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PREFACE

The Marine Strategy Framework Directive (2008/56/EC) (MSFD) requires that tie Eur
pean Commission (by 15 JuB010) should lay down criteria and methodologicahsta
dards to allow consistency in approach in evaluating the extent to which Good
EnvironmentalStatus (GES) is being achievé@ES and JRC were contracted to provide
scientific support for the Commissiam meeting this obligation.

A total of 10 reports have been prepared relating to the descriptors of GilSrighnex

| of the Directive.Eight reports have been prepared by groups of independent exgerts ¢
ordinated by JRC and ICHES response to this otract.In addition, reports for twoed
scriptors (Contaminants in fish and other seafood and Marine Litter) were written by
expert groups coordinated by DG SANCO and IFREMER rtsfedy.

A Task Group was established for each of the qualitative Descriffach Task Group
consisted of selected experts providing experiegled¢ed to the four marine regions (the
Baltic Sea, the Nortleast Atlantic, the Mediterranean Sea and the Black Sea) anut an a
propriate scope of relevant scientificpextise Observergrom the Regional Seas Comve

tions were also invited to each Task Group to help ensure the inclusioavahtelork by

those Conventions. A Management Group consisting of the Chairs of the Task Groups
including those from DG SANCO and IFREMER and a StgeGroup from JRC and
ICES joined by those in the JRC responsible for the iealiacientific work for the Task
Groups coordinated by JRC, coordinated the work. The conclusions in the reports of the
Task Groups and Management Group are not necessardlg ti the coordinating orgian
sations.

Readers of this report are urged to also read the report of the above mentioned-Manag
ment Group since it provides the proper context for the individual Task Gepafds as
well as a discussion of a number of impottoverarhing issues.
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EXECUTIVE SUMMARY

The 2008 European Marine Strategy Framework Directive (2008/56/EC) includes a r
quirement for EU Member States to report on the environrhetatus of the seas under

their jurisdiction and to work to achieve Good Environmental Status (GES). Thés is d
fined by eleven qualitative descriptors, and

The Task Group 4 0 Fo dldelemMénth afhe mariresfaoad wepstto r r e a d
the extent that they are known, occur at normal abundance and diversity and lewels cap

ble of ensuring the lonterm abundance of the species and the retention of theirefull r

productive capacity.

This report defines the terms uskdthis descriptor (section 2), describes the scientific
understanding (section 3) and the relevant spatial and temporal scales (section 4). A
framework to describe attributes of GES for food webs is provided in section 5.

1. DEFINITION OF TERMS , AND SCIENTI FIC UNDERSTANDING OF THE KEY
CONCEPTS ASSOCIATED WITH FOOD WEBS

Food webs are networks @deding interactions between consumers and their. fobd

species composition of food webs varies according to habitat and region, but ti@gsinc

of energy tranfer from sunlight and plants through successive trophic levels are the same.
This descriptor addresses the functional aspects of marine food webs, especially the rates
of energy transfer within the system and levels of productivity in key coemnts.

0 Aé 1 e meAll tospodents of food webs have been considered, i.e. all trophic and
functional groups, comprising either one or severatisg. This potentially includes all
living organisms and neliving organic canponents.

0. .to the eekhosvm Waile éxantinatiorhoé fgod wabs should in piiple
include o6all el ementsd6é, for practicad purpos
nents that can effectively be sampled by established robust methods ofrimgnito

0 normal abundance ahdiversity and at levels capable of ensuring the {targy abun-

dance of the species and the retention of their full reproductipacity,. 6 Thi s provi d
guidance on the reference points and/or target values selected to correspond to igood env
ronmental situs. Full reproductive capacity refers to the maintenance of fertility and
avoidance of reduction in pogtibn genetic diversity.

2. GOOD ENVIRONMENTAL STATUS OF FOOD WEBS

The interactions between species in a food web are complex and constantly changing,
maki ng it di fficult to i dentify Hovmever, condi t
changes in species relative abundance in an ecosystem will affect interactionsrat se

parts of a food web, and may have an adverse effect on food web status. These is

ever, a significant lack of undganding to assess the ecosystem consequences of such
change, or the value that society should attribute tasitall marine food webs havé-a

ready been adversely affected by humans, a judgement will need to belrepdenber

States to identify regional limit refence points.

Good Environmental Status of Food Webs will therefore be achieved when thatarglic
describing the various attributes of the descriptor reach the thresholds set for them. These
should ensur¢hat populations of selected food web components occur at levels that are
within acceptable ranges that will secure their ldagm viability. Components must be
selected carefully to avoid use of large numbers of species for whiodaime / biomass
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trends are required (i .e. avoid useAsds- gener al
mentof food webs will need to include;

® biological groups with fast turnover rates (e.g. phytoplankton, zooplankton,
bacteria) that willespond quickly to system chage;

(i) groups that are targeted by fisheries;
(i)  habitatdefining groups; and
(iv)  charismatic or sensitive groups often found at the top of the food web.

3. How SHOULD ASCALEO BE ADDRESSED

Attributes of food webs can in principle be applied on any spatial scateestale, ha-

ever, there are clear interpretational and practicatdiions. The fundamental time scale
over which ecosystem assessments might be required is annual. The temporal ssale nece
sary to assess growth, mortality and feeding fluxes betweehweb components should

be annual to integrate over seasonal variability at the lowest tropiis.|&ore frequent
assessments, for example those that could be undertaken monthly, are operatiorally diff
cult to undertake and maintain, and their iptetation becomes complicated by seasonal
dynamics. For the higher trophic levels, some smoothing of annual rates may be required
to eliminate interannual variability. For longer lived species such as piscivorous fish,
mammals and birds, assessments on anarbasis may be too frequent since variability

at this scale becomes more influenced by unexplained processes such as recruiiment var
ability, and less by internal population processes.

Similar issues apply to considerations of appropriate spatial sealestall spatial scales,
such as parts of a MSFD S&zgion, immigration and emigration by advection and m
grations become important components of change. For largelivedgaxa, sptial scales
which integrate over migration ranges may be appropitatethese scales may spam{fu
damentally different habitats and communities for lower trophic levels, for example plan
ton or benthos, to the point that a synthesis at this scale becomesrgindstio

4. KEY ATTRIBUTES OF THE DESCRIPTOR

The effects of fishig are the most important pressures which directly affect targeiesp

and indirectly affect other nerarget components of food weba&/hile these effectser
spond to management action, the components which they influence are also subiect to cl
mate varigion and other natural drivers making precise attribution of cause and effect
difficult. It is also likely that other pressures will need to be considered in the denazld

of measures, and particularly the cumulative effects dfiphel activities.

4.1. Attr ibute 1; Energy flows in food webs

4.1.1. Description of attribute and why it is important

The food web is a fully interconnected system, so pressures on one part of the system may
have impacts elsewhere which are not easily predictable. For example, harvestmg o

deels in the North Sea, where they are a key species in the food web, will remove food for
birds, mammals, piscivorous fish, and release predation pressure on ktmpldrhere

may also be indirect consequences for a range of other species. Mamagigg activity

to achieve a ebired balance between species in the system is therefore a major challenge.
Energy flows through the food web are an attribute which allows us goatia the state

of the system.



4.1.2. Indicators of the attribute

We identify threecriteria of energy flows in the food web which are feasible tosorea

and apply at a regional scale: a) ratios of production at different trophic levels, bpthe pr
ductivity (production per unit biomass) of key species or groups, and c) trophicrrelatio
ships. Many indicators within each criterion require further elaboration to become
operational, and it is not yet possible to robustly define thresholds or limit reference points,
or the full extent to which climate change may affect the metrics.

a) Producton or biomass ratios that secure the long term viability of all comporieas.

tios of production or biomass between different trophic levels in the food web provide
measures of the pattern of energy flow, and the efficiency of energy transfer through the
web. It isproposed that a ratio indicator is developed, specific to eaoherRegions or
SubRegions, and based on either ratios of pelagic to demersal fish biomass and/or produ
tion, or benthos to fish production, or the proportions of plankton antidsepoduction
required to support fisgnies.

b) Predator performance reflects letegym viability of componentsSome species, or
groups of species, may act as guides to change in tegstem. The performance of these
species, as measured by their prdrity, effectively summarises the main pagt-prey
processes in the neighbourhood of the food web that they inhabit. The basis for such
measures is already established in OSPAR EcoQO, for example in terms of the fledging
success of kittiwakes, whiclelates to the availability of sandeels.llBwing the same
principle, we propose indicators based on the nutritional status of marine mammals or se
birds.

c) Trophic relationships that secure the ldegn viability of components.

The diet composition od group of species is dependent on the consumption by each co
ponent species and can be a valuable measure of the relative abundance of prey in a food
web and the degree of connectivity in the food web. The diet of some single speeies, pa
ticularly top pedators, can provide similar insights. For gréenel assessment, theaM

rine Trophic Index has been used to calculate the mean feeding level of a group from
species composition data, assuming a particular diet for each species. At the species level,
changes in stomach contents (which indicate the trophic level of diet) can also besdiagno

tic of underlying change in the food web.

4.2. Attribute 2; Structure of food webs (size and abundance)

4.2.1. Description of attribute and why it is important

Size structure of fooavebs is an important attribute and integral to the maintenance of
predator prey relationshipdlost life history traits are correlated with size, whicm-co
strains medbolic rate and controls growth, reproduction and survival, so body size is also a
proxy for trophic level. Fishing is usually sizelective within species, so larger individ

als generally suffer greater rates of mortality. Exploited populations and communities
therefore contain relatively fewer large fish and mean size is reduced. This ruag in
have an indirect impact on their prey populations as a result etispendent preion

and changes in densitdependent growthThe abundance (and distribution) of carefully
selected indicator popailons (e.g. jellyfish, plankton, etcdan desche food web status
and/or levels of human perhation.

4.2.2. Criteria: characteristics of the attribute with respect to GES

Changes in the mean size of fish and the proportion of large species in the community can
be detected by indicators of the mean sizesarel distributionlt is, however, difificult to
detemine reference values for stbased community indicators. Attempts to do so have
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been based on modelling the expected community structure in the absence of fishing, or by
selecting a time in the pasten the community structure was judged to have beentaccep
able.

Changes in absolute or relative abundance can be assessed in relation to reference dire
tions and limit reference points, rather than specific targ@ismany species, minimum
viable populéions can be inferred from ecasgm models.

4.2.3. Indicators of the attribute

Monitoring the rate of change of functionally important species to highlight rapid i
creased or decreased abundance will help to identify where future management action may
be requied. The following two criteria are proposed;

a) Proportion of large fish maintained within an acceptable rahigis criterion @scribes
the changes in the proportion of large fish, and hence the average weight and average
maximum length of the fish commityi in a Region or Sulikegion.The OSPAR EcoQO
(Proportion of large fish), provides a pwobl that can be applied in other regional seas.

b) Abundance maintained within an acceptable radgemake this criterion operational
requires an assessment of thest suitable species in a Region or -Region to repasent

food web integrity, based on key biological groups presedicators should describe-r
gional abundance trends to identify changes in population status that may hava-implic
tions for food welstatus.

5. METHOD FOR AGGREGATIN G INDICATORS WITHIN THE DESCRIPTOR TO
ACHIEVE AN OVERALL ASSESS/ENT, IF AVAILABLE

TG4 identifies two mé&Einrergtyt fil bwtse 9 noctf ofoao dve
ture of food webs Itissecessartha bath atiributes Mdustroe-2 ) 6

dressed for an assessment to be acceptahillbin each attribute TG4 suggests a number

of promising criteria, but there may be others. To overcome the burden of proof within an
attribute, it will be necessary to address ¢héire spatial extent of the asseent Region

or SubRegion.This can be achieved using a suite of localisedcatdrs which together

cover the domain, or a single spatially comprehensive indiddtme work is required to

understand the practical imgdtions of this requirement for Member States or Regional

Seas Conventions.

6. EMERGENT MESSAGES ABOUT MONITORING AND RE SEARCH, AND FINAL
SYNTHESIS

There are several operational indicators already in use that are relevant to thisodesfcri
GES, and thatan contribute to the assessment of food web dynathissencourging to

note that these are coherent with other international activities to ensure sustainable fishe
ies and maritime strategy in European waters, therefore allowing coordinatety dmti
Member StatesWhile it is therefore possible to begin work now, some further dpvelo
ment is equired for indicators that cover all the criteria identified in TG4.

The practical process for achieving GES for this descriptor is not well defihedom-
pletion of monitoring programmes and delivery of food web indicators faeg@aRal Sea

in which several Member States have a stake will require substantial levels of aeordin
tion. This will have a major influence on successful implementation of thetivee



1. DEFINITION OF TERMS

1.1. Definition of key terms in descriptor
oAl I el ements of the marine food webs, . .0

The structure of food webs is generically the same as they all involve predator prey inte
actions and energy transfer between levels, but theespeocmposition of food webs va

ies acording to the environment in which they occur. Food webs in different regions are
therefore distinguished by interactions between key species, but the processegywf e
transfer are the same. Thiesdription defineghe spatial scale of food webs used in this
report.

We interpret al | 6el ementsd6 as all food web
groups, which could be made up of one or several species. This includes livinigrogya

(from higher predators shcas birds and anine mammals to bacteria and viruses) and

nonliving components (detritus and dissolved nutrients).

0 to the extent that they are known 6

This includes all food web components that can be sampled by established methods of
montoring.

0 occur at normal abundance and diversity and at levels capable of ensuring the long
term abundance of the species and the retention of their fubhdaptive capacity 6

Normal abundance should be interpreted as the reference point / target values t&elected
correspond to good status. In the MSFD this represents a sustainable state of use from an
ecosystem perspective. For living organisms this is an abundance tha&toaer from
perturbation caused by human induced pressures within a reasonable timeAfrararN o

mal 6 as s e mhterprejesl asi havingd fenctional diversity that would be typical

for the marine region and under the prevailling conditions of climate to ensure the overall
functioning of the ecosiem.

Full reproductive capacity is notterpreted in the way that is defined in ecology (which is
the maximum lifetime reproductive output of aesies). Full reproductive capacity refers

to the maintenance of fertility and avoidance of reduction in population genetic diversity.
Full reprodudive capacity sustains the functions of the species in thenbksge.

1.2. Glossary of key terms in descriptor

Afoodwebi s a fARepresentation of feeding relatioc
the Iinks reveal ed btyal 199b)@igumerl-{). Imotharlwgrdsits 0 ( Be ¢
describes those organisms that are eaten by other organisms. Parasitism and disease is in
principal a predateprey interaction, but by smaller organisms (e.g. és&cr virus) on

larger (e.g. phytoplankton or fish).
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Figure 1-1 Simpli fied model of a marine food web . Size ranges of organisms indicated by the
numbers. Major trophic interactions are shown by arrows, as well as sedimentation of partic ulate
matter and excretion of nutrients. Groups with auto -, hetero- and mixotrophic organisms are
shown by green and white boxes. Cili.=ciliates, Flag.=flagellates, Fil. Cya.=filamentous cyanobace-
ria.

Trophic group; refers to a category of organisms within a trophic structure, definred a
cording to their mode of feeding.

Functional Group; a group of organisms that are using the same type of prey.

1.3. What is covered and what is outside scope

This report will deal with only the functional aspects of marine food webs, especially the
rates and directions of energy transfer within theéesysand levels of productivity in key
components. This descriptor will generally not address structural indicators of bsitglive

for common benthic or pelagic communities using, for example, metrics of species relative
abundance or biomass. It is inteddibat the Biodiversity Task Group (TG 1) will deal
with these along with other measures of diversity relating to threatened, declining and
charismatic species. However the abundance and distribution of some key species or fun
tional groups (top predatongllyfish etc) can be represetive of substantial parts of food
webs, so where they are considered sufficiently important they wilhddeded in this
descriptor. Abundance of nandigenous species will be dealt with by TG 2, commercial
fish and sheflsh stock status will be dealt with by TG 3, and the dpson of benthic
communities and biotic structure,bstrate and habitat structure will be dealt with by the
group addressing sefloor integrity (TG 6).



2. SCIENTIFIC UNDERSTAND ING

2.1. Good Environmental Status of Food Webs

This descriptor is one of three which addresses marine biodivdtsgyalso one of the
most difficult to impement. The food webs descriptor deals with the functional aspects of
species interactions, especially the rates arettiims of energy transfer within the system
and levels of productivity in key components. Metrics to describe food web status should
consider both the extent of botteup controls on marine ecosystems, as well as highligh

ing top-down cantrols.

Such assesnents will take account of the pressure exerted by top predators on prey co
munities, using, for example, estimates of productivity, reproductive success and size
based measures of population change. There has been recent progress to develop indicators
for some of these processes, including the development of OSPAR iEeblQuality
Objectives for seabirds and fish communities in the North Sea, and other applications
elsewhere in Europe. The productivity of primary and secondary gemslhhas not been
included elsewhere in the GES descriptors yet is important to describe thierfung of
marine ecosystem3hus the extent of plankton productivity using both field and remote
observation will be used to generate metrics that describe the food supplylavita
dependent predators. The contribution of ecosystem and food welblingpdell provide

useful insights into future scenarios of ecosystem change.

Attributing the cause of change in food web structure or function is complex, and will be
the result ® pressures which act both directly and indirectly on different corapts of

the eosystem.It will therefore be necessary, wherever possible, to develop metrics that
respond to a manageable activity, so that the assessment of goodreawia status ca

lead to specific monitoring requirements and appropriate thresholds @neddevels.

One of the most valuable contributions that

to provide an overview of broad scale ecosystem status, integrating acrosshar of
different trophic groups, and usually at a broad sddies is a distinguishing feature of the
descriptor, and compliments those also focussing on biodiversity issuesfiesct| 2

and 6).The spatial scale at which food web status is nooait is likely to reflect local or
regional enviromental conditions, and be dependent on the availability of data for key
components.

The interactions between species in a food web are complex and constantly changing,
making it difficult to identify onecondi ti on t hat r eHowevyes,e nt s
changes in species relative abundance in an ecosystem will affect interactionsrat se
parts of a food web, and may have an adverse effect on food web status. There is, ho
ever, a significant lack of umtstanding to assess the ecosystem consequences of such
change, or the value that society should attribute tasitall marine food webs havé-a

ready been adversely affected by humans, a judgement will need to be reacheddey Me
States to identify regi@l limit reference points.

Good Environmental Status of Food Webs will therefore be achieved when thatarglic
describing the various attributes of the descriptor reach the thresholds set for them. These
should ensure that populations of selected foeth womponents occur at levels that are
within acceptable ranges that will secure their lgagm viability.

2.2. Pressures acting on food webs

Patterns in the structure and function of marine ecosystems can be substdiftictidd a
by both environmental chaag (e.g. through interannual and interdecadal climati@vari
tion and change) and the pressures of human activities such as fishing effects (e.g. through

6d



overexploitation of large predatory or forage fishes) (Gairgl, 2003). Diffeent types of
controlscan therefore be exerted on marine ecosystems and can |di@irtata states.

The effects of fishing are the most important pressures which directly affect taegessp

and indirectly affect other netarget components of food web&/hile these effest re-
spond directly to management action, the response time can be slow and varialde, and r
covery can be impeded by the influence of other natural drivers, making precizdiattr

of cause and effect difficult.

2.3. Patterns in food webs

Bottomup controlis the conventional trophic flow control that seems to dominate most
ecosystems, where the regulation of faeeb components derives from change in the
abundance of primary producers which is itself strongly influenced by environmemtal co
ditions. Literatue documenting the relationship between the abundance of diffevent tr
phic levels and environmental variability is widely available. This has beammdnted

for example in the North Atlantic where parallel letegm trends across four marine-tr

phic leves, ranging from phytoplankton, zooplankton and herring to marine birds, have
been related to environmental changes in the North Sea (Aebisiier1990).

Top-down control is the regulation in abundance that is exerted by predators on their prey.
A large reduction in predator abundance can cause an increase in prey that cascades
downward in the food chain, a phenomenon known as a trophic cascade. Trophic cascades
can therefore be thought of as reciprocal predptey effects that alter the abundance,
biomass or prodttivity of a population or trophic level across more than one link in a food
web, resulting in alternate trends between different trophic leVéls. decline in top
predator abundance has been demonstrated to cascade down several marireb$ood w
Recent studies reveal that reduced abundance of large fish preé@agorsofl) had jo-

found effects on the abundance of small pelagic fishes which in turn affect playkton d
namics in the Black Sea, the NW Atlantic ecosystems and the Baltic seai (€asin

2008). Substantial reductions in marine mammal, shark, and gises/ fish abundance

have led to increased abundances of mesopredators and invertebrate predators. Predation
has also inhibited recovery of depleted species, sometimes througlopnedsy role e-

versals.

Top-down and bottorup processes are not mutually exclusive within egtesys. In fact,
both ways of ecosystem control may act in concert and their relative strength can vary in
response to ecosystem alterations (Litzow and CIanp@07; Casiniet al, 2009).

In several productive upwelling ecosystems (e.g. Canary, Benguela, California smd Hu
boldt currents), there is an intermediate trophic level, occupied by a limitedenwf
species of small, plankteieeding pelagic fishgomprising substantial poptions that are
exploited intensively and vary considerably in abundance (€usf, 2000).Examples

are capelin in the Norwegian Sea, anchovy or sardine in some upwebiagsyPelagic

fish can exert a major control on egg flows in productive ecosystems, and this has been
ter medwaiwats® contr ol esosirces dam afect thophic levgls bothi s h
downwards and upwards (i.e. a bottom cantrol of top predators by small pelagic fishes,
and topdown control & plankton by Small pelagic fishes). The collapse of small pelagic
fish populations in the northern Benguela had profoufects on top predators such as
marine bird and mammals as well as on lower trophic levels such afigeli{Cury and
Shannon, 2004

2.4. What is special about marine food webs

The structure of marine food webs is not inherently different from terrestrial or feshw
ecosystems, so clasal food web theory also applies to marine systems. This theory is



most relevant for conservatidmology, specifically related to biodiversity issues (May,
2009) rather than the management of exploited populatMasne food webs are, e

ever, chareterised by many weak links between species and relatively short average path
lengths (Link, 2002)This high level of connectance in most marine food webs makes
them relatively robust to the secondafieets of species declines or local extinction. Short
average path lengths between species suggest that perturbations such as fishing or climate
change wil be transmitted more widely throughout marine ecosystems compared to their
terrestrial or freshwater counterparts (Durateal, 2004). Furthemore, body size is an
important structuring variable in marine communities and eprently size spectra have
been much studied in marine systems, though theigapbns for food web functioning

have been less well studied (Jenniagal, 2001; Raffaellet al, 2005).

2.5. Current considerations of food webs in management

Food web issues are of increasing importandéuropean marine management anddegi
lation, though there are few tools or frameworks in current use that focus on food webs or
relationships between species. The main approaches usespagdies models for dete
mining maximum sustainable yield valu@sulti-species MSY). These ddepments have
beendriven by criticism of the longtanding singlespecies approach to European dish

ries management which take no account of the state of prey and predatatiqgogul

Wormet al (2009) analyzed current trés in multispecies exploitation rates andiiass

in a range of well studies fisheriedgd- ecosyst
els. In 5 of 10 welktudied ecosystems, the averagploitation rate has recently declined

and is now at or belothe rate predicted to achieve maximunstainable yield foseven
systems. Yet 63% of assessed fish stocks worldwideresgjliire rebuilding, and even

lower exploitation rates are neededeverse the collapse of vulnerableaes.Crucially,

the sum ofsinglespecieaViSYwas generally a poor pretor of multispeciedVSY. This

is thought to be because of difficulty in decidengriori whether depensatory or conmpe

satory responses to fishing will occur as a result of food webagttons. Each response

will lead to divergence between yields at the system level and those predicted by single
species assessments. Similar results were found for the Eastern Bering Sea/Gulf of Alaska
(Mueter and Megrey, 2006), and the North Sea (Mackies@h, 2009). Over the sum

of predicted singlspeciesMSY differed from systertevel MSY by more than 20% in

42% of the systems and by more than 50% in 18% of tiierag analysed by Woret al

(2009).

2.6. Existing approaches to monitoring Food Webs

The extent to which comunities function normally depends on the trophic structure and
size structure of their component taxa. A number of metrics have been proposedifor mon
toring these functions in marine communities (e.g. Rochet and Trenkel, 2003gtCGry
2005). The meics fall into several categories: a) assessment of theass/abundance of
trophic groups or ratios of groups (total/mean weight/abundance or mean trophic level of
piscivores, plaktivores, benthivores), b) metrics derived from size structure (slopeeof si
spectrum, mean length), and c) metric describing linkages or networks (consumption ratio,
number of cycles in food web, mean number ophic links). No reference points with a
theoretical basis exist currently for any of these metrics, though LirdS) 28roposed

limit and warning values for some of them, and other authors have suggested the use of
reference directions (Jennings and Dulvy, 2005, Rosthat, 2005).

2.7. Ecosystem Models

The multitude of links and processes that make up a real food wab that the coes
guences of change will probably be much wider than expected and, becausdinéaon
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relationships between species, may even lead to counterintuitive outcomes. Trophic ec
system models are an important component of the tools thatevilebded todvise on

the state of food webs and the extent of impacts. However, these models are stillrin an ea
ly stage of development and the strengths and weaknesses of the varioasvaieane
difficult to understand, though there have been samaortant reviews (Fulton et al.,
2005). In general, there seems to be a humped relationship between thedetktiin a
model, and its effectiveness. Too little detail is ineffective because the model is-too a
stract. Too much detail is ineffective daeise the model tries to capture all known
processes but at the expense of requiring detail for too many poorly understood-param
ters. Between these extremes is a set of models that can be parameterised and-will effe
tively at represent the key propertiesSthe system. An important recommendation from
reviews is that the use of a single ecosystendeiis ill-advised. The comparative and
confirmatory use-roefalmuwlttiicdl enodmil rsi musm st r ong
detailed infornation in the role ad merits of ecosystem models is given in Annex 1.

3. RELEVANT SPATIAL AND TEMPORAL SCALES

Attributes of food webs can in principle be applied on any spatial scale or time seale, ho
ever, there are clear interpretational and practicatdimons. The fundanmal time scale

over which ecosystem assessments might be required is annual. The temporal ssale nece
sary to assess growth, mortality and feeding fluxes between food web components should
be annual to integrate over seasonal variability at the lowesti¢rigoels. More frequent
assessments, for example those that could be undertaken monthly, are operatiorally diff
cult to undertake and maintain, and their interpretation becomes complicated by seasonal
dynamics. For the higher trophic levels, some smagtloif annual rates may be required

to eliminate interannual variability. For longer lived species such as piscivorous fish,
mammals and birds, assessments on an annual basis may be too frequent since variability
at this scale becomes more influenced bgxphained processes such as recruitment var
ability, and less by internal population pesses.

Similar issues apply to considerations of appropriate spatial scales: at small spatial scales,
such as parts of a MSFD S&egion, immigration and emigration laglvection and im
grations become important components of change. For largeliVedgaxa, sptial scales

which integrate over migration ranges may be appropriate, but these scales mayspan fu
damentally different habitats and communities for lower tofg#vels, for example pldn

ton or benthos, to the point that a synthesis at this scale becomesrgnbstibltimately,

it seems likely that the appropriate spatial scale at which to assess food webs will be set by
the purpose for which the assessmemnedgiired rather than any@ogical considerations.

Other practical conderations, such as the availability and spatial extent of monitoring
data for key taxa, are also likely to influence the scale at wksgsaments are made.

4, KEY ATTRIBUTES OF THE DESCRIPTOR

Based on current understanding of food web trophodynamics and the key components that
are available for study, it was agreed that fundamental attributes of food elabd to

the flow of energy (as carbon) through the system, and the struigarates of comp-

nents, specifically their size and abundance. The followiatpgeintroduces each of these
attributes and suggests criteria that might be applied to determine their status.

4.1. Attribute 1: Energy flows in food webs

Metaanalyses of marinecosystems show a generic relationship between primarygrodu
tion (standardised to sea surface area), and production at successively higher ephic le
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els, for example fish (Nixon 1988; Iversen, 1990; Chassat, 2007). This relatioship is

an expressin of the efficiency with which the energy captured by primaodgpction is
transferred up the food web. Within individual regions thiscefhcy may change over

time depending on a variety of human interventions and climatic factors. The aim of the
appoach described in this section is to summarise the energy flow by means of a set of
metrics which allow an assessment of efficiency, and ultimatelildew an assessment of
whether there is unacceptable damage by humantgcti

At some levels in a food @b, energy flow may pass through a large number ofafed

prey linkages, whilst at others the flow may be focused through only a smabdenwf
species and/ or devel opment alnsane aages,shator O bot
necks in the web mayde to asec al | e dwad vea sipb f onenid which a single

species acts as a conduit between the lower and upper trophic levels. Saois sre

especially sensitive to changes in mortality of the key bottleneck species (Cury 2000),

which are thus kecompnents for monitoring the state of the food web.

Metrics which aim to summarise energy flow through the system must incorporate; impli
itly or explicitly, data from a number of different trophic levels. Absolute levels of primary
production, planktonfish or seabird production, cannot in themselves bgndstic of

flows. However, we can identify three generic types of measures that can be diagnostic of
energy flows and patterns: i) ratios of production at different trophic levels, ii) thegprodu
tivity (prodiction per unit biomass) of key species or groups, and iii) the trophic level of
the species or group of species.

i) The concept of ratios of production is straightforward. The ratio of, fanexa
ple, benthic to planktonic secondary production is arci¢atement of the @r
portion of primary production which is diverted to the benthabed food web
as @posed to the planktonic water column food web.

i) The diet of individual species in the food web will be largely determined by the
abundances of suitablprey taxa to which they have access. Some predator
species, or groups of species, may play a significant part in food ymalnets
and thereby act as indicators of change in the system as a whole. Theperfor
ance of these species, as measured by treduptivity, effectively summarises
the main predateprey processes in the neighbourhood of the food web that
they nhabit.

iii) The diet composition of a group of species is dependent on the qairsuiyy
each component species and can be a valuable medsihe relative abo-
dance of prey in a food web and the degree of connectivity in the food web.
The diet of some single species, particularly top predators, can provide similar
insights. For grougevel assessment, the Marine Trophic Index has been used
to calculate the mean feeding level of a group from species composition data,
assuming a particular diet for each species. At the species level, changes in
stomach contents or isotopic compositions (which indicate the trophic level of
diet) can also be diagstic of underlying change in the food web.

4.1.1. Criteria 1a) Production or biomass ratios that secure the long term viability of
all components

The purpose of applying ratios of production or biomass for assessing GES is to detect
gross structural changes ihet energy flow through a food web which may have been
caused by, for example, removal of key species by harvesting, or disruption ofuelistrib
tional overlap btween predators and prey through climatic factors. Examples of the type
of change which ratios gfroduction would be intended to detect are: a) damie of
jellyfish as planktivores in a system as a result of -tw@westing of small gdagic fish or
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removal of top predators, or b) increased abundance of benthic invertebrates due to over
harvesting obenthivorous demersal fish.

Fishing is an important pressure in most if not all shelf ecosystems, but not necessarily the
only factor which may shift energy flow between major pathways through the food web.
Hence it is important to remember that productiatios are snapshots summarizing-mu

tiple cumulative effects on the system. For example, trends in the ratio ajbeattros to
demersal fish production in the North Sea imply-tlgogvn control of the benthos by fish
predation (Heath, 2005a) and expldie €mergence ddephropdisheries as cod andlet

er gadoid secies have been depleted by harvesting. However, both environmental and
fishery changes have been suggested to be responsible for recently observed shifts in be
thic invertebrate to groundfish donance and the emgence of shrimp fisheries in the

Gulf of Alaska (Anderson and Piatt, 1999; Bailey, 2000).

Many investigators have examined ratios between fishery yield/landings from as-ecosy
tem and the underlying primary production. Comparing acrogsystems, some COBSi
tency in this ratio certainly exists (Nixon 1988; lverson, 1990; Chastsail, 2007,
Gaichaset al, 2009. However, ratios of bulk fishery yield to primary pratian take no
account of the species or functional group compositiocatches. This is clearly impo

tant since harvesting of high trophic level piscivore species accounts for niwrrypr
production than harvesting low trophic level planktivores. For ttasore a more logical
approach is to compare the Annual ProducRemuirement of fishery catches resolved to
a given trophic level, with total pduction at that level. This ratio expresses the proportion
of production removed by fisheries. Annual Productiegyuirement is equivalent to the
term Primary Production Regement (PPR) as defined by Pauly and Christensen (1995),
but not necessarily resolved to level of phytoplankton. The concept of an Annuat-Produ
tion Requirement ratio can be applied in other ways than to fishery catches. fmpitesxa
the prey production regyed to support a given population of a predator can be derived
from an energetic model of that predator, and compared to the measured production of
prey in the environment. In this case the ratio expresses tirgbotion of the predator to
total utilisation of the prey. An example of this application of Production requireraent r
tios is given in Anex 2.

Production or biomass ratios have been used effectively to identify fundamentaleharact
ristic differences between ecosyster@sichaset al, 2009; Praov and Link 2009, how-

ever, setting management thresholds or limits to such ratios within a systemcigltdiff
The pelagic to demmsal fish biomass ratiovas considered to be one of the most robust
ecosystem indicators of fishing effects by Fuletrd. (2005). Based on egpence in the
Georges Bank and in other heavily exploited systems, Link (20@§gststhat a warning
threshold has been crossed when pelagic fish biomass exceeds 75% or drops below 25% of
total fish biomass. However, othassultsare somewhat counter intuitive with respect to
the effect of fishing. For example, the pelagic to total figimigiss ratio in the Norwegian
Sea was found to be 0.85, despite the fact thiaefy catch is low in this system relative to
others in the NorttAtlantic (Gaichaset al, 2009)

Assessments of fishery yield to primary production are typically undertaken on higher pr
dators for which sampling is relatively simgNixon 1988;Gaichaset al, 2009. A simi-

lar promising indicatofor food web efficiacy at the base of the food weieaures the
relative flow of biomass in the food web through the microbial heterotrophic @wnp
(Turley et al 2000). This indicator has relevance for fish yield, sediment flux and thereby
also benthic production. It itherefore proposed for further deveoent and evaluation,

and to be considered in future recommendations. Methods can be used in routine monito
ing programs at msonable cost and with good spatemnporal coverage. The measure is
based on bacterial commity biomass production (e.gH-thymidine uptake) relative to
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autotrophic planktonic primary production (eHCOs uptake method) (Turlegt al
2000).

4.1.1.1. Recommended production or biomass ratios

It is recommended one regi@pecific indicator is deveped based on one of the folle
ing examples;

Ratio of pelagic to demersal fish production or biomass. Annex 3 provides an example of
the application of pelagic to demersal fish biomass ratios tghase changes in the food
web of northwestern Atlantic ecgstems following the collapse of cod stocks. The ratio
has been identified as a robust indicator of food web status. Preliminesidlus have

been sggested.

Ratio of macrobenthos invertebrate to demersal fish production or biomass. Annex 3 also
provides an example of the application of benthic invertebrate to demersal fish biomass
ratios to diagnose changes in the food web of northwestern Atlantic ecosystemspllo

the collapse of cod stocks. The ratio has also been identified asieatanaf majo food

web impacts due to harvesting of demersal fish in the North Sea. No indicative thresholds
have been iderited.

Ratio of zooplankton production requirement of landings to zooplankton production as a
measure of pressure on the food web due to fisthmgapplication of this ratio in the

North Sea, Celtic Sea and west of Scotland is given in Annex 4. The ratio indicates i
creasing and more intense fishing pressure in the North Sea and west of Scotland area
compared to the QEc Sea. Fishing pressune the Celtic Sea appears lower than the other
area due to the lack of large scale industrial fisheries for small pelagiesp

Ratio of benthos requirements of landings to benfroduction as a measure of ggere

on the food web due to fishing. An@gation of this ratio in the North Sea, |Ge Sea

and west of Scotland is given in Annex 4. The ratio indicates more extreme fishsag pre

sure in the west of Stand area compared to the others. Pressure in the Celtic Sea appears

to be increasing due &scalating removals of high trophic level species and Hors&-Mac

erel. The latter has a benthic component of diet and has increased in abundance-in the r
gionduetoamovewwar ds t he poles in itsd geographic

4.1.1.2. Technical evaluation of production abmass ratio indicators
Ease of understanding

The overall concept is easy to understand and communicate.

Data availability

Much of the data required to derive ratios of abundance or production across a wide range
of trophic levels are already collected rfrofish assessment surveys, fishery landings,
plankton assessment surveys using e.g. the Continuous Plankton Recorder, and potentially
also remote sesng programmes.

The task of assembling data sets spanning a range of trophic levels or groups of species
would be a departure from the current working practices of scientific assessments for most
EU waters. For example, all ICES fish stock assessments are carried outesiesisp

species basis, with no overview of the total pelagic or demersal fisheryvey slata, or

of data from other trophic levels. Derivation of food web production or biomass ratios will
require the science community to take a wider view of data gathering rsthe 5.
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Technical methodology

Production ratio indicators will require @ degree of modelling or further analysis et
odology to convert observations of abundance to measures of production. Techrhieal met
ods are described in the examples used in Annex 2 to 4, and the references cites therein. In
some cases, the use of ecosgstinalysis and modelling software such as Ecopath may be
appropriate, but this is not necessarily the case for all ratieumesa

Sensitive to a manageable human activity

Production or biomass ratios at different trophic levels provide a snapshot sibithef

the food web, given the underlying assumptions used in the calculations. It is nbteposs
to conduct future scenario analyses from such snapshots to evaluate the potental implic
tions of management measures, but these can be done with solablavaaels, using
system snapshots as initial conditions. Comparative analyses of the sasystezn in
different time periods, performed using e.g. Ecopath, show that giraduatio metrics

are sometimes correlated with changesuman activity.

Relatively tightly linked in time to that activity

It is not clear that responses at the scale of an entire food web could be tightly linked in
time to changes in human activity at all. In fact, the reverse is likely to be when
long-lived species are iportant in the system we can expect considerabkdinaes in
response to human aaty.

Responsive primarily to a human activity, with low responsiveness to other causes of
change

We cannot expect the status of marine food webs to respond primarilsnémfactvity. It
is clear that they will also respond to environmental changes.

Relevance to Food webs

Ratios of trophic level biomass or production are unambiguously descriptors of the state of
food webs.

Current and historic levels

Ecopath analyses habeen carried out for a number of marine regions that will e co
ered by the MSFD. However, these have not beeforpeed to a common standard or
based on common criteria for selecting the species or groups to be included, or ising un
versally @cepted panmaeters. Hence we cannot currently define historic levels that are
valid across egional seas. There is an urgent need for a concerted action to develop the
common standards needed for Ecopath analyses for MSFD regions.

Recommendations for reference levelslimit points

Tentative threshold levels of pelagic: demersal fish biomass have been suggested by some
authors studying food web interactions in speciéigional seas, but appropriate levels
cannot be specified at present for all mareggans, or for ¢her ratios.

4.1.2. Criteria 1b) Predator performance reflects lotgrm viability of components

The abundance of species in the food web will generally be determined by tuamde

of suitable prey taxa on which they can feed. Some species, or groups of,spagielay

a significant part in food web dynamics and so their population status will effectively
sumnarise the main predatgarey processes in the part of the food web that they inhabit.

This metric therefore quantifies the performance of predatorsighrdirect population
counts and measurements, which to a large extent are already collected as gimmalf n
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monitoring programmes, and/or planned to support existing and plaroggdipmes (e.g.
OSPAR E0QOs).

The quantity of food is important @sedators that prey upon forage species areiseas

to fluctuation in prey abundance and can suffer from lack of food resulting fromxevere
ploitation or/and environmental changes (e.g. starvation, breeding fgifueslerikseret

al. 2007) Food quéity is also recognized as critical to the survival of many marine species
including birds (Wanlesst al, 2005), mammals (Sotet al 2006) and fishes (Litzowt al
2006).For marine birds and marine mammals that are highly dependent on their fish prey
for sunival and are keystone predator species in ecosystems @&og2006), the e-
quired prey abundance to quantitatively and qualitatively sustain viable populations of
predators should constitute a threshold value. This minimum abundance level ofgrey ne
essary to sustain predators can be calculated frontiegigcosystem models and could
represent a limit reference point for predator prey interactions within marine ecosystems.

Several studies have shown a connection between seabird survival or breedisg andc
the availability (abundance and/or distribution) of key prey species, which mainly are
small pelagic fish (see review by Duraettal, 2004). A particularly relevant exyple is

the influence of a sandeel fishery in the Firth of Forth, northwesterth Sea, on fleg

ing success of the bladkgged kittiwake, which has been developed into an OSPAR
EcoQO.The breeding sucess of kittiwakes is calculated using local counts at selected
colonies in Scotland and NE England. The indicator uses the-ldggkd kitiwake as an
indicator species for the community of predator species that dependsdaelsaas an
important food resource. The indicator assumes that if $égged kittiwakes are unable

to breed successfully for several years in successien, iths likely that sandeel abu
dance is low, representing a serious risk of adverse effects on many animal species. The
effect on breeding success is reflected on a yearly basis; thetandi only triggered
after three years, and benefits of manageraetions will accrue only in subsequent years.
The breeding productivity at colonies within foraging range of the fishery zoneewas r
duced during the period when the fishery was active (Frederétsa&in2008), and rece

ered relative to control areas & the fishery was closed. However, environmental
factors, especially sea temperature were also very influential apnteduccess. In terms

of ecosystem management, the results dwinate that Marine Protected Areas, in this
case a fishery closure, chenefit shoHived pelagic fish stocks and their avian predators.
However, such positive effects require that the raguis of the MPA exclude or restrict

all human activities with negative impacts on the critieaburce.

OSPAR has selected the spapulation trends indicator for Grey sedtalichoerus gy-
pus)(declines of less than 10% in pup production) to achieve its ecological quality obje
tive (EcoQO). Grey seals give birth in terrestrial itetis and are best counted as numbers

of pups produag per year, while harbour seals give birth iniitidal habitats and are best
counted as ongearold or older seals during the period that they fwaulterrestrially to

moult. This EcoQO would be triggered rather often due to the mmesh variationsn
numbers of seals (both pups counted or numbers onobg). The probable level of
Afal armso i s felt t oyedsmnningomeanmmigiy be apphed t thesd u s
figures. Such an approach would detect grgn changes in pup @tuction d grey seals

or hautout numbers of lthour seals. The disadvantage of this is that mortality events,
such as caused by epizootics, would not trigger tle®QBEc ICES felt that this was not a
major disadvantage as large mortality events are already igetest in depth, whereas
more subtle longerm changes might be easily overlooked. The EcoQO as stated in the
Bergen Declaration does not differentiate betweenrusuis of the North Sea and it i®-u

clear whether the EcoQO applies to the whole North Sedalatam or only to parts of it.

It is not scientifically possible or valid to assess trends for the whole North Sea as there is
a variation in counting methodgmending mostly upon the habitat in which the seals are

a
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giving birth or hauling out. Scientifilg consistent trends can be derived for -surits of
the North Sea, but it should be noted that theseusitb are not necessarily biologically
separate.

There are other potential metrics that could be useful to determine predatompadey

but whichare undeideveloped at this stagne such metric relates to shifts in the food
web and consequently prey availability, which have been shown to affect body condition
and health of cetaceans and other predator species (evgoddeet al 2000, Bluhm and
Gradinger 2008). For humans and domestic animals it has been shown that a reduction in
nutritional status can lead to reduced reproductive success, affecting age of onset of p
berty, fertility, and success in maintaining pregnancies (Gerloff and Morrow) 2388ell

as immune suppression (Landgeafal 2005). Reduction in prey availability of marine
mammals and seabirds is also likely to lead to similar adverse effects on health, ir partic
lar causing greater susceptibility to endemic pathogens and iedreasurrence of sh
eases. The health of predators coulddioee be used in some circumstances to identify
adverse changes in food webs. Infation on the nutritional status of marine mammals
and seabirds can be gained from dead specimens that amecbtlerough stranding e
works, that have been incidentally-bgught in fishing operations or that can be sampled
live (e.g. seals). It is important to consider if the animals are a repatge sample of a
population, as stranded animals alone mighteha high proption of diseased animals
(Murphy et al. 2009). Standard measurements are routinely used to determine body cond
tion indices of marine nmamals and seabirds (Pitchet al 2000, Read 1990). However,
morphometric indices alone may not be ##@res indicators to changes in condition in
phocid seals and other physiological indices, such as blocables, have been suggested
(McLaren and Smith 1985, Reaal 1998).

Another example of a potential index that could be applied to fish is thef tise kver
condition index of Northeast Arctic coadus morhupas an indicator of compit®n of
capelin Mallotus villosu$ and herring Clupea harengysin the Barents Sed.emporal
variation in the liver condition index (LCI) of five length classeésNortheast Actic cod

was described and compared to the abundance and availabilityeih @ herring in

the Barents Seaaragina & Marshall (2000). On intamnual time scales, large and rapid
fluctuations in LCI occurred which were synchronous s&idength classes. For all length
classes the annual mean LCI was 4fingarly related to capelin stock biomass such that
LCI decreased rapidly when capelin stock biomass was below one million tonnes. Liver
condition index and the frequency of occurrenteapelin in cod stomachs were posativ

ly associated. Neither the abundance of juvenile herring in the Barents Sea ner the fr
guency of occurrence of herring in cod stomachs were positively correlated with LCI.
However, a significant, inverse relationshiptween the frequency of occurrence ofezap

lin in cod stomachs and total stock biomass of herring was observed suggesting-that he
ring influence cod LCI via predation on capelin. On seaktime scales, LCI values for
February through July were sigi@idirtly higher in years of high capelin biomass compared

to years having low ca&n biomass. In years of high capelin biomass the proportion of
capelin in the stomach contents of cod showed a peak in March and (or) April.

Both these latter examples (body diveér condition) could be used in the future to deve
op potential indicators for population status of fish and marine mammals.

4.1.2.1. Recommended indicators of predator performance:

Seal population size and pup production in the North Sea (OSPAR EcoQO (OSPAR,
2006)). Declines in the population size of the harbour delab¢a vitulind or pup recrut

ment of the grey seaH@lichoerus grypusindicate poor food supply to seal ooies. The
purpose of the indicator is to maintain healthy populations of seals bgringgnanag-

ment actions when needelthough developed only for the North Sea, the principles can
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be applied to all other European marine waters, and methodological standards are well
doaumented.

Seabird breeding population size and breeding succeks iNdrth Sea (OSPAR EcoQO
(ICES, 2008)). Changes in population sizes are an indicator for important changes in
comnunity structure. Seabird populations may be affected by a range of human activities
although it may take years before these impacts becomeng\because of the longdi

span and slow reproduction in some seabird species. A change in population trends might
trigger further research to investigate the causes of change, and management might form
late "species rea@ry" or "species action plansThe aim is to maintain a healthy seabird
community. Although developed only for the North Sea, the principles provide valuable
information of food web status and can be applied to all other European marine waters,
and the methodological standards are wetumented.

4.1.2.2. Technical evaluation of predator performance indicators;
Easy to understand

Productivity and condition factors of marine animals are easy to understand amd-to co
muricate.

Data Availability

Data on productivity, condition factors as well astsliof major marine birds and ma

mals have been collected routinely in some parts of Europe. Thus, where datalare avai
able, the proposed indicators could be easily and accurately measured using data from
monitoring of seabirds, or stranded anddayight aimals as well as data from breeding
colonies.

Technical methodology

Aerial surveys and counts as well as counts from shore are easy to implement and are u
dertaken routinely by many countries.

Sensitive to a manageable human activity

Marine birds and mamafts are typically closely tied to specific geographical locations.
Either because of the location of breeding colonies or their reliance on predictable-conce
trations of prey, they may not be buffered against the effects of lbagerfluctietions in
preyresources. Commercial fishing within the foraging arena of birds and mammal pop
lations can potentially affect availability of food and have detrimental effects oniesl

Relatively tightly linked in time to that activity

Seabirds and marine mammalg #onglived species and consequently at the patpmri
level tend to buffer any adverse conditions. Breeding success as well aogugtipn is
highly sensitive to the local production of food and sometimes induce-masality in
offspring.

Easily and accurately measured

Standard methods in the open sea through line transects have been long developed and
provide accurate estimates, although are not currently available in all marine r&galss.
can be counted easily while they are on land as wskalsirds on breeding colies.

Responsive primarily to a human activity, with low responsiveness to other causes of
change

Distribution and abundance of prey, such as pelagic fish, vary substantially withnenviro
mental changes and strongly affect survivabeabirds and marine mammals. Fishifig e
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fects and environmental variability can act in synergy and appear to be difficult to
tangle.

Relevance to Food webs

Top predators are important and emblematic indicators of the overall functioning of the
food-web. They are representative of the general etasystate.

Current and historic levels

Historical levels of populations for seals and seabirds are well documented but only few
data are available for marine mammals.

Recommendations for reference levelslimit points

For marine birds and mammals that are highly dependent on their fish preyvigalksu

the required abundance to sustain viable predator population of predators shoutdteonst

a threshold valueMinimum viable population sizes are oftenadable for marine birds

and mammals, and represent limit reference points below whichgiopslshould not be
driven. Large population increases in seabird and marine mammal populations can also be
detrimental to other components of the food webs ardmman population size can be
defined below which populations should be kept.

4.1.3. Criteria 1c) Trophic relationships that secure the lebegm viability of comp-
nents

The trophic level (TL) expresses the position of an organism in a food web, and is est
matedusing diet dataln marine ecosystems, The TL averaged across size/age afi@ssp
popuktion can take any value ranging from 1, for primary producers and other taxa at the
bottom of the food chain, to 5.5, for specialized predators of marimemabs (e.g the

polar bear) (Paulet al, 1998).The temporal changes in trophic level of a species or
group of species can indicate progressive changes in prey and can be used to highlight
adverse effects on food web status.

Information about trophic relationshipgnd current prey of species can be obtained
through examination of the diet. Dietary changes can be estimated through isotopic, fatty
acid, stomach content, contaminant analyses and visual observation (e.g.eBaek
2008). For marine mammals, thisusually undertaken using stranded ordayight an

mals or in some cases through Hethal sampling of live animals (e.g. biopsy titay)

(e.g. Krutzenret al. 2002). Such an approach can be used to study shifts in prey use of a
species or functional groye.g. the shift in prey of North Sea harbour porpoise from he

ring to gadoid species; Santos and Pierce, 2003).

A number of methods which highlight feeding relationships of species in food webs are in
development or are currently applied in some circunestsuThere was no consistent
agreement within the Task Group on theéeat to which these methods were suitable for
immediate application in EU marine regioiarther evaluation within Regions or Sub
Regions will be necessary.

In February 2004 the Marin&rophic Index (MTI) was adopted by the Conference of the
Parties to the Convention on Biological Diversity (CBD) as one of eight indicatorsno mo
itor achievement by 2010 of a significant reduction in the current rate abrsdy loss.

The MTI can be alculated from the commercial landings of exploited species (i.e., algae,
invertebrates, fish, marine mammals) (Paetyal, 1998), as the mean weighted TL of
fisheries landings for a culff TL (i.e., TL > value 3.25) (Pauly and Watson, 2005). The
MTI can also be calculated from any measure of biomass or abundance derivedutrom ro
tine fisheryindependent surveys (e.g. data collected from the shelf seas by research ve
sels: Pinnegaet al., 2002), for different spatial and temporal scales, fangple from
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localised ecosystems such as enclosed bays, to larger areas such as the Large ddarine Ec
systems or wider oceanic areas, using annual or seasonal data. Alsaletheduld be
applied to any assgblage (not just fish) for which there is abundance datsgecies at
known TL. If the MTI is calculated using fishery landings insteadnfdrination from
assemblages, then it will be necessary to interpret the results byigatiegt changes in
fisheries regulations, technical measures and éxapilon strategps. One method to assist
with this task is the Fishing in Balance (FiB) index (for details see Annex 5). Before r
commending that this indicator is applied operatignghroughout European Regional
Seas, further work is necessary to agree generic Tlevaltifish species (such as those
already provided by FishBasevw.fishbase.orjyand those for other components (such as
benthic invertebrates) which may alse available.

The dominant prey in diets can be used as a potential index to show temporal shifts in the
main prey consumed. For example, some assessments of diets are already routinely co
pleted, including stomach content analyses of higher predaishs (firds and marine
mammals). Additional analyses of diet and associated trophic pathways can be done by
standardizing sample protocols and analysis for isotopic, fatty acid atahgoants for
animals caught, bycaught or strandeldrine mammal specieange from opportuistic to
specialized feeders and the trophic level of their prey also varEerBwhales such as

the bowhead or right whale feed on prey such as copepods with a low trophic level. Some
of the toothed whales, such as the Killer What#, only feed on squid or fish, but include
higher trophic levels such as other cetaceansrmipg®ds in their diet. Shifts in the food

web and consequently prey availability can have an effect on a number of popudation p
rameters including reproductivgiccess, almgance, distribution, body condition, health,

and mortality. Existing sampling protocols, e.g. within marine mammal strandinig ne
works, could be extended for a potentialiagador of changes in trophic level of prey, but

this indicator needs me development work before it can be made operational.

4.1.3.1. Technical evaluation of indicators of trophic relationships
Easy to understand

The trophic level of species in a food web describes the level at which a population feeds,
averaged across |Hieistory stages and habitatdlthough conceptually relately simple

the TL varies between individuals in a species and with time, so care must be taken when
appling the concept to timseries data or broadly across @egions.

Data Availability

Data describingannual fluctuations in fish population size, either from commercia-lan

ings or from fisheryindependent surveys, are widely available in European mastesy

Data quality is dependent on the methods used (such as the gear type and mesh size) and
the acuracy with which landings are recorded. Data for other components (such as marine
mammals, seabirds or mibos) are less frequently available, but can in principle also be
used to track changes in prey (and thereby mean TL of thegtiopil

Technical meéhodology

The MTI can be easily calculated because it uses a simple measure of abundance (i.e.,
landings, biomass) weighted by the TL valliée quality and reliability of the analysis

and results depend entirely on the accuracy of the TL vAltreough sich values avaal

ble from online databases such as FishBasew.fishbase.orgfor fishes and Sealgf

Base, www.sealifebase.orgfor other organisms, these make assumptions atieut
size/age range of the target populations, and their seasonal feeding eEaltiggr work

is necessary to pvide reliable TL estimates of species that are applicable in all European
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seas.The methods used to quantify stomach contents to infer TLbeacomplex and
costly when relying on isotopic analysis.

Sensitive to a manageable human activity

The TL of a species in a food web can be influenced by adverse hmpacts on prey
items, especially for top predators. The MTI, when based on commemthgs, is s&
sitive to fishing strategies and market values, putting emphasis on the effectsngf dis
the relative abundances of the high organisms (mainly fish), which are geakly more
threatened than low TL ones. A strong trend in a long tifiié series is generally affected
by fishing activities whereas yeto-year variability can be the result of both fishinggra
tices and other causes (e.g. environmental factors, populatiomidgha

Relatively tightly linked in time to that activity
Theresponse of the index is on a mualtinual scale.
Easily and accurately measured

It can be easily measured because it uses only a measure of abundance (i.e., landings, bi
mass) for an array of species and their trophic levéis. estimation of MTI is badeon

some assumptions and has drawbacks. Firstly, when using commerdia$j$adata it is
calculated only for the exploited fraction of the ecosystem (i.e., algae, invertebrates, fish,
marine maimals) resulting from fishing strategies and availabilitg does not take into
account other important biotic components of the food web (i.e., bacteria, viruses, phyt
plankton, micrezooplankton, various marine mammals, marine birds and turtles). Thus,
itsd use assumes that t keeofvadermidrimeibipdiversityh r act i or
Secondly, the TL of fish usually changes as fish grow and soeegespoccupy different
trophic levels as they get older. TL can also change from year to year. Thus the use of a
constant TL value mightdaersely affect theViTl value and the significance and sign of

the trend. Finally, the MTI is sensitive to the TL values used for different species (e.g.
Cury et al 2005), it might partially reflect changes in the way fishers target different sp
cies, and does not includesdards or illegal landings (which however can be included
should data or estimates become available).

Responsive primarily to a human activity, with low responsiveness to other causes of
change

The strong trend in a long MTI time series based on landsngminly affected by flgng
activities whereas yedo-year variability can be the result of both fishinggbices and
other causes (e.g. environmental factors, population dynamics).

Relevance to Food webs

The feeding relations of marine species, esfigdiaose of higher predators, are of direct
relevance to issues related to food web integrity and ecosystem functioning.

Recommendations for reference levels / limit points

The MTI can be linked to a reference point if information is available for petefige

the major industrialization of fisheries. A potential refece point is the mean MTI of
landings (or biomasses) at a time when most stocks were considered to be exmeited su
tainably.

Despite the availability of some indicators to track rate aingle of trophic relatitships
in food webs, the development of reference values or reference directions, ardidecep
deviation from these, is complex and needs further work.
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4.2. Attribute 2: Structure of food webs (size and abundance)

One of the simplest na@s of describing the complex relationships within food webs takes
account of the relative abundance and size distribution of tinpartent species. As food

webs tend largely to be structured by predator prey interactions, the body size of predators,
and he abundance of their prey, will determine the strength and direction of energy flow
through the system. In this section these structural measures are used to identify criteria for
good environmental status of food webs, and suggest simpletordito reord their rate

of change This attribute links closely with comparable metrics developed to supgert d
scriptors related to biodiversity (TG 3) and sea floor integrity (TG 6).

42.1. Size based

The concept of body size as an indicator of structure for food emtmmpasses all an

rine organisms. However, most research has been carried out for fish, hence wWiegollo
text draws from the results obtained for fish and considers fishing as the dominant human
pressure.

Body size (length, weight) is a structuring adle for both individuals and their intera

tions. Most life history traits are correlated with size, which constraints metabolic rates and
energy assimilation, thus controlling growth, reproduction and survival of individuals
(Reiss, 1989). On average,dar species and individuals feed at higher trophielte As a

result, changes in community size structure will result in changes in trophic structure. The
socal l ed o6fishing doetal 193keis theaesut ofwisapearifgP a u | vy
from the eosystem due to overexploitation and fishing exploitationviddals at lower

and lower trophic level.

Fishing is usually sizselective, both within and among species, so largividuals and
larger species often (though not always) suffer greates cdtenortality but have lessae

pacity to sustain it. The net result is that exploited populations and communities contain
relatively fewer large fish and mean size is reduced (Raethat 2005; Methratta and
Link, 2006). Moreover, the pportion of largespecies in the community will fall and the
slope of the size spectrum increase (Pope and Knights, 1982 ePap#988; Rice and
Gislason, 1996).

Fisheries can also have an indirect impact on the body size earget fish (e.g. prey
fish), when the 8hery alters the abundance and/or-sizacture of the targeted fish (e.g.
large predators). These responses can be a result of thdepedent predation of the
predators on their prey, or by densitgpendent growth (e.g. weigatage) of the prey.

Size-based indicators have been shown to be suitable for monitoring the trophbiarstru

of exploited fish caonmunities (Shinet al, 2005). They have the advantage over trophic
level derived indicators that; a) the relationships between size and tropdlievithin in-
dividual species areften stronger than relationships among species and, b) trophic level is
not a life history trait that determines the response of a species to mortality, buea cons
guence of feeding relationships. The second point is dstraded by the vulmability to
fishing of some of the larger bodied species feeding on lowphitr levels, such as big
plaice eating polychaetes. Thus, since trophic level is not a strong measure of vulnerability
and changes in mean trophic level amoasequence of changes in species and sipe co
position, it may be more logical to use size and specispasition directly to measure

the impacts of fishing.

The sizebased structure of food webs is variable on a range of spatial scalegpandsd

on species distribution and developmental stage. For example, small fish wdtadiy
dominate the community in coastal nursery areas while larger individuals are often found
in deeper waters. Therefore, the pertinent spatial scale febasesl inttators nust take
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these factors into consideration and ensure that they integrate fully across all spatial scales
to provide a commhensive representation of the food web.

Persistent temporal changes in the complete size structure of food webs are expected to
occu on a multiannual scale. This is related to the generation time of marine species.
However, some indicators might react over a shorter time scale.

4.2.2. Criteria 2a) Proportion of large fish maintained within an acceptable range

The proportion of large indivighls captures the state of an assemblage. Heavily fished
assemblages will have fewer large fish compared to when they were more lightly fished
(or not at all). Thus, a large proportion of large fish is a good sign. However, the size to
which individuals gow does not only depend on mortality but also on species camopos

and general environmental cotdns. For example, individuals of the same fish species
are generally smaller in the Mediterranean compared to the North Sea.opbetipn of

large indivduals in a given assemblage, is calculated by estimating the proportion-of ind
viduals in weight above a certain size threshold (large/all). This threshold should-be sy
tem and assemblage dependent, and so far has been estimated only for the North Sea fis
assemblage.

The proportion of large fish when calculated as a proportion by weight has theaadva
over average size in that it should be less influenced by recruitment variations. As-a cons
guence, the indicator is expected be more reactive to chamdeting pressure rather
than changes in recruitment due to global change (which would influence the datnomin
of the proportion).

It is impossible to determine a global reference value for the proportion of large fish. A
tempts to derive regional eence values were based on modelling expected oaityn
structure in the absence of fishing or to use its value obtained at a time in the past where
the sizestructure was judged to have been satisfactory (see examgiejs @ave derived
expected direadns of change under the impact of fishing (Seinal, 2005), i.e. a €

crease in the proportion of large fish with increasing fishing pressure.

4.2.2.1. Recommended indicator for proportion of large fish:

OSPAR has selected the large fish indicator (proportyowdight) to achieve its ecoleg

cal quality objective (EcoQO) for the demersal fish assemblage in the North Sea (ICES,
2007; OSPAR, 2008). The large fish indicator is calculated using quarterraakieal
Bottom Trawl Survey (IBTS) survey data, excluglipelagic species. Based on analysis of
the avdiable time series, the size limit for large individuals was set at 40 cm. At the start
of the time series in 1983 the proportion of fish in the survey above 40 cm was 0.3 and
decreased thereafter. It was jedgthat a proportion of 0.3 was atabie limit reference
value. Hence the objective is to-@stablish the sizetructure of the North Sea demersal
fish assemblage such that at least 30% by weight of fish are larger than 40 cm.

4.2.2.2. Technical evaluation of pportion of large fish
Easy to understand
Yes

Sensitive to manageable human activity

The proportion of large fish is sensitive to fishing as these large fish are the target of d
rected fisheries in all ecosystems. The indicator is also somewhat sermsitiderect ¢

fects due to density reduction and resulting enhanced growth and predation relaxation
making smaller fish increase in biomasxfease in denominator of indicator).
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Relatively tightly linked in time to that activity

In addition to being sersre to direct impacts of removal of large fish, in the short term,
the indicator can also be sensitive to environmental changes leading to increaséd recrui
ment, which will increase the denominator. However, eventually the small fish will grow
large and bcome part of the numerator of the indicator.

Easily and accurately measured

For calculating the proportion of large fish, estimates of biomass by size group and a size
limit for each ecosystem is required. For fish, the bottom trawl surveys for fishdfunde
under the EU Data Collection Framework provide estimates of numbers at length on an
annual basis for wide areas. Similar surveys exist in the Mediterranean. If only numbers
are available biomass can be estimated using available Jergiht relatimships.

4.2.3. Abundance /distribution

This criterion describes the abundance and spatial distribution of major species which
represent key community and or/ecosystem properties. In some cases, when efipeesent
species cannot be evaluated, functional groups canrmdered. In the ideal case, a set of
species representing different communities or habitats (benthos, plankton, fish, &p pred
tors) should be selected, in this way covering a large part of the ecosystem. However, typ
cally, ecosystems are characterizeg few strong links and many weak links among
species or trophic levels (Wootton anchiierson 2005). Therefore, one (or few) indicator
populations could also serve as broader indicator of ecosystem state and/or human pertu
bation (e.g. fishing activity, ibk 2005) if the chosen indior is strongly linked to the
other trophic levels. This might be particularly the case inrdoxersity systems (Casieit

al., 2008).

Criteria for selecting the groups/species that could be included in this category are (see
Fultonet al.,2005):

i) groups/species witfast turnover rates, responding quickly to any change in the-sy
tem. Such species may cause false alerts, but are potentially useful as early warrang indic
tors (e.g. phytoplankton, bacterioplankton, microzankton, mesozooplankton, jellyfish,
shortliving pelagic fish)

i) groups/species that atargeted by fisheries responding to fishing impact (e.gelg@gic
and demersal fish), and planktteeding pelagic fish exerting control on ege flows in
productive 6 Wiassipst 6 ecosystems (see Section 3.1).

iii) habitat-defining groups/specie.g. benthic fauna)

iv) groups/species at thep of the food weband charismatic indicator species, pdivg
indications about the underlying ecosystem state and howlyhé@avas beenmpacted by
fishing (e.g. tuna, sharks, marine mammals, seabirds and turtles)

V) groups/species that aightly linked (via food web linkage) to other trbjg levels

Abundance and spatial distribution should be representative of theriarrieas, comt

nental shelf, and deeper waters present in each region. For all variables, intagrastd a
values are recommended as a basic temporal unit. For seasonally migrating species (e.g.
fish) local seasosspecific monitoring could also providenportant infemation (e.g. to
describe the seasal immigration of emigration of spawning fish in rivers and estuaries).
Several existing monitoring programs are performed only once a year, so they will reflect

a particular phasecyold. the popul ationsd annua
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4.2.4. Criteria 2b) Abundance /distribution maintained within an at¢abfe range

We recommend monitoring the abundance and distribution of representative sp
cies/groups (based on the selection criteria listed above) and evaluating these m the co
text d subregional reference values. It is recommended that these focus on key groups,
rather than be generically applied to large numbers of species, to target specificeissues r
lated to food web status. These will be specific to European regional seashaot
further developed here. Organisms maintained within normal abundance range are further
indirect evidence that their reluctive capacity is maintained.

Seven phytoplankton indices have been proposed for the southern Baltic SeagiSalgert
2008) Among these are total phytoplankton biovolume, thregggage of diatoms, and the
biovolume of different size ranges of diatoms and one indicative sp&@®rgichinia
compacta. This analysis was based on 1163 data sets from 15 sitesngp salinities
between 510 psu and 13 years of data. The proposed indices were shown to progerly cla
sify 3 environments with different trophic status. A decrease in Diatom abunda&nce, a
companied by an increase in Dinophytes and Cryptophytes, was also in accordhnce wi
observations from other marine areBarther examples of spies and communities that
may be used as indicators based on abundance are showmei &\

Jellyfish are involved in some spectacular modifications of the food web structure and
ecosytem functioning such as in the Black Sea (Daskad\al, 2007), and these data
suggest there are indications of increasednddmice (Gibbons and Richardson, 2009).
Jellyfish are likely to provide an important indicator species in this category for gsme r
giond seas.

Mesozooplankton play a key pivotal role in marine food webs. Besides respondirtg to bo
tomup forcing, the zooplankton community responds indirectly tedimpn (fishing)
forcing (e.g. Franlet al, 2005 in the western North Atlantic; Casetial, 2008 in the
Baltic Sea; Daskaloet al, 2007 : in the Black Sea), so in this way acts as aoatat of
human impact on ecosystems.

4.2.4.1. Recommended indicator for abundance/distribution:

The abundance and distribution of representative groups/speciesdietted byegional

seas conventions or as appropriate in regions eregibns. Groups/species that could be
included here are those with fast waver rates and those targeted by fisheries, habitat
defining groups, top predators which are often alsarismatic, and those tightly linked to
other trophic levels. The food web coverage for each indicator should be established, pr
ferably with a clear understanding of the relationships to other food web components
based on peaeviewed literature. Threshlibvalues should be selected and evaluated in
the context of subegional reference values.

4.2.4.2. Technical evaluation

Easy to understand

Yes.

Sensitive to a manageable human activity

The sensitivity to human activity will depend on the selected indicator.

Higher trophic levels (top predators) and nutrients are both directly sensitive to human
pressure and therefore generally responsive to management action. Also plankton groups
are indrectly influenced by human drivers, responding to important changes indrophi
status of the ecosystem (Cade al, 1988, Thingstad and Sakshaug 1990). Waste water
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discharge, agridtural practices and atmospheric nutrient deposition may also directly
influence plankton almdance.

Relatively tightly linked in time to that activity

The timing between disturbance and response may vary among species, from rapid for
plarkton (e.g. in case of anthropogemuatrient emissionjo slow for toppredators (e.g.
fishery or bottorrup processes). However, in case of indirect effects (e.g.ghrmphic
cascades) the response of lower trophic levels may be also slow.

Easily and accurately measured

Abundance of organisms is often relatively easily and accurately measured. In some cases,
standardized monitoring programmes exist, often interratiorcoordinated (e.g. fish
surveys). Applying spatial distribution as a criterion will, however, require suladtand
consistent spatial coverage in the data s&mndardized methods and regular nter
laboratory calibrations are needed to avoid ingacies in both taxonomic deteination

and abundance estimates.

Responsive primarily to a human activity, with low responsiveness to other causes of
change

The abundance and distribution of organisms is typically not only responding to human
pressure bualso hydrographical, meteorological and climate variation. Thereftiet e
should be made to disentangle the antbgepic causes from natural forces.

Relevance to Food webs

Currently there is little scientific understanding of the relevance of spacoesronunties

as indicators of food webuality (as compared with their structural integrity). Moee r
search and evaluation is needed to select and recommend specific species as gmod (appr
priate) indicators. In the appendix there are some examples oés@er commuties

that may be used as indicators based on abundance.

Current and historic levels

Current abundances are known for several marine species that are candidategtasindic
The understanding of historic levels is available only for a fpecies further than 20
years back in time.

Recommendations for reference levels / limit points

It is strongly recommended to develop a common approach to derive acceptableceefe
limits including dlowance for natural variability.

For commercially impdant fish species there are singlgecies reference levels for abu
dance (ICES biological reference points), but these levels are not set taking into eensider
tion the effects on the ecosystem. Therefore, they are not suitable in a food web context.
There are no reference values foesg@l distributions.

5. HOW ARE THE INDICATOR S AGGREGATED TO ASSESSGESFOR THE
DESCRIPTOR?

TG4 identifies two mé&inreragtyt rfil mwtse s noctf ofoao dvev
ture of food webs Itisscegsary thahlbth atthbwtesdraist beea) 6

dressed for an assessment to be acceptalithin each attribute TG4 has identified a

number of criteria (listed below);
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Attribute 1; Energy Flows in Food Webs

The food web is a fully interconnected system, sgqurees on one part of the system may
have impacts elsewhere which are not easily predictable. For example, harvestimg of sa
deels in the North Sea, where they are a key species in the food web, will remove food for
birds, mammals, piscivorous fish, ande@de predation pressure on zooklan. There

may also be indirect coeguences for a range of other species.

Criteria;

a) Production or biomass ratios that secure the long term viability of all@wen(s.
b) Predator performance reflects letegm viability of components.

¢) Trophic relationships that secure the lgegn viability of compnents.

Attribute 2; Structure of Food Webs (size and abundance)

Most life history traits are correlated with size, which constrains metabolic rate and co
trols growth, reprodction and survivalThe abundance (and distribution) of carefully s
lected ndicator populationge.g. jellyfish, plankton, etaan also describe food web status
and/or levels of timan perturbation.

Criteria;
a) Proportion of large fish maintained within acceptable range
b) Abundance/Distribution maintained within an acceptable range

To overcome the burden of proof within an attribute, it will be necessary to address the
entire spatial extent of the assessment Region oiR&gfon.This can be achieved uag a

suite of localised indicators representing one of more of the criteria wdgekher cover

the domain, or a single spatially comprehensive indicsMore work is required to unde

stand the practical implications of this requirement for Member Stait&egional Seas
Conventions.

Indicators have been identified for some of the criteria listed above, often based on those
already developed by Regional Seas Conventions or through other ongoihgidnst
activities. While this report has been able gaygest some promising indicator classes it
has not been possible to select the specific group of taxa that would be most suitable for
each Region or SuBegion.The examples and literature provided will, however, ba-suff
cient for all Member States to g the principles described to their own region.

In some regions, while we have been clear about the attributes of Food Webs, it has not
been possible to recommend the most suitable indicators for generic appliEattber

work will be necessary tageee a full suite of indicators, particularly to confirm thereot
methodological standards for use in criteria c) (trophic relationships) and eyl#ine /
Distribution changes.

5.1. Aggregation of assessments across Attributes

As described abova,G4 expets that evaluation of both the two main attributes of food
webEneovgy flows in food webs6 amddamnodsirGuct ur e
be undertaken for an assessment of Food Web status in marine waters to be cbmplete.
addition, it will benecessary toadelop one or more indicators for these attributes which

together provide comprehensive spatial coverage of each region-cegsab, as apjpr

priate. However, further work needs to be undertaken to agreeshaumber of asses

ments can be cobined to achieve an overall assessment of GES for the descriptor.
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Several methods have been proposed to combine assessments, ranging from those (such as

in the Water Framework Directive) which requires all assessments twdyatable before

agreeing aif n a | status assessment (6one out all ou
give priority to some ecosystem components or attributes over ofteais.individual a-

sessment will also be subject to uncertainty in determining the metric and the mferenc
pointvalueThe o6fuzzy setd approach has been sugge
of including uncertainty when combining a range of specifaiaggcal assessment$he

method relies on scoring assessments based on a combination of theirnaehtevies-

sessment criteria and certainty of knowledgewever, there is currently no agree@-m

thod for aggregating the assessments of Food Web status across attributes and within
Regional Sead-urther discussion should take place to review the proptmalke other
Obiodiversityd descriptors, and derive a pr
than within, descriptors.

6. EMERGENT MESSAGES ABOUT MONITORING AND RE SEARCH AND FINAL
SYNTHESIS

Food webs are networks of feeding interactions betwearine organisms. The apes
composition of food webs varies according to habitat and region, but the principles of e
ergy transfer from sunlight and plants through successive trophic levels are th&lsame.
descrptor addresses the functional aspedtsnarine food webs, especially the rates of
energy transfer within the system and levels of productivity in key ooergs.

The interactions between species in a food web are complex and constantly changing,
making it difficult to identify one conditionhta t representHswevergood o6 s
changes in species relative abundance in an ecosystem will affect interactionsrat se

parts of a food web, and may have an adverse effect on food web status. These is, ho

ever, a significant lack of undgandingto assess the ecosystem consequences of such
change, or the value that society should attribute tasitall marine food webs havé-a

ready been adversely affected by humans, a judgement will need to be reacheddsy Me

States to identify regional limieference points.

The time scale over which ecosystem assessments might be required is at least annual.
More frequent assessments are operationally complex and their interpretafifattisda

by seasonal dynamics. For longer lived species such as pis@vish, maonmals and

birds, annual assessments may be more influenced by unexplained processesesuch as r
cruitment variability, rather than by internal population processes. Variability between
habitats suggests that appriate spatial scales will be basen the purpose for which the
assessment is required rather than ecologic@iderations.

The effects of fishing are the most important pressures which directly affect taegjessp

and indirectly affect other netarget components of food weba/hile these effectser

spond to management action, the components which they influence are also subiject to cl
mate variation and other natural drivers making precise attribution of cause and effect
difficult. Managing human activity to achieve a desired badmbveen species in the
system is therefore a major challenge.

There are several operational indicators already in use that are relevant to thsodexcri
GES, and that can contribute to the assessment of food web dynlamsiencourging to

note hat these are coherent with other international activities to ensure sustainalple fishe
ies and maritime strategy in European waters, therefore allowing coordinatety duti
Member StatesWhile it is therefore possible to begin work now, some furtheeldp-

ment is equired for indicators that cover all the criteria identified in TG4.
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The practical process for achieving GES for this descriptor is not well definedcnicks
further work.Even once indicators are agreed in principle, the complefionoaitoring
programmes and delivery of food web indicators for a Regional Sea in which several
Member States have a stake will require substantial levels of caiwodirThis will have a
major nfluence on successful implementation of the Directive.
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ANNEX 1. THE ROLE AND MERITS O F ECOSYSTEM MODELS

The following text comprises extensive quotations and modified extracts from th&-follo
ing publication:

Elizabeth A. Fulton, Anthony D. M. Smith and Craig R. Johnson (2003). Effect of
complexity on marine ecosystem models. Marine Ebagy ProgressSeries 253: 116.

Ecosystem rather than species management has become an explicit part of policies that
feature in international treaties and national legislation. Many of the tools that will be

needed to fulfil the requirements of these policies arkistin early stage of devglo

ment. One such tool is trophic ecosystem modelling. These models have beeward fo

to aid systemtevel understanding and provide insight into the potentipbcts of human

activities. Despite this, there are many gap&nowledge of their strengths and Wea

nesses. In particular, little is known about the effect of the level of detail irdel i its

performance. There has been some consideration of the effects of modebtiormals

well as the effects of the physichlological and chemical scope of multispecies ard ec

system models on their performance. A review oftexgsresearch indicates that there is a

humped relationship between model detail andopmance for these models, and that

there are some guidingipciples to consider during model development. Other reviews

give some insight into which model structures and assumptions are likely to aid unde
standing and management, and which may be unnecessary. A key criterion is the determ

nation of whether a modehn capture properties of real systems that othelelms@annot.

The main recommendation from such ansal yses i
tem modelisiladvi sed, whil e the comparativie and c«
mumr e a | i osldsiisstiongiy recommended.

During the last 30 yr, with every push to understand entire ecosystems ratheoltitad is
components, ecosystem models have become a popular tool (Watt 1975, Halfon 1979,
Walterset al.,1997, Sainsburegt al, 2000). Howeer, complex general models have often

acquired a poor reputation (Jgrgenseral, 1992), primarily lecause of 2 factors. First,

these models are often so large and complex that they may not be i@shtefivith the

majority of the modelling resourcepent in development and mainé@ce rather than on

their appli@ion (Watt 1975). Second, complexity introduced for the sake of completeness
accomplishes nothing if the resultinlg model
vert 1981, DeCosey 192). While modern computing power makes ecosystem models
attractive, as computational restraints are lifted (Beck 1999), this does not solvelthe pro

lems of uncertain model specification, paramesios and system understanding, or the

effects of model sticture and detail on model performance (Silvert 1981, Jgrgensen
1994). These areas of modelling still require much attention and the need becomes more
urgent with increasing pressure @pmoaches,i enti st
predictions ad policies.

The evolution of ecosystem models has often seen a tendency to incorporasngisre
detailed process formulations and model structure. The mixed successentahly large
computational demands of early attempts at highly detailecttiedist ecosystem models
(Hedgpeth, 1977; Pla#t al, 198) l ead to a return to O6si mpl
1970s through to the mitl990s. With advances in computing power and the growth of
ecosystem and ecological theory large models that anbl#egnough to be applied in a
range of locations, and that account for a large amount of the system, are beconung attra
tive again. For instance, over 130 ECOPATH with ECOSIM models have been published
(Christenseret al, 2000 and the European RegionalaSeEcosgtem Model (ERSEM)
(Barettaet al, 1995 has been applied in 18 locations. This rise in popularity is driven by
at least three things: (1) an international push for the management ofteoasyather










































