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Summary 
This deliverable report summarises the progress made in tasks 2.3 and 2.4 towards evaluating 
the consequences of variation and trends in underlying relationships on MSY variants, and 
providing input for the development of Multiannual Plans under the new CFP. 

The sensitivity of the MSY variants to violations of the assumption of constancy and the 
frequency with which MSY variants must be updated when trends occur was analysed for all 
regions. None of the MSY variants were generally constant over time; the non-directional 
interannual variability was separated from actual trends to avoid unnecessarily updating 
reference points where this was not needed. Point-estimates of MSY variants were particularly 
sensitive to variation and changes in system productivity were shown to have paramount effect 
on these, decreasing MSY by as much as 69% for some stocks. Ranges of MSY variants providing 
more than 95% of the average yield for a single stock were shown to operate better in an 
ecosystem context and moderate variation in underlying processes did not lead to FMSY

estimates outside the estimated single species ranges.   

Throughout the project, the participants have made dedicated efforts to provide the scientific 
input needed to construct Multiannual Plans replacing the pervious Long Term Management 
Plans in the revised Common Fisheries Policy. Work has focused on describing the consequences 
of aiming at different parts of the MSY-realm, on incorporating aspects of sustainability beyond 
the single stock and on communication with DGMARE and the European Parliament. The 
regional case studies have significantly enhanced the possibility of developing informed 
management approaches. The scientific input to the development of Multiannual Plans has 
progressed on several levels, depending on the maturity of the plans in the regional areas. In 
regions where the Multiannual Plans was still in its infancy, potential Multiannual Plans have 
been designed and discussed with various regional stakeholders. 
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1. Evaluate the consequences of variation and trends in 
underlying relationships on MSY variants (Task 2.3) 

Introduction 
The assumptions of the underlying principles for MSY; “The highest theoretical equilibrium yield 
that can be continuously taken on average from a stock under existing average environmental 
conditions without significantly affecting the reproduction process” (CFP Regulation (EU) No 
1380/2013) can be violated in numerous ways. Most models estimating MSY variants assume 
that the underlying natural processes exhibit variation but no prolonged trends. The same 
applies to ecosystem, economic and social processes. However, environmental, economic, and 
social circumstances change over time, and these changes affect both scientific advice and 
management outcomes, including objectives such as MSY. In a highly variable environment, the 
productivity of fish stocks may vary and several parameters may exhibit directional change. 
Recruitment success of a large number of stocks is altered under the influence of climatic 
warming (e.g. Rijnsdorp et al. 2009) and growth and maturation processes are affected by both 
climatic conditions and fisheries induced evolution (e.g. Jørgensen et al. 2007). These changes in 
productivity affect not only the maximum yield of the species but also the fishing mortality at 
which this yield is obtained (Kell et al. 2005, Mohn and Chouinard 2007, Haltuch & Punt 2011, 
Clausen et al. 2016). Recent research efforts have increasingly sought to include this in the 
evaluation of trade-offs associated with alternative management strategies facing ecological and 
economic variability (Doyen et al., 2012; Hamon et al., 2013; Gourguet et al., 2014). 

Baltic Sea 

Background 

The central Baltic Sea fish community is dominated by three species, namely cod, herring and 
sprat. The fishery is mainly single species fisheries. However, the fish stocks are closely 
connected by strong ecological inter-connections between the species, as cod is preying on both 
herring and sprat. Thus, fluctuations in the size of the cod stock relate to changes in natural 
mortality rates of sprat and juvenile herring. In systems with such strong predator-prey links, 
management decisions taken for one stock influence the other stock(s).  
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The Baltic Sea has proven to be a live example of the extent that management can be affected 
by natural change and possible bias in collected data. The events have led to substantial 
consideration of which parts of the originally proposed project still make sense to conduct. After 
discussion internally in the project as well as with managers and the Baltic Advisory Council, it 
was decided to progress with the MSY analysis based on the perception of the Baltic ecosystem 
prior to 2013 as the system may still revert to this state and the alternative was to halt all 
further development. However, it was also decided to investigate the effect of the changes 
observed whenever possible with the project framework. Hence, the work conducted in the 
Baltic Sea case encompasses both studies of the change and studies assuming no change has 
occurred.   

Variability and consequences for management 

The Baltic Sea has experienced climate- and fishery-driven lasting restructurings of its’ entire 
marine food web, with serious socio- economic consequences. By applying a statistical food-web 
model, we showed that under current temperature and salinity conditions, complete recovery 
of this heavily altered ecosystem will be impossible. Instead, the ecosystem regenerates 
towards a new ecological baseline (Blenckner et al. 2015). This new baseline is characterized by 
lower and more variable biomass of cod, the commercially most important fish stock in the 
Baltic Sea, even under very low exploitation pressure. Furthermore, a socio-economic 
assessment shows that this signal is amplified at the level of societal costs. Specifically, the 
combined economic losses amount to about 120 million € per year, which equals half of today’s 
maximum economic yield for the Baltic cod fishery.  

Using a process-based ecological–economic multispecies optimization model, we assessed the 
future stock status under different scenarios of socio-economic change. We find that economic 
change has a substantial effect on fish populations. The only way to avoid collapse of a majority 
of stocks is institutional change to improve management effectiveness significantly above the 
current state.  

The effect of growth changes on MSY of Eastern Baltic cod and temperature dependent 
recruitment on Baltic sprat MSY was evaluated in a multispecies environment in SMS. The 
results showed that accounting for density dependent growth and cannibalism leads to 
substantially higher estimates of FMSY. A multispecies stock-production model developed was 
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also applied to simulate stock dynamics of cod, herring, and sprat in the Baltic in 1982-2012. 
New features of the model included simulation of density dependent growth of sprat and time 
trend in growth parameters of herring and cod. First, the model was fitted to analytical 
estimates of recruitment and fishing effort to inspect its behaviour in case when good indices of 
effort and recruitment are available (Model1).  Next, the model using only survey indices of 
recruitment and stock biomass (Model2) was fitted. Inclusion of density and/or time dependent 
growth in the model appeared to be necessary to obtain realistic estimates of multispecies stock 
dynamics. The models are evaluated by examining retrospective bias. The multispecies stock-
production model was modified to mimic historic changes and dynamic growth parameters 
showing parabolic time trend for cod and herring and density dependent growth of sprat.  

Conclusions 

Under current temperature and salinity conditions, complete recovery of the heavily altered 
Baltic ecosystem will be impossible. Instead, the ecosystem regenerates towards a new 
ecological baseline. This new baseline is characterized by lower and more variable biomass of 
cod, the commercially most important fish stock in the Baltic Sea, even under very low 
exploitation pressure. Furthermore, a socio-economic assessment shows that this signal is 
amplified at the level of societal costs, due to increased uncertainty in biomass and reduced 
consumer surplus. Should the system revert to previous conditions, it is unlikely that the cod 
stock can remain at high levels without substantially increased natural mortalities of all the 
three major fished stocks and possible decreases in cod somatic growth. 

Our analyses suggest that shifts in ecological and economic baselines can lead to higher 
economic uncertainty and costs for exploited ecosystems, in particular, under climate change. 
Multiannual Plans will need to address the combined ecological-economic, and social driving 
forces, and they need to be adaptive in case of changes.  
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Mediterranean 
The Mediterranean region has two subcases, the eastern and western Mediterranean. 

Western Mediterranean 

Background 

The western Mediterranean sub-case study focuses on the Balearic Islands, addressing the 
management of demersal species exploited by the bottom trawl fishery, which is the most 
important in terms of total landings (70%), and the small-scale fishery, which represents 16% in 
terms of landings but 80% in terms of number of vessels (Quetglas et al. 2012). According to the 
local stakeholders, the viability of the fishery depends on marketing aspects (increasing fish/fuel 
price ratio) rather than on the exploitation status of the main stocks. Consequently, the 
simulations carried out included variations in this ratio (fish/fuel price) for the most important 
demersal fleet, the bottom trawl fishery. This fishery targets four different stocks depending on 
the bathymetric strata used: striped red mullet, hake, Norway lobster and red shrimp. 

Variability and consequences for management 

The impact on fisheries performance indicators of four management scenarios were tested for 
the bottom trawl fishery: i) “Control” (c0): a projection of current conditions; ii) “All Green” 
(AG): the four target species considered would be located in the green (bottom-right) quadrant 
of a Kobe plot (Nishida et al., 2011); iii) “multiple maximum sustainable yield” (MMSY): the 
maximum aggregated catch of the four target species will be achieved, and; iv) “maximum 
economic yield” (MEY): the maximum economic profits of the fishery will be achieved. The latter 
scenario was run using four hypothetical ratios between the price of fish and price of fuel ( ). 
Besides for current conditions ( 0), these ratios were incorporated into the model as 10% ( 1), 
20% ( 2), and 30% ( 3) fuel price reductions in the form of subsidies. These scenarios were 
investigated using the bioeconomic model MEFISTO (Mediterranean Fisheries Simulation Tools, 
www.mefisto.info), which was specifically designed to address management issues under the 
Mediterranean regulation system (Lleonart et al., 2003). 
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For low effort values, despite the potential increase in the catch of target species, the fishing 
effort component does not allow for high equilibrium revenues from secondary species in the 
Mallorca trawl fleet (Figure 1). In contrast, for fishing effort above 1, the increase in secondary 
species’ catch is buffered so that the total revenues do not increase when overexploiting the 
target species. The reduction of costs is more appreciable for higher fishing effort levels as at 
low levels, the contribution of fixed (non-subsidized) costs is larger (figure 1). In addition, there 
is a component of fishing costs directly linked to gross revenues because 9.8% of the total value 
of catch is paid to local authorities in the form of commercialization costs. Under current 
economic conditions and current fishing effort we estimate that the Mallorca’s trawl fleet 
generates 1.29 M€ of net profits. With the parameters used in this analysis, if fishing effort was 
to be reduced to 52% of current (approximately 115 fishing days), the total profits would reach 
as much as 1.9 M€ (MEY). Moderate reductions of fishing effort would also bring notable profit 
increases. For example, if fishing effort is reduced to 80% of the current effort (one day per 
week less), the expected profits would be 1.6 M€ or more. If the price of fish to cost ratio was to 
increase, say 10, 20 and 30%, the maximum economic yield (MEY) for the fleet would reach 
1.99, 2.11 and 2.22 M€ respectively. Hence, a lower fishing effort strategy would increase 
profitability by up to 46% while increasing subsidies or other interventions to increase the 
price/costs relationship would increase profits by another 16% if the fishery was at MEY.  

 

Figure 1. The equilibrium revenues for target and secondary species, costs of fishing and net 
profits for the Mallorca island’s trawl fleet under the four levels of fish/fuel price ratios. 

 



      

18 

 

Another salient aspect is that increasing the ratio between price of fish and price of fuel 
(trajectories ( 1), ( 2), ( 3)) with subsidies that reduce costs or other interventions to 
increase the price of fish would displace the economic optimum toward higher fishing effort 
levels than the MEY for current economic conditions (solid line, maximum of ( 0)). 

Conclusions 

Based on stakeholders claims that the viability of the fishery depends on marketing aspects 
(increasing fish/fuel price ratio), a series of economic scenarios increasing this ratio up to 30% of 
its current value were evaluated. Although we did not produce specific scenarios for further fuel 
increase and reduction of fish price, the activity of this fishery will be even less viable and 
socioeconomic objectives of catch and economic profits maximization will be less likely. 
Furthermore, the expected reduction of subsidies to the fishing industry, as planned in the 
reform of the CFP would impede the viability of fishing for most units in the area. The benefit of 
restoring stocks and reducing fishing costs by reducing the activity of the fleet would outweigh 
the benefits of direct subsidies. Subsidies can thus compensate the socioeconomic impact of 
achieving MEY objectives in the short term. However, if subsidies were systematically increased 
under current exploitation rates, they would only exacerbate the overexploitation of the main 
stocks. 

The impact of cheaper fish imports or the size-dependent price of fish was not taken into 
account. Furthermore, seasonal, weekly and daily fluctuations of price were not considered 
because our model runs at a yearly scale. In reality, the price formation exceeds the capacities 
of fisheries managers and wider studies including the impact of globalized markets for marine 
products, consumption behavior and impact of alternative sources of fish are required for a 
better estimation of fish price in regional bioeconomic assessments. 

Eastern Mediterranean 

Background

MSY variants for the demersal fisheries of the eastern Mediterranean case study were evaluated 
under different assumptions by means of the FLR framework. The models used assumed that 
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biological processes such as growth, maturation, and recruitment exhibit natural variations but 
not any trends owing to external drives. In addition, stability was assumed with respect to 
economic and social considerations. The sensitivity of the estimates to the stability of external 
drives was examined with a focus on economic parameters evaluating the effects of drastic 
declines in fish market prices due to the economic crisis. Assumptions about fuel prices were 
evaluated. 

Variability and consequences for management 

The analysis indicated that fuel prices are a major component of the operational costs and 
consequently profits for all fleet segments. This is particularly true for the bottom trawlers, 
where fuel costs compose up to 40-50% of their operational costs. If fuel prices increase up to 
the 2013 levels, the status quo exploitation pattern is not sustainable by the fleets and the only 
viable solution, particularly for the artisanal fleet segment, is a reduction of up to 20% in terms 
of number of vessels. 

Conclusions 

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 still increase catches and income. The 
current situation does not ensure the viability of the fisheries. Modest effort reductions (12%), 
possibly in the form of temporal closures would improve stock status and economic yield 
relative to the current situation; however, drastic capacity reductions (20%) would result in 
significant stock increases, as well as, profits per vessel.  

North Sea 
The North Sea regional study consists of two case studies. One case study focused on the mixed 
demersal roundfish fishery and associated trade-offs in relation to biological and technical 
interactions. The other case study focused on the flatfish fishery for plaice and sole and the 
fishery for brown shrimp. Sensitivity analyses were carried out for both case studies with the 
models used to create the decision support tables (DSTs) for task 2.2 and 3.1. The consequences 
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of variations and trends in biological and economic parameters used as inputs for estimating 
Maximum Sustainable Yield (MSY) and Maximum Economic Yield (MEY) were analysed.  

The bio-economic model Fishrent was used in the mixed demersal fishery on roundfish case 
study. The following input parameters were considered in the sensitivity analysis: Stock-
recruitment parameters, fuel costs, catch-effort and catch-stock elasticities, with or without 
relative stability, increasing crew and variable costs as well as changing species prices. For more 
details regarding the modelling approach and justifications for the choice of the scenarios see 
Annex 1.  

Similar input parameters and scenarios were tested with the bio-economic model SIMFISH 
focusing on the main fleets targeting flatfish and brown shrimp in the southern part of the North 
Sea. In addition, a 30% reduction in primary production caused by de-eutrophication was tested 
in Ecopath with Ecosim (EwE). Information on predicted changes in the productivity of plaice, 
sole and brown shrimp was transferred to SIMFISH (Annex 1). The EwE model was used to 
estimate a multi species MSY for cod, plaice, sole and shrimp and to test the impact of a 
decrease in system productivity (e.g. through de-eutrophication measures), increase in the 
abundance of marine mammals and assumptions about density-dependent changes in 
catchability (see Annex 1).  

The effect of a 20% reduction in the abundance of other predators was tested with the 
stochastic multi species model SMS. Other predators are stocks where the abundance has to be 
given externally in forecasts based on scenario assumptions (Annex 1).    

For all four case studies summary tables were produced showing for each scenario the 
percentage difference in catch in weight, catch in value and if available in net present value 
compared to the base scenario used in the DSTs. In addition, the fishing mortalities leading to 
MSY or MEY in the respective scenarios were tabulated and compared to the single species FMSY 
range (pretty good yield range) estimated by ICES (ICES 2015) except for the mixed gadoid 
fishery example where this is not relevant. 

Mixed fisheries in the large scale North Sea case 
Fishrent predictions for total (sum over all four gadoids) net present value (NPV), catch in weight 
as well as catch in Euros in the mixed demersal fishery for gadoids were quite insensitive 
towards a decrease in productivity of the gadoid stocks of up to -30% (Annex 2, Table 1). A 
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larger decrease was predicted when a 30% decrease in productivity was assumed for all four 
gadoids. But also here the decrease was 10% at max for NPV in the MSY in weight optimization. 
To some extent this robustness is a result of cod being a choke species in all scenarios 
constraining the catch of the other species to a large extent. In contrast, results were sensitive 
to the choice of the effort-catch and catch-stock elasticity. This elasticity determines how much 
effort is needed to fish a certain quota. Results for NPV were most sensitive followed by catch in 
value. Total catch in weight was only mildly impacted by these changes, but nevertheless the 
catch composition of the different fleets varied to a larger extent between scenarios and 
therefore the catch and yield in value that can be taken from individual stocks differs between 
scenarios to a larger extent. Similar results were found for changes in crew costs, fish prices and 
to a minor extent for fuel prices. NPV was the most sensitive result regardless which 
optimization was carried out while total catch in weight was hardly impacted. If relative stability 
(each country gets a fixed share of the quota) was removed, the optimized reallocation of 
quotas under the landing obligation would lead to a small increase in total catch in weight and a 
higher increase in NPV and catch in value (up to 10%) especially in the MSY in Euros and MEY 
optimization. 

Southern and central North Sea 
Simulations with EwE showed that when density dependent catchability is assumed, the multi 
species FMSY for plaice requires higher efforts than in the baseline scenario assuming constant 
catchabilities (Annex 2, Table 4). High effort combined with the low sole stock translates to 
fishing mortalities beyond sustainable levels for sole and effort reductions are required to 
safeguard the sole stock (Annex 2, Table 4). Overall, the results indicate that exploitation 
intensities, i.e. fishing mortalities and efforts, leading to MSY may only be robust to changes in 
marine mammal predation. Decreases in system productivity (de-eutrophication) and density-
dependent changes in catchability, in contrast, lead to a need to reconsider FMSY point estimates 
when opting for maximized yields in weight or revenue. In most cases, these adjustments were 
in the direction of lowering the level of exploitation rates. However, the FMSY values remained 
inside the single species FMSY ranges estimated in all scenarios for cod and only above the range 
for sole if density dependent catchabilities was assumed in the MSY in tonnes scenario. Plaice 
should be fished generally harder in EwE than in the single species simulations probably because 
density dependent effects are ignored in standard FMSY estimates. However, under the 
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assumption of further reduced eutrophication the F values were inside the FMSY range also for 
plaice. 

Results of the SIMFISH model for the southern part of the North Sea differed from the mixed 
demersal roundfish fishery example as results were more sensitive to changes in the 
productivity of stocks (sole and plaice). However, the differences for NPV in the MSY in weight 
scenario were to a large extent caused by the small negative NPV in the base scenario. The 
largest differences compared to the base case occurred when assuming a 30% reduction in 
primary production and associated changes in stock productivity. Similar to the sensitivities in 
the mixed demersal roundfish fishery, NPV was the most sensitive performance indicator 
followed by catch in value and finally catch in weight. Sensitivities were highest for the scenarios 
“-30% in primary production” and “Gordon - Schäfer instead of Cobb – Douglas” as alternative 
effort - catch and catch – stock elasticity assumption. For all three performance indicators 
differences of considerably more than 20% compared to the base case were estimated in these 
two scenarios. Results were more robust towards changes in fuel prices, crew costs and fish 
prices. However, substantial differences to the base case occurred for NPV. 

While NPV, catch in value and catch in weight were sensitive to the model input parameters to a 
larger extent, the estimated FMSY and FMEY values were more robust. Only small differences were 
observed between most scenarios. Again larger differences compared to all other scenarios 
were found for the scenarios “-30% in primary production” and “Gordon - Schäfer instead of 
Cobb – Douglas”.  

For sole the estimated FMSY and FMEY values were inside the single species FMSY range in all 
scenarios and optimizations. For plaice the estimates were below the single species FMSY range 
in most cases. Only when assuming constant catchabilities compared to a Cobb Douglas function 
F values were inside the single species FMSY range for plaice. The low fishing mortalities 
estimated for plaice were a consequence of the mixed fisheries optimization where the high 
price species is at much lower abundance and therefore limiting. In addition, in the model a 
maximum 50% increase of the fleets in 10 years was assumed to mimic realistic investment 
behavior. Especially in combination with a Cobb-Douglas function this limits the amount of catch 
that can be taken from the strong increasing plaice stock in the predictions.   
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Biological interactions in the North Sea 
Total species yield, value and SSB of cod, whiting, haddock, saithe, herring, sandeel, Norway 
pout, and sprat were sensitive to the assumed level of abundance of other predators (Annex 2, 
table 5). A 20% decrease of mackerel had the largest impact on total yield, value and SSB, 
irrespective whether MSY in weight or value was optimised. A decrease in biomass of harbor 
porpoise gave small reductions in total yield, probably as an effect of the reduction of predation 
mortalities on cod and whiting and associated trophic cascades down to prey species like 
sandeel and Norway pout. Because of cascading effects the total SSB often becomes lower 
despite a decrease in the abundance of other predators. When the biomass of all other 
predators was decreased by 20% both total yield and value increased by more than 20% while 
the total SSB was only around 6% higher in the MSY in weight optimisation and even lower in 
the MSY in value optimisation. 

The estimated FMSY values from an optimization of total yield using a fixed F and penalty for SSB 
< BPA were to some extent sensitive to a 20% decrease in the stock size of “Other predators” 
(Annex 2, Tables 6 and 7). The change in FMSY from changes of the individual other predators 
reflect the importance of the particular prey for the predator. Grey gurnard, for example, 
impose a high mortality on 0-group cod, such that a 20% decrease in the biomass of grey 
gurnards leads to an increase of multispecies FMSY for cod by 21%, when total yield from all 
stocks with FMSY estimates is maximised and a penalty is introduced for SSBs below BPA (Annex 2, 
table 6). Mackerel has a large biomass and is an important predator on sandeel and Norway 
pout such that multi species FMSY for these prey species increased significantly when the 
mackerel stock is decreased. The same importance of the biomass of grey gurnards and 
mackerel is also shown for optimizations of total value (Annex 2, table 7). 

In general, the multispecies FMSY values estimated in the different scenarios were in accordance 
with single species FMSY ranges apart for haddock in various scenarios. The multi species FMSY for 
cod in the -20% for all “other predator” scenario was above the upper limit of the single species 
FMSY range in the MSY in weight optimisation. The multispecies FMSY value was only slightly 
(+0.01) outside the single species range for saithe in the MSY in weight optimisation if no advice 
rule with a lower F below Btrigger is applied.  

Conclusions 
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Sensitivity tests carried out in the North Sea case study revealed that point estimates of FMSY

depend on environmental factors (e.g., productivity of stocks, eutrophication, abundance of 
predators), the assumed effort-catch relationship, type of optimisation (singles species vs. multi 
species) and the choice of the model. However, estimated FMSY or FMEY point estimates were in 
many cases inside the single species FMSY ranges. 

From the three performance indicators, NPV was most sensitive in the bio-economic models. 
Especially total multispecies catch in weight was more robust because there is no dependency 
on economic variables. The results for all three tested performance indicators were especially 
sensitive to the type of effort – catch and catch – stock elasticity assumed. This elasticity 
determines how much effort is needed to catch a certain amount of fish dependent on the 
status of the stock and what catch and F is generated by a certain amount of effort. Predator-
prey interactions in general and the additional tested changes in the abundance of “Other 
predators” also have the potential to change the predicted total yield and value to a larger 
extent.   

Estimated values for FMSY and FMEY were sensitive to some extent especially with regard to 
assumptions on effort – catch and catch – stock elasticity as well as assumptions on future 
“Other predator” abundances. However, in most cases the FMSY and FMEY estimates were inside 
the single species FMSY ranges. Apart from haddock, this was also true for most of the multi 
species FMSY estimates. Therefore, the single species FMSY ranges seem to be a robust 
management target covering a wider variety of potential management objectives (i.e. from MEY 
to MSY, short term considerations when implementing the landing obligation) and only in 
certain cases (e.g., multi species FMSY for cod when assuming a 20% lower abundance of all other 
predators) the upper bound of the single species FMSY ranges were exceeded. For plaice changes 
generally led to an FMSY below the lower boundary of the single species FMSY range due to a 
combination of mixed fisheries effects and model assumptions.  

Overall, the results highlight that FMSY ranges are a more robust management target while a 
specific FMSY or FMEY point estimate depends to a larger extent on modelling assumptions. The 
results also show that exact predictions of especially of NPV are highly sensitive to assumptions 
and changes. Future research on effort – catch and catch – stock elasticity would be beneficial to 
avoid potential bias in bio-economic and mixed fisheries modelling. 
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Western waters 
The Western waters region covers diverse areas from the exposed Iberian Seas in the south to 
the semi-enclosed Irish Sea in the north. Fisheries in the region target a range of different fish, 
which are caught by a wide variety of gears, and the catches usually consist of a mix of species. 
To ensure that the results achieved in MYFISH are relevant for all areas of this large region, the 
project considers 4 case studies: the Iberian Sea, the Bay of Biscay, the Celtic Sea and the Irish 
Sea. The analyses for task 2.3 mainly focused on the Iberian Sea case study. 

The Iberian Sea 

Background 

The Iberian Sea sub case study is focused on the conflicting objectives between artisanal and 
industrial fleets and on the mixed-fisheries nature of both fleet components. The fleet has been 
divided in four main gears, driftnetters, purse seiners, trawlers and hookers and in turn their 
activity has been divided in metiers. All the fleets except the trawlers are artisanal fleets. The 
case study evaluated the consequences of managing to obtain 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. 

Variability and consequences for management 

The MSY variants have been evaluated in a Management Strategy (MSE) framework with 
uncertainty explicitly introduced in recruitment. As human behavior is a key element in the 
success of management strategies two alternative fleet dynamic models have been tested. 
Selected variants have been combined with a landing obligation policy to evaluate the impact of 
the new policy in the stocks and the fleets. The FLBEIA software was used to develop a multi-
fleet (trawlers, gillnetters and longliners) and multi-stock (hake, anglerfishes, megrims, 
mackerel, horse mackerel and others) bio-economic model for the Iberian Sea case study. Fleet 
exploitation pattern at age was estimated based on F-at-length based results, the hake growth 
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model and fleet catch-al-length. Simulations were carried out to evaluate various options of 
management rules in terms of total net present value, profits and number of vessels by fleet, 
SSB and F of main stocks. The combination of the each option of the relevant management 
measure led to 36 potential management scenarios for the area. The options considered were 
the protection of artisanal fisheries by maintaining their fishing effort constant, the 
implementation of the landing obligation, the employment of single-stock or multi-stock 
reference points and the distribution of the fishing effort based on the historical proportion by 
mètier or the distribution that maximizes the profits. 

 

Conclusions 

The results 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. Neither single stock MSY nor single stock MEY seem to be 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 by 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. 
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Figure 2.  Stylized 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 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 in some periods, and fishing possibilities are not wasted. 

Bay of Biscay 

Background 

The Bay of Biscay supports mixed fisheries of hake, sole and Nephrops which are caught in 
demersal gear with considerable effect on both bottom sediments and fauna. The three species 
are among the first species landed in value and are thus of prime importance for the regional 
economy. The effect of the gear in relation to GES of benthic organisms depend heavily on the 
location of trawling as the both the composition of the target species and the benthic 
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community depends on hydrology and sediment. Estimating the effect of fishing on yield of the 
target species and the benthic community and associated GES descriptors therefore requires 
spatial models and potential management measures include the use of closed areas. The 
proposed management measures will include innovative spatial Harvest Control Rules where 
management action depends both on the biomass levels of commercial species.   

The spatially explicit ISIS-Fish model was used for quantitative policy screening for fisheries with 
mixed-species harvests (Pelletier and Mahevas 2005). The fishery model is based on three 
submodels (Figure 1): (i) a fishing activity dynamics model, (ii) a population dynamics model and 
(iii) a management dynamics model. Each submodel is spatially and seasonally explicit, with a 
monthly time step. The three submodels interact only if they overlap in space and time. The 
modelled area is represented by a grid, the resolution of which, in latitude and longitude, is 
chosen with respect to the dynamics being described and the available knowledge of the 
studied fishery. 

Variability and consequences for management 

The current version of ISIS-Fish allows for the calculation of biological and economic 
consequences of a range of policies and provides multi-criteria diagnostics (Figure 3). An 
additional ‘habitat’ dimension has been added to ISIS-Fish to explicitly model other human 
activities (e.g., aggregate extraction, offshore wind-farms). ISIS-Fish has been used to develop 
and test methods derived from decision theory and sensitivity analysis that aim at allowing 
decision making under severe uncertainty (Gasche et al 2013, Mahévas & Iooss 2013, Lehuta et 
al 2013b). 

Sensitivity of MSY reference points to the fleet dynamics was analyzed running simulations 
changing the attractivity coefficient of the gravity model. The FMSY of Sole and Nephrops were 
more sensitive to fleet dynamics than those of hake. The spatial distribution of fishing effort in 
the model allowed the measurement of the impact of various management efforts on three 
benthic habitat types in the sensitive zone of the Bay of Biscay named "the grande vasière".  
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Figure 3. Distribution of fishing effort per statistical rectangle over the Grande Vasière. 

Conclusions 

We simulated three scenarios, each one limiting fishery fishing effort to the maximum 
sustainable management efforts of each species (EMSY hake, EMSY nephrops, EMSY sole) and 
quantified spatially the sensitivity of the pressure to fleet dynamics. We show that the more 
trawlers are opportunistic (change target to yield more), the stronger pressure is exerted on 
sensitive habitats. TAC setting rules (harvest control rules based on more or less rich data 
approaches) were considered together with landing obligation, biological safeguards and 
deminimis rules. We analyzed the evolution of hake-nephrops-sole fisheries of the Bay of Biscay 
and to describe their likely situation in the short (2017) and medium (2021) term in the 
multiannual plans framework. For the three species the diagnostic is actually optimistic since the 
three spawning biomass are above BMSY. We also investigated the sensitivity of the final 
spawning biomass to uncertainty in the recruitment. The conclusions of the state of the fisheries 
at medium term are robust to this uncertainty. 

The Irish Sea 

Background 
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Skates and rays represent one of the most vulnerable components of fish communities in 
temperate demersal fisheries such as the Irish Sea. They also tend to be data poor in 
comparison to commercially exploited teleost fish. Spatial management has been suggested as 
an important tool to protect these species, but requires an understanding of the abundance 
distribution, and the relationship the abundance distribution has with the environment at both 
adult and juvenile life history stages. The intention would then be to use these abundance 
distributions as the basis for an MSY based spatial management approach. We modeled bottom 
trawl survey data using delta log-normal boosted regression trees (BRT) to derive rays’ spatial 
abundance, and environmental links. The modeling approach allowed the development of high 
resolution predictive maps of abundance of four skate and ray species targeted by fishing 
activity: thornback, spotted, cuckoo and blonde rays. The distributions of these species were 
driven by a general preference for sand and coarser substrates as well as higher salinities, 
temperatures and currents speeds. Spatial comparisons between abundance distributions and 
locations of skate and ray commercial landings indicated that the main hotspots for the 
investigated species are outside of the main commercial fishing areas and over-lap with 
potential MPAs proposed for wider ecosystem protection. The method offers a useful tool for 
selecting potential MPA’s to assist the management and conservation of data-poor species. 

ICES WGEF recommends that these demersal elasmobranchs should be managed using spatial 
proxies for Maximum Sustainable Yield. Our approach for this was to combine escapement 
biomass – the percentage of the stock which must be retained each year to conserve it – with 
maps of predicted abundance of four ray species (cuckoo, thornback, blonde, and spotted), 
created using Boosted Regression Tree modelling. The escapement biomass was calculated 
based on other work carried out to provide MSY based Harvest Rates derived from the life 
history characteristics of the species. From this we derived a percentage of the population that 
would need to be protected to ensure sustainability in an MSY context – the escapement 
biomass. Essentially, the escapement biomass represents a portion of the stock that should be 
left untouched to ensure the long term sustainability of the stock.  We then used a Decision 
Support Tool to generate location and size options for MPAs to protect these stocks, based on 
the priorities of the stakeholders to e.g . minimise fishing effort displacement. Variations of 
conservation/fishing priorities were simulated, as well as differential priorities for individual 
species, with a focus on protecting nursery grounds and spawning areas. The result is a 
complete software package that produces maps of predicted species abundance from limited 
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survey data, allowing disparate stakeholders and policymakers to discuss management options 
within a mapping interface. 

Variability and consequences for management 

The maps use a range of possible environmental correlates including both physical and 
oceanographic data along with the survey data to produce predictive maps of total abundance, 
spawning females and juveniles (nursery area) (examples in Figure 4). Each species has a 
different spatial pattern but are generally caught in the same fisheries, predominantly large 
mesh other trawls (TR1). The issue for spatial management is to derive suitable closed areas that 
allow the MSY based protection of all fours species, while allowing a commercially sustainable 
fishery and avoiding the substantial effort displacement that is the common problem with 
fishery area closures or MPAs. As the models are dependent on hydrographic data, they provide 
the possibility to determine how appropriate the suggested areas are in years of differing 
climatic conditions. 

Conclusions 

The final step to a possible management approach was to link the distribution maps to the 
distribution of fishing effort to propose closed areas that could achieve all three of the 
objectives detailed above; MSY based protection, a viable fishery and a minimization of effort 
displacement. To do this, we used an algorithm that selected cells for closure based on different 
selection procedures. In each case, the required escapement biomass is contained within the 
closed (black) areas. The algorithm also determines the percentage of existing effort that would 
be displaced, ranging from 3.8% where effort was the selection basis, to 91.7% where the 
conservation areas were the focus for cuckoo ray. The evenly weighted combination of effort 
and cuckoo ray abundance resulted in a 12.4% displacement. We combined the maps for all four 
species in turn according to their probable vulnerability (Figure 5). For each successive species, 
the algorithm determined how much of the biomass of the next species would have been 
protected by the closures for the previous species. Additional areas to be closed were added to 
reach the MSY escapement value. 
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Figure 4. Predicted surfaces for cuckoo, thornback, blonde and spotted ray, with colour 
gradients as a proportion of each species’ individual maximum CPUE. 
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Figure 5. Map of cumulative closed areas prioritising an equally weighted combination of species 
biomass and fishing effort. Areas are successively closed from the most to least vulnerable: 
cuckoo ray (black), blonde ray (red), spotted ray (green), thornback ray (blue) until each species 
reaches the MSY Harvest Rate. This combination would result in a 40.5% displacement of effort 
with protection for all four species.  
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Widely ranging 
The underlying natural variability of the MSY variants was covered by the industrial and herring 
fisheries case studies. 

Industrial fisheries 

Background 

Exploiting short-lived fish presents specific challenges to precautionary management under an 
MSY approach. Their natural variability in recruitment, growth and mortality is high and they are 
often key components in marine ecosystems. Furthermore, the fisheries yield is crucial to 
maintain highly profitable fisheries and processing industries in many areas. Together, these 
circumstances produce particular difficulties for management as the need to preserve the stock 
for ecosystem purposes often leads to conflicts with the need to maintain high and stable 
supplies for processing plants in a highly variable setting.  

The case study investigated how recruitment to the stock and growth of individual fish (as a 
metric of productivity) varied over a time-series of more than 40 years for five pelagic fish stocks 
in the North Sea (herring, sprat, Norway pout and two sandeel stocks. Time-series of 
zooplankton abundance, growth of individuals, recruitment to the stock were analysed in order 
to identify changes in the zooplankton community and to identify periods of high and low 
productivity and within stock productivity compensation between recruitment and growth. The 
results were tested for covariation between shifts in the zooplankton community and shifts in 
fish stock productivity and potential breakpoints in the timeseries. The consequences for 
management were analysed by determining to which extent shifts in production have affected 
the Maximum Sustainable Yield (MSY) and the fishing mortality at which MSY is obtained. 

Variability and consequences for management 

There was a change in productivity of all five forage fish stocks in the North Sea over time and 
this change was related to a change in zooplankton community. Prior to 1993, productivity 
varied between stocks but after 1993 greater synchrony in direction of productivity changes 
occurred. There was a distinct decrease in productivity leading to a substantial decrease in 
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maximum sustainable yield for all stocks. The zooplankton community changed from C. 
finmarchicus to C. helgolandicus and the co-variation pattern of these two copepods changed 
over the time series. The change in synchronicity of productivity of the forage fish stocks 
resulted in a decrease in total yield and as such also the combined MSY. Table 1 shows the 
differences before and after 1993. Mean weights of all stocks decreased by 13% on average 
across age classes between the early period and the late period, and mean recruitment above 
Blim dropped 28% on average (range 9-52%). The result was an average decrease in both MSY 
and FMSY in the late period of around 47% and 46%, respectively, on average (range 26 to 69%). 
This effect was mainly due to the fact that a large proportion of the population growth is 
reserved for natural mortality and a sustainable spawning stock biomass; only production in 
excess of this is available to a sustainable fishery. When growth declines while natural mortality 
and Blim are maintained, reductions in fishery yield compensate for the decline in growth and 
biomass decreases by only 20% on average. 

The effect of the consistent changes in natural mortality, growth, selectivity and maturity on the 
yield, yield stability and precautionarity of different management plans for North Sea sprat and 
sandeel was also investigated (van Deurs et al. 2016). Variability did not affect precautionarity to 
any great extent but both species were highly sensitive to trends in at least one of the factors, 
showing that it is necessary to identify key parameters and track the development in these. 

Table 1. Relative change in weight at age, recruitment, MSY, FMSY and mean Spawning Stock 
biomass. Values are given as % change from the period before 1993 to the period after 1993. 
Note that mean weight at age and mean recruitment are used rather than mean length and 
recruitment success, hence changes between periods reflect differences in body condition and 
spawning stock as well as differences in mean length at age and recruitment success. 

Stock 
Mean weight 

at age 
Mean 

recruitment MSY FMSY Mean biomass 
Sandeel (South) -26% -23% -56% -50% -18% 
Sandeel (NE) -24% -52% -68% -64% -29% 
Sprat -6% -9% -34% -48% -10% 
Herring -3% -27% -33% -26% -35% 
Norway pout -8% -29% -45% -41% -10% 
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Conclusions 

Maximum sustainable yield and the fishing mortality at which this is attained have decreased by 
33 to 68% and 26 to 64%, respectively, in response to these changes in productivity. Because of 
the concurrent changes in total production, forage fish in the North Sea cannot be safeguarded 
by setting a maximum on the total removals of forage fish. Fisheries often serve to hasten and 
intensify collapse rather than driving regime shifts (Jennings and Kaiser, 1998; Shannon et al., 
2004), and the only way to avoid a similar development in the North Sea is through effective and 
adaptive fisheries management (see Dickey-Collas, 2016). The alternating contribution to the 
productivity of the forage fish shown here support the conclusion by Dickey-Collas et al (2014) 
that the forage fish in the North sea cannot simply be managed as an over-all pool of biomass. 
We recommend that management reference points are updated regularly to ensure the 
continued responsiveness to productivity change, that ecosystem wide knowledge is used to 
determine the presence of productivity shifts and that the stocks are subsequently managed by 
adaptive management rules. Further details can be found in Clausen et al. 2016. 
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2. Provide input for the development of Long Term 
Management Plans (Task 2.4) 

Introduction 
Myfish has been very active in the process to define Multiannual Plans (MAPs), which is the 
term used in the new CFP (EU 2013) to describe the equivalent of Long Term Management 
Plans.  

In 2013, Myfish and ICES co-organised the first of a series of workshops aiming to define how 
the challenges posed by single-species MSYs can be addressed in multiannual plans (ICES WKM-
TRADE, co-chaired by the Myfish coordinator). The workshop suggested, among other things, to 
investigate the use of pretty-good-yield ranges in management as a way to allow sufficient 
flexibility around FMSY to allow the incorporation of economic and social considerations. Several 
workshops organised by DGMARE followed in 2014 together with the Myfish stakeholder 
consultations in all regions. Together, these efforts resulted in roadmaps for the further process 
and a clear understanding of what kind of information the project can supply to the process. 
Following the agreement on the co-decision framework, Myfish has provided methods to 
estimate FMSY ranges, including suggested ranges for North Sea and Baltic Sea stocks (ICES 
WKMSYREFIII, co-chaired by the Myfish coordinator), and methods to evaluate the potential 
benefits of implementing FMSY ranges in multiannual plans.  

A metaanalysis of 21 fish stocks was performed to test the hypothesis that the range of Fs that 
lead to no less than 95% of MSY (a more precautionary range than PGY=80%) were inherently 
precautionary (ICES 2014, Rindorf et al. 2016b). A precautionary reference point (FP.05) for each 
stock was defined as the F resulting in a 5% probability of spawning stock biomass (SSB) falling 
below an agreed lower limit, Blim. For the majority of tested stocks, the upper bound of the 
FMSY range exceeded the relevant FP.05. Species with smaller asymptotic length were less likely 
to have FMSY ranges falling with precautionary limits. The results show that FMSY, and in 
particular FMSY-ranges, cannot be expected to be precautionary for small and medium sized fish 
species in Northern European waters and hence precautionary considerations must always be 
addressed explicitly in evaluations. 

We further investigated how the principles of a Pretty Good Yield range of fishing mortalities 
can be expanded to a Pretty Good Multispecies Yield space. The Pretty Good Multispecies Yield 
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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. Thus, MSY as a central concept 
in the new CFP (EU 2013) can be supplemented by different derivations visualising the related 
management options. This concept under the name FMSY-ranges has been adopted by the EC as 
the basis for the future MAPs (ICES 2015) and is already drafted into the Baltic Sea Map. More 
details of the concept can be found in Rindorf et al. 2016a. 

The need for an approach which is more flexible than the single species MSY approach was 
accentuated with the gradual implementation of the landing obligation under the new European 
Common Fisheries Policy (CFP). Under this ban, all catch of the quota species 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. One way to implement this in MAPs is to provide advice for all 
stocks which avoids clearly non-feasible combinations (e.g. high fishing mortality combined with 
low fishing mortality for two species caught in mixed fisheries). 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. 

Due to the great interest from DGMARE in obtaining advice for the multiannual plan process, 
the effort in this task has been greater than originally planned. The specific regional work is 
described below.  

Baltic Sea 

Background 

The Baltic Case Study used socio-economic-ecological modelling approaches iteratively with 
stakeholder consultation meetings to explore outcomes from various management objectives. 
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The ongoing active involvement of stakeholders as well as the incorporation of economic 
objectives from the beginning (not only as downstream impacts) resulted in valuable scientific 
as well as more procedural insights. 

MAP 

Active stakeholder involvement has demonstrated practical benefits in enhancing both current 
and future modelling of socio-economic-environmental trade-offs. Furthermore, we contend 
that such engagement has facilitated establishment of better understanding among the affected 
stakeholders for, sometimes unpopular, bio-ecologically/environmentally necessitated 
constraints. It became obvious that basic conservation goals, e.g. the need for minimum stock 
sizes, are largely undisputed. However, the pathway taken towards sustainable use is 
controversial. There are a number of ‘beyond-profit’ interests in fisheries: enhanced stability as 
well as reduced uncertainty are key objectives which have been raised both from fishing 
industry and from nature conservation (i.e. environmental NGO) representatives. Furthermore, 
it was especially pointed out by the fishing industry that science should see its role in 
elaborating and displaying the costs and benefits of various scenarios/options, and to leave 
decision-making to the political system. 

The request for longer time perspectives and therefore enhanced stability of fishing 
opportunities and reduced uncertainty is encompassed in the draft MAP proposal for the key 
commercial Baltic Sea fisheries (COM, 2014). Nonetheless, it leaves space for trade-off analysis, 
as the MSY fishing mortalities (FMSY)  forming the basis for setting annual TACs  are provided 
as a range of values for each of the stocks, instead of a non-negotiable FMSY point estimate. 
This has to be considered as a first step only, as the task of fully incorporating species 
interactions as well as socio-economic considerations remains open. Myfish in cooperation with 
ICEs provided ranges for the draft MAP (ICES 2015). 

The bureau of European Member of Parliament Ulrike Rodust has been in contact with Dr. Voss 
in his function as MYFISH Baltic Case coordinator to discuss potential contents of a MAP in the 
Baltic. The MAP for the Baltic Sea have been discussed based on project results during a MSc 
training course on ecosystem-based fisheries management in Brussels and during an ICES course 
for DGMARE/DGENV in October 2015. Results of MYFISH have been significant in developing a 
proposal for a multi-species long-term management plan for the Baltic Sea. MYFISH work is 
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recognized by Members of the European Parliament and the project is actively being asked for 
advice. 

Conclusions 

The results of this Myfish regional case study have been significant in developing a proposal for 
a multi-species MAP for the Baltic Sea. The work is recognized as being an important part of 
governance of the fishery in this region and the active involvement of the project in the 
workshop on the integrated ecosystem assessment and advice on the Baltic Sea (DEMO - 
DEMOnstration exercise for Integrated Ecosystem Assessment and Advice of the Baltic Sea fish 
stocks; Askø, Sweden; 25-28 Aug 2014, and Lysekil, Sweden, 10.-12.11.2014) as well as 
consulted expert for members of the European Parliament (Ulrike Rodust) illustrates the impact 
of the Myfish Baltic regional case study on the development of LTMP for the region. 

Mediterranean 
The Mediterranean region has two subcases, the eastern and western Mediterranean. 

Western Mediterranean 

Background 

This sub-case study focused on the analysis of the two most important demersal fisheries from 
the Balearic Islands: bottom trawl (BTF) and small-scale (SSF) fisheries. To assist in the 
development of MAPs, the exploitation status of the main target species was assessed and bio-
economic models of these two fisheries were performed. The major outputs of these analyses 
were used to feed the two DSTs, one for each fishery, designed in the framework of the project. 
Apart from these works dealing specifically with assessment and management of fisheries, other 
studies focusing on ecosystem considerations were also produced. Firstly, the fishing 
exploitation effects on the whole ecosystem were investigated by means of size-spectra and 
Harvest Control Rule analyses. Secondly, cephalopods and elasmobranchs were used as case 
studies of taxonomic groups with contrasting life history traits (fast and slow, respectively) to 
analyze responses to reveal harvesting and bio-diversity patterns.  
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The results of these works have been summarized in different scientific publications (relates to 
Tasks 4.2, 5.3 and 5.6). 

MAP 

A final report summarizing the main results obtained along the project has been produced, 
which includes the exploitation status of the main target stocks, the bio-economic analysis, the 
DSTs and the management measures agreed with stakeholders (relates to Tasks 3.6, 4.2, 5.3 and 
5.6). This report represents the ‘guidance document’ or policy briefing under Task 2.4 and is 
intended to be a major contribution to the development of specific LTMP for the Balearic Islands 
through a specific regional implementation plan (see Task 3.6). Multiannual Plans are currently 
being designed using the outputs of the bio-economic modelling performed on the bottom trawl 
fishery and the collaboration and feed-back of regional stakeholders (fishermen representatives 
and policymakers). The use of DST specifically developed for the small-scale fishery will help to 
design this multiannual plan considering both the bottom trawl and artisanal fisheries. Together 
with bio-economic considerations, social aspects are also considered in order to agree a 
multiannual plan feasible for both fishermen and managers. 

Conclusions 

Fisheries management in the Mediterranean has been ineffective, necessitating urgent 
sustainable reform measures. This reform should not only focus on reducing the exploitation 
rate and on improving selectivity (Colloca et al., 2013; Vasilakopoulos et al., 2014) but also on 
the political and socioeconomic changes beyond fishery management. The most urgent 
management measure should be a clear determination of law enforcement, which probably 
would make establishing new, more restrictive regulations less important.  

The Mediterranean context (multispecies, multifleet) demands specific ad hoc measures suited 
to differences in the exploitation state, not only among the main stocks but also among 
different regions. Differential effort reductions in line with the status of each single stock should 
be used, with the fishing exploitation focusing on the healthiest stocks until the recovery of the 
most impacted ones. However, due to its high overexploitation, stronger measures should be 
enforced for hake and even a recovery plan might be considered. In addition, fisheries 
management must integrate not only the main target stocks, but also relevant by-catch species. 
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Trawl fishing exploitation in GSA05 is much lower than in GSA06, with the density of trawlers 
around the Balearic Islands being one order of magnitude lower than in adjacent waters 
(Massutí and Guijarro, 2004). As a result, the demersal resources and ecosystems in GSA05 are 
in a healthier state than in GSA06 (Quetglas et al., 2012). These differences among areas should 
be taken into account for fisheries management, avoiding the use of general measures for all 
areas. 

The main aim of fisheries management is not the conservation of marine ecosystems and their 
inhabitants, but the sustainable exploitation of fishing resources. The strong decrease in the 
number of vessels in the Balearic Islands during the last decades might bring the fishing sector 
through two pathways: either the reduction is continued until the total disappearance of the 
fishing activity, which seems not too far away in the case of bottom trawlers or the fleets 
stabilize at a low number of trawlers to ensure the sustainable exploitation of the resources. 
Fisheries management, however, should also ensure that this low number of vessels will also 
allow the viability and maintenance of the fish market chain. 

Eastern Mediterranean 

Backgrounds 

The analyses in the Aegean Sea 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. Fishers in the Aegean Sea, however, are reluctant to accept effort/capacity 
reductions without subsidies 

MAP 

Based on the outputs of the bio-economic modeling, potential MAPs have been designed and 
discussed with various regional stakeholders (fishermen representatives and policymakers). 
Together with bio-economic questions, social aspects have been also considered.  
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Conclusions 

At this stage in the project, the question of MAP in the Mediterranean demersal fisheries has 
not been raised so far within the responsible management bodies and the relevant discussion 
are practically in their infancy. 

North Sea 

Background 

ICES and MYFISH identified single species sustainable FMSY ranges for a number of North Sea 
stocks, using a standardised framework (ICES 2014). These ranges are the backbone of regional 
mixed-fisheries management plans currently being developed. For the North Sea, STECF 
evaluated with support from the MYFISH community that FMSY ranges could lead to more 
flexible sustainable management of mixed-fisheries, provided that TACs are not blindly set at 
the maximum of the range each year (STECF, 2015). 

MAP 

STECF  was  requested  to  carry  out  quantitative  analysis  to  support  an  impact  assessment  
to  assess  the biological, economic and social consequences of implementing the various 
possible options for MAP described by DGMARE,  including  scenarios with the  landing  
obligation.  STECF was requested to indicate the potential (dis)advantages, synergies and trade-
offs of those options, and to  compare  the  main  options  in  terms  of  effectiveness,  efficiency  
and coherence in achieving the CFP objectives. The approach compared options using 
simulations and employing four models adapted in Myfish:  EwE (for ecosystem indicators and 
multi-species interactions),  FCube (for mixed-fisheries),  Simfish  and  Fishrent (for economic 
impact assessment),  to  gain  insights  into  different  aspects  of  the  plan. These models were 
directly available and operational, to a large extent as part of the MYFISH work. An envelope 
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approach was used to provide brackets to the potential results of the MAP. The main findings 
from the modelling were:  

 If F is set at the upper limit of the FMSY range, short-term catches are higher, but 
biomasses are  lower  and  there  is  increased  risk  to  B lim for  some  stocks.  More  effort  is  
required  and there  may  be  a  negative  impact  on  profitability.  Setting F at the lower limit  
inverts  these results. 

 In terms of employment, not all fleets exhibit the same dependency on the species that 
drive the fisheries. Under 10m vessels have high employment but low dependency whereas 
large demersal vessels have high employment and high dependency. A few fleets exhibit low 
employment but high dependency.  

 FMSY ranges provide scope to reconcile inconsistencies in TACs for different species  in 
mixed fisheries. 

 Fishing  at levels  closer  to  the  lower  limit  of  the FMSY ranges  could  increase  the 
influence of biological interactions in the system through natural mortality, partly driven by 
prey-predator interactions, playing a bigger part in influencing stock abundance.  

Conclusions 

This work illustrates the excellent synergy between the models developed during MYFISH and 
STECF management advice, which in return contributed to framing and operationalising the 
research work. After the North Sea MAP, this work has been pursued within ICES WGMIXFISH 
Working Group.  

Similar developments have taken place in the other MAPs work in the other areas (e.g. SWW, 
Mediterranean), where MYFISH work has directly contributed.   

Western waters 
The Western waters region covers diverse areas from the exposed Iberian Seas in the south to 
the semi-enclosed Irish Sea in the north. Fisheries in the region target a range of different fish, 
which are caught by a wide variety of gears, and the catches usually consist of a mix of species. 
To ensure that the results achieved in MYFISH are relevant for all areas of this large region, the 
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project initially considered 4 case studies: the Iberian Sea, the Bay of Biscay, the Celtic Sea and 
the Irish Sea. In the final phase of the project, the stage of development of MAPs differ greatly 
between the sub-case studies, thus the input from Myfish to the formulation of such plans have 
only been relevant in the case of the Iberian Sea and the Irish Sea. 

The Iberian Sea 

Background 

We have used all the conditioning of the case study to deal with the evaluation of the 
multiannual plan of the Iberian Watters (STECF, 2015). The multi-fleet and multi-species bio-
economic model was applied to evaluate the management measures for demersal fisheries in 
this area. The results from different scenarios were used to provide guidance to develop a MAP. 
The combination of different management strategies (Harvest Control Rules for the involved 
stocks, the implementation of the landing obligation, effort limitations, etc.) and the modelled 
effort share between fleets and métiers were used to define the scenarios. The stock status of 
the main stocks (hake, anglerfish, megrims, horse-mackerel and mackerel) and the social and 
economic performance by fleet were analysed. The results from selected scenarios proposed by 
the DG-MARE (EU) were employed to carry out the Impact Assessment of a Multiannual 
Management Plan (MAP) (STECF, 2015) that constitutes the basis of a potential implementation 
of MAP for the demersal fisheries in the Iberian sea region. 

MAP  

The inputs provided for the development of MAP was on the basis of the feedback and joint 
conclusions obtained during the scientists-fishing sector meetings carried out in March-2015 
and June 2015. The main results indicated that landing obligation might have critical economic 
consequences for trawl fleet while the longliners would be slightly affected by the measure. 
Some vulnerable stocks, as rays and skates, without an analytical assessment and consider as 
minor importance for the fishery could become in choke species under the landing obligation. 
The protection of the artisanal fleet through the maintenance of its effort will lead to financial 
losses of the trawl fleet. The stakeholders, represented by different members of the fishing 
sector, proposed as preferred scenarios those that follow the maximization of benefits 
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approach, together with the preservation of number of employees and the quality of the 
employment. 

Conclusions 

The MAP ranges used are still provisional and are in the process of evaluation. The results from 
this must be at hand before the input to the multiannual plan for the Iberian waters can be 
completed. An additional obstacle is that the Southern waters AC is still in favour of using 
harvest control rules that ideally would include social and economic concepts. However a 
quantitative way of measuring these social and economic objectives has yet to be developed. 

The Irish Sea 

Background 

Combined with information on an MSY based escapement biomass, the mapping approach was 
used to propose areas to be closed. The choice of areas can depend on a range of options 
including minimization of effort displacement while protecting the escapement biomass. The 
choices on emphasis of the abundance, the effort displacement and the conservation can be 
made by stakeholders in consultation with managers. The methodology represents a Decision 
Support Tool that can be used by all parties to determine the best choices for closures based on 
agreed approaches.  

    

MAP 

The work on data limited skates and rays in the Irish Sea provides part of the input to the ICES 
series of workshops on the management plans for the Irish Sea (WKIRISH). The concepts 
outlined here were also presented to the NWWAC meeting in Paris in February 2016, and 
welcomed as a valuable contribution to longer term proposals for the management of these 
species.  
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Conclusions 

In general terms, the work carried out on the Irish Sea skate and ray species has significantly 
developed the possibility of developing a rational management approach for these species in 
the Irish Sea and possibly further afield. We have gone from a data poor situations, where much 
of the commercial data were collected as undifferentiated “skates and rays” to a possible spatial 
management approach that makes use of all the data available, allows an MSY basis for that 
management and that has received a broad welcome from the fishery stakeholders.. 

Widely ranging 
The widely ranging regional study includes investigations on this task from the herring fisheries 
and tropical tuna fisheries case studies. 

Herring fisheries 

Background 

The MAP development of North Sea herring and Western Baltic Spring Spawning herring is 
supported via MYFISH by performing MSEs for both species, also including North Sea sprat, 
presenting trade-offs between the species and investigating how these trade-offs are perceived 
by different stakeholders. Since juveniles of the North Sea herring stock are susceptible to the 
North Sea sprat fishery and the herring fishery in the Skagerrak / Kattegat region, evaluation of 
the trade-offs are complex. The complexity of the system and the management process resulted 
in a sequential addition of rules to the long-term management plan with unpredictable reactions 
to changes in management of one of the three stocks. 

MAP 

Tools were developed to evaluate the two herring stocks and sprat stock simultaneously as the 
EU has linked the three advice procedures together. There is a clear trade-off between the two 
herring stocks, and also the sprat stock which is partially incorporated in the North Sea herring 
advice. The results show that a simpler management plan, co-constructed by the different 
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stakeholders, results in adherence to the sustainability of the stocks and a higher overall outtake 
of fish, while diminishing the unpredictable and likely undesirable side effects of the current 
management plans. The simpler plan would result in shifts in member state allocations of the 
quota. 

Conclusions 

Given the existing single-stock management plans for the stocks in this case study and the 
reluctance to change these, the results have been transformed into a manuscript aimed for a 
scientific journal. Once published, the hope is that the results will be taken into account when 
formulating a regional MAP for pelagic stocks in the North Sea. 
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