
We would like to use this opportunity to present the results we 
have obtained in the FP7 project ‘Maximising yield of fisheries 
while balancing ecosystem, economic and social concerns’ 
(Myfish). The project is approaching the end of its four years 
duration, and here we highlight how the results are relevant to 
fisheries management, which challenges have been solved and 
which challenges still remain.

Managing fisheries to obtain Maximum Sustainable Yield 
(MSY) in practice is challenging because achieving MSY for an 
individual stock can hamper the achievement of MSY for other 
stocks and compromise ecological, environmental, economic, 
or social aims. The objective of the Myfish project is to face 
these difficulties and provide evaluations of the effect and 
desirability of aiming for different parts of the MSY-realm, 

including Maximum Economic Yield (MEY) and Maximum 
Social Yield (MSY). The studied cases addressed single 
species, mixed species, pelagic, and demersal fisheries across 
Europe. Social aspects were integrated throughout the project 
by active involvement of stakeholders in the definition and 
desirability of MSY variants (such as MEY) and sustainability 
criteria (such as the desire to maintain sensitive species or 
employment). Throughout the project, the participants have 
made a dedicated effort to provide the scientific input needed 
to construct Multiannual Management Plans aiming at MSY, 
describing the consequences of aiming at different parts of the 
MSY-realm. 

More details about the project can be found at our website, 
www.myfishproject.eu 
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Definitions of key terms
Yield: Weight of landings of a species.

MSY: The maximum yield which can be taken, on average, when 
fishing with a constant fishing pressure.

FMSY: The constant fishing pressure leading to MSY while ensuring 
that the biomass of spawning fish remains at levels where 
recruitment is not impaired at least 95% of the time.

BMSY: The average biomass of spawning fish when fishing at FMSY for 
a long time.

BMSYTrigger: The biomass of spawning fish below which ICES 
recommends to decrease fishing pressure to a level below FMSY. The 
level must be no less than the biomass of spawning fish at  which the 
risk of falling to levels where recruitment is impaired is 5%.

Single species: All variables are estimated ignoring biological (e.g. 
predation) and mixed fisheries interactions

Multi species: All variables are estimated while accounting for 
either biological (e.g. predation), mixed fisheries interactions or 
both.

MEY: The maximum economic yield which can be taken, on average, 
when fishing with a constant fishing pressure.

FMEY: The constant fishing pressure leading to MEY.

BMEY: The average biomass of spawning fish when fishing at FMEY for 
a long time.

The MSY concept has been used in fisheries management for 
more than 50 years. During this time, we have acquired more 
and more knowledge, particularly about how the MSY principle 
applies to stocks which do not exist in isolation and how MSY  
objectives relate to other objectives. In our work, we have 
encountered a number of frequent common assumptions, and 
here we discuss the scientific basis for a selection of these to 
find a common ground on which to base discussions on MSY 
principles in management.

So far only single species related reference points are 
used in management although it is well known that species 
interact with each other. The main argument often used is that 
multispecies approaches are too complicated and uncertain.  
Next to this there is an ongoing debate whether BMSY  
(the biomass that results from fishing at FMSY for a long time) 
should be used in management instead of  FMSY (the fishing 
mortality consistent with achieving MSY). The International 
Council for the Exploration of the Sea (ICES) based its scientific  
advice on  FMSY, as F (the fishing mortality) in contrast to SSB  
(spawning stock biomass) can be managed directly and 
BMSY depends to a large extent on the future productivity of 
stocks which is extremely difficult to predict under changing  
environmental conditions.

During Myfish and together with the ICES working groups 
WKMSYREF III (The Workshop to consider reference points  
for all stocks), WGNSSK (the Working Group on the Assessment 
of Demersal Stocks in the North Sea and Skagerrak) and 
WGSAM (the Working Group on Multispecies Assessment 
Methods) reference points were estimated for North Sea 
stocks in a single and multispecies context. 

In the following we take the North Sea gadoids 
cod, haddock and saithe as well as the clupeid 
herring as examples (Table 1) because for other  
species like whiting or industrial fish ICES advice is not based 
on  FMSY. It can be demonstrated that MSY and BMSY estimates 
in both single and multispecies context are highly sensitive 
towards assumptions on the future productivity of stocks and 
whether predator-prey relationships are taken into account or 
not. Changes in productivity have been related in literature by 
far not only to the level of spawning stock biomass (SSB) but 
often to changes in e.g. temperature and associated changes in 
the food web. 

Even when taking single species  FMSY values and making a 
long-term simulation with the multispecies model (SMS), the 
yield and the SBB that can be reached are considerably lower 
compared to what is predicted in standard single species 
models because fish eat each other and any recovery of a 
predator stock has its cost (Table 1). While the absolute value 

of MSY and BMSY varied greatly with the productivity of 
stocks, the part of a population that can be harvested to get 
the maximum yield ( FMSY) was more robust towards these  
changes. The total multispecies maximum yield from the main 
target stocks in the North Sea was also reached at similar  
F values compared to the single species ones for cod and  
herring. However, for saithe and haddock the multispecies  FMSY 
became higher because predators need to be fished often harder 
in a multispecies context to get more yield from prey species 
when trying to maximise the total yield in tonnes. Therefore, the 
MSY concept in a multispecies context may need some adaption 
to ensure the sustainable exploitation of all species. Myfish 
has dealt with the questions ‘What to maximize?’ and ‘What to 
sustain?’ in a multispecies/mixed fisheries context extensively 
in various case studies (see Myfish Newsletter 3).

Overall, it becomes apparent that BMSY is questionable 
as a management target because it varies with the often 
unpredictable future productivity of stocks and the carrying 
capacity of ecosystems and therefore unrealistic management 
targets might be set. In addition, the productivity of stocks 
cannot be managed directly because it depends also on external 
factors like temperature or food web dynamics. In contrast, 
fishing mortalities can be managed directly and  FMSY was more  
robust in our examples to assumed changes in productivity. 

Multispecies approaches are too 
complicated

Understanding MSY: unravelling common assumptions
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Type of MSY

Explanation

MSY1 BMSY
1 FMSY 

1 MSY1 BMSY
1 FMSY

1 MSY2 BMSY
2 FMSY

2 MSY3 BMSY
3 FMSY

3

Cod 102903 466778 0.33 52765 232811 0.33 49000 172000 0.34 42239 154880 0.33
Saithe 128899 259062 0.32 71305 160000 0.29 128000 200000 0.38 127809 261076 0.32

Haddock 114190 329127 0.37 not tested not tested not tested 67000 125000 0.6 49912 142961 0.37
Herring 611000 1639000 0.33 349000 1272000 0.35 523000 1274000 0.35 431414 1202390 0.33

Testing single species FMSY values in 
the multi species model SMS. Full 
productivity: Stock recruitment 

relationship based on the complete 
recruitment time series (apart for 

cod 1988+ as used by ICES)

Multi species MSY

Full productivity: Stock recruitment 
relationship based on the complete 

recruitment time series (apart for cod 
1988+ as used by ICES)

Reduced productivity: Stock recruitment 
relationship based on currently observed 

lower recruitment levels 

Single species MSY

Maximising total yield in tonnes from the 
main target species in the North Sea. Full 

productivity: Stock recruitment relationship 
based on the complete recruitment time 

series (apart for cod 1988+ as used by ICES)  

Table 1. MSY, BMSY and FMSY derived from different modelling approaches

1 Values come from the Myfish-ICES WKMSYREF III report for herring, haddock and saithe. For cod the values come from ICES WGNSSK 2015. All values 
were derived with the model Eqsim and no harvest control rule with Btrigger was used for the estimation of FMSY. High recruitment events for haddock 
are highly sporadic and do occur suddenly. Reduced recruitment levels were therefore not tested during WKMSYREF III. 

2 Optimisation based on the ICES WGSAM keyrun 2014. The maximum total yield in tonnes was estimated with a penalty for solutions where stocks are 
predicted to fall below the precautionary reference point for SSB (Bpa).

3 Long-term simulation until 2050 based on the ICES WGSAM keyrun 2014.    

It is often reported that adopting MSY principles in 
fisheries management will lead to substantially higher 
fishing yields, larger stock sizes and lower ecosystem 
impacts. This is particularly true in systems which 
have historically been fished at levels much higher 
than those providing MSY, such as the Mediterranean 
Sea. The work that was carried out in the framework 
of Myfish included two case studies that examined 
the bottom trawl fisheries and also the small-scale 
fisheries exploiting the demersal resources of the  
Aegean (eastern Mediterranean) and Balearic (western 
Mediterranean) Seas. The analyses investigated the  
effects of various management strategies on the 
stocks and the fisheries. Although the multispecies 
nature of the fisheries does not allow fishing at 
FMSY levels for all stocks simultaneously, results 
indicated that decreasing the fishing pressure at  
levels securing the optimum exploitation of most  
important stocks would increase catches and 
income. As an example, Figure 1 shows how  
demersal catches in the Balearic Sea would vary in  
relation to relative fishing mortality changes, as well as,  
the medium-term projections of income per coastal  
vessel at various levels of fishing pressure in the 
Aegean Sea.

Figure 1. Equilibrium catches (total and by main species) of the Balearic  
demersal fishery at various hypothetical levels of fishing mortality (left) 
and income per vessel for the Aegean Sea coastal fishery under different  
management scenarios (right).

Fishing at FMSY will provide higher yields
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According to traditional fisheries science, the MSY requires the 
population abundance to be sufficiently high, which implies that 
ecological conservation criteria for this stock will be met under 
MSY to some extent. It has furthermore been advocated that 
when processing, distribution and marketing of fish products 
are taken into account, MSY would be an appropriate target for 
fisheries also from an economic perspective. These statements 
are, however, based on generalised single-species biomass  

models. We re-considered these findings for the case of the 
central Baltic Sea fishery under more realistic conditions: 
(i) using an age-structured population model and (ii) a 
multispecies, i.e. predator-prey, setting. The central Baltic Sea 
fishery is dominated by cod, herring, and sprat, with cod being 
a major predator for sprat and juvenile herring. Our results 
challenge the conventional wisdom on MSY-related results. 

In a multispecies setting, MSY is compatible neither 
with ecological nor with economic sustainability. 
We next checked the outcome of applying the MSY 
objective in a multispecies setting, i.e. the coupled 

cod-herring-sprat system. It turns out that multispecies MSY 
(MMSY) would be reached by depleting the stock of cod, 
the top predatory fish in the Central Baltic. Highest yields in 
tonnes are possible if no predator is around and the catch is 
based purely on the clupeids. This MMSY would be highly cost-
intensive, as an unprofitable cod fishery would continue to 
keep the cod stock low. Opting for a pure MMSY is therefore 
neither economically nor ecologically sustainable. However,  
allowing for deviations from MSY in a certain range and/or  
including additional constraints (e.g. minimum stock sizes) 
may offer a way forward.

For the Baltic cod fishery, MSY is not compatible 
with economic sustainability. Using an  
age-structured single-species ecological-economic 
model for the cod fishery shows that maximisation 

of yield would theoretically be reached by fishing  
with large mesh size, targeting only the oldest fish.  
Effort at MSY would be 10 to 34 times higher than at  
maximum economic yield (MEY) (depending on trawl  
type used). Due to the high effort levels needed, 
the potential profits at MEY would be completely lost, 
and in contrast, the MSY fishery would have to 
be heavily subsidised. In an age-structured, single-species 
world the MSY objective would therefore be good for stock 
size and the number of jobs, but detrimental for economy.  
A “Pretty Good Yield” concept could come much closer to MEY.

i ii

Maximising yield is sustainable!
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Figure 2. Stylised picture of the 
problem of selecting the target 
under LO. Choke species is limiting 
the effort that a fleet can applied 
up to E(c)MSY (the fishing effort 
that corresponds to managing 
the choke species using the MSY 
strategy).  The target species is not 
captured using their sustainable 
catch possibilities (MSY or MEY).  
Multi-stock reference points are 
able to increase the effort up to 
E(t)MEY (the fishing effort that  
corresponds to managing the  
target species using the MEY 
strategy) in some periods, and  
fishing possibilities are not wasted.

In theory, fisheries can be exploited at many sustainable 
harvest rates which make it necessary to opt for one. MSY 
and MEY are two candidates where catching more or earning 
more tend to mismatch each other. Larger fish stocks increase 
economic profits. This argument can be turned around by 
saying that economic optimality is reached at lower catches 
than MSY or, similarly, that MSY strategies will require larger 
effort levels than MEY (Figure 2). In addition to the need for 
choosing one or another target, management also need to 
consider the landing obligation. The landing obligation implies 
that effort and catches are driven by the effort allowed by the 
total quota of the most restrictive species (the so called choke 
species), independently of which MSY or MEY strategy that is 
chosen (Figure 2). In this context, larger fishing efforts depicted 
by MSY appear more feasible given that the “choke” effect is 
mitigated in comparison to scenarios where MEY is the chosen 
target. 

The Atlantic Iberian waters case study in Myfish evaluated 
the consequences of managing by MSY or MEY under the 
landing obligation. We examined if managing by a single 
species MEY is a more economically adequate solution 
when a choke species and a target species are considered 

simultaneously, or on the contrary, if the larger effort on 
the target species allowed by managing following MSY 
is able to compensate the loss of economic performance 
of a fleet while managing the choke species using a MSY 
target. We showed that there are cases where the economic 
inefficiency of using the MSY strategy for managing the choke  
species, is counterweighted by the increase of catches (and 
landings) of the target species. 

In the Atlantic Iberian waters case study we are not 
suggesting neither single stock MSY nor single stock MEY 
as a candidate solution as multispecies fisheries require 
multispecies based management. MSY and MEY can 
both be operational in a multispecies context. Following 
this, we created multi-stock reference points. Figure 2 
illustrates that the solution of considering the multispecies 
problem is to select the effort of the target species 
applying MEY to the target species. However, in cases of a  
system with four or five stocks fished simultaneously, the final 
solution would be quite complex to operationalise although 
it would provide a more risk balanced system than applying 
single stock systems on the individual stocks in the system.

MSY and MEY mismatch in multispecies fisheries
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There are a number of stocks within the EU that 
can be categorised as “data-poor” or “data limited”. 
In such cases we are unable to calculate the more 
normal FMSY reference values, and in many cases 
are simply not able to calculate fishing mortality, 
or estimate biomass at all. An example is the skate and ray 
populations in the Irish Sea. Data on landings was limited to 
a generic “skates and rays” category until recent years, and 
many species identification issues still remain. 

Total allowable catches (TACs) continue to be for the 
generic category. However, in the Irish Sea a small 
number of vessels are apparently able to target these 
stocks and avoid major declines in abundance. In 
Myfish we examined ways we could use the limited 
information available in the Irish Sea to propose 
management approaches based on the principles of MSY.  
Interviews and discussions with stakeholders indicated 
that a spatial management strategy would be the best 
for this fishery. We also examined the use of survey data 
to develop MSY type harvest ratios (HRMSY) as proxies 
for the more standard FMSY reference values. This also 
allowed us to calculate the proportion of each species that 
would need to be protected from exploitation to maintain 
a healthy stock. 

Finally we used a novel modelling approach to use the 
survey catch rates by species along with environmental 
parameters (e.g. depth, substrate, currents etc.) to map the 
abundance distribution more accurately than previously. 
Bringing these different strands together, and including 
maps of fishing effort, we were able to propose candidate 
areas for closure to protect sufficient levels of each stock 
to help maintain a sustainable exploitation. An example of 
such a map for cuckoo ray (Leucoraja naevus) is presented 
in Figure 3. 

FMSY is stable over time

MSY works even when data are limited

Changes in fish productivity affect both the maximum fisheries 
yield and the fishing mortality at which this yield is obtained. 
However, if the production of the individual fish stock varies 
in opposite directions, overall fish production and fisheries 
yield may remain stable in spite of changes in the lower trophic  
levels. The North Sea forage fish production was analysed as 
an example of such a potential stable production which should 
in theory result in a stable FMSY over time given the alternating 
switching between high productivity and low productivity 
of the different pelagic fish stocks within the same system. 
Time-series of growth, recruitment and zooplankton 
abundance was analysed to identify periods of high and low  
productivity and within stock productivity compensation 
between recruitment and growth. We investigated if multi-
annual patterns in fish stock productivity is asynchronous, and 

therefore justifies the hypothesis of a long-term stable pelagic 
fish biomass and finally to determine to which extent shifts in 
production have affected the MSY and the fishing mortality at 
which MSY is obtained (FMSY).

Productivity of all five pelagic fish stocks in the North Sea 
changed over time. There were indications that productivity 
alternated between stocks but this alternating productivity 
diminished after 1993 where a distinct decrease in  
productivity led to a substantial decrease in MSY for all stocks.  
The absence of alternating high-and-low productivity across 
stocks had consequences for the combined MSY and the  
total forage fish biomass, severely decreasing total yield  
rather than simply changing the composition of this yield.

Figure 3. The black areas represent the area that might be closed, and 
was calculated to maximise the protection for the ray, while minimising 
the fishing effort displacement (in this case displacing around 12% of the 
effort).  The precise areas blacked out do not represent a viable marine 
protected area (MPA) layout, but could be used as the basis for a more 
useable layout, informed by the knowledge of stakeholders. The software 
used for this analysis can easily be used to examine any MPA layout and 
illustrate how much of the ray population would be protected, and how much 
effort displaced. The approach has been presented to the North Western 
Waters Advisory Council (NWWAC) and was considered very promising, and 
a suitable way of dealing with a perennially difficult issue.   
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Members of the Myfish consortium at the project's final symposium in Athens, Greece, in October 2015

In Myfish, we investigated 19 European fish stocks to test the 
hypothesis that fishing at FMSY is inherently precautionary with 
respect to impairing recruitment. The precautionary reference 
point for each stock was defined as the fishing mortality 
resulting in a 5% probability of the spawning stock biomass 
falling below the agreed biomass limit below which recruitment 
is impaired. It turned out that small bodied fish generally could 
not sustain as high fishing mortalities as large bodied fish.  

Small bodied fish grow very little once they enter the fishery 
and therefore, they do not have any weight gain to buffer the 
losses to fishing and natural causes. Our study showed that 
fishing at FMSY generally is precautionary with respect to 
impairing recruitment for highly exploited fish in northern 
European waters, though this is not always the case for small 
fish like sprat and herring.

Figure 4. The fishing mortality leading to MSY () 
does not vary with body size in the highly exploited 
fish stocks in the North Sea, Baltic Sea and Barents 
Sea. However, the highest fishing mortality which is 
precautionary with respect to impairing recruitment 
(∆) is lower for small rather than large fish as small 
fish experience little growth after entering the 
fishery to negate the effect of fish being removed 
by fisheries and natural predators. Below the x-axis,  
examples of species are shown to indicate their 
maximum size. 

From left to right, the species are sprat, common 
sole, haddock, plaice, saithe and cod.

Fishing at FMSY is inherently precautionary
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Figure 5: Structured series of interactions used by Myfish in stakeholder engagement process

The Myfish project was involved in workshops at regional and 
European levels in which alternatives to MSY were considered 
by a broad range of stakeholder groups, including managers, 
fishermen, NGOs and scientists. In the early stages of the  
project, options were identified and ranked. An important 
objective identified by many stakeholders was that there should 
be inclusive governance of fisheries, and that stakeholders 
of all sorts have both a role and a willingness to participate.  
Myfish also looked at examples of inclusive governance in 
fisheries in North America, Australia and the Faeroes and 
found that features such as self-regulation, co-management 
and relating fishing entitlement to meeting associated 
responsibilities were considered indicators of good practice. 
Where there are clearly understood mechanisms for fishing 
control and stock management, fishermen and other 
stakeholders are willing to take shared responsibility. A challenge 
identified in Myfish was in communicating goals, trade-offs and 
shared actions in management model outputs. This was done in 
regional workshops in which graphical presentations of highly  
ranked MSY alternatives for that region were discussed.  
An example is shown in this Policy Brief in the section on  
Inherent trade-offs. 

Fishers in the case study areas were consulted through a semi-
structured questionnaire to get their reactions to limiting 
constraints or changed management measures. Fishers and 
other fishery representatives were also asked about the 
potential social impacts of MSY scenarios. Legitimacy and 
compliance issues can be expected as a consequence of more 

restrictive measures. Only a slight majority of the interviewed 
fishers 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 refers to the lack of alternatives. In reality 
they accept that they have little choice but to change. The 
interviewed fishers – apart from already being in debt to their 
banks – consider fisheries to have “top-down management” 
and consequently they do not feel included in management 
decisions. Stakeholders expressed a strong preference for 
“inclusive governance” during Myfish workshops. The crucial 
questions, however, are: Who are the included stakeholders? 
Who represents fishers? and How are options described, 
understood and agreed so that stakeholders can participate 
fully?

In general, perceptions and knowledge of fisheries differ 
between fishers, scientists, NGO representatives, and decision 
makers. Fishers speak and think about their fishery in a 
specific language that is different from other stakeholders. 
This divergence in knowledge and communication needs to be 
addressed urgently, since “inclusive governance” is a common 
aim of all stakeholders. Apart from different knowledge and 
information systems and different perceptions, issues of trust 
and recognition of different stakes and interests need to be 
taken into account more explicitly in fisheries management. 

The framework adopted by MYFISH to 
facilitate this process is outlined in Figure 
5, which illustrates a structured series 
of interactions involving many diverse 
stakeholder groups in iterative steps.

The properties of the various regional 
fisheries models were also examined, 
through a questionnaire for fisheries 
scientists comparing the way management 
options are modelled. This overview of the 
models used in different fisheries highlights 
that the many models involved are very 
diverse. There may be further possibilities 
to identify how properties of these 
models used to demonstrate management 
options may contribute to more effective 
stakeholder participation and acceptance.

Stakeholders take responsibility; fishermen adapt reluctantly
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KeyNorth Sea DST (southern)

The MSY principles reflect a focus on obtaining continuing 
high catches by controlling fishing mortality to benefit the  
productivity of fish stocks and society in general. Fisheries 
management in most jurisdictions, however, has objectives other 
than just maximising sustainable output. These include a range 
of social objectives such as maintaining regional communities 
or supporting traditional lifestyles; economic objectives such as 
maximising profits of fishers (or at least ensuring profitability), 
and in many cases governance objectives such as ensuring 
flexibility or minimising management transaction costs. In  
addition, there are often additional conservation objectives 
that also apply to managed fisheries, such as reducing the 
impact of fishing on key habitats or the catch of protected 
species. Outlining possible objectives and the inherent trade-
offs must be a participatory process in which the complexity 
in presentation of trade-offs and indicator results on chosen 
objectives must be considered. It is often difficult to tease 
out the operational trade-off consideration from the technical 
model details and when evaluating model outcomes it is vital to 
distinguish between variation and actual change. 

An example of such a presentation of the  
necessary trade-offs is the North Sea southern case study. 
In this, Myfish analysed the implications of aiming for three  
different MSY/MEY related objectives (maximise yield in 
tonnes, maximise yield in Euro, maximise profit) on i) the  
target stocks, ii) the economy of the main fleets (flatfish and 
brown shrimp fisheries) and iii) their employment. In addition, the  
constraints imposed by harvesting by-catch like turbot and 

elasmobranchs in a sustainable way have been investigated 
under the assumption of constant catchabilities (in scenario 
MEY constrained). Absolute numbers in the decision support 
table (DST) should be interpreted with care because any 
prediction depends on modelling assumptions.

The main conclusions from the example DST (see Figure 6 and 
7) are: 

• The current definition of MSY (maximum sustainable yield 
in tonnes) is not optimal from an economic point of view.  It 
leads to a loss in profit. 

• Economic efficiency and ecosystem sustainability are 
not mutually exclusive. Maximising profit leads to a lower 
fishing effort and therefore to a relatively low by-catch and 
a better size structure in the ecosystem (Figure 7). There is 
no big loss in profiT caused by the protection of by-catch 
species in this specific example (Figure 6; scenario MEY 
constrained). 

• However, economic optimisation and the protection of by-
catch species are achieved with much lower catch (food 
safety) and at a high social cost (lower employment

Therefore, when looking at the overall picture and not only 
at catch in weight, trade-offs become obvious. Decisions are 
needed in terms of where to go inside the trade-off space. 
Compromises may have to be found instead of going for one 
specific objective. 

Figure 6: Decision Support Table (DST) on the 
consequences of aiming for different MSY/
MEY objectives in the main fisheries of the 
southern North Sea. Catch in thousand tonnes 
is indicated by the number of fish of each 
species. The profit in million Euros is indicated 
by the number of Euro signs and negative 
profit is red. Employment in 1000’s of full time 
equivalents (fte) is indicated by the number of 
people. Effort in days at sea is indicated by 
number of vessels. Green color indicates SSB 
above the precautionary reference point for 
SSB (Bpa) (precautionary reference point for 
spawning stock biomass). For brown shrimp 
(Crangon crangon) no reference points are 
defined. Blim refers to the limit reference 
point for spawning  stock biomass.

Inherent trade-offs
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MSY principles reflect a focus on obtaining continuing high 
catches to provide food and livelihoods to humanity, while 
not compromising ecosystems. However, maintaining healthy 
stocks to provide the MSY on a single species basis does not 
ensure that broader ecosystem, economic and social objectives 
are addressed. In Myfish, 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 space. The 
Pretty Good Multispecies Yield space is a practical concept that 
can address some ecosystem, economic and social trade-offs 
encountered and provides a safe operating space for management. 
While this space 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. 
Furthermore, it provides a way to integrate advice across stocks, 
avoiding clearly non-feasible management combinations and 
thereby hopefully increasing confidence in scientific advice.

The European Common Fisheries Policy (CFP) gradually 
implements a discard ban in all European fisheries and under this 
ban, all catch must be landed and counted against the allowed 
catch for the stock. Fishing will have to cease once the allowed 
catch of one stock is exhausted. This provides a substantial 
incentive on behalf of the fishery to avoid the less productive 
species in landings. As this can be ensured either by avoiding the 
catch of the species or through illegally discarding catches, the 
system is likely to require a high intensity control system to be in 
place. One way to limit this is to change the advice for all stocks 
to avoid clearly non-feasible combinations (e.g. high fishing 

Figure 7: a) Consequences of aiming for different MSY/MEY objectives in the main fisheries of the southern North Sea for the sustainable exploitation of 
selected bycatch species. b) Impact on a modelled large fish indicator based on the percentage of biomass from demersal species with a length infinity 
larger than 40 cm.

Science can inform stakeholders about consequences of 
different options but it is within the political arena where final 
decisions are made. The DST shown here just gives one example 

out of many other trade-offs analysed in Myfish from various 
case studies (see Myfish Newsletter 3).

Leaving space for trade-offs: FMSY ranges

Figure 8. Pretty Good Multispecies Yield spaces for North Sea cod 
and Northern shelf haddock caught in mixed fisheries. Combinations 
leading to Pretty Good Multispecies Yield are indicated in overlap-
ping shadings, shaded forms indicate the combinations of FMSY 
ranges, desirable ecosystem  combinations, technical interactions 
indicated by the area of observed combinations of observed fishing 
mortalities from 2001 to 2014 (+, from ICES). 

∆ indicates the current single-species FMSY point estimates.
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mortality combined with low fishing mortality for two species 
caught in mixed fisheries). Concurrent with the implementation 
of the discard ban, the European Commission has shifted from 
a focus on FMSY as a point estimate to a focus on FMSY as a 
range where the proportion of yield obtained is 95% of MSY. 

Scientific advice on annual catch based on ranges for 
mixed fisheries could have four steps: 1) Determine the 
single species ranges, 2) Determine which combinations of 
fishing mortalities of the different species are compatible 
with mixed fisheries, multispecies and ecosystem 
considerations, 3) Determine which combinations are 

desirable from an economic perspective and 4) Determine 
which combinations are desirable from a social perspective. 
In the North Sea, Myfish studies provide a demonstration 
of this for cod and haddock. In an ecosystem context, due 
to the cannibalistic nature of cod, low values of fishing  
mortality on cod lead to cod yields below 95% of MSY as well as 
increased risk of prey stocks falling below biomass reference 
points. On the other hand, technical interactions in the fisheries 
mean that it is not possible to retain a high fishing mortality of 
haddock together with a low fishing mortality of cod (Figure 8). 

Social acceptability of the trade-offs needed in order to 
address some ecosystem, economic and social objectives 
for fisheries management can be evaluated using an inclusive 
governance perspective. In Myfish inclusive governance 
has primarily been in the form of participatory governance, 
involving information sharing, consultation and establishing 
dialogues. This leads into 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 settings 
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. The experiences 
from Myfish clearly 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. 

Another element of inclusive governance - multi-level 
governance – is in the reformed CFP closely related to 
regionalisation. 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 experiences of 
Myfish is that the way multi-level governance is practiced in 
EU fisheries even with a 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. 

All Myfish case studies showed that participation of the 
stakeholders from the beginning of setting objectives 

and eliminating irrelevant options, the subsequent model 
configuration of Management Strategy Evaluations (MSEs) 
and the inclusion of their insights in to the evaluation seem 
to be an adequate framework to validate and legitimate the 
approach. This facilitates identification of conflicts between 
user groups’ objectives and enhances the fishery management 
compliance. Even when the results of e.g. a MSE model output 
are not the expected, the transparency and understanding 
of the process is a clear benefit. In continued decision 
making, inclusive governance requires a policy commitment. 
Stakeholders can clearly be integrated in scientific scoping and 
take responsibility; however, this must be institutionalised into 
the EU decision-making approach in order to be operational. If 
regionalisation is not moving one-step further there is a high 
risk that regionalisation will not lead to genuine multi-level 
governance of the CFP. 

A suggestion to institutionalise multi-level governance could 
be to establish Regional Fisheries Management Boards 
(RFMBs) which are given the mandate to draft implementing 
strategies, e.g. MAPs, where ACs based on a participatory 
approach act as working groups for the RFMBs. In this 
respect ACs are supported by scientific advice by associating 
scientists to the ACs. The Commission would remain the 
approving authority. 

Social acceptability of trade-offs
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The Myfish project has been 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 have 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. A large part of this work has involved identifying 
criteria which are clearly undesirable and other criteria that 
are both desirable and feasible. Our main conclusions after this 
process 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 can 
be optimised (MSY and MEY). 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 

• 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 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 aconsistent 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 constraints 
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