is widespread in the marimamvironment, and the
incident of plastic litter is particularly prevaledue to its long lifetime in the
marine environment. Monitoring of the incident dagtics in beachwashed
dead fulmars Kulmarus glaciali} in the Netherlands between 1999-2003
found that 98% of the birds examined containedtiglagVan Franeker et al.
2004), and it was assumed that many of the litems observed were
discarded from ships (but not exclusively fishingssels). However it was
considered that general marine litter was underehat of MARPOL and did
not require specific consideration by fishery marag Under MARPOL
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Annex V the North Sea is designated a special andadisposal of plastics at
sea is entirely prohibited.

In relation to ghost fishing it is inherently difilt to quantify both the extent
of gear loss and the effect of this gear loss omtatty rates. Despite the
limited information available a review of ghosthisg in European waters
concluded that ghost fishing accounted for less th& of fish mortality
caused by fishing operations (not including discandrtality) (Brown &
Macfadyen 2007). As ghost fishing is only respolesfor a minor portion of
the total mortality caused by fishing operationsvéts decided not to include
impacts of ghost fishing as a specific separateativie for fisheries managers.

(11) Introduction of energy, including underwater noisg,at levels that do not
adversely affect the marine environmebdtring the expert workshops it was
considered whether noise relating to fishing opemnat should be explicitly
considered by fishery managers. It was concludeat thhilst fishing
operations did cause underwater noise, the levele Wow compared to the
noise produce by other parts of the shipping sectiher offshore
developments (such as the renewable and hydrocandastries) and natural
background levels, and that fishing operations werea significant area of
concern,

This process justifies the selection of four GEScdgtors that need to be directly
taken account of in European fisheries managenheiiie next section of this report
the four selected GES descriptors are examinedvithéilly and operational
objectives and associated indicators identifiedefach descriptor. So far within this
report this has been referred to as the developofenperational objectives’; within
the context of the MSFD these operational objestase termed ‘criteria’. The MSFD
states;

“criteria” means distinctive technical features thaare closely
linked to qualitative descriptors;

In other words the ‘criteria’ identify the ecosystecomponents, or aspects of
ecosystem components, that can be monitored tesafise status of the environment
with respect to the objective defined in a givesalgtor. Separate region specific
reference levels need to be associated with tierierito allow status to be compared
to the objective. The term ‘criteria’ will be used this context to keep the

terminology of this report aligned with the termiogy used in the MSFD.

Two important points about this process need tbigklighted before considering the
selection of operational objectives and associatelcators. Firstly this work is
specifically trying to identify indicators that refp on the status of the marine
environment with respect to the impacts of fishifilge marine environment is subject
to a number of anthropogenic pressures and no istdiigator will respond only to
fishing; however previous work on the applicatidnnalicators has to a certain extent
identified which indicators are most responsivdisbing and which are sensitive to
other pressures. This constrains the choice otatdis that can be used. This is to
allow fisheries managers to identify the impacfisiiing on GES; simply observing
that GES is not being met without being able taitg the cause does not allow for
targeted management interventions.
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The second point to note is that this report attsnp develop a set of management
objectives with linked indicators of status thandae operationally implemented
within European fisheries management. To this dmd teport concentrates on
selecting indicators that can be implemented imatedli, or at least in the near
future. This requires that the data necessaryhirdicators are already collected on
a regular basis, and that the indicator has bekicisatly developed and tested for its
behaviour to be understood. From this it can be $eat the report is not attempting
to produce a perfect set of operational objective®d to indicators, rather the aim is
to produce an operational set of objectives andcatdrs that can be implemented
over the short term. This will undoubtedly leaveono for development and
improvement over forthcoming years, but given thpia timescale required for the
implementation of the MSFD it is necessary to ma#me pragmatic choices and to
avoid letting the best become the enemy of theshett

1.2.1 GES Descriptor 1: Biological Diversity

GES Descriptor 1: Biological diversity is maintained. The quality and occurrence of
habitats and the distribution and abundance of species are in line with prevailing
physiographic, geographic and climatic conditions.

The listing of biodiversity as the first GES deptor in the MSFD reflects the
importance that is attached to maintaining biodiitgr as an attribute of good
environmental status, and also reflects the growglic and political concern with
the maintenance of biodiversity.

1.2.1.1 Developing a criteria statement with asated indicator.

In the context of the MEFEPO project the phraseoldgical diversity’ was
interpreted according to the definition in the Cemtion on Biological Diversity
(CBD);

Biological diversity means the variability amongitig organisms
from all sources including, inter alia, terrestrjainarine and other
aquatic ecosystems and the ecological complexfiegich they are
part: this includes diversity within species, betwespecies and of
ecosystems

On the basis of the CBD definition of biodiversitige first sentence of the qualitative
descriptor is interpreted as meaning that to aeh®iS the diversity of ecosystems,
species and genetic diversity needs to be mairtamMéereas the second sentence
regarding prevailing conditions acknowledges thHa distribution of species is
closely controlled by climate, and variation inncéite should be taken into account
when examining changes in biological diversity.

Therefore, ideally, assessment of biological divgnsould be based on information

on fish, invertebrates, mammals, reptiles, seal@indshabitats. The current sources of
information provide very different levels of covgeafor these different ecosystem
components and there is wide variation in the feaxgy and spatial scale at which the
different ecosystem components are monitored. Thwr®n the basis of current data
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collection programs it will be difficult to robugticonsider all relevant ecosystem
components for the biodiversity descriptor.

In relation to selecting a metric of biodiversityuse as a basis for developing criteria
to assess the biodiversity descriptor there areurmber of well known diversity
metrics, such as species richness, species eveanéspecies dominance. However
the link between these metrics and fishing pressuneither straightforward nor well
understood (Bianchi et al. 2000; Piet & Jenning®x20Trenkel & Rochet 2003).
Therefore the standard diversity metrics are ndt sugted to assessing the impact of
fishing on marine biological diversity.

The possible indicators to report on the statusiaibgical diversity identified by the
COM(2008) 187 and Indiseas project are listed iblem 1.2.1.1 and 1.2.1.2
respectively.

Table 1.2.1.1 List of indicators related to biodivesity from COM(2008) 187.

. SGRN (2006)| Proposed indicators or| Purpose
Indicator . .
recommendation research projects
Conservation status of . . | State
Conservation status of fish

vulnerable fishes accordingOperational immediately
to IUCN decline criterion

Abundance of vulnerabl
marine mammals, reptile
or seabirds

species

3Additional data source

) .
required, research priority Research project

n

Table 1.2.1.2 List of indicators related to biodivesity from the INDISEAS Project:

Indicators Headline Label Calculation Management Purpose
direction

Proportion of undey % sustainable stocksnumber (under + Decrease  fishing State

and moderately moderately effort on

exploited stocks exploited overexploited fish

species)/total no. of species. Diversify
stocks considered | resource

composition
Proportion of| % predators prop predatofy\Decrease  fishing State
predatory fish fish= B predatory| effort on predatof Trend
fish/B surveyed fish species
Trophic level of]| Trophic level Biomass weighted| Decrease  fishing State
landings average trophic effort on predatof Trend

level of landings fish species

From this list of possible indicators the consaorastatus of vulnerable fishes is an
indicator that directly reports on the conditionvofnerable fishes and is immediately
operational on the basis of current data collectlurthermore by focusing on the
large fish in the community it focuses on the mortiof the fish community most
impacted by fishing. The conservation status dfdssis obviously limited to the fish
community and gives no information on the impactfishing on other ecosystem
components, however as noted by the COM(2008) A&f&tis currently insufficient
data collection to allow similar indicators to lmeplemented for mammals, reptiles or
seabirds.

The Indiseas project has incorporated three straicindicators of ecosystem status
that are related to biodiversity. The % of susthipaexploited stocks provides a
measure of the condition of commercially exploipapulations, and hence gives an
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indication of the ‘diversity’ of these populationtdowever it was considered that an
indicator of this nature would be employed to ré@gainst GES descriptor 3, and
that by focusing on commercial species the indicdt®s not provide any coverage
of no (or low) value species that are not consuidrg production-related fishery
concerns.

The proportion of predatory fish, and trophic leeéllandings (aka Marine Trophic
Index) do both provide an indication of the struetwf the community, and any
changes in community structure are likely to bevaisged with a change in aspects of
biological diversity. However both these indicatoray be considered under the food
webs descriptor, and critically both are biomasgyhted indices. There are two main
aspects to maintaining biodiversity, firstly to gtepecies becoming (regionally)
extinct, and secondly to maintain the general sirecof the community. Biomass
weighted indices can provide a good indication lbé toverall structure of a
community, but they are limited in their ability pack up species losses as species
that are being lost from a system tend to makenky @& very small proportion of the
biomass of the system. As the GES descriptor as®ocwith food webs will focus on
system structure it was decided that the bioditseidescriptor should focus on the
rare and more vulnerable species within the comtyufihe proportion of predatory
fish and trophic level of landings were therefoomagsidered inappropriate to report on
the biodiversity descriptor.

From the available indicators, conservation stafuailnerable fishes was selected as
the appropriate metric to report on biodiversity tbe marine environment with
respect to the impact of fishing. Whilst this pes a metric for the impact of fishing
on the most vulnerable portion of the fish commyniit provides no information on
the impact of fishing on mammals, seabirds, reptde habitats. Whilst this leaves
large gaps in the coverage of biological diversityshould be noted that the
management actions required to maintain biologite¢rsity of the most sensitive
part of the fish community may also fulfil the réguments for maintaining biological
diversity of many other vulnerable ecosystem conepts

Although the indicator is considered ‘operatioradtording to COM(2008) 187 it has
not been widely applied across European waters thede may be problems
associated with applying this indicator acrossdaageas. For example this indicator
is very sensitive to the gear used in the surv@ithin the North Sea (NS) and North
West Waters (NWW) RAC areas the IBTS surveys argechout using GOV trawls,
whereas across the SWW a range of gears are usedificeys. Most notably the
demersal assessments in Azorean waters are based long line survey. The
variation in gears makes it difficult to directlpropare the indicator between areas,
but the indicator can be used to follow trendhmgurveys over time.

Now that the metric for monitoring biodiversity hiasen selected a criteria statement
can be proposed to link from the GES descriptdhéospecific aspects of the marine
environment that will be objectively monitored Hyetselected indicator. A criteria
statement of this nature could specify the targdérence level in the objective
statement, or the target level can be left obseutke objective statement. Within the
MSFD the development of criteria (that should beliapble across all EU waters)
and the selection of reference levels (which may batween regions) are considered
separately. Following this approach the criteriateshent deliberately does not
specify a target level, and identification of tarigvels is considered separately.
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The criteria statement for GES descriptor 1 is:
The conservation status of fish is maintained.

Where the conservation status of fish is monitaaedording to the “Conservation
status of fish species” indicator as defined in Q@008) 187.

1.2.1.2 Method for calculating the “Conservatioratss of Fish Species” indicator
and associated reference levels.

The ‘conservation status of fish species’ (CSF)datbr was calculated as specified
in COM(2008) 187 apart from the alterations anditanlts to the method outlined
below.

The CSF indicator specified in COM(2008) 187 isduh®n analysing the survey
abundance of large vulnerable fish. COM(2008) I@3cHies two separate indicators
that can be calculated from the survey abundantze da

CSFa: the average IUCN threat rating of speciethmlarge fish community

Where the proposed limit reference level (i.e. leheel which should be avoided) for
CSFa is 1 (COM(2008) 187). The proposed limit refee value of 1 was first
proposed by Dulvy et al. (2006) implies that onrage all species in the large fish
community are considered ‘vulnerable’ accordingft€N threat criteria.

and

CSFb: the average relative abundance of the large tommunity compared to a
reference period.

No limit reference level has been proposed for GCSké reference direction is an
increase in the indicator value which indicatesagarage increase in the abundance
of large vulnerable fish. CSFb compares the curedmindance of the large fish
community to a reference period (normally the startthe survey time series),
determining a target or limit reference point mayywdepending upon the condition
of the community during the reference period.

Within this project both indicators CSFa and CSHrencalculated.
The following modifications were made to the metliedcribed in COM(2008) 187:

» For each species and each survey time sefigsobserved in the survey time
series was used instead af;LThis allows the indicator to be applied over a
wide range of areas, as thg;lfor a species reported in wider literature may
be from a different area or region and inappropriat the location where a
specific survey is conducted.

* Both CSFa and CSFb were calculated compared tofeaenee period.
According to the procedure in COM(2008) 187 themehce period for CSFa
is the first year of the time series, whereas f8FE the reference period is the
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average of the first three years of the time seWéthin this assessment CSFa
was also calculated using the first three yearghef time series as the
reference period to examine the influence thisdrathdicator behaviour. This

avoided CSFa being skewed by a single years’ datd, also reduced the
incidence of zero abundance for a given specidbarnreference period that
hinders calculation of relative abundance.

The first step in calculating both CSFa and CSRb wevelop a list of species
to include in indicator calculations. One of théesta for inclusion in the list

is a minimum abundance threshold. Species that@ckning, or disappear,
over the time series may fail to reach the minimabundance threshold when
considered over the whole time series. As thesdh&eaery species that are
most in need of consideration from a biologicaledsity point of view it

seems undesirable that they are excluded from ataliccalculations. The
method specified in COM(2008) 187 is for the averafpundance over the
whole time series to be considered when compillrey dpecies list. In this
study an alternative criterion was developed tcstroict the species list by just
considering the average abundance over the firsé thears of the time series.

When considering the annual abundance of a spemidg,individuals larger
than Lna/2 are included in the calculations to reduce tisenfrom young age
groups with variable abundance. In surveys where dbserved kax is
particularly large compared to the length distnidmitof species observed in
the time series this will lead to an abundance dfethg reported for many
years. In specific cases where this occurred theinmim length for
consideration was reduced to half of the quartiiébD,.x rather than half of

Lmax-

This procedure was applied as standard for the észalemersal long line
(DLL) survey, and also when selecting the spedstswhen only the first
three years of data were used to select the spestiésee point above).

The threshold for minimum average abundance per wpecified by
COM(2008) 187 is 20 per year on the basis of prevmvork using demersal
trawl surveys. The Azorean DLL survey abundancesjmorted as CPUE per
hook, so in this case the minimum abundance thteskas set to 0.1 as the
threshold set for demersal trawl surveys are npta@piate for direct transfer
to a long line survey.

1.2.2 GES Descriptor 3: Commercial Species

GES Descriptor 3: Populations of all commercially exploited fish and shellfish are
within safe biological limits, exhibiting a population age and size distribution that is
indicative of a healthy stock.

1.2.2.1 Developing a criteria statement with asatad indicator

The phrase “Safe Biological Limits” (SBL) was fitsbined by ICES where stocks are
characterised as being within SBL when they haveréproductive capacity. This
means that spawning stock biomass (SSB) (the matnteof a stock) is above the
value corresponding to a precautionary biomasseete value (B) identified by
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ICES. Another criterion for SBL is that the stock harvested sustainably which
requires that fishing mortality (F) (an expressadrthe proportion of a stock that is
removed by fishing activities in a year) does neteed a precautionary fishing
mortality reference value (. The most precautionary criterion is where batteda
apply, i.e. SSB> SSB,, and F< Fy. This implies that only stocks for which SSB and
F, as well as both reference values, are known lanincluded in indicator
calculations. As this framework is well developeaihd already provides an
assessment of SBL for many of the EU waters wedeelcio adopt it for determining
GES for the commercial stocks.

The choice of only using assessed stocks may conigeorepresentativity as there
are many stocks that are commercially exploited foutwhich no formal stock-
assessment is conducted. This occurs with comnligreigploited fin-fish but is a
more widespread problem for shellfish stocks. kieotto identify the representativity
of the indicator for each area the proportion of thnded value and/or catches
represented by the assessed species should benisheter

The advantage of this approach is that at leaghfige EU regions that fall within the
ICES area (i.e. North Sea, Baltic Sea, North Wasi#iaters and South Western
Waters) the descriptor can draw from an existiggnous scientific framework and
knowledge base and benefit from the high levelu#lity control that is applied.

The disadvantage is that this same framework isapptied to the same extent in all
EU regions. Both in the Mediterranean and the Bl&#a some ICES-style
assessments are conducted but these cover onlgtaely small proportion of the
stocks. For the Mediterranean there are otheriegisissessment frameworks such as
one based on the uni-dimensional FAO (2005) catékploitation) or another based
on the bi-dimensional criteria (exploitation anduatlance) usually applied in
Regional Fishery Bodies other than the General dfise Commission for the
Mediterranean (GFCM). However, since these othgions fall outside the remit of
MEFEPO this issue will not be considered furthetha stage.

For this study it was decided not to go beyondI@ieS definition of “within SBL”
and incorporate any other reference values. Thaugshould be noted there is
potential to develop a framework based on maximustasnable yield (MSY), a
concept which has a long history in fisheries managnt. It was enshrined in
national and international legislation throughdu 1970’s and 1980’s although by
the end of the 1970’s the shortcomings of using M&¥et catch levels were already
apparent (Beddington & May, 1977; Larkin, 1977;s8rswine, 1978). Subsequently
emphasis shifted to MSY-based reference points aghfs, Bmsy and more
conservative proxies forqfy, such as §i1. Several recent studies have expressed
caution regarding the wide-scale adoption of MSdmhtargets (fsy Bmsy) as a
management tool. Pilling et al. (2008) suggest &Y based targets may not
provide robust objectives in the face of uncertaiutd variability in the biological
processes on which they depend. Kell & Froment®D{2 also note the difficulties
associated with making the MSY concept operatidnadynamic and changing
fisheries where there may be trends in vyield orftshin selection patterns.
Furthermore Walters et al. (2005) identify probleaisapplying the single species
MSY approach in an ecosystem context.
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Nevertheless MSY has been identified as a manadgergeal in numerous

management systems including the US Magnuson-Stevishery Conservation and
Management Act, the International Commission fog thonservation of Atlantic

Tunas and in the commitments of the World SummitSaistainable Development.
The use of ksy as a target or as a limit reference point is disloated. Mace (2001)
considered that treatingmfy as a limit reference point was a necessary fitep s
towards EAF because it would result in an overeduction in fishing mortality rates,
although Jennings (2005) notes that EAF is expetieprovide greater long-term
benefits to society if managers can meet targetherathan avoid limits.

Notwithstanding the above arguments on whetherarMSY should be used as
another reference point it was decided not to stheee are only few, if any, stocks
for which an MSY value is known. Hence, using MSYoul have further

compromised the representativity of this exercise.

Other potential reference values that are provioledCES for few stocks arembx
which is close to frsy but with the assumption of average recruitmemt,gHF
according to management plan) @rhere slope of the yield curve is 0.1 that at the
origin.. However, for the same reasons as MSY theserence points were not
considered in this analysis.

The second part of this GES descriptor, i.e. “eiimgp a population age and size
distribution that is indicative of a healthy stoclks less straightforward. Even though
several indicators exist that characterise the agel/or size-distribution of a fish
stock (Shin et al. 2005) it is unclear what the-aged/or size-distribution of a
“healthy” fish stock should look like. The main cheteristic of a healthy fish stock is
considered to be a full reproductive potential whis often assumed to equate to
SSB. This is challenged by many studies, as reddwe Green & David (2008), who
identified maternal factors (Marshall et al. 1998)ch as age, size or condition as
often at least equally important sources of vasratn recruitment (Nikolskii 1962) or
offspring quality (Gall 1974) within fish stockspé&kifically, recruitment variation
has been shown to increase with decreased fenrage\idy (Longhurst 2002), or age
variation as represented by a Shannon index (Medettir & Thorarinsson 1998). In
broad-scale analyses, reproductive effort has bleemonstrated to increase with age
(Charlesworth & Leon 1976, Roff 1991), probably dese many physiological,
morphological and behavioural traits in fishes dewith the progression time, and
therefore, the fish’s age (Green & David 2008).eSand condition are typically
related, though not equally predictive of fecundityother measures of reproductive
quality (Koops et al. 2004). Even though many iedicelated to size and/or condition
exist and have been proven to, or can be expectedfiuence the quality or quantity
of progeny (Green & David 2008) as yet there appéarbe no one indicator that
overall performs best in describing the reprodecpotential and thus the “health” of
the fish stock.

The two indicators that are currently in use toirdefSBL, i.e. SSB and F are both
linked to the size- and age-distribution (Ostrov&05, Shin & Cury 2004) and as
there are no other indicators known to performeseain this criterion we consider the
“age- and size distribution” criterion redundant.

Additional work that is required to improve thissdeptor consists of:
* Formal stock assessments for more stocks, thisesppbtably for shellfish
* Identification of other reference points (i.e. MSY)
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 |dentification of additional indicators and refecenlevels that cover the “age-
and size distribution of a healthy stock” criterion

This approach and interpretation of the descriptere discussed and validated during
an expert workshop with external stakeholders dsagehe first workshop hosted by
ICES/JRC to develop this descriptor and attendetiZzoyternational experts.

The choice of using assessed stocks only also @comges representativity as there
are many stocks that are commercially exploited foutwhich no formal stock-
assessment is conducted. This is relevant forsfinftocks but applies more widely
for shellfish stocks. The desired level of repréatvity of assessed commercial
stocks as a proportion of total landings was carsd during a MEFEPO expert
workshop with outside stakeholders. It was ackndgéel that to operationally
implant the commercial species assessment it wagssary to work with the
currently available data. However it was considedegirable for the indicator to
incorporate species accounting for 75% of the teédlie of landings to provide a
robust indication of the state of stocks.

The criteria statement for GES descriptor 3 is:

Populations of all assessed commercially exploitdigh and shellfish are within
safe biological limits.

Where the indicator used to assess status aghissoljective is the proportion of
commercially exploited stocks within safe biolodidianits, calculated as defined
below.

1.2.2.2 Method for calculating the “Proportion obmmercial stocks within Safe
Biological Limits” indicator and associated referemlevels.

This indicator was calculated according to the meétkheveloped by Piet & Rice
(2004) apart from modifications specified below.eTihitial reference point for this
indicator is that 100% of assessed stocks shouldithén safe biological limits as this
reference level is inherent in the wording of GES&satiptor 3 where it says
“populations ofall commercially exploited...”. This interpretation waslidated
during the MEFEPO expert workshop.

The only differences between the method used sghidy and the method of Piet &
Rice (2004) are modifications to the species seledriteria. These are:

» The stock should be assessed so that yearly viduése indicators SSB and F are
available for the assessment

» The chosen reference values should be known (ImdyeS&Bpa and Fpa)

* The stock area needs to overlap sufficiently with MSFD region for which the
assessment is done. The criteria that determinelwgtocks are appropriate for the
region and why others are excluded need to beattplstated.

* Only stocks for which SSB: SSBpa and K Fpa are considered to be “within
SBL” and hence with GES. Though it is noted in tedi cases where SSB is
greater than SSBpa it may be possible to fish alb@aefor a limited time whilst
maintaining SSB> SSBpa.
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1.2.3 GES Descriptor 4: Food Web Structure

GES Descriptor 4: All elements of the marine food webs, to the extent that they are
known, occur at normal abundance and diversity and levels capable of ensuring the
long-term abundance of the species and the retention of their full reproductive

capacity.

All animals need energy to live; they derive thisemyy by feeding on other
components of the ecosystem. Growth rate and reptive success can be controlled
by the amount and location of suitable prey, whsalm affect the productivity and
distribution of populations and species. If speass notably food limited this could
compromise objectives for biodiversity and statisammmercial stocks. Maintaining
the structure and status of food webs has therdéfeea identified as being important
to maintaining environmental status.

1.2.3.1 Developing a criteria statement with asated indicator.

A food web is made up of a number of individualdar-prey linkages. Food webs
can therefore be assessed by examining individuadigbor-prey linkages, or by
assessing aspects of the structure of the foodased whole. During the MEFEPO
expert workshop the merits of assessing strucmspéects of food web structure or
assessing individual predator-prey linkages weresiciered. It was concluded that it
would not be possible to assess every predator{prkgige individually; therefore
structural measures of food web status should hesidered as they provide
information on the status of the system as a whHewever it was noted that
structural measures may not be sensitive to indaliggredator-prey links, and where
specific predator-prey links are known to be imanttto an ecosystem feature of
interest then these links could be assessed indilhd Despite the potential need to
assess individual predator-prey links it was detidhat the work in this section of the
MEFEPO project would concentrate on assessingtthetsral status of food webs.

Marine food webs can be very variable in time apacs. A species that mainly eats
one prey type at one specific time and place mbyar alternative prey at a later
time or in a different location. Therefore whilstis clear that maintaining food web
condition is important to achieving other objectifer environmental status it is less
clear what food webs should look like, which aspeaifttheir structure are important
to their functioning and how much they can be aliebefore they are no longer
considered to be in ‘good’ condition.

Structural measures of food web status have beggrlaped and presented in a
number of preceding projects and reports. The ehsituctural food web indicators
for consideration in the MEFEPO project was limiteal indicators previously
considered in the Indeco (EU FP6 project # 513 @4ndiseas (www.indiseas.org)
projects, or considered in COM(2008) 187 (Table3dl1). It is acknowledged that a
number of other trophic indicators have been pregpfiowever one of the main
challenges is to consistently apply well understand well worked indicators, rather
than to continually propose and develop new indisaCury et al. 2005).
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Table 1.2.3.1 List of indicators relating to food b structure from specified

project considered in this work.

Indicator

Project or report
where considered

Trophic level of landings

Indeco, Indiseas

Proportion of predatory fish

Indiseas

Mean length of fish

Indeco, Indiseas

Mean maximum length of fish

COM 187, Indeco

Proportion of large fish

COM 187, Indeco

Mean age of fish/ average lifespan

Indeco, Indiseas

Mean weight of fish Indeco
Total biomass of surveyed species Indiseas
Coefficient in variation of total biomass Indiseas
Fishing in balance index Indeco

ICES (2005) lists eight criteria for assessing titiéty of indicators for use within
management structures. When selecting an indi¢atasperational use, key criteria
are the availability of necessary data, the respomd the indicator are understood
and interpretable, the indicator can be clearlyl@&rpd to a wide range of
stakeholders, and the indicator is sensitive topressure which it is designed to
monitor.

A majority of the indicators listed in table 1.2.3are based on measures of trophic
level or size. Measures of the average trophicllef/éandings, or the system, have
received much interest since the work of Paulyle{1®98) on fishing down food
webs; the theory that fishing leads to a redudtmotmophic level. Trophic level based
indicators are appealing in this context as thegatly report a measure of the trophic
status of a food web and have been show to resfofidhing (Pauly et al. 1998).
However more recent studies have found that tropdgvel does not always track
fishing pressure (Piet & Jennings 2005), and thexage trophic level of landings is
responsive to fishers’ behaviour as well as syst&tus (Essington et al. 2006). Both
of these factors can confound interpretation ophro level based indicators of food
web status. As landings and catch based trophicaadare sensitive to fishers’
behaviour as well as changes in environmental staiterpretation the effect of
management intervention on environmental statusorfounded. Any meaningful
management intervention will simultaneously affisthers’ behaviour as well as the
impact of fishing on environmental status, thusarndning interpretation of changes
in state of the environment on the basis of changethe indicator value. This
criticism holds for most fishery dependant metreosd strengthens the appeal of
fishery independent assessment. Although if appéied broad spatial scale it is
possible the effect on fishers’ behaviour may besked as the indicator integrates
across a range of fleets and fisheries thus anadéilgy the impact of variation in
fisher’'s behaviour on the indicator value.

Indicators based on trophic level tend to assigingle consistent trophic level value
to a given species, this can be based on gut doatesotopic analyses, or derived
from models. Treating a species as consistentlyabipg at a single specific trophic
level does not allow for the fact that an organtan move through a range of trophic
levels during development, thus as the size streiabfi population varies over time
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(e.g. due to fishing) the average population tropéwvel will vary over time (Jennings
et al. 2002). Similarly the trophic level of a sjsccan vary spatially due to spatial
variation in diet. Size based variation in diet t&nallowed for by applying a trophic
level at size for each species, although this aesyr been applied. Regular collection
of information on the trophic level of fish is naurrently undertaken under
formalised sampling programs.

Measures of community size structure have been ogsexp as an alternative
framework to provide robust indicators of the ef$eof fishing on the fundamental
trophic structure of marine ecosystems. This is ttu¢he fact that predator prey
relationships in aquatic environments are strorgihe dependant (Jennings et al.
2001; Kerr & Dickie 2001), and that fishing is sigelective and leads to a reduction
in the average size of the fish community (Biarethal. 2000). This is well supported
by macroecological theory, and comparative studiésthe ability of different
indicators to show fishing signals have demongtrakeat size based indicators are
responsive to the effects of fishing (Bianchi et24l00; Greenstreet & Rogers 2006;
Jennings et al. 2002), even in the presence ofocowling drivers (Blanchard et al.
2005).

In other words the size structure of a communifiects the trophic structure of the
community, and the relationship between fishingspuee and size structure of fish
communities is well known; therefore size basedicaitrs can provide a well
understood measure of the impact of fishing on fa@d status. Given the proven
ability of size based indicators to respond toifigh and the importance of size in
defining predator-prey links, a size based indicatas selected for the use as the
indicator of food web structure in the MEFEPO pecbjeThe data requirement for
calculating most size based indicators is fishendependent survey data of
abundance by length of all fish species collected isurvey. This data is widely
collected in formal surveys across the EU, and amyncases past time series data are
available. This allows the operational implemewntatof size based indicators on the
basis of current data collection and supports tiece of a size based indicator of
food web structure.

COM(2008) 187 lists two size based indicators asgoenmediately operational, the
proportion of large fish indicator (LFI) and the ame maximum weight of fish
indicator. Of these two the LFI was selected asitkigator of trophic structure to
report against GES qualitative descriptor 4 asag been developed as an EcoQO as
part of the OSPAR North Sea pilot project and igpguted by the OSPAR EcoQO
process. The LFI is defined as the proportion sh fiarger than 40cm in the
community by weight. The proportion of ‘large fisk’calculated as:

W

P - >40cm
>40cm
W,

Total

whereWs4ocm is the weight of fish greater than 40 cm in lenggtidl WTotalis the total
weight of all fish in the sample.

The criteria statement for GES descriptor 4 is:

The proportion of large fish is maintained
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Where the proportion of large fish is calculatedngsthe large fish indicator as
defined in COM(2008) 187 and modified accordingtocedures outlined in 1.2.3.2.

As with all trophic indicators the LFI does not feetly fulfil the requirements of an
indicator to address GES qualitative descriptoindvitably in reducing information
down to a single indicator value information istJand no indicator will be sensitive
to all changes in state. There are three mairqaes to applying the LFI. Firstly it has
been developed for, and mainly applied to, the IN&#®a. When it is applied across
wider areas it may not provide as sensitive arcatdr to fishing as in the North Sea.
In developing the indicator for the North Sea phaes have been developed (mainly
not including climatically sensitive small peladish) to reduce the effect of climatic
signals on indicator behaviour. These procedureg moa be appropriate when the
indicator is applied to regions outside the areanfoich the indicator was developed,
in particular the size at which fish are considefiadge’ and the limit level of
proportion of ‘large’ fish may need to be redefinkat new areas. Secondly the
indicator only considers the fish community andetako account of impacts on the
benthic invertebrates, seabirds, reptiles or mamiaenmals. Thirdly, the LFI can be
affected by variation in both the numerator anddbeominator. In other words it is
sensitive to both the numbers of small fish andnilnbers of large fish. A change in
indicator value could be caused by fishing pressuar&arge fish, but the indicator can
also be driven by changes in the abundance of distall

The LFI is calculated with data on a subset of fglecies; species with variable
catchability are excluded from the calculationsttesy can introduce noise into the
indicator signal. The text of GES qualitative dgstor 4 refers to all elements of
marine food websls an indicator based on a selected part offigle community
sufficient to report on the effects of fishing olh @lements of marine food webs?
Other than invertebrate fisheries, fisheries tafiget and thus fish community is the
ecosystem component expected to be most directlyacted by fishing. Key
functional groups within a system can provide adyobaracterisation of the whole
system status with respect to a given driver (Fultbal. 2005). Therefore although
the LFI does not consider all elements of marirefarebs it may provide a sensitive
indicator of the main impacts of fishing on foodbwstructure. Further research is
required to establish to what extent this is theeca

1.2.3.2 Method for calculating the large fish inmlior and associated reference
levels.

The proportion of large fish indicator was calcathtaccording to the procedure
outlined in COM(2008) 187 unless otherwise spedifie

The limit reference level for the LFI, as implemégtOSPAR, is for the LFI to be 0.3
or greater. This reference level was defined far MNorth Sea on the basis of
assessment of past behaviour of the LFI. It wasidened that the early 1980’s was
the last period when North Sea stocks were noesuff from widespread overfishing
(Figure 1.2.3.1), and that this provided reasonablerence period. The LFI in the
early 1980’s was approximately 0.3. This also rduglorresponds with the average
LFI (0.29) of the Scottish August Groundfish Sunfegm the 1920’s through to the
early 1980’s, which provides support to setting risierence level to 0.3. However it
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is interesting to note that for five of the eigbtords between the 1920’s and early
1980'’s the value of the LFI was below 0.3. Furthemnit should be noted that these
values were determined purely on the basis of sunfermation from the North Sea,
and thus this reference level will not be applieaiol areas outside the North Sea.
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Figure 1.2.3.1: Time series of the LFI for the Nott Sea based on the Q1 North Sea IBTS and the
Scottish August Groundfish Survey (SAGFS). SourcdCES 2009.

1.2.4 GES Descriptor 6: Benthic Habitats

GES Descriptor 4: Sea-floor integrity is at a level that ensures that the structure
and functions of the ecosystems are safeguarded and benthic ecosystems, in
particular, are not adversely affected.

The seafloor and associated benthic communitieg al&ey role in a number of
ecosystem processes, this includes carbon andenutecycling, habitat provision
and secondary production. There is a general ti@niggislation referring to benthic
habitats to concentrate on rare and vulnerabletdtabiand to provide little coverage
for the widespread abundant benthic habitats anthumities. However, simply due
to the fact that they cover a large proportion teé sea floor it is the widespread
habitats that make the largest contribution to fl@@ functions. Maintaining these
processes is therefore important to supporting madarine ecosystem functioning
and it is considered that GES descriptor 6 refersttucture and function of key
benthic processes, and that protecting rare arehtdmed habitats comes under the
remit of GES descriptor 1.

1.2.4.1 Developing a criteria statement with asated indicator.

The ICES-JRC group has interpreted GES descriptto 6iclude both the physical
and biotic components of the seafloor, and considleat its integrity includes a
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measure of spatial connectedness (in terms of afsitdt function) and natural
ecosystem processes (‘functioning in charactengéigs’). This indicates a desire to
manage processes rather than places.

Experimental attempts to use functional approadbedelineate Special Areas of
Conservation (SACs) have been undertaken (Bremntrar,2006; Frid et al., 2008).
Frid et al. (2008) defined functioning, followingalem et al. (2004) as ‘...the
activities, processes or properties of ecosystdras are influenced by their biota’,
and used Biological Traits Analysis (BTA) to progi measure of the functions
delivered by benthic systems (Table 1.2.4.1).

Table 1.2.4.1. A list of ecosystem functions deded by benthic systems (Frid et al.,
2008).

* Energy and nutrient cycling  Habitat/refugrayision

* Silicon cycling » Temporal pattern (populatieariability,
community resistance and resilience)

» Calcium carbonate cycling » Propagule supplydek

* Food supply/export » Adult immigration/emigration

 Productivity » Modification of physical processes

This study showed that whilst it is possible tdklthe physiological and behavioural
traits of biological organisms to the delivery dfet ecosystem functions, and
consequently provide some measure of the functiefigsered by an area, functional
techniques need significant further developmentofgefthey can be used for
management purposes. Techniques to measure e@blagictions are still subject to
high levels of scientific debate due to our limiteniderstanding of how ecosystems
function and a lack of very basic information or thajority of taxa. This means that
it is often difficult to identify how, and which rganisms deliver the functions. There
is also a significant scientific debate over whatuld constitute ‘good’ functional
status.

As the science underpinning our understanding @V koosystems (and sea floor)

function is still being developed and significadtvances in the science are required
before functioning can be used in a managemeneggrd more pragmatic approach
based on existing information is required to depelois sea floor GES descriptor.

Thus the desire to manage processes rather the@spknot yet achievable, and the
current assessment of seafloor functioning will hdw revolve around managing

places.

Following a MEFEPO workshop where policy makersenasked how to interpret the
GES descriptor for management, the delegates thomghvas best to focus on

protecting those areas of the sea floor which weast impacted by human activities.
The workshop delegates thought that whilst it wedatively straightforward to argue
for the protection of areas of high natural biot@idiversity, it was more difficult to

argue convincingly that areas should be proteabedvider functional purposes, so
protecting the least impacted areas was an acdeptaimpromise.

Identifying areas which are least impacted by humetivities does not necessarily
equate to identifying the areas of least humarviagtiThe level of impact ‘per unit of
disturbance’ depends upon the level of naturalidisince in the area, as some types
of sea floor are subject to high levels of natuliskurbance and highly resilient to
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further disturbance. Again, the science underpgnour understanding of the
sensitivity of marine habitats to human disturbaiscstill underdeveloped although
there are studies which are addressing this issue.

As there is limited information in the state of Hea habitats, the alternative

approach of assessing pressure indicators for loehtbitats has been developed.
Indicators based on mapping the distribution dfifig activities have been developed
(ICES, 2009, Lee et al., 2010) using VMS data wliscavailable through the EU data
collection regulations (Council Regulation (EC) 18%8). These are:

Indicator 1: Distribution of fishing activities

Indicator of the spatial extent of fishing activily would be reported in conjunction
with indicator 2. It would be based on the totaaaof grids (3km x 3 km) within
which VMS records were obtained, each month.

Indicator 2: Aggregation of fishing activities

Indicator of the extent to which fishing activity aggregated. It would be reported in
conjunction with the indicator for ‘Distribution dishing activities’. It would be
based on the total area of grids (3 km x 3 km) witlthich 90% of VMS records
were obtained, each month.

Indicator 3: Areas not impacted by mobile bottorarge

Indicator of the area of seabed that has not begadted by mobile bottom fishing
gears in the last year. It responds to changesendistribution of bottom fishing
activity resulting from catch controls, effort covis or technical measures (including
MPA established in support of conservation legisigt and to the development of
any other human activities that displace fishingvéag (e.g., wind farms). This
indicator could be reported annually and wouldestae total proportion of the area
by depth strata (0—20 m, 20-50 m, 50-80 m, 80-1303®-200 m, >200 m) in each
marine region that has not been fished with bottgear in the preceding one year
period.

These indicators are not without criticism howewarhilst there is an extensive
literature on the impact of single fishing impaots benthic systems, there are few
data on the cumulative impacts of fishing actigter on the synergistic effects of
fishing with other human activities (van Hal & Ri@D09). This makes it difficult to
consider the status of the sea floor beyond theetifiat it is not fished. It also makes it
difficult to incorporate information on functioningnless biological data is also
collected.

Indicator 3, the proportion of area not impactednigbile bottom gears provides a
direct measure of the main pressure on benthiesystWhere information is limited
a standard management approach is to protect mqative areas of different
habitats. The ‘proportion of area not trawled’ wator is currently worded such that it
is reported by depth strata. This only providesteoh resolution of the indicator as
numerous distinct benthic habitats can occur withgingle depth band. To improve
the resolution of the indicator the depth strataeneombined with information on
sediment type to divide the assessed area intoitdtabdefined by depth and
sediment type. Improved mapping of sea-floor h&bizould improve the resolution
of the indicator.
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The criteria statement for GES descriptor 6 is:
Representative areas of each habitat are not impaad by mobile bottom gears

Where the proportion of area for each habitat typeimpacted by mobile bottom
gears is calculated on the basis of VMS records.

Basing this indicator solely on VMS data means thay the larger vessels in the
system are included in the measure of proportioare& not trawled. Currently only
vessels over 15m are required to carry VMS, thellemsection of the fleet is thus
ignored. This could cause significant bias in thgicgator, especially in inshore areas.
This could be remedied by requiring more of thetfleo carry VMS. Furthermore,
currently in European waters vessels are only redub send a VMS location on a 2
hourly basis thus only providing a limited pictuvé the location of fishing effort.
Thus the raw VMS data requires processing to tiilthe gaps between the position
records, a number of processing methods have bepliech and are under
development, however none of the processing metlbadsrecreate a completely
accurate picture of fishing locations.

The VMS data enables a map of fishing effort by iieobottom gears to be created.
This map needs to be coupled with a habitat maen@ble the indicator to be
calculated for each habitat. Due to the lack ohlggality habitat maps covering wide
areas of the European shelf the DCR specificationthe indicator are that it should
be reported by depth bands. To try and improvehtistat resolution beyond simple
bathymetric discrimination seafloor habitat mapsemeverlaid over the bathymetry
when available.

A further comment needs to be made about the ptiopoof area not impacted by
mobile bottom gears as specified in COM(2008) 18@; current definition of this
indicator is that it should be reported as the aampacted by mobile bottom gears
on an annual basis. Recovery time of benthic h@&bttaimpacts of mobile bottom
gears varies depending on the type of habitat @ad gsed, and can vary from hours
and days to years and decades (Jennings & Kai@88).1Reporting the indicator on
an annual basis is sufficient to understand theaotgoof fishing on sea-floor habitats
where the recovery time from the disturbance is lgsn one year. However for
habitat-gear combinations where the recovery tergreater than a year, reporting the
indicator on an annual basis and only considerivg grevious years fishing will
underestimate the extent of impact. The time pewedr which VMS records
incorporated for calculating this indicator shoubg reassessed to ensure it is
sufficient to allow for the prevalent recovery timdth regard to the sea-floor
functions of concern.

1.2.4.2 Method for calculating the proportion ofarnot impacted by mobile bottom
gears and associated reference level.

The proportion of area not impacted by mobile buttodicators was calculated on
the basis of VMS records. The first step is to pescthe VMS data to create a map of
fishing effort by mobile bottom gears. This is th@rerlaid over a bathymetry chart,
and if available a habitat map, and the final iathc of the proportion of area not
trawled by depth band and habitat type calculaibéé. VMS processing method used
is the ‘point summation method’ as developed by leteal. (2010), the exact
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instructions circulated amongst project partnessnlg the steps used to calculate the
map of fishing effort from VMS data in the MEFEP®oject are included in
Appendix 1. Additional modifications to the methd@d to be introduced when
working up the VMS data for certain countries asdkiailable data were not identical
in their coverage and format, these modificatiomstite method are presented in
section 2.

Currently there are no robustly justified referefeeels as target or limit values for

this indicator. The acceptable level of mobile bottgear impact will depend on the
resilience and susceptibility of the habitat (atsdkey functions) to damage, thus a
single unified reference level to be applied acralshabitat types may not be

possible. Until justified reference levels are deped the target reference direction
for the indicator is for the proportion of area mopacted by mobile bottom gears to
remain constant or increase.
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Section 2: Current status of the North Western Wates RAC region in relation to
ecological objectives for good environmental status European waters.

This section of the report presents the resultdhef assessment of the current
environmental status of the North Western Water<CRAgion with respect to the
ecological objectives developed in Section 1. Tie éixtent Section 2 of the report is a
technical exercise listing the data requirements] availability, for each of the
indicators. The indicator values are reported basedhe data that was available
during the development of this report. Brief intetations of the results are
presented, however this report was not intendgatdeide a detailed analysis of the
underlying factors explaining indicator performance

2.1 GES Descriptor 1: Biological Diversity

2.1.1 Data requirements and availability

Calculation of the “Conservation Status of Fish'SE indicators is based on fishery
independent trawl survey data that reports catchupie effort (CPUE) of species by

length. This data is available from surveys conediainder the DCR. Table 2.1.1
presents a summary of the surveys available frem@&ES online database of trawl
surveys (DATRAS, http://datras.ices.dk) that caovmte the information required to

calculate the CSF indicators in this report. Thealidators were calculated

independently for each survey and using the metladithed in COM (2008) 187 and

the modifications listed in section one of thisagpThe following descriptions of the

surveys conducted in NWW were taken from DATRAS.

Table 2.1.1 Surveys and data used in the estimatiaf the Conservation Status of Fish Species in
the NWW region. The column ‘Species Excluded’ indiates the number of species excluded from
analyses (if any) and the reason for exclusion. Yesin brackets represent no survey.

Survey ICES Divisions | Survey Type | Gear | Data Series Species Excluded
ALT IBTS Via Bottom trawl | GOV | 1985-2008 1 (no catch first 3yrs)
BTS Vlla Vila Bottom trawl | Otter | 1993-2008

EVHOE Vile-j Bottom trawl | GOV | 1997-2008 1 (no catch first 3yrs)
IGFS Vla, Vb, VIIj Bottom trawl | GOV | 2003-2008 1 (no catch first 3yrs)
Rockall Vib Bottom trawl | GOV | 2001-2009 ('04) | 2 (no catch first 3yrs)

Scottish Ground Fish Survey: ALT IBTS

The Quarter 1 Scottish Ground Fish survey staretPB1l and was initially intended
to cover the fishing grounds on the continentalfgioethe west of Scotland; in 1996
the survey area was extended to include the northiesh Sea. The Scottish West
Coast Surveys use a similar ICES rectangle baseflsea strategy to that used in the
North Sea. Trawl stations are selected at one twegctangle based on a library of
clear tows. There is no explicit return to the saimaavling position every year,
although this is generally the case. The gear gedlon all the Scottish surveys is the
36/47 GOV trawl fitted with heavy ground gear '‘6da 20 mm internal liner.

The survey covers Division Vla and extends intortbghern part of the Irish Sea and

North West of Ireland (Figure 2.1.1). The depthgecovered has been 20 to 500m
since 2000. The survey is usually carried out inrdlaof each year. The target
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species are cod, haddock, whiting, saithe and rigerend age frequencies are
constructed for these species. All other fish gmeencountered are also sampled for
at least length frequencies.

Northern Irish Survey: BTS Vlla

In the Northern Ireland survey, the sampling desgystratified with fixed-position
stations. Stratification is by depth and seabed.tyfaul duration is 3 nautical miles at
3 knots over the seabed. Stations in the St Geo@w®annel are 1 nautical mile at 3
knots and have only been surveyed since Octobet. 200mber of stations is 45 in
northern Irish Sea and 12 in St George's ChanmslsTare during day time only.

The surveys have been carried out in March and k@ctsince 1992. From March
1992 to March 2001, the survey extended from 54N4® 53° 22' N (Figure 2.1.1).

From October 2001 the survey is extended into th@€drge's Channel to 52° 18' N.
Depth range is from 20 to 120m. The surveys areiechiout on the R.V. Lough

Foyle, a 43.5m stern trawler of 880 kw and GRT ¥%gihes. The fishing gear is a
rock-hopper otter trawl with a 17m footrope fitteith 250 mm non-rotating rubber
discs.

French Survey: EVHOE

The French demersal survey began in 1987, but twasea change in vessel and
sampling design in 1997, from this year onwardswhele area has been separated in
5 geographical strata or sectors: southern Bayistay (GS) and northern Bay of
Biscay (GN), southern Celtic Sea (CS), central i€aéa (CC) and northern Celtic
sea (CN). In each sector a depth-stratified samg@trategy has been adopted with 7
depth ranges: 0-30, 31-80, 81-120, 121-160, 161-200-400 and 401-600 meters.
Therefore only the time series from 1997 was useithis study, considering sectors
GS and GN within the SWW area, and the Celtic Seat¢rs CS, CC and CN) in the
NWW area (Figure 2.1.1). In these surveys cataligight and catch in numbers were
recorded for all species, but from 1987 to 199@tlerwas only measured for selected
finfish and shellfish species. From 1991 onwardisfiafish and selected shellfish
species (mainly Nephrops and squid) are measured.

Irish Ground Fish Survey: IGFS

The Irish West Coast Groundfish Survey started980land for the first two years
consisted of circa 25 stations concentrated ardbhedrish coast in ICES Areas Via
South and VlIb. Adverse weather in 1992 limitedistacoverage to only 4 stations
which effectively broke the time series. The survess re-established in 1993 and
consisted of circa 70 stations, for Parts A andoBlgined. Spatial coverage was
extended west out to the 200m contour, but remaase®¥la South and Vllb. The
Irish West Coast Groundfish Survey is carried outwo parts: Part A covers ICES
Division Vla (south) and VIIb (north); Part B cogelCES Division Vllb and VII].
The survey is conducted from 15 to 300 m depthasxduhe fourth quarter (October -
November). Prior to 2002 the survey was carriedoouthartered commercial fishing
vessels. Whilst the same vessel (MFV Marliona, g&s tonnage and 30 m LOA)
was normally used each year for Part A and Siodaniart B, in 2001 Part B was
conducted from the MFV Regina Ponti (34.5 m LOA)otlB vessels used a
Rockhopper net with 12 inch discs and 11 inch Thgbaloors.
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However from 2003 onwards all Irish Surveys haverbeonducted on the new 65m
research vessel, the R.V. Celtic Explorer, starirgund mid October through to late
November. Therefore for consistency the data useHis report is that from 2003 to
present. The fishing gear used is a GOV 28.9/37vawlTwith Morgere Kite (0.85 by

0.85m). Mean vertical opening is 6 m and door spré®@ m. Morgere Polyvalent
doors (Type AA4.5) are used and gear performancenasitored throughout the
survey using the SCANMAR (RX400) net monitoringteys (Headline height, Door
spread).

Scottish Rockall Survey: Rockall

The Scottish Quarter 3 Rockall survey began in 188% was carried out annually
until 1997. However, in 1998 it was decided to m#iesurvey a bi-annual event; in
1998 a new survey of deep water stocks was conmiblatethe future the Rockall
survey and a deep water survey will occur in aliggryears.

The Rockall surveys will generally be in Septemibaring odd numbered years. The
survey covers only a relatively small area, in trder of eight ICES rectangles.
Trawl stations are on known clear tows and varywbenh 2 and 8 per rectangle
depending on the proportion of the area within 25%m depth contour. The gear
deployed on all the Scottish surveys is the 36/ONGrawl fitted with heavy ground
gear 'C'and a 20 mm internal liner.
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Vilk1

Figure 2.1.1 Map indicating ICES Divisions that arecovered by the surveys included in the
GES descriptor 1 indicator assessment (grey fillniNorth Western Waters (bold border).

2.1.2 Modifications to indicator calculation method

The first stage of the indicator calculation isdevelop a species list of the large
vulnerable species. The only further modificationthe method described in COM
(2008) 187 was the use of an alternative spegéslicalculating the indicators. This
alternate list was based on the average abundédnspeoies during the first three
years of the time series. This is compared to uslegaverage abundance over all
years of the time series as indicated in COM (20D8j. The second method for
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calculating the species list was applied to avoldh#ting baseline’ as it was noted
that species that declined over time could be eledurom the list due to failing to
meet the minimum average annual abundance requiteaie20 individuals being
present each year even if they achieved the abeedaguirement over the early
period of the time series. The indicators were wdated using both species lists: the
‘full list’ and the ‘three year list’.

2.1.3 Indicator assessment

The CSFa indicator is a measure of change in tleeage IUCN threat rating of
species in the large fish community. The calcutabd CSFa requires the actual catch
of each species in each year to be compared t@riwicted catch. The predicted
catch is based on a model (least squares) fittetieqprevious x years in the data
series. Since x must be at least 10 years, CSHatae calculated for surveys with
less than 10 years data. Therefore CSFa is no¢mess for the Irish Ground Fish or
Scottish Rockall surveys, and is limited to tworsiin the French EVHOE survey. A
CSFa score of one indicates all species in theaatdist are considered threatened; a
score of three indicates all species are endangéretefore a CSFa score less than
one is the target.

CSFb is a comparison of the catch of each speess) year to a reference level
(mean catch of first three years). Therefore there@o target CSFb score but an
increasing trend indicates an improvement in theugadions of large fish species.

2.1.3.1 CSF Scottish ALT IBTS

In this survey twenty species were included infthklist of large species and 17 in
the three year list. One speci€himaera monstrosavas excluded from the analyses
due to no catch in the first three years. CSFagdas both the full and three year
lists, remained below the target score of one fbry@ars surveyed except 2008
(Figure 2.1.3.1.1). The cause of this increasebeaseen when the species in the full
(Figure 2.1.3.1.2) and three year (Figure 2.1.3.ls8& are plotted separately. In the
final years the actual catch of many species dghsvb the predicted level causing a
poor CSFa score. However most species in both distswell above the reference
level (the average catch of the first three years] this is reflected in the large
increase in CSFb score over the survey (Figure824.4). Although there is a sharp
decline in the final two years of the series, thdividual plots confirm that the
abundances of most species are still above refellenels.
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ALT IBTS: Conservation Status of Fish Species (a)
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Figure 2.1.3.1.1 Conservation status of fish spesi¢a) for the ALT IBTS using both the full and
three year species lists.
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Figure 2.1.3.1.3 Actual (continuous line) and predied (dashed line) catch for the 17 species
included in the three year list in the calculationof CSFa for the ALT IBTS. Horizontal dotted
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Figure 2.1.3.1.4 Conservation status of fish spesié€b) for the ALT IBTS using both the full and
three year species lists.
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2.1.3.2BTS Vlla

Twelve species met the criteria for inclusion ie thll list and 14 for the three year
list. No species were excluded. CSFa remained b#tewarget value of one for the
entire survey for both full and three year listgy(ffe 2.1.3.2.1). Looking at species
separately, actual catch remains close to predicedh for both full (Figure
2.1.3.2.2) and three year ((Figure 2.1.3.2.3) listsmost species. However actual
catch is below the reference level for many speicigke latter years, resulting in the
declining trend of CSFb scores (Figure
2.1.3.2.4).

BTS Vlla: Conservation Status of Fish Species (a)
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Figure 2.1.3.2.1 Conservation status of fish spesi€a) for the BTS Vlla using both the full and
three year species lists.
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Figure 2.1.3.2.3 Actual (continuous line) and predted (dashed line) catch for the 17 species
included in the three year list in the calculationof CSFa for the BTS Vlla. Horizontal dotted

line and Lmax: see Figure 2.1.3.1.2 description.

BTS Vlla: Conservation Status of Fish Species (b)

30
|

——  FullList

77777777 Three Year List

CSFb Indicator Score
15

05 10

0o
|

1995 2000 2005

Year

Figure 2.1.3.2.4 Conservation status of fish spesi€b) for the BTS Vlla using both the full and

three year species lists.
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2.1.3.3EVHOE

Twenty species were included in the full species dnd 13 in the three year list.
Galeus melastomusas excluded due to no catch in the first thremrs/eDue to the
number of years available in the time series omy points could be calculated for
the CSFa for each list. These four points were Welbe target value (Figure
2.1.3.3.1) however such a short data series prevideited information. Plotted
separately the actual catch shows a mix of inangaand decreasing abundances for
both the full (Figure 2.1.3.3.2) and three yeag(ife 2.1.3.3.3) species lists. This mix
produces a variable CSFb score (Figure 2.1.3.T&Fb for the three year list
fluctuates around one but the full list score iases in the latter half of the survey to
around twice its initial level.
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Figure 2.1.3.3.1 Conservation status of fish spesi€¢a) for the EVHOE survey using both the full
and three year species lists.

39



250

o 100

150 300

o

100

150

S0

100

o 40

Chimaera monstrosa Conger conger Gadus morhua Glyptocephalus cynoglossus
: i il 0 ; lyptocep tynog y

" Ina o
- 8 i
- o -
] 2 ; | A
= + i - -
J 4 R
4 o- o+ (=0
T T T T T T T T T T T T T T T T T T T T
199G 2000 2002 2004 2008 199G 2000 2002 2004 2008 199G 2000 2002 2004 2008 199G 2000 2002 2004 2008
Lepidorhombus whiffiagonis Leucoraja naevus Lophius budegassa Lophius piscatorius
hama 2 nE i

40
1
a0
1

A e Al T A /

\_,-o-'—'_‘-\_\J

] p

200
2n
1
40
1

&= &= &=
T T T T T T T T T T T T T T T T T T T T
1995 2000 2002 2004 2008 1995 2000 2002 2004 2008 1995 2000 2002 2004 2008 1995 2000 2002 2004 2008
Malacocephalus laevis Melanogrammus aeglefinus Merlangius merlangus Merluccius merlucciuz
imaShim hagm o ima b imai 15
] N - ¥ 4
] / g : NG| B /) -
] cy 2- w| BTN U
- \’I o o o
T T T T T T T T T T T T T T T T T T T T
1098 2000 2002 2004 2008 1098 2000 2002 2004 2008 1098 2000 2002 2004 2008 1098 2000 2002 2004 2008
Molva macropthalma Mustelus asterias Phycig blennoides Pleuronectes platessa
¥ o Lna 3 mag e *
o : e} =
4 g i d =i
_ el A 1. 57 \_/
4 g ki N 4
T T T T T B T T T T = T T T T T B T T T T
199G 2000 2002 2004 2008 199G 2000 2002 2004 2008 199G 2000 2002 2004 2008 199G 2000 2002 2004 2008
Raja montagui Scyliorhinus canicula Squalus acanthias Zeus faber
_ o _ Tl ng (Bon,
] N -] W \__-- i
I B e e e s R S Iy e ) s R
1998 2000 2002 2004 2008 1998 2000 2002 2004 2008 1098 2000 2002 2004 2008 1998 2000 2002 2004 2008

Figure 2.1.3.3.2 Actual (continuous line) and predted (dashed line) catch for the 20 species
included in the full list in the calculation of CSFa for the EVHOE survey. Horizontal dotted
line and Lmax: see Figure 2.1.3.1.2 description.

40



Aspitrigla cuculus Eutrigla gurnardus Gadus morhua Glyptocephalus cynoglossus
o e i el
= A Q
@ b i B 21
] o ]
T R i 5
[mi ] ] (mi
T T T T T T T T T T T T T T T T T T T T
1998 2000 2002 2004 2008 1998 2000 2002 2004 2008 1998 2000 2002 2004 2008 1998 2000 2002 2004 2008
Lepidorhombus boscii Lepidorhombus whiffiagonis i Leucoraja naevus Merlangius merlangus
- i hxEe 5 =)
5 2] % N
4 [ = 1 -
o PR - ) 1
ih 7 N 2]
T i u
I I I I
1995 2000 2002 2004 2008 1995 2000 2002 2004 2008 1995 2000 2002 2004 2008 1995 2000 2002 2004 2008
Microstomus kit Pleuronectes platessa Seyliorhinus canicula Squalus acanthias
Lma: if omn Lmae: 55 on Lmae: 77 on Lma: 108 cin
7 LA
o = i 5 i
oy - | =] o
i = S
8 - o] \/ fim R '3 =
- | + 7] B 4
=1 =8 o4 o4
T T T T T T T T T T T T T T T T T T T T
1995 2000 2002 2004 2008 1995 2000 2002 2004 2008 1995 2000 2002 2004 2008 1995 2000 2002 2004 2008
Trachurus trachurus
- VAT
Q
o - o
o
o4

T T T T T
1995 2000 2002 2004 2008

Figure 2.1.3.3.3 Actual (continuous line) and predted (dashed line) catch for the 13 species
included in the three year list in the calculationof CSFa for the EVHOE survey. Horizontal
dotted line and Lmax: see Figure 2.1.3.1.2 descriph.

EVHOE: Conservation Status of Fish Species (b)

25
|

CSFb Indicator Score
15

10

05

Full List
Three Year List

1988

Figure 2.1.3.3.4 Conservation

2000

and three year species lists.

I
2002

Year

2004

2006

status of fish spesi€b) for the EVHOE survey using both the full

41



2.1.3.4IGFS

Seventeen species were included in both the full three year lists. One species,
Syngnathus acusvas excluded due to no catch in the first threary of the data
series. The CSFa indicator could not be calculdiezlto the number of years in the
time series. There was a peak in the abundanceaal/ repecies in the full (Figure
2.1.3.4.1) and three year (Figure 2.1.3.4.2) bstaind 2005 and 2006. This resulted
in a peak in CSFb score in those years, with aesjuent decline to the initial level
(Figure 2.1.3.4.3).
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Figure 2.1.3.4.1 Actual (continuous line) and predied (dashed line) catch for the 17 species
included in the full list in the calculation of CSFa for the IGFS. Horizontal dotted line and Lmax:
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Figure 2.1.3.4.2 Actual (continuous line) and predied (dashed line) catch for the 17 species

included in the three year list in the calculationof CSFa for the IGFS. Horizontal dotted line and
Lmax: see Figure 2.1.3.1.2 description.
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Figure 2.1.3.4.3 Conservation status of fish speei€b) for the IGFS using both the full and three
year species lists.
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2.1.3.5 Rockall

Two species were excluded from analyses due toatchadn the first three years:
Gymnammodytes semisquamans Entelurus aequoreusSix species were included
in the full species list and only three in the thgear list. Abundances varied widely
for these species, some increasing and some denye@sgures 2.1.3.5.1 and 2).
There was a general increasing trend in the CSBle g€igure 2.1.3.5.3), however
considering the low number of species meeting theria for inclusion in the
indicator care should be used in the interpretaticihis result.
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Figure 2.1.3.5.1 Actual (continuous line) and predied (dashed line) catch for the 6 species
included in the full list in the calculation of CSFa for the Rockall. Horizontal dotted line and
Lmax: see Figure 2.1.3.1.2 description.

Eutrigla gurnardus Lepidorhombus whiffiagonis o Melanogrammus aeglefinus
Lmar: b om Inardloy o Lmar 2 om
- =]

2 A i
8 - o 27
" 4 8] 8]
o = [=} :

T T T T T T T T T T T T

2002 2004 2006 2008 2002 2004 2006 2008 2002 2004 2006 2008

Figure 2.1.3.5.2 Actual (continuous line) and predied (dashed line) catch for the 17 species
included in the three year list in the calculationof CSFa for the Rockall survey. Horizontal
dotted line and Lmax: see Figure 2.1.3.1.2 descriph.
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Figure 2.1.3.5.3 Conservation status of fish spesi€b) for the Rockall survey using both the full
and three year species lists.

2.1.4 Discussion

For all three surveys for which it could be calteth CSFa remained below the
threshold for the vast majority of surveyed ye&isnilarly, CSFb showed a constant
or increasing trend in all but the BTS Vlla datdthaugh this is a positive result,
which suggests fishing pressure is having a limegéeéct on the threat status and
relative abundance of fish species, it should kerpmeted carefully. By excluding
species caught in low numbers over the course efstitvey the indicator may be
disregarding the most threatened species. Thesiociof an alternative species list
based on the initial three years of catch goes swoag toward alleviating this
concern; avoiding the shifting baseline. Howevare do the relatively short time
series of consistent surveys, the baseline useprabably an already degraded
reference status. This is particularly relevantthe EVHOE, IGFS and Rockall
surveys where data is available from DATRAS onlyfasback as a decade. The
recent reference period could be the reason scsfmeies met the selection criteria
for inclusion in the species list of the Rockalhay. With a minimum average yearly
catch of 20 individuals for a species to be inctydé is possible that most
populations of large species have been fishedwoléwels in this area prior to the
initiation of the survey. Particular care shouldtbken when using the CSFa and b
results of surveys that could only produce 6 seoieer 40cm in max length with an
average annual catch above 20 individuals.

The CSF indicators perform well at summarising thectuations in threat and
abundance of large fish species in the majorityswfveys in the NWW region.
Although it is possible for a species to becomenektwhile the overall CSF score
remains below the target value, this is the casle mibst indicators and is the reason
for the inclusion of the individual species pldEsr future use it would appear that the
three year list method, as described here andeanother MEFEPO regional WP2
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reports, would be the most appropriate. A minimwength of time series and/or
number of species meeting the inclusion criterialdcalso be considered when
applying this indicator.

2.2 GES Descriptor 3: Commercial species

Over the last 5 years there have been over 35@rdift species or species-groups
landed in the NWW. This calculation was based anI®ES catch statistics 1973-
2008 as they occur in the FAO FishStat database FI$hStat divisions attributed to
the NWW RAC region were Area 27 Sub-areas Vla+bla¥| and landings per
species were aggregated across the region. The execber was difficult to
determine as there is overlap between groupsAeglerfish and Anglerfishes nei) as
well as different species aggregated in one grau@. (‘Dogfishes and hounds” or
“Cuttlefish, bobtail squids”). In the period 2008aB 72 species (56 fish, 12
invertebrates and 4 algae) contributed more thafo0of the landings by weight
(Table 2.2.4). Together these species made up 96f4be landings (approximately
90% fish, 8% invertebrates and 1% algae).

Table 2.2.4 All major species and species-groups(:2% of the total landings period 2003-2008),
their total landings and relative contribution. Indicated is whether the species are assessed (X) or
not (blank) for the purposes of this indicator, andwhether they are fish (F), invertebrates (l) or
algae (A).

Total Landings %

Species Assessed Type | (1) Landings

Blue whiting F 5,634,995 54.1
Atlantic mackerel F 943,963 9.1
Atlantic herring F 598,618 5.7
Atlantic horse mackerel F 581,050 5.6
Great Atlantic scallop F 247,376 2.4
Norway lobster I 166,786 1.6
Whelk I 162,969 1.6
Edible crab I 158,928 15
European pilchard(=Sardine) F 116,145 1.1
Haddock X F 92,508 0.9
Cuttlefish, bobtail squids nei I 89,003 0.9
Whiting F 86,932 0.8
Monkfishes nei F 78,852 0.8
Tangle A 72,890 0.7
Blue mussel I 63,528 0.6
Queen scallop I 63,466 0.6
Raja rays nei F 55,155 0.5
Ling F 52,384 0.5
European hake F 50,323 0.5
Common sole X F 48,423 0.5
Saithe(=Pollock) F 46,888 0.5
Atlantic cod X F 42,545 0.4
European plaice X F 40,763 0.4
Angler(=Monk) F 34,489 0.3
Com. European bittersweet F 33,207 0.3
Pouting(=Bib) F 32,792 0.3
Megrims nei F 32,107 0.3
European sprat F 31,370 0.3
Red gurnard F 28,297 0.3
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Pollack F 26,231 0.3
Small-spotted catshark F 26,211 0.3
Spinous spider crab I 26,047 0.3
Roundnose grenadier F 23,510 0.2
European conger F 23,210 0.2
Common edible cockle F 22,895 0.2
Red mullet F 22,661 0.2
Various squids nei I 20,877 0.2
Witch flounder F 19,211 0.2
Blue ling F 19,098 0.2
Seaweeds nei A 18,836 0.2
Black seabream F 17,231 0.2
Black scabbardfish F 17,006 0.2
Greater argentine F 16,882 0.2
Picked dogfish F 16,560 0.2
Lemon sole F 16,188 0.2
European seabass F 15,928 0.2
North European kelp A 15,383 0.1
Anglerfishes nei F 12,897 0.1
European lobster F 11,217 0.1
John dory F 10,848 0.1
Argentine F 10,039 0.1
Tusk(=Cusk) F 9,888 0.1
Smooth-hounds nei F 9,702 0.1
Common cuttlefish I 9,110 0.1
Megrim F 9,028 0.1
Gurnards, searobins nei F 9,001 0.1
Scallops nei I 8,737 0.1
Norway pout F 8,729 0.1
Cuckoo ray F 8,728 0.1
Dogfish sharks nei F 8,191 0.1
Common dab F 7,739 0.1
Greater forkbeard F 7,688 0.1
Turbot F 6,915 0.1
Groundfishes nei F 6,801 0.1
Tub gurnard F 6,689 0.1
Inshore squids nei F 6,440 0.1
European flat oyster I 6,299 0.1
Brill F 6,136 0.1
Mytilus spp I 5,683 0.1
North Atlantic rockweed A 5,637 0.1
Marine fishes nei F 5,619 0.1
Portuguese dogfish F 5,555 0.1

Clearly there are many more stocks in the regiorwbich assessments are made.
However many of these did not fit the criteria ogll in Section 1.2.2.1 (p. 21) of
this report. The reasons for their exclusion apgdaxed below.

2.2.1 Data requirements and availability

The data required to calculate the commercial ggeicidicator is yearly assessment
values of spawning stock biomass (SSB) and fismogality (F) for a stock and the
reference values for spawning stock biomass priessry (SSBa and fishing
mortality precautionary (f) for the same stockn total 38 fish stocks listed in the
ICES stock assessment summary database
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(http://www.ices.dk/datacentre/StdGraphDB.asp) wdentified as occurring in, or
mostly within, the NWW waters (ICES divisions VI@awVIl). Of these, 17 had set
limits for SSBpa and Fpa. And of these 17 onlyotlkss had annual estimates of SSB
and F in the FishData table of the database. Thimks were selected to calculate
the indicator for the NWW and are shown with thecktcode used in Table 2.2.2.

Table 2.2.2 Assessed stocks, and their codes, usedalculate the commercial species indicator
for the NWW.

Code Stock

cod-scow Cod in Division Vla (West of Scotland)
had-scow Haddock in Division Vla (West of Scotland)
ple-echw Plaice in Division Vlle (Western Channel)
ple-iris Plaice in Division Vlla (Irish Sea)

sol-celt Sole in Divisions VIIf and g (Celtic Sea)
sol-eche Sole in Division VIId (Eastern Channel)
sol-iris Sole in Division Vlla (Irish Sea)

The years the selected stocks were assessed ave shndable 2.2.3. The suite of
stocks on which the indicator is based has expansged time and the longest time
series is currently 45 years.
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Table 2.2.3. Number of NWW stocks assessed over g#m

Stock
Year | ple-iris  sol-iris  sol-celt ple-echw cod-scow had-scow sol-eche Assessed
1964 X
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

[N

X X X X X X X X X X X X X XX X XXX XXXXXXXXXMXMXXMXMXMXMXMXMXMXMXXXXXXX
X X X X X X X X X XXX XXX XXX XXXXXXXMXXXMXXXMXXXXXX XXX

X X X X X X X X X X X XX XXX XXX XXXXXXMXMXXMXMXXXXXX X X XX

X X X X X X X X X X X X X X X X X XXX XXXXXXXXXXX X XX

X X X X X X X X X X X X X X X X X X XX XXX XXX XX X X XX

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X XXX

NN N NN SNSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNANOOOO000D”MDOWWWWWN R R R R

X X X X X X X X X X X X X X X X X X X X X X X X X X X X

To assess the representativity of the indicatorpmportion of total landings that
came from assessed stocks was determined. Lessl@%nof the landed weight
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consists of assessed species for which both referarmlues are known and
contributed to the indicator calculation (Figure2.2). However, this is an
understatement as several species that contributegortant part of the landings are
assessed but have been omitted from the calculafitims indicator. Their omission
was due to their wide ranges of distribution (tloeecof the stocks lie outside the
NWW) so they were not considered representativethef state of the NWW
commercial stocks (i.e. Blue whiting, Mackerel dthorse mackerel). If these species
were included the representativity would increasatiout 75% (Figure 2.2.1 dashed
line).
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Figure 2.2.1 Proportion of the total landings in tle NWW region consisting of assessed species.
The continuous line represents the species included the analysis of the indicator. The dashed
line represents the representativity if the mobileelagic species were to be included.

2.2.2 Modifications to indicator calculation method
No additional modifications to the criteria deveddpby Piet & Rice (2004) were
made.

2.2.3 Indicator assessment

The time-series of the proportion of stocks witl8BL indicator shows a strong
decrease from 100% at the start in 1964 when oabedb on one stock (plaice) to
about 20% in the 1980s and 1990s (Figure 2.2.2edant years there appears to be a
slight increase to about 35%. A comparable trerab&erved for the linked indicator,
“proportion of landings within SBL” which also deases strongly over the 1970s
remaining mostly below 20% and showing a slightease in recent years (Figure
2.2.3).

The decrease at the beginning of the time-serigsbraacaused by the change in the
composition of the suite of stocks on which theigatbr is based. As the indicator
was based on a consistent suite of stocks from D&8Zrds the increase in recent
years appears to be genuine. The target refereord fo achieve GES for the
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commercial species descriptor is 100% of stockfiwiSBL. The 2009 indicator
value of 43% is well below the target level.
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Figure 2.2.2 Proportion of assessed NWW stocks withsafe biological limits.
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Figure 2.2.3 Proportion of landings from assessedWW stocks that are within safe biological
limits.

2.2.4 Discussion

The strict criteria for including a stock in thelmdation of this indicator means that
only a fraction of the stocks managed in the NWW loa considered. As a result less
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than 10% of the landings in the RAC region are esented by the indicator as it is.
Figure 2.2.1 illustrates that this representatioald be upped to roughly 75% with
the inclusion of pelagic stocks whose core areaslap other regions. When the
analysis is run including these species similac@atages of stocks within SBL are
found. This result is not presented as it doescootform to the criteria for stock
inclusion detailed in Section 1.2.2.1. However thed go some way towards
confirming that the true percentage of stocks in\N\hat are within SBL is indeed
45%.

For this indicator the reference value should b@%4@i.e. 100% of the stocks should
have SSB> SSBpa and E Fpa in order to achieve GES). This was also cof in
the MEFEPO London workshop. However the target nisy set lower if
politicians/society so desire. Should other indicaitor reference values (e.g. MSY)
be included in the GES assessment then this may bawsequences for the 100%
value as it is known that it is not possible to iaea MSY for all stocks
simultaneously.

The representativity of 30-40% is not very highhaligh there are issues pertaining to
how this should be calculated. It becomes cleangver, that the target of 75% set at
the London expert meeting is not currently realisind would require considerable
additional resources to achieve unless a reliabfssment method requiring less
intensive data becomes available.

2.3 GES Descriptor 4. Food Web Structure

2.3.1 Data requirements and availability

Calculation of the “large fish indicator” (LFI) Isased upon fishery independent trawl
survey data that reports CPUE of species by leAdta.surveys and data used for this
indicator are the same as those described in set of this report. The formula
used to calculate the LFI for each year was:

Weight of fish> 40cm / Total weight of fish

As weight was not recorded for most fish speciesha five surveys examined,
length-weight (L-W) relationships were used to restie individual fish weight. The
L-W formula used was:

Weight = a (Length " b)

The a and b values used for each species were nelitairom FishBase
(www.fishbase.org).

As this indicator is sensitive to changes in numalzdrfish both above and below the
large fish threshold, the length that determindsarge fish needs to be carefully set.
Previous studies in the North Sea have shown 4@cbetan appropriate large fish
threshold. Ongoing studies in the Celtic Sea irtdi¢hat this is most likely also an
appropriate threshold for the NWW (S. ShephardnReid, pers. comm.).

2.3.2 Modifications to indicator calculation method
To remove the effect of the highly variable catélcertain species, the LFI for each
survey was also calculated excluding pelagic spedibe species included as pelagic
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were: blue whiting Micromesistiuspoutassoly herring Clupeaharengu$, Horse
mackerel Trachurustrachurug, mackerel $comberscombruy anchovy Engraulis
encrasicoluy, pilchard Gardinapilchardug and sprat@prattussprattus.

2.3.3 Indicator assessment

LFI scores for all five surveys are presented gurfe 2.3.1. The LFI scores for the
ALT IBTS, BTS Vlla and Rockall surveys consistenfiyyi below the target level for
the OSPAR EcoQo for large fish of 0.3. The IGFSfquened well with the majority
of surveyed years exceeding the target value (éximgpone year where pelagic
species were included in the analysis). The refaitthe EVHOE survey show the
merit in excluding the pelagic species. When tlggeeies are included in the analysis
the majority of the scores fall below the targeiuea although the increasing trend is
positive. However, when excluding the highly valeapelagic species the LFI scores
are mostly above the target value and the incrgdsemd is still evident.

ALT IBTS: Large Fish Indicator BTS Vila: Large Fish Indicator
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Figure 2.3.1 LFI scores for the five
surveys described in section 2.1, both
including and excluding pelagic species.
The dotted line indicates the value of 0.3,
which is the target level for the OSPAR
EcoQo for large fish. Plots with only
one line indicate surveys where the
exclusion of pelagic species did not _ -
change the LFI score.
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2.3.4 Discussion

If pelagic species are included in the analysis,NhWWW as a whole is not considered
to be attaining good environmental status in retato qualitative descriptor 4 as four
out of five surveys scored below the target LFLeabf 0.3 in the final year. However
if pelagic species are excluded as described irtidded.2.3.1, three out of five
surveys exceeded the LFI target. Does having thftbes of the surveyed areas in
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GES mean GES for the entire region or should GEB&étefor all surveys? This will
be discussed further in Section 3.

2.4 GES Descriptor 6: Benthic Habitats

2.4.1 Data requirements and availability

The only way to get a complete picture of the dstiion of fishing effort from VMS

is for VMS to be fitted to all vessels, and for tressel locations to be recorded on a
semi-continuous basis. Currently within the EU VN4Sonly fitted to vessels over
15m, and VMS records are only sent every 2 houns.grovision of VMS data could
be improved for reporting this indicator if VMS @rage was extended to a greater
proportion of the fleet, and if VMS position recendere sent more frequently.

Individual nations receive the VMS data for natibneegistered vessels in all waters
and all vessels in national waters. Creating a detapnap of effort by mobile bottom
gears for the NWW RAC region requires raw or preedsVMS outputs to be
submitted by each nation with national waters ia MWW RAC region. In the
MEFEPO project VMS data was only requested for nh&ons that had national
partners in the MEFEPO project. Therefore no attengs made to access the VMS
records for Belgium, Germany and Sweden. Of thenttas for which the VMS
outputs were requested, outputs were received fagiand, Holland, Norway and
Scotland. The requests to access the VMS recomd$rimce and Denmark were
rejected by the relevant ministries.

The VMS records for England and Scotland were msee according to the method
specified in the MEFEPO VMS processing instructimeument (Appendix 1). In the
cases of Holland and Norway slight alterationshismethod were required due to the
format in which the data is available. These maodtions are presented below
(Section 2.4.2).

The VMS data is used to create a map of effort bypite bottom gears, to calculate
the indicator this needs to be linked to bathymdtta or a sea floor habitat map. The
only available seafloor habitat map with completerarage of the North Sea and
North Western Waters RAC areas is the sediment omapained in the United
Kingdom Digital Marine Atlas, freely available frothe BODC (www.bodc.ac.uk).
This habitat map was combined with the bathymetryaltow the indicator to be
reported for seafloor habitat type by depth bargk ihdicator was also calculated just
using the DCR specified depth bands.

The origin of the seabed sediment map on the UKDM@P is unclear, the
attribution states BGS 1:250,000 seabed sedimept loo& the version on the CD
bears no resemblance to the BGS version. It alsersa much wider area than the
BGS map extending beyond where the BGS have mappe&den have data (e.g.
eastern North Sea). It may be that the map hasdmesralised and extrapolated from
BGS maps but if that is the case then it has ldtl®o use as a means of delimiting
seabed habitats. Even on a very broad scale snat is likely only to detract from
the understanding of the environment as the boigglare incorrect and the variation
within each mapped area is likely to be as largtheadlifferences between areas. The
shortcomings of the existing maps are recogniseéd bp BGS and by stakeholders,
with a new level of detail being required for mau@narine management. There are
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currently plans to initiate more detailed survegsoas large areas of the European
seas, however the cost is in the order of hundrefi’millions of Euros and will
require a significant amount of political backimglte achieved.

2.4.2 Modifications to indicator calculation method

Data is not available for the whole Dutch fleettlse data was raised to reflect whole
fleet effort levels. Gear specific speed thresholgse used to filter out fishing from
non-fish records; this was based on gear specg@ed profiling conducted by
IMARES. In the case of Norwegian VMS data, only Wegian vessels over 24m are
required to carry VMS and VMS records are sent nrhaurly basis. The vessels
included in the analysis all have permission fog ohthe following gear types; North
Sea trawl, limited North Sea trawl, Pollock trawd trawl, and prawn trawl above
65 feet. Only the VMS data for Norwegian vesselslanwegian waters was received,
the VMS records for foreign vessels in Norwegianemawere not received.

The indicator assessment is based on VMS data0fas and 2007.

2.4.3 Indicator assessment

The proportion of area not trawled, by depth anblitaatypes, was calculated from
the map of effort by mobile bottom gears compildathin this project (Figures 2.4.1
& 2.4.2).
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Figure 2.4.1 Distribution of fishing effort by mobile bottom gears for 2006 by 3'x3' cells based on
VMS records from submitting nations. The VMS data vere processed using the point estimation
method described above.

The proportion of area not trawled indicator wakwated for 2006 and 2007 by
depth band and sediment type (Table 2.4.1 and)2.4.2
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Figure 2.4.2 Distribution of fishing effort by mobile bottom gears for 2007 by 3'x3' cells based on
VMS records from submitting nations. The VMS data vere processed using the point estimation

method described above.

Table 2.4.1 Percent of area not impacted by mobileottom gears by combined depth band and
sediment type for the NWW RAC region for 2006. Blak cells indicate areas where the sediment
type did not occur in that depth band. See text fodetails.

Depth

Oto 20 to 50 to 80 to 130 to
20m 50m 80m 130m 200m >200m
Gravel 0.9 17.8 1.2 100.0
Mud 85.9 16.0 12.6 13.1 100.0 98.1
_ Sand 93.0 77.8 44.4 59.5 57.1 53.5
£ _Mud and Sand 52.3 28.7 82.5
% Mud and Gravel 90.8
Sand and Gravel 60.9 47.0 29.6 34.5 65.5 77.4
Mud, Sand and Gravel 78.0 42.7 41.2 21.9 66.6 91.9
Rock, Gravel and Sand 62.7 60.9 57.7 68.7 74.7 73.1
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Table 2.4.2 Percent of area not impacted by mobileottom gears by combined depth band and
sediment type for the NWW RAC region for 2007. Blak cells indicate areas where the sediment
type did not occur in that depth band. See text fodetails.

Depth

0to 20to 50to 80to 130 to
20m 50m 80m 130m 200m >200m
Gravel 0.5 17.5 1.2 100.0
Mud 59.9 16.2 14.4 10.5 98.7 97.7
Sand 98.7 78.3 48.2 62.0 48.0 52.3
g Mud and Sand 54.2 26.0 83.5
cI‘S Mud and Gravel 93.1
Sand and Gravel 58.7 47.0 31.9 38.6 63.8 78.7
Mud, Sand and Gravel 81.1 43.7 36.7 26.7 64.3 98.1
Rock, Gravel and Sand 63.0 59.7 55.6 69.2 71.4 64.2

2.4.4 Discussion

A primary concern with an indicator based on VMS$orels is that this takes no
account of the <15m fleet. This is likely to bepairticular importance in inshore and
coastal areas. The high proportion of <20m and @@-5vaters reported as not
trawled for some sediment types (Table 2.4.1 &2}.4ould be a biased estimate.
Further work needs to be developed on assessindigtrédution of fishing effort by
the <15m fleet and integrating this informationtwihe VMS records from the >15m
fleet.

It is important to consider the issue of spatials®f analysis when interpreting the
indicator results, and the implications this hasska floor integrity. The spatial scale
of analysis can significantly alter conclusiong@she proportion of area not trawled
(Piet & Quirijns, 2009). A smaller spatial scale amhalysis results in increased
perceived patchiness of trawl impacts, and thusetewthe proportion of area not
impacted. In this analysis it should be noted thatresult that 100% of an area is
impacted by bottom trawls does not in imply thaD%0of the areas was actually
impacted. To fully determine the impact of mobitgtbm gears on seafloor integrity
it is important to develop better understandinghef spatial of sea floor processes and
the scale of impact. Furthermore the current reaguia that VMS position records are
only reported every 2 hours limits the level of tigdaaccuracy that can be achieved.
Similarly the temporal scale of analysis also @Hehe level of perceived impact (Piet
& Quirijns, 2009). In this study the indicator waalculated over 1 year periods,
ideally the temporal scale of analysis should el tio recovery time following
impact.

No reference limits have been set or proposedh@mproportion of area not trawled
indicator when used as a pressure indicator tortepothe MSFD GES descriptor 6:
sea-floor integrity. Some limits have been suggk$be protected area coverage of
rare and threatened habitats. However it is importa distinguish at this point

between concern for rare and threatened benthidatsbsuch as OSPAR listed
habitats, and the aims of GES descriptor 6 whiatorgerned with benthic ecosystem
processes as a whole. The focus of GES descripton @unctioning of benthic

ecosystems as a whole leads to a focus on thedtédte widespread and dominant
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benthic habitats. Thus limit reference points deped for protecting habitats of
conservation concern are not necessarily applic&decern for rare and threatened
habitats falls under GES descriptor 1. So far temort has only discussed the use of
VMS data to report against GES descriptor 6, butS/téata could also be used as a
pressure indicator to examine the impact of fislongare and threatened habitats for
GES descriptor 1. However rare and threatened dtaliénd to occupy limited areas
making the spatial resolution of the point sumnratitethod potentially inappropriate
to examine the impact of mobile bottom gears osdhebitats.

As discussed in section 1.2.4.1 there is curremilch debate over the relationship
between the state of benthic systems and the dglofeecosystem functions. Until
this is more clearly resolved it will be hard tot seference levels on a sound
theoretical and evidential basis. Furthermore ttterg and frequency of impact that
different benthic habitats can withstand beforeob@ag functionally degraded will
vary between habitat types and the type of bottear gised. Given the uncertainties
involved it would seem likely that, for the nextwwfeyears, management decisions
relating to maintaining benthic habitat functionwdl have to be based on informed
opinion. Once these limitations are accepted VMt dan play an important role in
understanding, and monitoring, the distributiorfisiiing effort by vessels deploying
mobile bottom gears.

Understanding the impact of fishing on benthic gstams requires not only
knowledge of the distribution of fishing effort, tbwalso the composition and
distribution of benthic habitats. Currently there ao reliable seafloor habitats maps
that cover whole RAC areas, let alone the wholeopean shelf seas. Improved
mapping of European seafloor habitats is an esdesttivity to allow GES to be
defined and monitored. Improving the coverage sbets required to carry VMS, and
increasing the VMS position reporting frequency, uldo both act to improve
assessment of impact of mobile bottom gears onhiertosystems. The protocols
for sharing VMS data outputs across nations needbdodeveloped to allow
calculation of the indicator to occur on a regulasis.
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Section 3: Summary.

3.1 Ecosystem component coverage

The purpose of the work contained in this repotbislevelop a minimum necessary
set of environmental objectives for the marine ssrvinent on the basis of the MSFD
definitions for GES, and to develop a set of (althasmmmediately operational
indicators to report against the objectives. Thaitalof the selected indicators to
report on the status of the marine is examinedlhet3.1 which compares coverage
of ecosystem components by the indicators withetesystem components identified
as being notably impacted by fishing in Van Hal i&tR2009).

Of the seven ecosystem components identified aadted by fishing only four are
covered by the indicators, although not all thesgstem components need to be
covered by each of the indicators. In the casenefdommercial species descriptor
only commercial fish and benthic invertebrate specieed to be considered. Both of
these components are covered by this indicatohdagh see section 2.2 for
discussion of representativity). Similarly in thase of GES descriptor 6, benthic
processes, only components that are part of ‘sea-fecosystems’ need to be
considered. This includes the seafloor habitats arodected habitats (where the
benthic features are protected), which are coveyetie indicator. But this could also
include benthic invertebrates and demersal fishichvare not covered by the
indicator. Despite the noted limitations of ecosystcomponent coverage by the
selected indicators they can be considered to gecatequate ecosystem component
coverage.

Table 3.1 Ecosystem components impacted by fishiifged), and coverage of these components by
the selected indicators (green).
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In the case of GES descriptors 1 and 4 the reqeintsnfor ecosystem component
coverage are much wider and includeological diversity including species and
habitats in GES descriptor 1, andll‘ elements of marine food websi GES
descriptor 4. In both cases the selected indicaboiyg consider part of the fish
community, this may be considered to significantéstrict the ability of these
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indicators to report on the effects of fishing be tnarine environment with respect to
GES descriptors 1 and 4. In the case of GES desctipthe lack of coverage of rare
and threatened habitats, benthic invertebrates #med seabird and mammal

community are significant gaps to current coverdgehe case of GES descriptor 4
the lack of coverage of invertebrates, seabirds madmals could be seen as a
significant gap to indicator coverage.

Do these gaps in ecosystem component coverageititihé ability of the selected
indicators to report on GES with respect to desorg? As noted in section 1.2.3.1
key functional groups within a system can provid®d characterisation of whole
system status with respect to a given driver. Iis tteport we are specifically
interested in the effects of fishing. Other thamemebrate fisheries, fisheries target
fish and thus the fish community is the ecosystemmonent expected to be most
directly and immediately impacted by fishing. THere using indicators based on the
fish community may not be as limiting as it firgesns. It may be found that, apart
from special cases, the fish community is the msessitive part of the community to
the impacts of fishing, and that by managing fighaperations to maintain GES for
the fish community may lead to the other ecosystemponents also attaining GES.
Further research is required to establish whethieris the case, and although this
may hold in many cases it is unlikely to hold ire tbase of rare and threatened
habitats with respect to GES descriptor 1.

It was noted at the beginning of the report thest Work was intended to develop a set
of environmental objectives that could be operailgnimplemented in the short
term, and that this constraint would undoubtedadl&o limitations in the coverage of
the indicators. Indeed limitations to coverage hbeeome manifest during the work,
nonetheless following logic developed above stgruith a set of indicators that are
predominantly based on the fish community providegtional starting point for
developing a set of indicators to monitor the dBeof fishing on marine
environmental status.

3.2 Assessment of environmental status
When considering the assessment of the impactstoh§ on GES in the NWW RAC
region two separate questions can be asked:

i) Does fishing compromise GES in the NWW RAC regiothwespect to
individual GES descriptors?

i) Does fishing compromise GES in the NWW RAC ioegwith respect to a
unified assessment of GES?

In response to the first question, the results hd individual GES descriptor
assessments in relation to the specified referénuts are presented in Table 3.2.
Should these indicators be considered satisfactory reporting on the GES
descriptors to which they are associated? In eage dimitations in indicator
ecosystem component coverage has been noted, hoagwdiscussed in Section 3.1
this is of most concern in relation to GES desorifdt, furthermore in the case of the
conservation status of fish species indicator usegkport against GES descriptor 1
there are notable concerns about the ability of thdicator to monitor the status of
the fish species of most conservation concerngsetton 1.2.1.1).
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Table 3.2 Assessment of the NWW RAC region with regct to impacts of fishing on Good
Environmental Status as defined by the MSFD. An ‘xindicates that GES is not achieved, a'?’
that status is uncertain or can not be assessed.eSext for important caveats and comments.

GES Descriptor Associated indicator Current status
R . Conservation Status of
GES 1: Biodiversity Fish Species 7
GES 3:. % stocks within safe
Commercial . . o
) biological limits
species

GES 4: Food webs Large fish indicator

GES 6: Benthic
processes

D | X | X

% not trawled

GES 1: Biodiversity

As already noted, the interpretation of this inthcas difficult. As well as the issues
already discussed, decisions must be made abochwhethod to use to choose the
list of species for inclusion in indicator assesstme/hether to include surveys where
such lists are very short, whether to include sysweith limited time series, whether
GES should be achieved for both CSFa and CSFbwaether GES is required for
the majority or all of the surveys. For these reasover-all GES could not be
assessed for this descriptor in the NWW, howeveenithe indicators and surveys are
considered individually they do display mostly em@ming results.

GES 3: Commercial Species

Only 45% of assessed stocks fell within safe biglalglimits in the NWW region.
Although only seven stocks qualified for inclusionthe indicator (representing less
than 10% of landings) this percentage was relativeichanged even if other wide
ranging, pelagic stocks were included in the amay@pping representation to 70-
75%). Fishing compromises GES for this descriptdhe NWW.

GES 4: Food Webs

When the LFI was calculated excluding variable gelsspecies (as described in
Section 1.2.3.1) fishing in the NWW did not appeaimpact GES for three out of
five survey areas in the region. The question neaolmes should GES be based on
an average score when multiple surveys are invobreshould GES be met for all
surveys? Given that GES is not met for 40% of theveys it is probably most
appropriate to view the entire NWW region as ndtieming GES for this descriptor.
However explicit rules will need to be establisitedavoid this problem with the
future use of this indicator.

GES 6: Benthic Processes

In the case of this descriptor an assessment oinpact of fishing on GES is not
currently possible. Here there are two related btung blocks. Firstly the indicator is
a pressure indicator rather than a state indic#itois the indicator does not directly
provide information on the environmental statughef sea-floor processes. Using a
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pressure indicator to inform on status can onlyabkieved when the link between
pressure and state is well known; at present fthle bietween pressure by mobile
bottom gears and the state sea-floor functionimgptsstrongly developed only limited

conclusions can be drawn about the impact of fgglin GES with respect to sea-
floor processes. The second related stumbling bktkat no reference limit has been
identified by which to assess current status iati@h to objective for GES. However

no reference limit can be expected to be developétithe link between pressure and
state has been better established.

To summarise the response to the question of whégieng compromises GES in
relation to individual GES descriptors: in the ca$&ES descriptors 3 and 4 there is
good evidence related to a good theoretical unaledstg to indicate that fishing does
compromise GES. Whereas in relation to GES destgpt and 6, only limited
conclusions can be drawn based on the indicatoqgdloged and their theoretical
basis.

The second question was whether fishing compron®&eS in the North Western
Waters RAC region as part of a unified assessmei@ES. When considering a
unified assessment of GES it is interesting to @rsvhat is required for GES to be
achieved; does GES have to be achieved for alletlescriptors, or is it sufficient for
GES to be achieved ‘on average’ across all thergsrs? There is no specific
guidance on this point within the text of the MSEBe initial assumption is that GES
needs to be achieved for all descriptors and thding on one single point is

sufficient for the whole system to be considerecbéobelow GES. However it is
interesting to consider this point and further #pstion on how to combine

individual GES descriptors into a unified assesdmeuld clarify future assessments.

In the case of the current assessment the impdhafg in the NWW RAC region
could not be satisfactorily assessed for two offtiue descriptors examined, and GES
is not achieved for the other two descriptors (ke comments above). Therefore,
irrespective of whether attainment of GES is basedn ‘average’ of descriptors or
on the basis that GES needs to be achieved adredsoard, the current assessment
indicates that fishing negatively impacts GES i MWW RAC region.
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Appendix 1:

Instructions for MEFEPO partners explaining the process for calculating the
proportion of area not trawled indicator within the MEFEPO project.

Will Le Quesne, CEFAS: will.lequesne@cefas.co.uk

This document describes the process we will useeutite MEFEPO project to
calculate the proportion of area not trawled inthcaThis document provides a brief
background of the method and the steps requireepsaihie VMS data. This document
dose not provide a detailed description of the weibr justification for the method.

Calculating the proportion of area not trawled indicator
The proportion of area not trawled is a pressutkcator to report against MSFD
GES descriptor 6: maintenance of sea floor intggrit

This indicator can be calculated for the >15m fleshg VMS data and an associated
gear code. If the VMS data are not available, ormat be linked to gear codes it will
not be possible to apply this indicator for thataar

To calculate the indicator for whole RAC areas wk meed to combine VMS data
from the national waters of each country in the RA®MIs requires a combined
analysis. This document briefly describes the nmethe@ are applying within the
MEFEPO project to conduct this analysis and tha daquired.

VMS Processing

VMS data provides information on the location afhing boats on a periodic basis
(every 2 hours or more frequent), this is not a piete picture of the distribution of

fishing activities. The VMS data needs subsequentgssing to provide a predicted
map of the location of fishing activities.

There are several different ways that VMS datalmprocessed to try and fill in the
gaps, i.e. predict where the boats were betweelVi® position records. None of
the processing methods are perfect, and a methgatdoessing VMS data designed
for one fleet may not be appropriate for a difféféget or in a different area.

Calculating the area not trawled indicator at tbales of RAC areas or sub-regional
areas will require combining data across a numbelifterent fleets. The method of
VMS processing that we are applying in MEFEPO ssnaple but robust approach. It
will not give an absolutely accurate measure ofghaportion of area trawled, but it
will give a robust relative measure of proportidracea trawled.

There are more complex methods available for amaly§MS data, however with
many of these methods they will be no more accundien applied to 2 hourly

position data or if applied to fleets other thae tine used to calibrate the method.
Unnecessarily complex methods can give a falseasgion of accuracy.

Point Summation Method
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The method we will apply is the ‘point summationthwel to estimate number of
hours fished'. The point summation method is basedlividing the area in to cells
and calculating the estimated number of hours gdker cell.

We will use a 3 minute by 3 minute grid of cellfielgrid is based on minutes, rather
than a fixed distance so that there are a consistanber of cells per ICES rectangle.
(ICES rectangles are based on longitude and latitsd their size varies with
latitude.)

The basic concept behind this method is that theS\t\ta are filtered to select only
the vessels that are using mobile bottom gearstrerdfurther filtered on the basis of
speed to separate out the VMS records associatadfishing. It is assumed that all
the remaining VMS records are associated with Vess#ively engaged in trawling.

For each of these remaining VMS records a ‘trawliimge’ is associated with the

VMS record. The trawling time is the amount of tiremce the previous VMS

position record. The trawling time associated vat’MS record is then assigned to
the cell on the grid where the VMS record is lodatEhe number of trawl hours per
cell is summed across all VMS records over a cotaplear.

The analysis uses all VMS records from both natiboats and foreign boats.

Preliminary analyses of this method show that wtiendata are combined over a
whole year they provide a realistic representatibdistribution of trawling activities,
and the relative distribution of trawling effortasnsistent with other VMS processing
approaches.

Data Required

To calculate the proportion of area not trawleddatbr within the MEFEPO project
we will need to combine data from across severabna EEZs. This will require us
to pool information so it can be combined acroggores.

Below the procedure for working up the VMS datauslined for the analysis that we
want to conduct for the MEFEPO assessment of ptigpoof area not trawled

We will aim to calculate this indicator for 2007daB006. VMS was installed on all
vessels over 15m for these years. Please condecipribcessing for each year
separately. If you can only access or processfdataa single year please use 2007.

VMS data processing
The output that you will release will be griddedadaf the ‘number of hours’ trawled
for each 3 minute x 3 minute cell.

The steps required to create this output are destielow.
1) Assign gear codes to each VMS record, for natitwalts you should be able
to link to log book records. For foreign boats tleeprimary gear listed on the
EU fleet register :

http://ec.europa.eu/fisheries/fleet/index.cfim?mdtidownload.menu
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2) Keep all records associated with mobile bottom gdgaottom trawls and
dredges).

3) For each VMS record calculate the time since tlipus position record by
that vessel, and assign it to the VMS record.

4) Filter out all VMS records where the time since fhevious record is more
than 4 hours.

5) Keep all records where the speed is between 1 &nats.

6) Create a grid of 3 minute by 3 minute cells aligmett latitude and longitude
degree boundaries.

7) For each VMS position record assign the time sitiee previous position
record to the cell on the grid where the positienord is located. Sum the
‘trawling time’ associated with each cell for alM5 records for the whole
year.

8) Complete; at this stage you should have a gridé¢a sket, where each cell on
the grid has a number of hours ‘trawling’ assodateh it.

The gridded number of hours ‘trawling’ per cellnst the final calculation of the
indicator. There are different options of how td §em the gridded data of hours
trawled per cell to a final indicator as a singldue; once we have the gridded data
we can explore the effect of different options dw tfinal indicator value. The
simplest way to calculate the indicator will bestt a cut-off value (e.g. 50 hours per
year). Then all cells with more than 50 hours tmagviper year will be classified as
‘completely trawled’, and all cells with less th&0Q hours trawling per year will be
classified as ‘not trawled'.

As well as calculating the indicator for whole aeee also want to try and report the

indicator for different habitat types or depth @&e@nce we have the gridded data of
hours trawling per cell we can overlay this on tetimaps later.

68



