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1 Thecontext of fisheriesresear ch knowledge - how do weidentify the
relevance of methods ?

Fisheries management has as any other indtitution anormeative, acognitive and aregulatory aspect which
are closdy interlinked.

The subject for this paper is the cognitive basis for fisheries management in developing countries and
specificaly that part of the cognitive basis which reates to the functioning of the resource system. We
will discuss various options from atechnica point of view. However, the technical options are endless
and only asmal subset will be rdevant in any specific Stuation dependent on the management context
rather than the technicdities

The cognitive baseiscdosdly associated with the normetive base for management insofar asany technical
or informa evauation of the gate of socks and management options is based on explicit or implicit
management objectives and will relate to a specific set of ‘managers who is to take note of the
evauation and implement management - wether thisis acentrd government, aforma co-management
committee or communities implementing informa access rules which may even not be understood as
fisheries management by the communitiesin the firgt place. The character and relevance of biologica
knowledge for management is therefore congtituted by the objectives for management and the identity
of the ‘managers . And the explicit or - in most cases - implicit objectives for management are largdy
defined by the identity of the managers.

Effortsto devel op fisheries management in devel oping countries has predominantly been based on what
could be termed the ‘ modern fisheries management model’, that is a model based on a concept of
rationality in which mandated research within speciaised ingitutions produce formalised knowledge
whichisthen used asabasisfor management decisionsand implementation by acentraised bureaucracy
in interaction with representative democratic inditutions. The management objectivesin thismodd are
in many cases not explicit, but the long term sustainability of the resource base has been the overriding
objective whenever objectives are sated. The implementation of management within this rationdity is
entirely linked to an assumption of predictability, that is an understanding that specific and predictable
targets can be achieved by implementing specific regulatory measures such as catch or effort quotas or
technica measures. This normative and regulatory context means that the production of biologica
knowledge of the stock dynamics and predictions of the response of stocks to fishing has been the
dominating form of mandated science within this mode. Development efforts based on the modern
fisheries management mode have thus emphasised the development of research ingtitutions whichcan
produce this kind of knowledge.

This has been done to the extent that the research ingtitution model - including the associated relevance
criteriafor knowledge - has been promoted asan end initsown right, as something which isconsidered
an essential component of any fisheries management system irrespective of normative or regulatory
context. The result has been failures and frudtrations when it is realised that research indtitutions, which
have received massive support to capacity building, even when they perform as expected, il fail to
produce knowledge which is used or is usable in the locad management context. It is even worse when
support to this specific type of knowledge production creates a snowba | process where the research
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development becomesthe nucleusfor the development of acomplete management mode based on the
modern modd in a Stuation where this modd is entirely inappropriate.

These experiences have demondtrated that the modern fisheries management model and its associated
knowledge production setup is a best only relevant in those cases in developing countries where
industridised fisheries under nationd control are operated by western type business organisations and
where a government structure with the political and technical capacity to develop and implement
governance systems based on modern rationdity isin place. Thisisnot thetypicd Stuationin developing
countriesand the cases of even moderately successful export of the modern fisheries management model
are therefore few. The best example in a Norwegian (and even globd) context is the industridised
fisheries of Namibia. Another candidate could be the indudtridised shalow water shrimp fisheries of
Mozambique, but this case has also demonstrated some serious shortcomings of the model and could
just aswell be used as an example to demondirate the need to develop a knowledge modd which is
more adapted to the specific loca context.

It is therefore not possible to identify gppropriate methods for fisheries assessments for developing
countries separate from theloca ingtitutiona setup of management. Thisaso meansthat generdisations
only can be made across Smilar management modes.

In order to discuss and generalise about the appropriateness of methods for fisheries assessmentsin
developing countries some assumptions must be made about the normative and regulatory context. The
assumption isthat the typica pattern of the fisheries development context is that

- The management indtitutions are fragile - both for research and management implementation, the
inditutions for formal fisheries decisons are fragile or non-existing.

- The Fisheries are mainly coastdl, non-industrialised, with widely spread coastal population
- The resource base is a composite of many stocks which are harvested smultaneously

These assumptions point to management modd s which must be based on extensive user participation
to be effective. Quantitative predictability based oningtitutionalised research isnot afeasible option both
for cost reasons (as aresult of the combination of fragile ingtitutions and the complexity of the fisheries
and the resource base) and for reasons of acceptability among participants.

A minimumset of criteriafor fisheries assessment methodol ogiesin a devel opment context isthat
the knowledge base for fisheries must be valid for all stake holders and it must be feasible to
produce this knowledge on a sustained basis within the economic means of the society.

Thisset of criteriawill exclude most methodologies presently applied inthe North Atlantic or esewhere
in relation to indudtriaised fisheries in indudtridised countries.

Thereisaneed to identify and develop methodol ogies which rely on observations which can be made
at low cost and which reflect resource system features which can be recognised and accepted by
fishermen and researchers dike. This points to using indicators rather than complex assessments as
produced by full models of processes. The problem is then to develop an appropriate conceptua
framework for such indicators and to identify and develop indicator candidates. This work has hardly

begun.
2 Fisheries sustainability indicator s
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2.1 The development of the concept of indicators

The concept of indicators in relation to fisheries sustainability has taken place within two different
agendas.

One agenda is concerned about establishing indicators which can be used to govern policiesin the
internationad domain, in relaion to sustainable development and in rdation to market regulations. This
development is promoted by internationd organisations and NGO’ sand centres around the Indicators
of Sugtainable Development (ISD) initiative of the UN Commisson on Sustainable Deve opment (CSD)
(CSD 2001), which isabody assigned to follow up on the UNCED agenda 21. OECD has likewise
developed anindicator framework for environmenta performancereviews (OECD 1993). Thisagenda
has been devel oped in relationto environmenta sustainability in generd but isaso reflected in fisheries.
An account of this development in relation to fisheries has been presented by Dahl (2000) and Garcia
and Staples (2000).

Another agendaisrooted in the scientific community, where an increasing number of those participating
inthe ongoing production of stock assessments and fisheries management advisory servicesredisethat
they have encountered the complexity wall: The combination of extengve overcapacity in fishing fleets
and quota based management systems hasin practice led to arequirement for the biologiststo produce
predictions of consequences of various fisheries management options which are far more precise than
what is technicaly possible within existing economic resources for research. The widening of the
political scope of sustainability of fisheries requires biological fisheries advice to address issues far
beyond the traditiond sngle stock domain including the hatching success of sea birds, the abundance
of benthic invertebrates or the genetic integrity of anadromous species complexes. A response to the
complexity wall has been explorations into an identification of proxiesto the standard reference points
of stock assessments and indicators which are assumed to capture the effects of fisheries pressureson
the ecosystem. The investigation of indicators has especialy been pertinent in relation to the wider
ecosystem effects of fisheries, which has emerged much more recently as aresearch area compared to
classca fisheries biology and where an approach to develop full fledged functiona models as an
extenson of classcd approaches seems impossible from the outset. Reviews of this work were
presented at the ICES/SCOR Symposium on Ecosystem Effects of Fishing (ICES Journa of Marine
Science 57 (3): 465-791. 2000).

There has been some convergence between the two agendas and theinternationd policy agendashould
in principle be an extension of and build on the research agenda. The gap ishowever Hill very wideas
indicated by the fact that the MSY concept, which now largely has been abandoned as ardlevant and
measurable reference point among fisheries biologits, isthe only fisheriesrelated indicator on the CSD
lig of indicator candidates (Commission on Sustainable Development 2001). The US Nationd Marine
Fisheries Service has probably presented the most ambitious attempt to date to integrate scientific Sate
of the art into a management framework in relation to ecosystem issues and the use of indicators. This
was presented in areport to Congress 1999 (Nationa Marine Fisheries Service 1999).

The importance of acceptance by stake holders or even participation is aluded to within mogt of the
literature dedling with environmentd or fisheriesindicators in relation to management. This is however
generaly stated as an important issue without further consideration of the implications. Acceptance is
dedt with asif it was atrivid add-on without implications for other parts of the management setup or
the relevance of indicators. Acceptance is however not atrivid issue as should be well known to any
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fisheries scientist who has been confronted with fishermen disagreeing strongly with their latest stock
assessments - and in more cases than not such disagreements are not just a pretext to resst quota
reductions but are based on agenuine sense by fishermen that they have observed adifferent redity than
what isreflected in the assessment. Such disagreements on the actual state of the stock and the fisheries
canbeexplained by many factorsat play Smultaneoudy including technical - that observationsare made
on different scales and with different sampling pattern - and socia and culturad differences between
scientigts and fishermen and the indtitutions they operate in.

Studies of acceptance of the knowledge base for fisheries management are now forthcoming (see for
instance Neis and Felt (eds) 2000). A study of the decison making process in the Northeastern US
fisheries management demondtrated that the requirementsfor legal accountability may lead to astuation
where assessments which were serioudy questioned by the fishing industry and about which the
participating biologists had serious doubtswere preferred over alternatives because they possessed the
ir rigour and tractability required by law (Wilson pers com).

These udies may illuminate a basic problem in using wide stake holder acceptance as a criterion for
the vaidity of indicators to be used in fisheries management in a modern context: the rationdity of
modernfisheries management requiresthe cognitive bas sfor management decisionsto befirmly rooted
inwhat is consdered to be scientific objectivity asthefirg priority. This requirement will in most cases
result in assessments which technicaly are beyond grasp or which may even be counterintuitive to
anybody beyond the small community of professond fisheriesbiologists. This problemisof course not
specific to fisheries but is just another variant of the basic democretic problem of the dienation of the
citizen vis avis the cognitive basis for most decisons relaing to our interaction with our physical and
biologicd environment.

The need to standardise and to meet legd requirements will be very dependent on the specific
management setting. In adevel opment context these requirementsare presently mainly presentinrdation
to indudtridised fisheries. However, the internationalisation of trade with fisheries products and the
associated requirements for accountability and tractability will put increasing pressure on some coastal
semi indudtria and even artisand fisheries. The resistance of some developing countries regarding
proposas for green labelling is rooted in the fear that formal stock assessments rooted in mainstream
science with dl that goes with it in terms of cogtsis an illugtration of this problem.

Theissue of loca acceptance hasin afisheries development context been equated to a need to revert
to or revitalise what has been termed traditiond management systems based in indigenous ecologica
knowledge (Johannes). The problems involved in the concept of traditiona management and
revitaisation of such systems are not the subject of this paper, but indigenous ecologicad knowledgeis
an important component in the identification of indicatorswhich arelocally meaningful (McGoodwin et
a 2000).

2.2 The scope of fisheries sustainability indicators

Indicators are commonly defined and classified according to OECD’s Pressure-State-Response
framework of environmenta indicators (OECD 1993). This gpproach implies some causdity between
the pressures on the ecosystem exerted by society through loading or removal, the state of the
ecosystem and the societal responses to the changes in the state - the OECD framework does not
congder the response of the ecosystem to pressure as separate from the state.



This digtinction between indicators may have someintuitive apped, but it does only make senseinwithin
the context of underlying assumptions of causdlities. These assumptions may not be made explicitinthe
specific implementation in which case ligts of indicators and monitoring programmes may be pointless
inthe end. It isin the case of fisheries management in the Northen Atlantic only within the last decade
that a somehow consstent set of PSR indicators has been devel oped with an identification of pressure
indicators with reference points (fishing mortaity with limit and precautionary reference points), closaly
associ ated gate reference points (Spawning stock biomasswith limit and precautionary reference points)
and response indicators (action relative to harvest control rules which are based on the pressure and
date indicators).

Theincreasing emphasis on the need to congder fisheries sustainability inrelation to not only the stock
but the entire ecosystem has necessitated a corresponding extension of the scope of indicatorsfromthe
sngle stock being the unit and yield sustainability being the main concern to the ecosystemn being the unit
and the maintenance of system integrity being the main management concern.

A number of single stock fisheries indicators based on andytica assessments have been identified and
edtimation methodol ogies and reference points have been devel oped. Thisdevel opment has at the same
time brought serious problems with these approaches to the surface, which are gill not resolved. The
work to identify indicators, methodol ogies and reference points on ecosystem level hasin comparison
hardly begun. Indicators on ecosystemn level can presently not be based on a full understanding and
monitoring of the underlying processes. It isredlised that ecosystem indicators must be metaindicators
which summarisethe outcome of many and complex underlying processes which may not be understood
in detail.

The Nationd Marine Fisheries Service study of ecosystem based fisheries management identified a
number of principles, goas and policiesto guide such ecosystem based fisheries management (seetext
box).

BASIC ECOSYSTEM PRINCIPLES, GOALS AND POLICIES (NMFS 1999)

Based on the Panel’ s experience and review of the fisheries ecosystem literature, we suggest that the
following Principles, Goals and Policies embody key elements for ecosystem-based management of fisheries.
Principles

» The ability to predict ecosystem behavior islimited.

« Ecosystems have real thresholds and limits which, when exceeded, can effect major system restructuring.
« Once thresholds and limits have been exceeded, changes can beirreversible.

« Diversity isimportant to ecosystem functioning.

« Multiple scalesinteract within and among ecosystems.

« Components of ecosystems are linked.

« Ecosystem boundaries are open.

 Ecosystems change with time.

Goals

* Maintain ecosystem health and sustainability.

Policies

« Change the burden of proof.

« Apply the precautionary approach.

 Purchase “insurance” against unforeseen, adverse ecosystem impacts.

« Learn from management experiences.

* Makelocal incentives compatible with global goals.

« Promote participation, fairness and equity in policy and management.




The NMFS document presents a comprehensive discussion of the issues involved in the inclusion of
ecosystem aspects in fisheries management, but it is at the same time clear that there il is along way
to go before operationa indicators have been identified. The principles refer to thresholds and limits,
but thisis used in a generic sense without reference to specific indicators and such indicators are not
identified.

The question of scaleof indicatorsisnot trivia, especidly not in relation to acceptability. Theindicators
should reflect the scale of the management unit, but stake holders observations and understanding of
the resource system may reflect avery different - morelocd - scale.

2.3 Criteriafor indicator validity

A range of sets of criteria for indicators have been defined including the OECD (1993) basis for
environmenta performance reviews and - inreationtofisheries- criteriaused by Audtraian authorities
(Ward 2000).

The OECD criteria for environmental performance review (OECD 1993) would apply equaly to

The OECD criterafor indicators for environmentd performance reviews (OECD 1993)
Policy relevance and utility for users
An environmental indicator should:

« provide a representative picture of environmental conditions, pressures on the environment or society’s
responses;

* besimple, easy to interpret and able to show trendsover time;

*be responsiveto changesin the environment and related human activities;

« provide abasis for international comparisons;

« be either national in scope or applicableto regional environmental issues of national significance;

« have athreshold or reference value against which to compareit so that users are abl e to assessthe significance
of the values associated with it.

Analytical soundness

An environmental indicator should:

« be theoretically well founded in technical and scientific terms;

* be based on international standards and inter national consensus about its validity;
« lend itself to being linked to economic models, forecasting and information systems.
Measurability

The data required to support the indicator should be:

« readily available or made available at a reasonable cost/benefit ratio;

« adequately documented and of known quality;

« updated at regular intervals in accordance with reliable procedures.

*These criteria describe the "ideal" indicator and not all of them will be met in practice.




fisheries and emphasises policy rdevance and utility for users, andytica soundness and measurability
(seetext box).

Ward (2000) quoteaset of criteriafor sustainability indicatorswhich relate more specificdly tofisheries
and have been used by the Department of Environment, Sport and Territories, Audtrdiain relation to
marine ecosystem management. They are generdly a rewording of the OECD criteria but with the
additionthat indicators should ‘ where possible and gppropriate, facilitate community involvement’. The
combination of two reservations in this wording may indicate the priority level of this requirement.

In summary, fisheries sustainability indicators should be :
Observable
- within economic resources for research on asustained basis
- by stake holders, elther directly or by transparency in the observation process
Understandable
- they should have research based substance - reflect analytica soundness

- they should reflect featuresin accordance with stake holders' understanding of the resource
sysem

Acceptable

- by fishers

- by public at large

Related to management

- they should have associated reference values (limits, targets, precautionary €tc)
- they should respond to management measures

The identification of indicators meeting these criteria and development of corresponding estimation
methods and reference pointsis gill in itsinfancy and there are thus very few indicators available which
can be implemented on short term in management. A list of some of the candidates which have been
presented in the literature in recent years is presented below, but the development of the vaidity and
methodology for most of these indicators into operationdity is ftill aresearch task which lies ahead of
us.

3 Candidate methods and indicators

A range of candidates for indicators and reference points have been suggested and are in use. Those
in use refer generdly to single fish stocks and focuses on the sustainability of the resource base for the
fisheriesin this limited sense. Indicators referring to habitats, ecosystems or even integrating biological
and societd issues are in the process of being identified and have only been used as a basis for actua
management infew cases. Thisisareflection of the recent history of wider consderationsbeing included

in fisheries managemen.
3.1 Stock indicators



3.1.1 Maximum sustainable yield
Concept

The concept of MSY isthe dlasscd sugtainahility indicator in fisheries biology. This fisheries concept
has been used in the generd sustainability discusson asadassica example of aconcept which combines
the need to harvest with sustainability congiderations - and even offers and optimisation criterion (for
ingtance by Bell and Morse 1999). MSY isthe only fisheries related indicator in the list developed by
the Commisson for Sustainable Development (CSD 2001) asfollow up to chapter 17 of agenda 2001,
MSY has been used as a reference point in many fisheries development projects and is established as
alega concept in the USfisheries legidation.

MSY isgenerdly used as ageneric concept independently of the methodology to estimateit, based on
the smple notion that the harvest from a renewable resource will increase with increasing exploitation
pressure, reach amaximum and decrease theregfter. Thisisintuitively understiandable and probably the
basis for the success of the concept within fisheries and beyond.

MSY isused asadate indicator even though it must be used in combination with an abundance measure
or apressureindicator - fishing effort or fishing mortality - to make sense. Theyidd itsdf isno indicator
of the state of the stock or the sustainability of the fisheriesasalow yield may result from high and low
fishing pressure dike. The variant proposed in the CSD lidt is either ‘(i) the ratio between maximum
sustained yidd (M SY') abundance and actual abundance; or (ii) the deviation in stock of marine species
fromthe MSY leve’.

Scientific basis

MSY isfounded in mainstream fisheries biology and several weaknesses of the approach have been
identified. The MSY isthe indicator in fisheries management which has the longest history and it has
been subject to extensve discusson and critique. An evaudtion of the utility of this concept may

therefore seem excessively negative compared to other candidates which only recently have atracted
attention.

The dynamics underlying the yield curve and thus the estimation of MSY  has basicaly been moddled
in two ways - as an extenson of alogigtic growth curve of individuas or biomass in a population (the
aurplus production mode sfrom Schaefer onwards) and on basis of an age structured popul ation modd
following mainsream Baranov - Beverton and Holt fisheries biology. The two approaches are in
principle equivaent but they are in practice very different because of their different data needs and
especidly because the assumptions underlying the estimation are very different.

The age structured gpproach can capture changes in fishing patterns and recruitment over time which
circumvents some of the most serious shortcomings of the surplus production models. However, data
requirements are much higher and new assumptions must beintroduced in the estimation. The estimate
of MSY and the corresponding fishing mortality is especidly sendtive to the assumptions regarding
natura mortality in an age structured modd!.

MSY has been developed as a Single species concept, but it can - in the surplus production model
variant - equaly well be gpplied to amultistock resource base aslong at the objectiveisto estimate the
overdl yidd potentids of the stockswithout consideration of the abundance or even extinction of sngle
stocks within the aggregeate.
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The shortcomings of the MSY concept are many and have been demonstrated both on the theoretical
and the practicd leve. One of the earliest gpplicationswasin the Peruvian anchovy fishery whereit lead
to overestimates of sustainable effort (Laws 1997).

The problem demondtrated in this case and in many other cases later isthat the maximum of the yield
curveis very poorly estimated when only data at the left and close to the maximum are available.

Another and even more serious problem with the MSY  concept when used as single indicator is that
it decouples exploitation and recruitment. The ‘sustainability’ term implies that the spawning stock
remaining a MSY exploitation will be sufficient to maintain reproduction, but this is not explored
explicitly asan integrd part of the model.

Resour ce requirements - data and institutions

Egimationof MSY on basis of surplus production models requires catch and effort datafrom both low
and high explaitation - in practice beyond MSY - with the samefishing fleet or with fleetswhich can be
standardised to the same effort measure. On dl levels of exploitation an equilibrium between effort and
yidd should have been achieved. Such datanever exist and various proposals have been madeto repair
for shortcomings, especidly in relation to the equilibrium reguiremen.

Egtimationof MSY on basisof afull anaytical assessment in an age structured modd requiresthe same
extengve time series of age disaggregated catch dataand supporting effort dataas discussed inrelaion
to andytica assessments.

Acceptance

The MSY concept has - as ageneric concept - been widely embraced by . The specific estimates and
specific methodologies may however be subject to the same problems as anaytical assessments (see
below).

Management issues

The estimation of MSY and the corresponding effort level on basisof catch and effort datawill generaly
require that effort well beyond the effort corresponding to MSY  has been exerted over sometime.

Fshing & MSY is generdly consdered excessive. This is however not a basic problem with the
indicator as such, reference points can be defined a lower levels but relativeto MSY.

3.1.2 Smple stock size measures
Concept

Direct observation of stock size is a powerful state indicator. However, such observations are not
avalable from fisheries, but it may be relevant to use indirect observations of stock abundance such as
catch per unit effort or even tota landings. Abundance measurements or proxies of abundance are not
in themselves sufficient to identify reference points or direction of management.

Scientific basis

CPUE iscongdered proportiond to stock szeif the catchability isconstant over time and independent
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of overal stock size (by definition). Tota landingsare under the same conditions an abundance indicator
if effort can be considered constant. Changes in area of distribution of a stock will confound both
indicators. Independence between catchability and stock size requiresrandom spatid distribution of the
fishery relative to the stock ditribution which is the exception rather than the rule in any fishery except
in relation to some bycatch species. Congtant catchability over time is adso the exception due to
developmentsin fishing technology.

Acceptance
Changes in catch rates are generally accepted by fishermen as ameasure of changes in abundance.
Resource requirements - data and institutions

Collection of basic and representative catch and effort data is the first requirement of any fisheries
datisticad system. Data collected for basic statistica purposes may however not be adequate to track
changesin CPUE - either because of insufficient disaggregation or definition of catch categories/'species
or because of insufficient recording of vessd or gear specifics.

Management issues

CPUE dataare - asany other indicator - only useful for management if they can be related to reference
points which make it possible to ascertain the relative podtion of the present state. Such reference
points must be established by other means. Thisistrivid, but statements using decline of catch ratesas
adirect indication of overfishing are gill commonplace

CPUE data may be ussful to monitor the changesin the resource system over time.

3.1.3 Exerted effort

The effort gpplied in afishery isthe smplest pressureindicator. Standardisation between fleetsand over
timeisthe man problemif effort isto be used as an indicator of overal trendsin fishing pressure. See
the discussion above regarding CPUE based indicators.

3.1.4 Sze composition

It isone of the basic conclusions of fisheries biology that the average Sze of fish in the caiches and in
the stock will decline when fishing mortdity increases. The sze digtribution in thelandingsmay therefore
be used as a date indicator. The use of Sze is subject to the same qudificationsastheuse of CPUE as
discussed above including the problem that this indicator in itsdlf is insufficient to establish reference
pointsand thus direction for management. Length frequency sampling asaconsderable add-on to caich
and effort sampling and the added utility may not justify the codsif the only use of the dataisto monitor
9ze changes. Reldive sze information of more conspicuous species may be available from indigenous
knowledge.

3.1.5 F and Biomass based indicators
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Concept

These are the indicators used in analytica assessments. The term ‘indicator’ is usudly not used within
the classical stock assessment gpproach, but fishing mortality and spawning stock biomassare basicaly
pressure and state indicators respectively - athough indicators which rely on estimates within amodel
of the underlying processes.

The literature on indicators and reference points in fisheries management is nearly exclusively build on
these concepts and the identification and use of limit and target (or precautionary approach) reference
points formulated on basis of fishing mortdity and spawning stock biomassisthe underlying concept in
the FAO Code of Conduct for Responsible Fisheries and the fisheries policy of most North Atlantic
countries and commissions including Norway and the EU.

Scientific basis
Theseindicators are firmly rooted in mainstream fisheries biology in the Baranov - Beverton and Holt
tradition.

The main current issuesin relation to gpplication reate to estimation methodology and uncertainty. The
edtimationmethods available are various variants of fitting popul ation dynamics mode sto acatch-at-age
matrix - either through back-calculating (V' PA) techniques supplemented with some ‘tuning’ procedure
usng CPUE data or through more rigid statistica procedures. The development of methods has in
recent yearsincreasingly focussed on the estimation of the uncertainties associated with the parameter
edimates. This is based on a redisation among scientists and managers dike that the failure to
understand the uncertainties haslead to serious management failures and collapse of fisheries (Cochrane
1999). There is an increasing awareness of the uncertainties arisng from the model structure itsalf
athough the evauation of these isless straghtforward (Anon 1999, McAllister et d 1999).

Application of these methodologies in a tropical development context have generaly not been
successful. The immediate obstacle - that it may be necessary to use length as a proxy for age due to
the difficulties in ageing tropicd fish - is not the mgor problem. The main problems in implementation
have been the multispecies character of the fisheries and the insufficiency of the data bases available
relaive to the requirements of andyticd assessments.

Resource requirements - data and institutions

The basic requirement for data are time series of catch-at age data and CPUE data from a subset of
commercid fleets or from surveys. Regular, representative and rdiable collection of such datais costly
and requires consderable ingdtitutiona capacity -both in terms of logistics and anaytic capacity and in
terms of indtitutiond stability over time. Useful catch data may be impossible to get even when
indtitutional capacity is present due to extengve discarding and mis- and nonreporting. The production
of consstent and representative time series of survey data are beyond economic reach of most
developing countries.

Survey data are arequirement under the following conditions :

- for recruitment estimation : the fisheriesis regulated by quotas based on catch predictions from the
stock assessment, it is highly dependent on recruiting year classes and the abundance of these
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yearclassesisvery varigble and can not be estimated from datafrom the commercid fishery or any other
means than recruitment surveys

- assource of CPUE data: thereisno subset of commercia CPUE datawhich reflect stock abundance

Survey data have aso been used as the sole basis for assessments in cases where commercid catch
data were non-exigting or highly unreliable (Cook 1997) or to get initiad estimates of resources before
fisheries are devel oped as a guidance to devel opment.

Acceptance

Although F and SSB indicators may have someintuitive apped , the methods gpplied in andyssoriginate
in a science discourse which is dien to fishermen and to most other stake holders (see for instance
severa contributions in Neis and Felt 2000).

Management issues

The F and SSB indicators originating from anaytica assessments are generally used to produce catch
predictions in the context of quota regulated fisheries with extensive over capacity. The requirements
for precison in these cases are high and more often than not beyond the technica capabilities of the
methods gpplied. Attempts have been madeto dleviate the problem by introducing uncertainty estimates
and using so caled pa (precautionary approach) reference points which should incorporate a safety
meargin accounting for uncertainty (ICES 2000). It has however been difficult to capture modd
uncertainty in these procedures (ICES 1999) and the use of even pa reference points may lead to
overexplaitation. The problem inthese Stuationsis however not the assessment methodol ogy per sebut
that the excessive capacity drives the management system beyond the capatiilities of the knowledge
base.

F and SSB indicatorsfrom andytica assessments may aso be used asaguidancein other management
regimes based primarily on effort control and technical measures. The stock trend estimates (the F and
SSB higtory) from analytical assessments are generally considered more robust than the catch
predictions. An adaptive management system based on effort control and technical measures can utilise
stock trend estimates from anaytica assessments to identify reference points and the direction of
measures to be implemented.

3.2 Habitat indicators

3.2.1 Habitat extent and quality
Concept

The areaof habitat typesand the species composition within habitats are used as stateindicators which
are assumed to respond to a variety of externa pressures beyond fisheries.

Sientific basis

Habitat extent and the integrity of communities in habitats are core concerns in conservation biology.
An example are the Audrdian criteria for marine ecosystems (Ward 2000) which include a range of
indicators relating to area of various habitat types and species presence within these habitats. Theses

indicators arelinked to fisheriesthrough theimportance of the specific habitatsto the productivity of fish
stocks and through the impact of fisheries on the habitats. The basis and methodol ogies were discussed
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by the ICES Working Group on Marine Habitat Mapping (Anon 1999).
Resource requirements - data and institutions

These indicators require monitoring of habitat areas and sampling of those species which are included
intheindicators. Absolute measurements of theseindicatorsin the larger marine environment isa costly
undertaking and is not something which can be expected to be done on aregular basswith, say, yearly
intervals, see Anon (1999). However, used as relaive measures and in a loca context in the coastal
zone or in some freshwater habitats, this kind of indicators may lend themsalves to monitoring in close
cooperation with the local communities or with stake holders. The relative changes in extent of loca
habitats and changes in abundance of conspicuous species within habitats may be directly observable
by loca resource users and may even be available on a historical basis as a part of the indigenous
knowledge.

Acceptance

The possibilities for direct observation and the intuitive ease with which these indicators are connected
to fisheries may be agood foundation for acceptance. This must however be demonsirated in practice.

Management issues

Changesin habitat extent and quaity can be used as an important indicator to evauate the impact of
other externd factors on fisheries, especidly in coastd and freshwater environments. The loss of
mangrove, reef and floodplain areas and integrity will be important factors in management decisions.

The impact of fisheries on habitats can be managed through gear restrictions and closed areas. The
recent debate on marine protected areas has extended the objective of closed area management from
protection of specific sengtive habitats to a more genera measure to reduce overal pressure on the
marine ecosystem and to creete a buffer in the system by excluding a pool of both targeted and other
species from exploitation atogether.

3.2.2 Essential fish habitat
Concept

Essentid fish habitats are habitats which are essentia to apart of thelife cycle of aspecific species. This
may be suitable subgtrates for spawning or juvenile feeding areas. The extent and qudity of such
essentia habitats may be used as a sate indicator. The essentid fishhabitat concept haslega satusin
US fisheries management.

Scientific basis

There are many cases demondtrating that fish stocks depend on surviva in criticd life ages and thus
are dependent on the availability of suitable habitats (in the wide sense where habitat is understood as
the presence in the appropriate time-gpace window of a specific combination of physico-chemica and
biological conditions) during these stages. The surgein recruitment research in the late 1970s-1980swas
largdly triggered by expectationsthat recruitment variability could beexplained if such criticd agesand
habitats wereidentified. Progress has been madein the scientific domain, but the US experience, where

essentia fish habitats have status as a legd concept, has been that it has been difficult to establish
identifications of essential habitats which are operationa in relationto management. Such identification
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may however be more blein some coastal and freshwater environmentsin developing countries
where the rich literature on mangrove, cora reef and flood plain habitats indicate clear linkages.

Resour ce requirements - data and institutions

The identification of essentid fish habitats implies tracking the life cydes of individud fish socks and
identifying Slageswhich arecritica inrdaion to habitat availability. Mapping and monitoring of identified
essentia habitats may be even more complex if habitats have been identified on basis of parameters
which are more tempora and evasive than stationary substrate characteristics. However, relative
measures of essential habitat extent using generaised information on habitat linkages in those cases
where such linkages have been demonstrated may be obtained at low cost and with participation of
resource Users.

Acceptance and management issues - seremarksregarding habitat extent and quaity above.
3.3 Ecosystem indicators

Ecosystem indicators of fishing impact have not yet been developed into operationdity athough there
have been arange of suggestionsregarding candidates. NMFS (1999) notes the difficultiesin defining
a hedlthy ecocystem and recommends that ‘unhedlthy’ states to be avoided are identified dong with
hedlth endicators. As examples of ecosystem helth indidators or indicators of states to be avoided
related to fishing, NMFS (1999) mention : ‘prevent the extinction of any ecosystem component, to
maintain a pecific, high mean trophic leve in the ecosystem or to maintain benthic biomass within the
range of naturd variability’. Murawski (2000) considered ecosystem overfishing indicators to include
important stocks or gpecies assemblages faling below minimum biologicaly acceptable limits, diversty
of communities or populations declining sgnificantly, increasing year-to-year variation in catches or
populations, increased sengitivity of the ecosystem to perturbations arising from non-biologicd factors,
lower overal benefits to society and mortdities resulting from fisheries impairing the long-term vigbility
of non-resource species. Rice (2000) provided areview of candidates of community metricswhich may
be used to evduate fishery impacts including diverdty indices, ordination methods, size spectra, k-
dominance curves and trophic properties. He studied those metricsfor which most work has been done
to develop a theoretica basis and quantification methods but concluded that thereisyet no metric that
can be endorsed without reservation. He also concluded that it is hard to apply ecosystem metricswith
aknown leve of rigour and to interpret the results with a high degree of scientific objectivity.

It should be dear that somework still hasto be done before such indicators can be monitored and used
in practical management. Some of the candidates are briefly discussed below.

3.3.1 Species composition 1 - sensitive species as indicator of overall fisheries pressure

The abundance (or even extinction) of senditive speciesmay be used asan indicator of the overdl fishing
pressure on the system, especidly when such species are mainly taken as incidenta by-catch. The
example which has been best documented is probably the reduction or extinction of stocks of sharks
and rays worldwide including species for which there have never been any directed fisheries (Stevens
et al 2000).

The practicd utility of suchinformation in the short termislimited dueto the large variability of short time
series of catch dataon specieswith low abundance. Dataon by-catchesare generdly not availableand
must be sampled specificaly from the fisheries or by surveys. Historical information may be available
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from indigenous knowledge.

3.3.2 Species composition 2 - trophic composition

The average trophic level based on Ecopath modelling has been proposed asan indicator of thefishing
pressure on the marine ecosystem (Pauly et a 1998). It is specifically suggested that an observation of
decreasing average trophic leve in catches can be explained by fisheriesinitidly having targeted apica
predators. Predation pressure on lower levels have been released as a result and lower trophic levels
have then subsequently been targeted by fisheries as the apical predators became scarce. This
explanation has however been questioned (Caddy and Garibadi 2000).

The edtimation of average trophic level in a specific ecosystem according to this gpproach requiresthe
development of an Ecopath mode of the system.

The trophic level changes can only be observed over long time periods. The trophic compostion of
catches is therefore not expected to be useful as an indicator to guide management on short or medium
term.

3.3.3 Species composition 3 - gene pool/ biodioversity

Biodiversity is a generd term used to cover severa aspects of biological systems including species
richnessand evenness (Hill 1973) and intra-speciesgenetic variability (Ryman et a 1995). Resultsfrom
sudies linking various biodiversty measuresto fisheries have so far not shown clear, generd trends. A
globa comparisonof demersal fish communitiesreveaed no generd indication that fishing had changed
the community in the direction of lower diversity (Bianchi et d 2000). Apparent increases in diversity
in some of the casesin this study might be influenced by improved survey methodology.

Biodiversty measures are entirdy dependent on the sampling methodology applied including gear
charcateristics, sampling dsrategy and identification procedures. Two measurements are bascdly
incomparable if they have been made with different methods. This makes cross-system comparisons
difficult and time seriesfrom the same system are generdly subject to changesin methodology over time.

A more operationa gpproximation may be an interpretation of the changesin individua species.

3.3.4 Sze composition/size spectra

Size spectra seem 0 far to be the most promising candidate among those proposed as indicators for
ecosystem effects of fishing.

The relation between changes in size spectra of fish populations and fisheries is well established both
theoreticaly (Gidasson and Lassen1997, Gidason and Rice 1998) and empiricaly (Gidasson and Rice
1996, Bianchi et d 2000). The cross system study of Bianchi et a (2000) concluded that the dope of
Size spectraare related to fishing intengty but aso that the specific interpretation within an arealis not
sraightforward. This study also concluded that size spectra can be used as a coarse indicator of
exploitation in poorly known arees.
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Size spectra have been congtructed on basis of length compaositions (age compositions converted into
Sze) from catch data, survey dataand population estimates from multispeciesmodels. All datasources
are subject to high annud variability dueto variable recruitment. Conclusions regarding exploitation can
only be made on basis of averages over severa years. Size spectrado thus require Size information to
be available from the fishery or from surveys and covering severd years. This may be impossible to
obtain in many cases.

Size spectra share one problem with most other ecosystem indicators : the underlying theory and the
edtimation modes belong entirely in the research domain and the results may not be easily acceptable
by other stake holders.

3.4 Synthesising indicators

The sugtainability of fisheries is a multidimensond issue and it is therefore necessary to balance
information regarding many aspects of the fisheries in the management decision process. Finding and
deciding on this baance is the very core of any multi-stakeholder decision process, which only can be
played out in an interaction between people where arguments and interests are stated, debated and
some consensus reached.

There has however been attempts to develop methods to synthesise these multiple dimensions into
summary statements about the overal baance of the fisheries system. These statements may be
presented in a graphica form where various indicators have been condensed into a few axes
representing aggregated aspects of socia and ecologica sustainability. The Sustainable Development
Reference System (SDRYS) of FAO (Garcia and Staples 2000) suggest ‘ human well-being’ to be
represented by jobs and revenues and ‘ecologica well-being’ to be represented by nurseries and
spewning biomass. The Rapid Fisheries Appraisal (RAPH SH) approach (Pitcher and Pretkshot 2001)
uses a more complex aggregation of indicators dong four axes - ecological, economic, social and
technologica. The benefit of these approachesisthat they condense avery complex set of information
into asingle reasonably sSmpleimage. It is however essentid for such didactic toolsto be ussful that dl
stake holders agree on the sdection and scding of the underlying indicators and on the methodology
used for their aggregation. Itisdifficult to see how such condensation proceduresin silicio can replace
the exchange of viewpoints between real people.

4 Thefuture

It does in summary seem harder than ever before to identify a relevant knowledge basis for fisheries
management in developing countries; We havelogt severd illusonsabout the possibilities of trangplanting
mainstream stock assessment methods with minor modifications to accommodate the ageing problem
and we have even become more sceptical towards mainstream methods in our own environment. New
consderations have been added on top of standard yield maximisation and the costs of data gathering
and assessments to address these considerations may have increased out of reach in the North Atlantic
while eventhe costs of basic data collection schemes may be prohibitive in many developing countries.
New and smpleindicatorswhich fulfil abasic set of reasonable objectives regarding scientific and socid
vaidity and management utility have not been identified yet or those which have been proposed are il
far from maturaion into operaiondity.

The only way forward is to continue and expand the research work which is dready starting up to
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identify, develop and operationdise fisheries sugtainability indicators which fulfil reguirements for
observability, understandability, acceptance and management relevance.
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