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CERES storyline - demersal fishery in the North Sea
What do we expect under climate change?
The storyline focuses on the mixed demersal fisheries in
the North Sea where complex biological and technical
interactions occur. For these fisheries the important
target species such as cod, haddock, saithe and hake
are taken into account. Potential consequences of
current and changing (e.g. through Brexit) management
principles and measures of the Common Fisheries Policy
(CFP) comprising the Maximum Sustainable Yield (MSY)
objective, the ecosystem approach including the landing
obligation as well as Marine Protected Areas (MPAs) and
Real Time Closures (RTCs) on fleet and fish stock dynamics
will be addressed in this storyline.
In particular, fisheries management based on the MSY
concept is a complex task in the North Sea and there are
ongoing discussions among stakeholders what objective
might be most suitable: MSY or Maximum Economic Yield
(MEY). There might be trade-offs between economic
optimization and biological and social benefits (e.g.
employment) that have to be taken into account by
managers. In this context, mixed fisheries interactions
further complicate the situation in the North Sea.
For instance, there is a need for management to address
the recovery of the North Sea cod stock while still allowing
fishing on more productive stocks caught in the same
fisheries. Therefore, technical interactions may prevent
reaching MSY for all stocks at the same time, since the
FMSY for the different stocks correspond to different
levels of fishing effort. Conceptually, this implies that the
fleets may be constrained by the stock with the smallest
relative quota, the “choke stock”. This choke stock can
be the least productive stock (e.g. cod) or the stock with
quota imbalance compared to historical right allocations
(e.g. hake). Under the landing obligation the fleets may
not be able to fully exploit the more productive ones,
which negatively affects their economic returns.
The magnitude of this problem will further increase due
to climate change (e.g. changing stock productivities,
changing species distribution patterns and increased
spatial overlap of highly and little productive stocks), and
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is, therefore, regarded as a serious problem for the actual
distribution key of fishing opportunities as well as relative
stability in general. Ultimately, fleet profitability will be
affected by both increasing costs and reducing revenues.
Research on the technical interactions is needed to
identify trade-offs and their consequences and to define
alternative options for balancing conflicting objects.
Scientific advice that accounts for technical interactions
between fleets and species as well as ecological effects
is needed to improve assessments of the impact of
alternative fishing strategies on yield and value as well as
the state of fish stocks.
Therefore, this storyline will investigate the potential of
current and alternative management measures for the
mixed demersal fisheries in the North Sea, including the
impact of climate change on fish stocks (e.g. recruitment
failures, changed distribution patterns, changed body
sizes etc.), fleet behavior (e.g. tactical strategies to avoid
discards), and fleet economics (e.g. fish prices, fuel costs,
profits, employment).
How vulnerable are demersals to climate change?
The fact that key species of the food web exist at either
their high or low latitudinal extreme makes the species
composition in the North Sea highly variable with
seasonal dynamics and more importantly it makes it
very sensitive to climate change. Furthermore, the high
diversity of habitats, the high population density and
the large number of active sectors (e.g. shipping, fishing,
windfarms and tourism) makes the North Sea one of
the most complex “hot spots” of anthropogenic effects
worldwide.
For North Sea species progress has been made in
investigating the causes of the variability of growth
and productivity over time, especially when trends are
observed beyond the annual fluctuations. In particular,
the role of increasing temperature has often been
emphasized, as this can affect many biological processes.
Six out of eight commercial species in the North Sea
underwent concomitant growth reductions, and this
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coincided with a 1-2 °C increase in water temperature.
Smaller body sizes decreased the yield-per-recruit of these
stocks by an average of 23%. The recruitment success
of North Sea cod may also have decreased because of
reduced plankton availability for the early life stages in
warming waters. Moreover, spatial distributions of fish
stocks are shifting, and this has been attributed to recent
climate change.
What is the economic value of this species?
In 2014 eleven Member State fleets operated in the North
Sea having a high economic dependency on this region.
The fleets fishing in the North Sea landed around 1500
thousand tons of seafood corresponding to a value of
1.56 billion euros in 2014. The revenue generated in the
North Sea fisheries was estimated to be at around 1.6
billion euros and a gross value added of 884 million euros
in 2014.
What is the working program in CERES?
For the mixed demersal fisheries in the North Sea
including cod, haddock, saithe and hake the FishRent
model (http://fishrent.thuenen.de/) will be applied.
FishRent is an integrative bio-economic optimization
and simulation model that helps to understand how
fishers may respond to management options and natural
variations such as climate change. The model includes
the economics of multiple fleet segments, the impact of
fishing on stock development and the spatio-temporal
interplay of fleet segments and fish stocks. In contrast to
many other models, it not only considers a possible effort
redistribution, it does account for the fact that ecologic
conditions (e.g. recruitment failure, distribution changes)
and economic conditions (e.g. revenues and fishing
costs) will determine fishing effort and that management
regulation itself will alter profitability and hence
subsequent effort decisions by fleet segments, which in
turn will impact the commercial fish stock.

The three CERES scenarios (World Markets, National
Enterprise and Global Sustainability) will be analyzed
with FishRent. These scenarios will differ in their
1. policy framework in terms of management objectives
(e.g. MSY, MEX, national maximum profits vs. global
maximum profits), policy instruments (e.g. LO, effort
restrictions, MPAs, RTCs, TACs) and quota trading
(quota swaps between species, countries and years),
2. economic framework regarding prices elasticities,
fuel and other costs,
3. and their ecological framework including recruits
(e.g. stochastic stock-recruitment relationships),
species movement (e.g. seasonal migration of stocks
and dispersal to adjacent areas), spatial distribution
patterns (e.g. shifting patterns caused by climate
change) and species life parameters (e.g. body-size,
natural mortality and maturity).

Conceptual model design with arrows that explain the interaction
between submodules. In the maximization procedure, the eﬀort
allocation pattern is changed until profit of the entire fleet is maximized. When profit is maximized, the last eﬀort allocation pattern
is used in the Cobb-Douglas function to calculate catch, which in
turn is used to calculate fishing mortality and SSB for the next step.
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