Ecosystem modelling in support of the
MSFD Biodiversity Descriptor
MEECE is an EU FP7 project which has developed regionally-focused ecosystem models. The new European Marine
Strategy Framework Directive (MSFD) provides a transparent, legislative framework to apply an ecosystem-based
approach to the management of human activities in the marine environment. The Directive aims to achieve ‘Good
Environmental Status’ (GES) across Europe’s regional seas by 2020. The MEECE Descriptor fact sheets highlight how
MEECE science can be used in support of the MSFD.
Biodiversty and the MSFD
Marine biodiversity is the range of life forms in the seas and oceans. This biodiversity
may be measured by number of species, genetic resources and functional diversity.
This makes assessing biodiversity a difficult process, given the variety of species
and their functions in an area or region, as well as the genetic variation between
individuals of a species, the structure of plant and animal communities, and their
physical environment. The state of an ecosystem and therefore biodiversity is highly dynamic; changes in the
state or pressures in one part of the ecosystem can lead to unexpected changes in another part, easily affecting
overall biodiversity. This descriptor therefore has a strong inter-relationship with other MSFD descriptors.
GES for biological diversity is deemed to be maintained when the quality and occurrence of habitats and
the distribution and abundance of species are in line with prevailing physiographic, geographic and climatic
conditions.

How MEECE science can support this descriptor
The MEECE consortium has developed a number of models
that can be used to predict indicators of biodiversity in
various regional seas which could help in assessing Good
Environmental Status. For example, the impact of a range of
drivers on functional biodiversity can be examined by looking
at changes in phytoplankton and zooplankton populations.
Plankton can be classified by size, function (carnivorous
versus omnivorous) or taxonomically, providing information
on the health and changing state of a defined region.
To explore the spatial dynamics of marine organisms the
Figure 1. Distribution of Sardine mean annual biomass: the map
OSMOSE individual based-model used in MEECE predicts
shows where the highest biomass of Sardine can be found in the Bay
spatial extent and temporal community population trends of fish
of Biscay, averaged over the year.
species in regions including the Bay of Biscay (figure 1) and the
Adriatic. Individual based modeling can be used to predict the fate of fish larvae leaving the spawning grounds.

The size range of communities have been modelled by linking the APECOSM model (a model of top predator
dynamics) to models of the bottom of the food web, and categorizing results in terms of habitat. The linked model
has been used to understand the dynamics of different tuna species over time and space, categorized by size
class. By extending this model to a variety of apex predators, we can examine the spatial extent of top predator
distributions.
Using the EwE (Ecopath with Ecosim) model changes in abundances of many species can be examined providing
an indicator of population dynamics in marine communities. Regions studied include the North Sea, Black Sea
and the Benguela uprising off South Africa. This approach allows biodiversity to be evaluated through looking at;
the replacement of native species by invasives, the relative number of the least common and higher trophic level
groups such as sharks, mammals and seabirds, and the status of commercially important stocks.
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The results of such a wide range of modelling
activities in multiple regions are necessarily
complicated. The MEECE web-based Model Atlas
summaries key outputs through graphical results
by region and functional group. Below are some
examples of how MEECE models can provide
information to assess indicators of biodiversity and
thus help assess GES in European seas.
The North Sea ecosystem model uses Ecosim
to examine the possible effects of changes in
climate, nutrients and fishing on the populations of
a large number of functional groups (around 60)
representing commercial species and groups of
species that are important for conservation reasons,
such as sharks, sea birds and whales (Figure 2).
Risks to biodiversity occur when functional groups
show a change in response to a likely environmental
impact, with consequences for other groups. For
example, some small pelagic species may decline
as a result of the increase in Cod populations. This
linked ecosystem model allows us to examine changes
in ecosystem pressures in a holistic way, indicating
that we may need to take measures to protect certain
species if predator / competitor species become more
prevalent.
In addition to representing fishing effects on marine
ecosystems, three main effects that climate change
may have on marine biodiversity are taken into account
in the OSMOSE end-to-end (E2E) model. Firstly, the
alteration by climate change production levels and
species composition of the plankton, which form the

Figure 2. Predicted biomass changes for a number of marine
organisms when the Ecosim North Sea community model is linked
to the ERSEM model. Biomass is relative to the predictions for the
uncoupled model, in response to climate predictions for 2060-2100.

base of the whole marine foodweb, is accounted for
through coupling to hydrodynamic and biogeochemical
models (applications in the MEECE regions include
Bay of Biscay, Benguela, Adriatic and Aegean Seas).
Secondly, environmental variability, which impacts the
survival of fish larvae and later recruitment success
of fish populations, is implicitly taken into account in
OSMOSE (hindcast simulations). Finally, potential
climate-induced changes in fish distribution can
be taken into account by integrating specific niche
envelopes into OSMOSE-E2E modelling. This is
important to consider as changes in geographical
distribution may cause a spatial mismatch between
predators and their prey with expected cascade effects
on the food web, and the biodiversity and functioning of
the whole ecosystem.

Statement of confidence
Linked models have more parameters than the unlinked models, because the act of linking creates new
parameters: for example the addition of a detailed plankton model to a food web model focused on fish will
introduce more interactions between fish and the extended number of plankton types. Models such as Ecosim are
often parameterised non-seasonally, but will need seasonal inputs from the models feeding into them: the plankton
populations are different in summer and winter, and so are the fish nutritional requirements. It is very hard to
validate the response of a fish species (through surveys) in response to the complex dynamics of plankton.

MEECE Links
The full suite of models developed in MEECE can be viewed through the Model Library with
accompanying user guides. Outputs from the models applied across European regional seas
during MEECE are available through our web based Model Atlas. This interactive website allows
visitors to view and compare model projections per region for different variables affected by a
range of scenarios including future climate and human induced drivers of change.

www.meece.eu/Library.aspx | www.meeceatlas.eu
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