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1. Summary
The Myfish project was a journey into the unknown attempting to satisfy the broad range of
ecosystem, economic, social and governance objectives while the new CFP was only just
entering into force. We challenged ourselves and the NGO, industry and management
stakeholders joining us in the process with high aspirations to provide the scientific advice
needed to make relevant, effective and informed policy decisions.

An operational framework involving sequential steps of problem framing, identifying
management options relevant to goals, demonstration through models, and evaluation of
modelled outcomes of options against objectives was developed and put into practice
across five regions. Models and visualisation techniques were used to test attitudes to MSY
variants identified through the workshop approach. Decision Support Tables (DST) were
viewed positively, in general, as starting point for discussion. The dominating role of
ecosystem sustainability in scientific advice and management was apparent in some but not
all of the regions. Yield in value and economic aspects were preferred objectives, whereas
ecosystem and social constraints were seen as key aspects of sustainability ensured by
setting limitations maximisation of yield. The main conclusion from the workshops was that
stakeholders liked flexibility, such as ranges of objectives, rather than points, ‘pretty
good/optimal yield’, or qualitative criteria. We end this synthesis by providing our main
conclusions at the end of Myfish and the challenges still remaining.
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2. Introduction
The aim of WP4 was to coordinate, focus and generate the overall synthesis of results from
Myfish at a higher level with a view to determining general rules which can be used to guide
policy makers in the implementation of MSY based management in all EU areas. The work is
organized into 5 tasks, the first of which (Provide general guidelines for appropriate tools
and approaches for MSY variants depending on knowledge (Task 4.1)) has been reported in
Deliverable 4.1. The remaining four tasks are:

Summarise the scientific advances on MSY (Task 4.2)
Summarise the scientific advances in MYFISH on constraints, risks and the evaluation
of sustainability and provide general guidelines on how limiting constraints can be
identified (Task 4.3)
Provide general guidelines on developing quantitative operational frameworks in
practical management settings (Task 4.4)
Identify further monitoring, assessment and research needs for the implementation
of MSY (Task 4.5)

The synthesis work on Tasks 4.2 to 4.5 was organized in four parts: i) a synthesis workshop
including all keynote speakers and conveners from the ICES MYFISH symposium at Athens in
November 2015, ii) the MYFISH Synthesis Workshop 15 16 December 2016 at Heathrow,
London including all WP and regional leads as well as governance representatives, iii) the
policy workshop held at Brussels on 25 February 2016 including a wide representation of
stakeholders as well as the Myfish Steering Committee, and finally, iv) a series of
manuscripts summarizing the main results and ways forward in a joint effort of Myfish
partners and other internationally recognized experts on the topic of targets and limits for
long term fisheries management. The minutes of the workshops are given in Appendix 1 and
Deliverable 5.6 (ICES/Myfish Symposium and Brussels Policy Meeting summaries) and a list
of synthesis manuscripts is given in Appendix 2. The following summaries of advances under
each task draws on contributions from all four parts.
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3. Summarise scientific advances on MSY (Task 4.2)
In Myfish, we investigated whether an expanded interpretation of MSY could be articulated
with stakeholders through the multi year interactive process in Myfish involving scientists,
industry, NGOs and managers in different European regions. An approach to maximise catch
or economic yield within a suite of ecosystem and social constraints was widely supported
by participants in the workshops held under the auspices of Myfish. Stakeholders in all
regions showed a pronounced preference for inclusive participation in the setting of targets
and for introducing constraints to ensure ecosystem and social sustainability (Fig. 1) (see
Deliverable 2.1). Yield in weight and economic aspects were preferred objectives to be
maximised whereas ecosystem and social constraints were seen as key aspects of
sustainability which need to be ensured by setting such constraints to that yield and
economic maximisation. With these conclusions, a way forward may be to provide scientific
advice incorporating MSY and MEY in a more inclusive process; moving away from the
notion of science providing a single management goal, towards providing information on
trade offs within the range of sustainable options. Preferences for management targets
varied between regions according to whether fish stocks and fisheries were considered as
isolated or interlinked and according to different social conditions. Northern regions tended
to focus less on employment and more on ecosystem considerations compared to southern
regions. Targets aimed at a long term average maximum social yield received a low
preference whereas versions maximising yield in weight or value within the constraints to
ensure sustainability received the highest scores (Appendix 3 and 4, Kempf et al. 2016).
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Fig. 1. Graphic summary of means and ranges of rankings assigned to the top 10 ranked MSY
variants – indicates the average and vertical lines indicate the minimum and maximum
ratings across all regions.

Myfish proceeded to suggest ‘compromise‘ and hence ‘optimal’ MSY variants and
constraints. In response to the stated preferences of stakeholders for providing and
inclusive process and remaining close to MSY, this work focused on the development of
Pretty Good Multispecies Yield and the possible expansions of this to the economic and
social realm (Rindorf et al. 2016). In the manuscript, we investigated how the principles of a
Pretty Good Yield range of fishing mortalities assumed to provide more than 95% of the
average yield for a single stock can be expanded to a Pretty Good Multispecies Yield (PGMY)
space and further to Pretty Good Multidimensional Yield to accommodate situations where
the yield from a stock affects the ecosystem, economic and social benefits or sustainability.
We demonstrate in a European example that PGMY is a practical concept. As PGMY
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provides a safe operating area for management that adheres to the principles of MSY, it
allows the consideration of other aspects to be included in operational management advice
in both data rich and data limited situations. PGMY furthermore provides a way to integrate
advice across stocks, avoiding clearly infeasible management combinations and thereby
hopefully increasing confidence in scientific advice. Examples of regional PGMY areas have
been produced for the North Sea, Baltic Sea and Western waters (see Deliverable 2.4). To
inform decision making within the PGMY area, DSTs were used to demonstrate the effect of
aiming for different extreme versions (e.g. MEY with and without constraints) as well as
intermediate versions (see Deliverables 2.4 and 3.2).

During the iterative process of eliciting attitudes towards different MSY variants over the 3
year period different preferences amongst stakeholders were observed. The changes had
different dynamics depending on the case study and compositions of stakeholder groups.
Shifts were also observed in opinions before and after quantitate evaluation of trade offs,
however it is difficult to ascribe the cause to such changes because of the shifts in the
composition of the stakeholder groups and also the lack of stability of individual opinions
that have been observed in similar studies. Certain generalizations from these observations
can however be made, and these were presented as a policy guidance in the Myfish Policy
Brief and discussed at the Myfish Policy Meeting (see Deliverable 5.6), in both cases using
the DSTs developed in Myfish.

The Policy Meeting at Brussels on February 25th 2016 provided an opportunity to discuss
how the results are relevant to fisheries management, which challenges have been solved
and which challenges still remain. Representatives of Advisory councils, GFCM and ICES,
DGMARE, SCARFISH members, NGOs, regional groups and the European Parliament were
invited and the meeting assembled 76 participants in the premises of the European
Commission, Directorate General for Research and Innovation (Fig. 2).

The meeting was opened by Sigi Gruber (DGRTD) and Ernesto Penas Lado (DGMARE)
continued by describing how he perceived the Myfish project as one of the most timely and
relevant projects in the management of fisheries. The practical problem in the context of
mixed fisheries and the socio economically low acceptance of choke species stopping a
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‘healthy’ fisheries, means that there must be found a way to deliver the MSY under the
discard ban – and this is exactly what Myfish has done.

Fig. 2. Group composition of the 76 registered participants in the meeting. ‘Policy’ refers to
participants associated with European Parliament and ‘Manager’ refers to national
managers and participants from DGMARE and DGENV.

The meeting was a mixture of scientific presentations on selected topics and interactive
sessions including online voting and group work (Fig. 3). All presentations from the meeting
are available here: http://www.myfishproject.eu/policy meeting and details are given in
Deliverable 5.6.

Fig. 3. The participants were actively engaged throughout the meeting.
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4. Summarise the scientific advances in Myfish on constraints, risks
and the evaluation of sustainability and provide general
guidelines on how limiting constraints can be identified (Task 4.3)

Myfish contributed to the fisheries management process by developing new indicators for
Good Environmental Status (GES) of sensitive fish species, such as skates and rays, pelagic
fish communities and marine mammals and incorporating these indicators in the advisory
system through ICES, STECF and DGENV. Further, Myfish worked towards using
socioeconomic indicators such as revenue, employment and inequality in the scenarios
forecasted.

Myfish identified substantial regional differences in stakeholder attitudes towards
constraints (Appendix 3). In the North Sea and Widely Ranging regions, the focus was on
GES of commercial species, biodiversity, food web functioning and seafloor integrity. While
indicators of ecosystem constraints appeared less important in Mediterranean regions, they
were much more dominant in the North Sea and Widely Ranging (7 out of 12 constraints
were related to ecosystems in these regions compared to just two out of 11 constraints for
the Mediterranean). None of the social constraints listed in the Baltic Sea, North Sea and
Widely Ranging regions referred to issues such as small community viability, employment or
subsidies. However, such constraints were prioritised highly in the two Mediterranean
cases. Only one economic constraint was mentioned in the top five of any region (profits
Balearic Sea).

A specific effort was made not only to identify indicators and associated reference points,
but also to get these indicators accepted and used in management through advice given by
International Council for the Exploration of the Sea (ICES). Focus areas included were:
Definition of biomass reference points for exploited stocks (Marine Strategy Framework
Directive (MSFD) descriptor 3); indicators and reference points for Good Environmental
Status (GES) on biodiversity and bycatch of sensitive species (MSFD descriptor 1); indicators
and reference points for GES of food web indicators (MSFD descriptor 4); indicators and
reference points for GES of the pelagic ecosystem (MSFD descriptors 1, 3 and 4); and
socioeconomic indicators such as the Gini index of inequality in the distribution of benefits



14

in Baltic fisheries. Summaries of the last two efforts are given below as examples and
further details can be found in Deliverable 1.3.

Myfish has been heavily involved in the process to synthesise scientific results into revised
manuals for GES under the MSFD. In addition to feeding into ICES advice, this work has led
to two published manuscripts on GES in pelagic ecosystems and two draft manuscripts on
the use of surveillance indicators in management and the development of indicators for
sensitive species.

Recent discussion on MSFD implementation has highlighted the potential use of
‘surveillance’ indicators. Indicators of GES were initially expected to be ‘operational’; i.e., to
have well understood relationships between state and specified anthropogenic pressure(s),
and to have defined targets. In contrast, surveillance indicators monitor key aspects of the
ecosystem for which there is: firstly, insufficient evidence to define targets and support
formal state assessment; and/or secondly, where links to anthropogenic pressures are
either weak or not sufficiently well understood to underpin specific management advice.
Surveillance indicators are not expected to directly track state in relation to GES, but may
provide complementary information (including warning signals) that could provide a
broader and more holistic picture of state, and inform and support science, policy and
management. In the synthesis, we (1) present a framework for including surveillance
indicators into the Activity Pressure State Response (APSR) process, (2) consider a range of
possible indicators that could perform this surveillance role, and (3) suggest criteria for
assessing the performance of candidate surveillance indicators, which might guide selection
of the most effective indicators to perform this function.

Towards Good Environmental Status for small pelagic fish
Small pelagic fish have an important role in marine food webs, where they serve as prey for
many larger fish, birds and marine mammals. By feeding on smaller food items such as
plankton, they contribute greatly to the flow of energy from small to large marine animals.
Managing fisheries relating to these species is therefore of great importance, not only to
ensure sustainable exploitation of the small pelagic fishes themselves, but also to ensure
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that food is available for larger predatory fish, birds and marine mammals. In Myfish we
identified the elements that contribute to GES for small pelagic fish together with a large
variety of stakeholders. Through a number of workshops, an extensive list of elements was
compiled, which were prioritised according to stakeholder preferences and data availability.

The top ranking elements were further analysed and linked to specific indicators that can be
measured in the field. These indicators include metrics of the total biomass of all pelagic
fishes which should be large enough to serve as food for other species. As these fish migrate
over large distances, it is also important to have enough adult fish around to guide younger
fish. And as pelagic fish tend to rapidly respond to changes in the environment, changes in
condition of the fish were also chosen. A final indicator described the relationship between
what we know of the most common pelagic fish species and the ones that are less common
in the catches. Given this (short) list of objectives and indicators, we concluded that in the
northeast Atlantic, the pelagic ecosystem is almost in a good status. Some species, such as
sandeels, require additional attention, both in the North Sea and in the Celtic Sea.

The management plans that currently exist for many small pelagic species in the northeast
Atlantic aim for high catches, while individual pelagic stocks need to remain above certain
biomass thresholds. These plans may not necessarily result in good status of the pelagic
ecosystem and therefore, possible new management plan concepts were discussed. The
outcomes of the discussions in Myfish are extremely valuable in designing management
plans for the future. A collaborative process with off set in the objectives and indicators
described by Myfish may facilitate future work towards robust management plans that not
only achieve high and stable fish catches, but also ensures a good status of the pelagic
ecosystem.

Inequality in the distribution of benefits
Myfish investigated whether information on the inequality in distribution of benefits
between countries was seen as an aid in decision making in one of the regional case studies,
the Baltic. In this area, there is a complex interplay between catches of the three main
species and increasing catches of a specific species benefit specific countries to a varying
degree. This makes trade offs particularly complicated as one nation is predicted to gain
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while others are likely to lose from aiming for a specific management objective. The opinion
of participating managers, industry and NGO representatives was that this type of analysis
could provide valuable information for discussing trade offs. The scientific advice should not
determine the exact trade off as this decision should remain in the policy domain.

5. Provide general guidelines on developing quantitative
operational frameworks in practical management settings (Task
4.4)

An operational framework was developed in Myfish and described in Deliverables D3.1 and
D4.1. Fig. 4 provides an outline of the steps within this framework: Problem framing;
Options; Implementation: and Evaluation. This framework was further discussed in a
dedicated session at the ICES/Myfish symposium.

Problem framing
At the very beginning of the project, Myfish defined general and regionally relevant limits to
sustainability and variants of yield which we could aim to maximise, considering in the
process several yield variants in a workshop with participating scientists, NGOs, managers
and industry representatives. The objective of the workshop was to determine which yields
would be acceptable and feasible as objectives to maximize in practical management in each
of our five European regions. The results showed that five yield variants occurred in the top
ten preferred of all groups and the variant ‘Maximise inclusive governance’ had a ‘very
good’ performance in all groups, making this the top ranked maximization variant (Fig. 1). All
regions rated ‘GES descriptors of commercial species above reference level’ in the top ten
ranked constraints, indicating that ensuring ecological precautionarity is an important
aspect in all areas. Management measure rankings were considerably more variable
resulting in few obvious high ranking measures. By having an inclusive process from the
beginning, objectives and underlying hypotheses for management were identified, debated
and agreed facilitated a co creational process where less relevant choices could be
excluded, returning an operational set up for evaluation of management measures.
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Figure 4. Operational framework in a practical management setting (from Deliverable D1.3),
with reference to MYFISH Tasks in [ ], x denotes multiple subTask numbers.

There was broad agreement among participating stakeholders that trade offs are most
appropriately addressed in a participatory approach. This was reflected in the high
preferences for Inclusive Governance and the subsequent preference for ranges in
management. The process included governance analyses as reported in Deliverables 1.2 and
3.2 and discussed at the ICES/Myfish Symposium, identifying the institutional challenges in
implementing the framework and in particular, an inclusive process.

To ensure that problem framing remained relevant throughout Myfish, stakeholders,
scientists and managers met across case studies in a series of workshops throughout Myfish.
This facilitated that only the most relevant results and trade offs were analysed and
presented and that the recommendations remained appropriate as the settings changed

•Identify objectives, priorities and acceptance criteria for all stakeholders in relation to MSY [1.1]
•Identify possible trade offs [1.1]
•Identify governance and institutional settings [1.2/1.3]

Problem framing Objectives not currently met

•Identify state of current knowledge, quantitative or conceptual models, data and uncertainty [1.1/1.5]
•Consider definitions of MSY Variants in relation to legal constraints for MSY [1.3]
•Focus diverse stakeholders on MSY Variants that are relevant to their common circumstances [2.1]
•Determine how and which models would be implemented for alternative MSY Variants [2.3]
•Treat risk and uncertainty explicitly, in data collection, models and governance processes [2.2]
•Present the set of management options to fisheries managers [2.4]

Options Agreed dimensions for decisions

•Explore stakeholder responses to options in modelled outputs; visual techniques to demonstrate trade offs [2.2]
•Relate model outcomes to stakeholder objectives [3.x]
•Present the set of relevant implementationmeasures to fisheries managers [2.4]

Implementation Trade offs addressed

•Demonstrate how the revised management differs from that with MSY [4.x]
•Review options and implementation as circumstances change or if the process fails to meet objectives[2.3]
•Anticipate and plan for changes in practices that can come with new management [1.2/4.x]
•Identify gaps for the future, including legal conflicts [4.x]

Evaluation Outcomes that meet wider aims
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over time. Throughout the series of workshops, it was seen as an advantage to keep trade
offs and management as simple as possible. This presents a challenge in most systems and
conflicted with the large amount of information required to make informed decisions.
Several of the workshops touched on the issues of making the trade offs understandable to
a variety of people and ensuring that the most important trade offs were included. As the
most important aspects differ between stakeholders, this led to suggestions from
participants for more complexity while trade off illustrations were often seen as already
being too complex. Striking the right balance between including all key aspects and retaining
comprehensible illustrations of the outcome will be crucial to the success of inclusive
governance.

Options: identifying and developing the models necessary to evaluate
different objectives and presenting results
The project progressed from the definition of suitable limits to sustainability and objectives
to be maximised to develop and adapt the models required to estimate the likely outcomes
of aiming for the preferred MSY variants. The models were used to populate the DSTs
scenarios identified as relevant in each area by stakeholders in the first phase of the project.
Subsequently, the DSTs were discussed with stakeholders to identify priorities based on the
best estimates of the effect on the ecological, economic and social aspects of the fishery
when pursuing specific aims.

To allow this progression, model development was a large part of the work in Myfish.
Specific efforts were made to evolve models which were consistent and scientifically sound
in the modelling of ecological, fishing and economic processes to ensure that no conflicting
recommendations were made due to divergent or unlikely model formulations. Further,
models of data limited stocks were also developed. Following this development, a total of
32 DSTs demonstrating 119 scenarios and covering all five regional cases were produced
and made aviable at the Myfish website (http://www.myfishproject.eu/myfish regional
studies/myfish decision support tables).

The ICES MYFISH symposium at Athens in November 2015 provided an opportunity to
discuss evolving ideas with respect to DSTs (Fig. 5). Following discussions with different
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stakeholders attending the symposium, amendments were made and updated results can
now be found on MYFISH project website. Further results on constraints are synthesized in
the framework under Task 4.4.

Fig. 5. Example of a Decision Support Table developed in the project.
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Implementation: testing the first three steps of the framework in practice
The full series of workshops (see Deliverables 3.1 and 3.2) showed how the inclusive
operational framework that Myfish developed could work in practice, although the exact
characteristics of such a process and in particular how it is embedded in institutional
settings were not formally defined (given the variety of institutional settings possible). In a
participatory process, we investigated aspects of inclusiveness including information
sharing, consultation and establishing dialogues. This led to a co creation process between
scientists and stakeholders primarily using Advisory Councils (ACs) as the stakeholder forum
and collaborators when drafting management plans, including agreement on objective
setting and the process to deal with trade offs. Myfish has contributed to drafting of several
multiannual plans (MAPs) e.g. in the Atlantic Iberian waters and the Baltic Sea, bringing the
input of stakeholders in defining the important trade offs into the decision making arena.
The experiences from Myfish demonstrate that participatory governance, by engaging ACs
and regional stakeholder associations in drafting MAPs and providing recommendations to
the decision making system, is an effective modus operandi to establish a platform for
stakeholder science interaction supporting the implementation of the reformed CFP.

All Myfish case studies showed that participation of the stakeholders from the beginning
helped to eliminate irrelevant options and settings and the inclusion of their insights helped
validate and legitimate the approach. The approach facilitated identification of conflicts
between different user group objectives and potentially enhances the fishery management
compliance. Even when the results of, for example, a MSE model output, were not what was
expected, the transparency and understanding of the process was a clear benefit. When
asked about reactions to limiting constraints or changed management measures, a slight
majority of fishers and other fishery representatives indicated a willingness to change as a
consequence of more or new restrictive management measures to reach MSY. However,
they commented that their “willingness to change” mainly was seen as a result of the lack of
alternatives. In the current management approach, fishers considered management a “top
down management” and did not feel included in decisions. As perceptions and knowledge
differ between fishers, scientists, NGO representatives, and decision makers, knowledge,
information systems, perceptions, issues of trust and recognition of different stakes and
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interests need to be taken into account more explicitly in fisheries management. This
demonstrated process is an integral part of the developed framework.

Another element of inclusive governance – multi level governance – is related to
regionalisation in the reformed CFP. There was large expectation at least among
stakeholders that regionalisation would allow for genuine multi level governance opening
up for their involvement in the decision making process. Nevertheless, the way multi level
governance is practiced in the reformed CFP has primarily lead to decentralisation by
creating regional mini councils rather than opening up for larger stakeholder engagement in
the decision making. The present lack of interaction between regional groups and ACs, and
the scientific community during the decision making process of MAPs at the regional level
has to a large degree undermined the positive social acceptability of MAPs obtained through
the participatory governance process leading to draft MAPs by ACs. In continued decision
making, inclusive governance requires a policy commitment embedding the approach in the
institutional framework. However, even without this formalized setting, the participatory
process allowed stakeholders to influence the type of information and trade offs that
entered the decision arena.

Deliverables D3.1 and D3.2 provide detailed information on regional outputs in a process in
which this operational framework was developed and tested in workshops across seven sea
areas.

Communication has been a key focus throughout the project, resulting in a total of 160
presentations, 89 scientific journal papers, and a dedicated volume of ICES Journal of
Marine Science. In addition to this, two targeted meetings were held; a symposium focusing
on scientific results and stakeholder involvement in Myfish and similar efforts globally and a
Policy Meeting aiming to discuss how Myfish results are relevant to EU management. The
presentation of results aimed directly at fisheries managers included repeated dedicated
meetings with ICES and DGMARE representatives as well as 2 day courses organized
through ICES aiming at communicating the concept of MSY ranges and optimal yield (PGMY)
to employees of DGMARE and the European Parliament.
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6. Identify further monitoring, assessment and research needs for
the implementation of MSY (Task 4.5)

The key output of Myfish is a recommendation to make management targets into zones
(rather than specific points or levels) where negotiations with stakeholders over objectives
and risk attitudes can take place. This recommendation has been made together with a list
of highly esteemed experts from both inside and outside Myfish (Rindorf et al 2016). Further
research is needed to ascertain that the boundaries of these zones are consistent with risk
based management, that any solution or agreement which takes place within the
designated zones is in accordance with the law and international standards for good
practice in fisheries management. The reflections over the literature and studies presented
at the symposium on together with the views expressed in group discussions and free text
comments were gathered in a review concluding with ten major challenges for the future
implementation of targets and limits in fisheries management (Appendix 5).

In the manuscript (Appendix 5), we identified four main areas where development is needed
to evolve fisheries management:

1. Addressing all four pillars in fisheries management
2. Defining internally consistent targets and limits for management
3. Addressing uncertainty and variability and
4. Improving governance.

For each of these main areas, we have suggested promising ways forward and conclude with
a list of 10 possible actions to advance ecosystem based fisheries management (Table 1).

Addressing all four pillars in fisheries management
The efforts to encompass ecological, economic, social and institutional objectives in
modelling and visualisation of trade offs has hitherto been limited mainly to ecological and
to some extent the economic objectives leaving out social and institutional objectives
(Garcia et al., 2014). Fisheries science and management have yet to go far in the inclusion of
social targets or limits in ecosystem based fisheries management (Haapasaari et al., 2012;
Phillipson and Symes, 2013). Addressing these shortcomings requires (a) an extended
collaboration between ecological, economic and particularly social scientists to address
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differences in scientific paradigms between natural and social scientists, (b) definition of
agreed ecological, economic and social indicators that track how fisheries perform, (c)
definition of targets and limits for these indicators, and (d) definition of tolerance levels for
their achievement, in a transdisciplinary effort with broad stakeholder participation.

The next steps will be to design and implement an institutional framework which is inclusive
and where these considerations are given weight in the final management decisions in a
transparent way. This framework must define the composition of stakeholders in decision
making to ensure that policy choices are reflected. So far the approach has been primarily
sequential (ecological followed by economic considerations and, in some cases, social
aspects); a more holistic approach should be possible to embrace and handle the fact that
identification and choices regarding trade offs need to be discussed in society and decided
by politicians (Dichmont et al., 2013). Greater development and use of decision support
tools that fully embrace the complexity of fisheries social ecological systems, as part of
adaptive management approaches, may facilitate communication between science and
stakeholders involved in management decision making, leading to reduced risks of
disjunctions between scientific advice and decisions.

Defining internally consistent targets and limits for management
A major challenge in fisheries management is that of reaching agreement on what targets
should be considered within ecosystem based management. While interpretations of MSY
have evolved considerably since the concept was first conceived, there is no agreement on
how the MSY concept is to evolve from its narrow interpretation to incorporate other
aspects and reconcile interdependencies between the attainments of different objectives.
Even in cases where the institutional set up differs between objectives, such as is seen in
ecological and fisheries related objectives in the EU, scientists should provide advice which
is internally consistent with all stated objectives whenever possible and clearly
demonstrate conflicts where it is not.

A realizable pathway to include at least multispecies trade offs in management could be
‘Pretty Good Yield’ (PGY) (Hilborn 2010). PGY is defined as a specified (large) percentage of
the Maximum Sustainable Yield (MSY). This definition offers ranges of MSY related fishing
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mortality rather than point estimates, and thus adds flexibility (Rindorf et al., 2016). MSY
based PGY ranges may provide a tool for the incorporation of mixed fisheries, ecosystem
issues and possibly economic considerations to allow policy makers to address ‘choke’
species issues while providing scientific limits to policy choices. As the tolerance of different
stocks to deviations from FMSY differs, there is a need for stock specific values to avoid
overexploitation (Appendix 6). MSY ranges can provide a formal way to integrate annual
fluctuations of all stocks and fleets in mixed fisheries (Ulrich et al., 2016). However,
exploitation at rates above FMSY is against legislation in many areas of the world (e.g. the US
where the upper limit to fishing mortality of all stocks is FMSY (US, 2007)). Fishing mortality
ranges were identified in discussion as a possible direction for European fisheries
management, in order to bridge across ecosystem objectives and technical interactions.
Thus, MSY as a central concept in the new CFP (EU, 2013) can be supplemented by different
derivations visualising the related management options.

While the ranges of MSY or PGY seem to be a promising tool for the incorporation of mixed
fisheries, ecosystem issues and possibly economic considerations, there are potentially
situations where simultaneous good yields of different stocks cannot be achieved or where
ecological, economic and social objectives are conflicting (Rindorf et al., 2016). Often,
ecological aspects are not strictly defined or a direct function of fishing mortalities, and
hence the implementation of ecological limits becomes unclear. Further, social objectives
may not be directly related to fishing pressure and therefore a ‘pretty good social yield’ may
not be ensured by defining specific combinations of fishing mortalities.

Addressing uncertainty and variability
Fisheries management is undergoing a shift in philosophy that is leading to more fully
embracing uncertainty and complexity and to recognizing fisheries as social ecological
systems and more broadly as complex adaptive systems. This has two major implications.
First, scientists and stakeholders need to approach the challenge of communicate
‘uncertainty’ and ‘variability’ and define the feasible range of management responses to
each of these. Related to this is the need to account for changes in spatial distribution,
which provide challenges for both scientific advice and institutional set ups.
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Improving governance
A major implication in recognizing the complex systems nature of fisheries is the need for
changes in governance thinking. These will place more emphasis on adaptive management
that links social systems with natural systems, on participatory management with
community based institutions and on an institutional framework where horizontal (between
sectors) and vertical (international, regional, national, local) levels are well integrated.
Scientists need to know how to position themselves to meet these challenges. This requires
trust, interaction, common ground and common language. Maintaining a functioning
collaborative environment and requiring responsibility in line with participation require
ongoing effort. Though this is listed last in Table 1, it is perhaps the most important aspect
in moving forward towards an incorporation of all societal aspects in an efficient ecosystem
based fisheries management.

Table 1. Suggested ways forward to include all four pillars of sustainability within
operational ecosystem based fisheries management (Appendix 4).

Challenge
1 Extend the collaboration between ecological, economic and social scientists
2 Define agreed ecological, economic and social indicators with clear links to

management measures
3 Design and implement an institutional framework which is inclusive and where

ecological, economic and social considerations are given a transparent weight in
management decisions

4 Recognise that identification and choices regarding trade offs are a political process
5 Investigate the role of ranges of MSY/PGY as a tool for the incorporation of mixed

fisheries, ecological issues and possibly economic considerations
6 Provide advice which is internally consistent with all stated objectives whenever

possible and clearly demonstrate conflicts when this is not possible
7 Communicate ‘uncertainty’ and ‘variability’ and define the feasible range of

management responses to each
8 Address changes in spatial distribution within both scientific advice and institutions.
9 Ensure management is adaptive and participatory, linking social

systems with natural systems
10 Develop and maintain trust, interaction, common ground and common

language in collaboration with stakeholders
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In addition to these considerations, the following good practice guidelines were developed
based on results in WP3 (Deliverable 3.2):

- Incorporate different types/ levels/ sources of knowledge: Local/indigenous
knowledge is important and should be considered, but it is a challenge to collect.

- Improve communication with fishers:
talk and listen more, in order to better understand the situation
explain goals clearly and transparently. Often the objective of
implementing a new management measure is not clear, so why would a
fisher support it?
Repeat messages, as people do not listen, forget...

- Improve the relation between fishers, scientists and decision makers:
Fishers are afraid to cooperate because of negative experiences with
collaboration – boomerang effect
Scientists are seen as managers

- Beware that data poor situations (e.g. Mediterranean and Baltic Sea) are prone to
lead to very conservative management (TAC decrease), which fishers consider the
most unfavourable management measure of all.

- Reconsider measures that are not working out well.
- As fishing enterprises exploit a common natural resource, transparency on ecologic

and socio economic information is required in order to know how and how much is
exploited, who is benefitting and who is not from this common resource.
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7. Conclusions
The Myfish project has provided an operational framework involving sequential steps of
problem framing, identifying management options relevant to goals, demonstration through
models and evaluation of modelled outcomes of options against objectives, developed and
put into practice across seven sea areas. Relevant models and visualisation techniques were
used in each of these fisheries to test attitudes to MSY variants identified through the
workshop approach. DSTs were viewed positively, in general, as starting point for
discussion. Stakeholders expressed views that models did not always address the most
pertinent problems, such as short term transitions, specific regulations, subsidies and social
costs, GES and risk. It was also observed that a different implicit weight was given to
ecosystem, economic and social pillars of sustainability depending on regional and social
factors. The dominating role of ecosystem sustainability in scientific advice and
management was apparent in some but not all of the regions. Yield in value and economic
aspects were preferred objectives, whereas ecosystem and social constraints were seen as
key aspects of sustainability ensured by setting limitations maximisation of yield. The main
conclusion from the workshops was that stakeholders liked flexibility, such as ranges of
objectives, rather than points, ‘pretty good yield’, or qualitative criteria.

In summary, our main conclusions at the end of Myfish are:

The principle of MSY can be expanded from single to multiple interacting species and
fisheries, as well as to ecosystem, social, and economic objectives

Fisheries yields in biomass and/or economic terms (MSY and MEY) can be optimized.
Social and ecosystem objectives are best used as constraints on the biomass or
economic optimisation. In other words, we should avoid solutions that maybe
attractive in terms of yield, but that compromise ecosystem or social sustainability

An inclusive process of problem framing, management reflection, modelling
scenarios and systematic evaluation of modelled outcomes has been demonstrated
and this operational framework is key to defining strategic objectives for local
fisheries management
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The implementation must be adaptive to follow the variation in processes both in
the ecosystem and in economic and social aspects, as well as the specific
characteristics of individual fisheries

Options, modelled scenarios and outcomes need to be presented in consistent and
comprehensible formats, involving good visualisation techniques, to ensure broad
and effective stakeholder participation

Decision support tools need to present choices and particularly trade offs in a format
that is readily understandable, and ideally would allow users to experiment with
these choices

European MSY results are recognised as being at the innovative forefront of
management advice, and incorporating a consistent and inclusive framework to
extend MSY to a wider set of criteria enhances this leading role

Further work is needed on developing MSY ranges that provide “Pretty Good Yield”
rather than focusing on specific reference points, and that allow flexibility to work
within social and ecosystem constraint
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