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Session contents
This session will focus on case studies as examples of the application of tools to identify trade-offs between ecological, 
economic and social objectives in various fisheries around the world. These are envisaged to span case studies on 
selection of indicators to quantify trade-offs in specific ecosystems, as well as model simulations to explore and evaluate 
trade-off situations in selected case study ecosystems or fisheries. The aim is to provide concrete examples of how 
trade-offs are identified and explored, with the aim of providing sound scientific advice that can be incorporated into the 
decision making process (Session 4). We encourage cross-disciplinary studies. 

Rudi Voss
Rudi Voss has his main scientific interest in analysing the population dynamics of harvested species in 
their ecosystem context. Rudi realised early that trying to understand the interplay of species ecology, 
human use, food web interactions, as well as feedbacks requires an interdisciplinary approach. 
Accordingly, he started a fruitful inter-disciplinary collaboration during his PhD thesis. Realizing that the 
human impact has the potential to rule out all other factors, Rudi increasingly incorporated management 
questions, e.g. multi-species assessment, trade-offs, and fisheries advice, in his work. Ultimately, he 

had to realise that in a market economy economic incentives determine how resources are used. Furthermore, unlike 
ecology, economics provides sound methods to operationalise normative societal objectives such as welfare and 
sustainability. Therefore, Rudi was grateful for the opportunity to join a newly established inter-disciplinary working group 
on resource economics at Kiel University in 2008. While being able to keep up biological research regarding key population 
parameters within the cluster, he could more and more include the human aspect, as driven by economic considerations 
and needs. Rudi contributed significantly to several national and international research project, with a main focus on the 
Baltic Sea. He also coordinated the field activities in the GLOBEC Germany project. Find out more about Rudi here: 
www.eree.uni-kiel.de/de/mitarbeiterinnen-mitarbeiter/dr.-ruediger-voss

Phillip Levin
Dr Phillip Levin is a community ecologist and conservation biologist with an interest in bridging the gaps 
between theory and practice in conservation biology and fisheries science, and developing modelling 
and statistical approaches to inform ecosystem-based management of marine systems. The main 
focus of his current work is on developing scientific tools to inform Ecosystem-based Management in 
the United States (and beyond). Levin has led the development of new analytical tools for characterizing 
ecosystem health and forecasting the cumulative effects of fisheries management and coastal zone 

management and climate change on living marine resources. Phillip Levin is a Senior Scientist and leads the Ecosystem 
Science Programme and the Nearshore Ecology Team at National Oceanic and Atmospheric Administration (NOAA) 
Fisheries’ Northwest Fisheries Science Center in Seattle, WA, USA. Read more about Phillip Levin here: www.nwfsc.
noaa.gov/contact/display_staffprofile.cfm?staffid=389

Sessions

niamh.dornan
Rectangle



ICES SYMPOSIUM
TARGETS AND LIMITS FOR LONG 
TERM FISHERIES MANAGEMENT

Session 3: Identifying Trade-offs and Conflicting Objectives

A conceptual model to assess and map “extra-local benefits” 
from fisheries at a global level

Evangelia G Drakou and Linwood Pendleton

Our oceans, from the coasts to the deep sea, generate 
benefits that contribute to human well-being directly 
or indirectly through food provision, coastal protection, 
recreation or regulating functions. The benefits generated 
from fisheries are among the most well assessed ecosystem 
benefits of the marine environment. Yet, the increasing 
exploitation of our oceans continues to alter these 
ecosystems, causing conflicts among social, ecological 
and economic benefits that these ecosystems can provide 
to the local and global population. Maps are a strong 
tool that can be used to communicate the exploitation of 
these benefits and the impact they have on the natural 
environment, to policy makers and influence the decision 
making process for the management of these ecosystems. 
Within the Mapping Ocean Wealth project, we built a 

conceptual model to better assess and map ecosystem 
service (ES) flows for marine ecosystems. We applied our 
conceptual model to assess and map the South Pacific 
tuna fisheries that benefit a consumer population that 
resides mostly in Europe and the USA. We called these 
benefits “extra-local” as they are enjoyed far from the 
ecosystem of their provision. The generated maps show 
the flow of benefits enjoyed from the Pacific tuna fisheries 
globally. The maps highlight the need to take into account 
the supply and demand for these fisheries beyond the local 
level and to look at the global impact these ecosystems 
have. Within our mapping and modeling exercise we also 
identified data gaps and areas of uncertainty that could 
lead the way for future research on this topic.

Session 3 

Anna Rindorf, Massimiliano Cardinale, Samuel Shephard, José A. A. De 
Oliveira, Einar Jorleifsson, Alexander Kempf, Anna Luzenczyk, Colin Millar, 
David Miller, Coby Needle, John Simmonds, Willy Vanhee and Morten Vinther

Pretty Good Yield (PGY) is a sustainable fish stock yield 
corresponding to obtaining no less than a specified (large) 
percentage of the Maximum Sustainable Yield (MSY). It has 
been argued in literature that a PGY of 80% can be obtained 
over a broad range of stock sizes, and that the range is not 
sensitive to basic life history parameters such as natural 
mortality, growth rate, or age at maturity. We investigated 
19 European fish stocks to test the hypothesis that PGY 
yield ranges are inherently precautionary. An FMSY range 
was calculated for each stock as the range of fishing 
mortalities (F) that lead to an average catch of at least 95% 
of MSY (a more precautionary range than PGY=80%). 

Moreover, a precautionary reference point for each stock 
(FP.05) was defined as the F resulting in a 5% probability of 
the spawning stock biomass (SSB) falling below an agreed 
lower biomass limit (Blim) in long-term simulations. For 
the majority of the analysed stocks, the upper bound of 
the FMSY range exceeded the estimated FP.05. However, 
species with larger asymptotic length were more likely to 
have FMSY ranges falling within precautionary limits. Our 
study shows that FMSY is generally precautionary for 
teleost fish species in Northern European waters whereas 
the upper part of the range providing 95% of MSY is not 
precautionary for small and medium sized fish.

Are ‘pretty good yield’ ranges precautionary?
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Sarah Gaichas, Michael J Fogarty, Geret DePiper, Gavin Fay, Robert Gamble, 
Sean Lucey and Laurel Smith

We explore alternative status determination criteria 
and reference points that could simplify fisheries 
management using a multispecies/ecosystem-based 
management procedure.  There are four components to 
the management procedure: 1. a limit on total removals 
for the ecosystem; 2. an allocation of the total removals 
limit to aggregate species groups; 3. minimum stock size 
thresholds for individual species; and 4. guidance for 
optimising the species mix (within aggregates) based on 
bio-economic portfolio analysis. In this procedure, fishing 
mortality threshold criteria are applied only to aggregates 
of species at the ecosystem and group level, but minimum 
biomass threshold criteria apply at the species/stock 
level.   Previous work using multispecies production 
models identified conditions where conservation and 
yield objectives could be balanced:  aggregations of 
species with similar life histories, species interactions, 

and responses to environmental forcing supported the 
highest yields while minimising risks that individual stocks 
dropped below biomass thresholds. Here, we use a more 
complex size structured multispecies, multifleet simulation 
model to explore the performance of the management 
procedure.  Different species aggregation rules were 
applied (taxonomic, habitat, etc) to form alternative 
groupings,  and yield curves for the aggregate groups 
were constructed by sequentially increasing effort in each 
of the fleets (alone and simultaneously), while recruitment 
for each species varied stochastically around a function 
based on spawning stock biomass. The performance 
of individual species and each aggregate type was then 
compared with respect to yield and biomass objectives. 
Our results evaluate the tradeoffs between management 
simplicity, yield, and biomass status for the 10 species in 
the system.

Combining stock, multispecies, and ecosystem level status 
determination criteria: what tradeoffs can we expect?

George Tserpes, Gorka Merino, Christos Maravelias, Nikolaos Nikolioudakis, 
Natacha Carvalho and Antoni Quetglas

Mediterranean demersal fisheries are typically multispecific, 
with a large variety of gears being used to exploit over 
a hundred of commercial fish species. Fisheries are 
managed through input control measures based on MSY 
targets established through the EU CFP. However, the 
multispecies nature of fisheries makes it rather impossible 
to achieve MSY targets across all stocks simultaneously; 
thus the identification of appropriate management actions 
is a challenging issue. The present work examines the 
medium-term effects of different management schemes 
and targets on the demersal fisheries of two Mediterranean 
regions from both the eastern (Aegean Sea) and western 

(Balearic Islands) basins. The management schemes 
include effort/capacity reductions and gear selectivity 
improvements, while the examined targets concern both 
biological (MSY) and economic yields (MEY). Two different 
model frameworks have been employed and based on both 
biological and fisheries data, the medium-term impact of 
the examined scenarios on the exploited stocks has been 
assessed, considering also the viability of fisheries in terms 
of economic performance. The developed frameworks can 
be easily adapted to other areas in order to contribute to 
the sustainable exploitation of multispecies fisheries that 
are managed through input control.

Management of multispecies demersal fisheries in the 
Mediterranean
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The fishing exploitation in the Cantabrian Sea-
Northwestern fishing ground is mainly performed by a 
multi-fleet and mixed-species fishery. The development of 
an optimal management strategy for the fishery resources 
must incorporate the nature of their fleets and, together 
with the environmental aspects, the economic and social 
concerns. This work analyses how alternative management 
strategies were formulated and evaluated the multi-fleet 
and multi-species bio-economic model FLBEIA and how 
the stakeholders’ participatory process was built. Based 
on the stakeholders’ knowledge and their social and 
economic priorities alternative scenarios of management 
were defined and the posterior evaluation of their results 
verified the feasibility of their compliance. The results 
indicate that after restoring the fish stocks to healthy levels, 

the maximisation of revenues and the stability of catches 
in time are the principal causes of concern. Also, mackerel 
was identified in the model results and by the stakeholders 
as a choke species for both artisanal and industrial fleets. 
The increase of fishing opportunities of mackerel in this 
area would ensure the economic sustainable of some fleets 
but it would be incompatible with the principle of “relative 
stability” from the EU CFP. An important conclusion of 
this work is that participation of the stakeholders from 
the beginning of model configuration and the inclusion of 
their insights in the evaluation seem to be an adequate 
framework to validate and legitimate the model, to identify 
the conflicts between user groups objectives and to 
facilitate the fishery management compliance.

Stakeholder engagement in the management strategies for 
Atlantic Iberian waters: from the identification of priorities to 
the evaluation of a Multiannual Management Plan

Morten Vinther, Anna Rindorf and Alexander Kempf

The Stochastic Multi-Species North Sea model (SMS) is 
a model of biological interaction and a size dependent 
food selection of 23 interacting stocks. Parameters are 
estimated by maximum likelihood from observations of 
catch at age, survey catch rates and stomach contents. 
The model was used to forecast future stock sizes and 
yield for a large set of combinations fishing mortality for 
different species. The results show that the variation in 
predation mortality in many cases is a far more important 
factor than the variation in fishing mortality on the specific 
stock: where top predatory fish tend to have a reasonable 
relationship between fishing pressure and yield regardless 
of changes in other stocks, this is not the case for prey fish. 
The interactions introduce significant trade offs between 
exploitation of top predators and fish lower in the food 

chain. Lightly exploiting top predators severely decreases 
the yield of mid-level predators as well as forage fish, 
consistent with trophic cascades. Further, light exploitation 
of top-predators may lead to cases where middle level 
predator stocks are unable to reach precautionary biomass 
levels due to the combined effect of an increase in exploited 
predators such as cod and other predators which have 
recently increased such as gurnards and grey seals. These 
trade offs present policy decisions on where to aim for in 
the MSY-region of ‘pretty good yield’ as decisions on one 
stock may have severe implications for other stocks and 
different methods to visualise these trade offs have been 
attempted. Further, the potential use of F-MSY ranges was 
investigated.

MSY ranges in a multispecies stochastic model environment

Paz Sampedro, Dorleta García, Raúl Prellezo, José María da Rocha and 
Santiago Cerviño
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The MSY concept in a multi-objective fisheries environment – 
lessons learned from the North Sea

Alexander Kempf, John Mumford, Polina Levontin, Adrian Leach, Ayoe 
Hoff, Katell G. Hamon, Heleen Bartelings, Morten Vinther, Moritz Staebler, 
Jan Jaap Poos, Sophie Smout, Hans Frost, Sander van den Burg, Clara 
Ulrich and Anna Rindorf

One of the most important goals in current fisheries 
management is to maintain or restore stocks to levels that 
produce the maximum sustainable yield (MSY). However, 
in areas like the North Sea the implementation of the MSY 
concept is difficult because of a multi-dimensional trade-off 
space caused by many interacting species, mixed fisheries 
and multiple management objectives. Our study gives 
insights on how inclusive governance and appropriate 
tools can help in such difficult political processes to 
reach consensus and how science can be used to make 
informed decisions inside a multi-dimensional trade-off 
space. The premise is that MSY is a concept that needs 
adaptation, not wholesale replacement. The approach 
chosen involved a process of consulting and discussing 

options with stakeholders as well as scenario modelling 
of preferred options with bio-economic, multi-species 
and ecosystem models. Although addressing trade-
offs is complicated, it could be demonstrated that the 
current approach of treating each stock separately and 
ignoring trade-offs may result in unacceptable ecosystem, 
economic or social effects. Overall, a “pretty good yield 
concept” was favoured by stakeholders over trying to 
reach the absolute sustainable maximum in yield or profit. 
To treat FMSY no longer as point estimate but to estimate 
sustainable ranges leading to “pretty good yield” was 
seen as promising way forward to avoid unacceptable 
outcomes when trying to reach the impossible, namely to 
fish all stocks simultaneously at FMSY.

Management plans were initially designed to improve 
sustainable management in the long term, with the 
beneficial side effects of providing transparent outlook 
on catch opportunities and reducing negotiations over 
TACs. Within the development of a management plan, 
choices have to be made to balance short versus long 
term gains, stability in catch opportunity and the desired 
abundance of fish left in the sea. In the herring and sprat 
fishery in the North Sea and IIIa, addressing these trade-
offs resulted in adding additional rules to the North Sea 
herring management plan, apart from the agreed target 
set according to the relationship between Spawning Stock 
Biomass and fishing mortality. This is because juveniles 
of the North Sea herring stock were susceptible in the 

sprat fishery in the North Sea and herring fishery in the 
Skagerrak / Kattegat region. Although these additional 
rules did ensure the sustainable exploitation of North 
Sea herring to a certain extent, they did not balance 
catch opportunity allocation by member state. Thus, in 
2015 additional rules were added to both herring stocks 
management plans to address this problem. The resulting 
management plan however is complex and murky, with 
unpredictable outcomes if one alters management on 
one of the three stocks. In this study we show that with a 
simpler management plan design, the sustainability roots 
are still adhered, and the overall outtake of fish is higher. 
Though, member state allocations do shift with distinct 
‘winners’ and ‘losers’.

Lost in translation: Increased complexity in management 
results in lost pelagic catch opportunities

Niels Hintzen, Martin Pastoors, Claus Reedtz Sparrevohn, Anna Rindorf, 
Anne Cooper and Lotte Worsoe Clausen
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Beyond the single species Maximum Sustainable Yield 
approach:  a multiple species and multiple fleets approach 
using the ISIS-fish simulation tool

The complexity of interactions between exploited species 
within their environment and the dynamic adaptation 
of fishermen in reaction to management and resource 
fluctuations result in the inability to simultaneously 
exploit all stocks at their Maximum Sustainable Yield. The 
challenges posed by the new Common Fisheries Policy in 
terms of data limited stocks and landing obligation together 
with the ambition of the Marine Strategy Framework 
Directive to reach the good ecological status require 
exploring innovative scenarios. These have to take explicit 
account of multiple species interactions and of fisheries 
impact on habitat for balancing biological and economic 
interests of fisheries. The need for taking into account 
spatial heterogeneities  and technical interactions to 
provide a realistic assessment of alternative management 
scenarios in the context of mixed fisheries led us to use 

the ISIS-Fish simulation model. This model allows us to 
describe explicitly the spatial dynamics of mixed fisheries 
including dynamic fishermen behaviour, heterogeneity of 
access to resources and the dynamics of benthic habitats. 
Exploratory simulation experiments were first run to test 
for the existence of multi-species MSY within the hake-
nephrops- sole fishery in the Bay of Biscay. A management 
strategy evaluation was then carried out where TAC setting 
rules (harvest control rules based on more or less rich 
data approaches) were considered with landing obligation, 
biological safeguards and deminimis. Finally MSY ranges 
scenarios were compared to the baseline scenarios. All 
scenarios were evaluated regarding impact on stocks 
and fleets as well as spatial impact on sea bed including 
uncertainty analysis.

Stéphanie Mahevas, Sigrid Lehuta and Pascal Laffargue

Management strategy simulation is a useful tool for 
evaluating expected performance of management 
procedures (MPs) against economic and conservation 
objectives. Successful MPs are necessary not only for 
conservation of exploited stocks, but also for strengthening 
economic resilience of fisheries. We used management 
strategy simulations to explore MP candidates aimed at 
rebuilding the Patagonian toothfish stock from Southern 
Chile and to examine trade-offs between fishery viability 
and fish conservation. The Patagonian toothfish fishery 
supports one of the most lucrative fisheries in Antarctic 
and Sub - Antarctic waters off the southern cone of South 
America. The harvest control rules (HCR) components 
of simulated management procedures consisted of (1) 
a rebuilding target (TSSB) corresponding to BMSY or a 
0.45B0 proxy; (2) limits (LSSB) corresponding to multiples of 

BMSY or B0 (e.g. 0.5BMSY); and (3) target fishing mortality 
rates corresponding to multiples of FMSY or FSPR45%. 
We used a surplus production model in simulated stock 
assessments to estimate annual exploitable biomass 
along with the harvest control rule components given 
above. Ten MPs were tested against an age-structured 
operating model that mimicked the Patagonian toothfish 
population and fishery over the period 1989 to 2012. The 
best MPs included HCRs with (i) LSSB = 0.5BMSY, TSSB 
= BMSY, and FMSY, (ii) LSSB = 0.2B0, TSSB = 0.45B0, 
and 0.5Fspr45%, and (iii) constant FMSY. The best MPs 
demonstrate that Patagonian toothfish could recover from 
its current over-fished state to levels greater than 0.25B0 
within the years 2022 to 2038; however, such recovery 
would cost at least 36-40% reduction in annual catch (> 
400 tonnes).

Rebuilding Patagonian toothfish off Southern Chile: 
evaluating trade-offs via closed-loop harvest strategy 
simulations

Vania Henriquez, Luis Cubillos and Sean Cox
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Traditional MSY approaches focus on the management of 
single fish stocks, aiming to optimise sustainable biomass 
production. More sophisticated variants may consider 
different objectives such as maximisation of economic 
profit. MSY-type models developed for the North Sea 
adjust the allocation of effort in different fleets and métiers 
in order to achieve optimal results. Such models can be 
run to investigate the potential impacts on MSY fishing 
of different future scenarios such as increased fuel costs 
and changes in primary production. Changes in fishing 
effort that are finely tuned to optimise the harvest of a 
commercial species under different circumstances may 
impact other species in the ecosystem including some that 
are also commercial, and others (Protected Endangered 
and Threatens Species or PETS) that are of importance 
for biodiversity conservation and ecosystem function. 
Important PETS in the North Sea include seals, harbor 

porpoise, and elasmobranch species such as common 
skate. Bycatch rates for PETS (numbers or biomass 
for a given level of fishing effort in a given métier) can 
be estimated from observer data, including those from 
dedicated PET observer schemes and discard sampling 
schemes. An MSY or MEY model optimised under a given 
scenario gives a time-series of projected future effort in 
different fleets and métiers. Numbers of by-caught animals 
associated with these projected levels of effort can then be 
calculated from the empirically-derived by-catch rates. By 
comparing these estimates across the different scenarios, 
and by comparing with historical rates, contrasts in the 
level of will be presented. Population-level risks will be 
estimated either by heuristic metrics for data-poor species 
(such as elasmobranchs) or by more detailed population 
modeling with specific management goals for species 
such as harbor porpoise and grey seals.

Sophie Smout, Alex Kempf, Ayoe Hoff, Katell Hamon, Moritz Stabler, Anna 
Rindorf and Simon Northridge

Beyond the Target Species: Future Consequences of MSY 
under different scenarios of change


	Myfish ICES Symposium_Session 3.pdf
	Myfish ICES Symposium_Session 3 Abstracts.pdf

