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Part 1: Publishable Summary Report

Executive Summary

Marine ecosystems are increasingly under pressure from the activities of man and are consequently
changing. Climate change may lead to large scale changes in climate patterns, ocean circulation and
climatic variables such as temperature and light and simultaneously, combinations of direct
anthropogenic drivers such as fishing, eutrophication and pollution impact on marine ecosystems. The
primary goal of MEECE was to improve the knowledge base on marine ecosystems and input to the
development of innovative tools for understanding and assessing Good Environmental Status (GES) in
marine waters in European regional seas to inform the implementation of the MSFD. The implementation
of the Marine Strategy Framework Directive (MSFD) requires member states to develop strategies to
achieve a healthy marine environment and make ecosystems more resilient to climate change in all
European marine waters by 2020 at the latest.

MEECE explored multiple driver impacts on complex environments through numerical simulation models
which include dynamic feedbacks, unlike statistical approaches. The project followed a logical process
starting with targeted data synthesis, experimentation, model parameterisation and development,
followed by model exploration through a range of scenarios addressing the full set of drivers. This
innovative approach was designed to help scientists and decision makers to respond to the multiple driver
impacts with appropriate, knowledge-based, management applications.

MEECE has improved the knowledge base on marine ecosystems and how they are impacted by
drivers by undertaking meta-analysis of existing data and targeted experimentation to investigate
the response of key species and ecosystem to climate and direct anthropogenic drivers. By
developing a library of modelling tools and a generic model coupler (FABM), MEECE has made an
important step towards integrated end-to-end modelling tools which include a range of feedbacks
between drivers and ecosystems from both physiological and population scale processes.

These modelling tools have been used to investigate the response of European regional seas ecosystems
to climate change, direct anthropogenic perturbations and to combinations. The response of marine
ecosystems to combinations of climate change and anthropogenic drivers was made using regional
coupled hydrodynamic-ecosystem models. The results are complex and variable from region to region.
For example the ecosystems of enclosed basins such as the Adriatic, Black and Baltic Sea are highly
responsive to wind stress and eutrophication. In contrast the ecosystems of shelf seas with connection to
open ocean (e.g. NE Atlantic, Biscay, Benguela) are responsive to changes in the nutrient supply from the
open ocean. In contrast the impacts of fishing are generally a function of the local fish stock and which
species are targeted.

To contribute to the development of innovative tools and strategies for rebuilding degraded marine
ecosystems MEECE has undertaken an integrated assessment of marine resources which linked human
activities to the MSFD descriptors. Outputs from the experiments and model simulations were used to
devise decision support tools and develop management strategies which address combinations of climate,
pollution, eutrophication, invasive species and fishing. Furthermore MEECE developed concepts and
strategies for implementing management strategy evaluation procedures capable of integrating fisheries
management in the context of interactions between climate, fishing, pollution, NIS and eutrophication.
Tools have been developed which can be used to evaluate management strategies including both data
demanding quantitative models and a semi-quantitative indicator-based framework. In addition the
Working Group, indiSeas has worked jointly to evaluate the status of world marine ecosystems by
providing a generic set of synthetic ecological indicators to accurately reflect the effects of fisheries on
marine ecosystems, to facilitate effective dissemination of these effects to the general public,
stakeholders at large and fisheries managers, and to promote sound fisheries management practices.
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Finally MEECE was a genuinely European project. It brought together expertise and intellectual resources
from across Europe and the progress made was only possible through Europe wide interdisciplinary
cooperation.

1.1 Summary description of project context and objectives

Marine ecosystems are increasingly under pressure from the activities of man and are consequently
changing. For example climate change may lead to large scale changes in climate patterns, ocean
circulation and climatic variables such as temperature and light. Enhanced atmospheric CO, levels will
lead to acidification of the oceans with significant impacts on ocean biogeochemistry, planktonic
ecosystems and potentially the reproductive success of higher trophic levels (e.g. changing survival rates
of larval stages of metazoans and fish). These changes will all impact on the overall trophic structure and
function of marine ecosystems. Simultaneously, combinations of direct anthropogenic drivers such as
fishing, eutrophication and pollution impact at both an organismal and population level thereby
influencing the competitive ability and dominance of key species and thus the structure of marine
ecosystems. Finally, the introduction of alien invasive species has the potential to restructure marine
ecosystems, a mechanism of change which has the potential to be exacerbated when key species are
already under stress due to the combined effects of abiotic and biotic stressors. In many regions these
activities are acting on the ecosystem simultaneously, potentially leading to additive, synergistic or
antagonistic effects. Ultimately if we do not understand how the ecosystems responds to combinations of
these drivers either in the past or in the future we will find it very difficult to manage marine ecosystems
in the future.

The Marine Ecosystem Evolution in a Changing Environment (MEECE) FP7 project was launched in
September 2008 to investigate the responses of marine ecosystems to both climatic change and the direct
effects of human activity. The work in MEECE has focused on the key drivers of change set by the
European Union’s Marine Strategy (changes in temperature, ocean circulation, stratification and
acidification, consequences of pollution, overfishing, invasive species and eutrophication). The project
has gained a better understanding of the direct and interactive effects of these factors on marine
ecosystems. Meeting the goals of policies such as the European Maritime Policy and its ecological pillar
the Marine Strategy Framework Directive (MSFD) and the Common Fisheries Policy aimed at protection of
marine resources from degradation and a sustainable exploitation of these resources requires integrative
approaches that consider multiple drivers and biological interactions in ecosystems. The only tools we
have which can address non-linear combinations of driver impacts in a dynamic environment are
numerical simulation models which include dynamic feedbacks, the approach applied in MEECE; the use
of dynamic simulation models with feedbacks allows us to assess driver impacts outside of the observed
envelope.

MEECE addressed two specific goals:

e To improve the knowledge base on marine ecosystems and their response to climate and
anthropogenic driving forces and

e To develop innovative predictive management tools and strategies to resolve the dynamic
interactions of the global change drivers (changes in ocean circulation, climate, ocean
acidification, pollution, over fishing and alien invasive species) on the structure and functioning of
marine ecosystems

The scientific and technical objectives were;

To review the impacts of the drivers on the marine ecosystem and define model parameterisation and
scenarios.

The responses at both an organism and ecosystem level to perturbations by drivers will be reviewed.
Data on key physical, biogeochemical, ecological and physiological properties in relation to the drivers:
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acidification, temperature, nutrients, pollution, fishing activity and circulation will be collated.
Furthermore, a database on the biological traits of invasive plankton and macrofauna, will identify the
main representative types, rates of spreading and environmental tolerance ranges. As well, a bio-
pollution index will be developed to classify the impacts of alien invasive plankton species on native
species and ecosystem functioning. Experiments will be undertaken to investigate the response of
ecosystems to multiple stressors and model parameterisations will be developed. The envelopes of
response of the different drivers will be defined for each driver.

To develop a library of ecosystem modules to predict ecosystem response from plankton to fish and
couplers.

At present most models in marine ecosystems are developed to address specific trophic levels, species or
processes and consist of either a single code or are driven ‘offline’ using the stored results of
hydrodynamic models. As such these modelling tools are limited in their ability to address the impacts of
multiple drivers and to critically to incorporate two way feedbacks between and within trophic levels and
the abiotic environment. Hence the overall goal of MEECE is to create an integrated model structure
following a modular approach and employing couplers on key nodes in order to understand and develop
the predictive capacities necessary to assess the impact of a number of drivers, including ocean
circulation, climate, ocean acidification, pollution, over fishing and invasive species on the dynamics of
marine ecosystems.

To scenario test the impacts of climate drivers on the structure and functioning of marine ecosystems.

The response of marine ecosystems to climate change drivers and acidification will be explored using
coupled hydrodynamic-ecosystem models. These models with representation of phytoplankton,
zooplankton and fish will employ IPCC climate change scenarios on global and regional scales.
Combinations of different models and scenarios will be used to define the envelope of response allowing
us to assess with estimates of uncertainty the range of responses of marine ecosystems (from plankton to
fish) to changes in ocean circulation, climate and acidification.

To scenario test the impacts of direct anthropogenic drivers on the structure and functioning of marine
ecosystems.

Coupled physical-biogeochemical-mid to higher trophic level modelling will be performed to resolve, the
potential response of the marine ecosystem to direct anthropogenic stress using IPCC climate change
scenarios. The following types of anthropogenic impacts will be examined:

e Impacts of pollutant substances on the population dynamics of key trophic players having the
capability of altering the marine ecosystem structure and functioning (e.g. eutrophication) or
with direct toxic effects on the biota (e.g. heavy metals, herbicides).

e The effects of exploitation of marine living resources (direct and indirect effects of fishing) on
populations, ecosystem structure and functioning.

e The potential effect of anthropogenic mediated input of invasive alien species having the
potential to change trophic interactions and marine communities on all trophic levels.

To develop decision support tools, which assess key vulnerabilities and risks of global change for the
marine ecosystem.

Decision support tools provide a structured link between a management question and the knowledge
base necessary to address that question. Hence, they provide effective means for communication
between scientists and end-users and have evolved considerably during the past two decades. Besides
investigating how our management capabilities are affected by trends in major ecosystem drivers, MEECE
will contribute to the development and implementation of tools and management strategies being robust
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against trends in uncontrolled drivers or allowing a better management of drivers under human control
(i.e. fisheries and introduction of alien species). Specifically this includes:

e Development of a methodology to integrate the dynamic response of marine ecosystems to the
combined effects of various anthropogenic and natural drivers into multi-criteria tools
supporting the decision-making process

e Development of management strategies that support the EC Marine Strategy, EC Maritime
Policy and the EC Common Fisheries Policy and their long-term ecological and resource
management objectives

e Further development and implementation of Management Strategy Evaluation (MSE) tools that
allow the evaluation of strategies for the rebuilding of degraded marine ecosystems, the
protection and the sustainable use of the sea and its resources, in the perspective of the
ecosystem approach.

e Evaluation of the tools supporting the decision-making process and management strategies
using the MSE tools.

To develop indicators of ecosystem status.

Employing a comparative approach across ecosystems MEECE will develop common methods to select
and estimate ecological indicators of environmental status specifically for anthropogenic impacts and a
common protocol for elaborating ecosystem state. Due to the difficulty in establishing baseline levels and
reference points for most ecosystem indicators, the comparative approach across ecosystems will provide
a range of reference values against which each ecosystem could be assessed. The comparative approach
will also help in identifying robust ecological indicators that would be meaningful and measurable over a
set of diverse and contrasted situations, and in specifying their conditions of use.

To transfer knowledge to society.

MEECE will disseminate research-based knowledge, expertise and skills from the project to the users of its
results (e.g. policy makers, advisory bodies, research managers, conservation and user groups,
management bodies, all at European, regional and national level). As a policy driven project MEECE’s
target groups are the User community, the project will also engage where appropriate with outside
organizations, groups, specific audiences or to the general public. Our approach to both Knowledge
Transfer and Public Outreach will be based on a two-way information flow, focusing on engagement with
end users rather than solely upon dissemination or education.

1.2 Main scientific and technical results

MEECE followed a logical process starting with targeted data synthesis, experimentation, model
parameterisation and development. This was followed by model exploration through a range of
scenarios addressing the full set of drivers. This innovative approach was aimed at helping scientists
and decision makers to respond to the multiple driver impacts with appropriate, knowledge-based,
management applications. Outputs from the experiments and model simulations were used to devise
decision support tools and develop management strategies. The report has been split into three
sections to reflect this:

e Tools, methods and data: This section summarises the data collection and experiments
undertaken along with technical achievements in terms of model coupler development, new
parameterisations and methodologies for running climate scenarios and model validation.

e Ecosystem Response: This section summarises the responses of marine ecosystems to the full
range of MEECE drivers, firstly considering each individual driver then in terms of combinations
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of drivers. Each subsection combines information from the laboratory and numerical
experiments and data synthesis as appropriate to the driver in question.

e Implications for resource management: The final section is a synthesis of the resource
management tools that have been developed and applied (e.g. integrated assessments, decision
support tools, indicators and management strategy evaluation tools).

The MSFD identifies 11 high level descriptors, 7 of which are considered by MEECE (D1 Biodiversity, D2
Non Indigenous species, D3 Commercial Fish, D4 Foodwebs, D5 Eutrophication, D6 Hydrography and D8
Pollutants). Each descriptor is characterised by a set of indicators which characterise marine ecosystems
and requires and understanding of the possible pressures and impacts on them.

1.2.1 Tools, methods and data

Datasets and meta-analysis: Recognising the need for structured, coherent databases on observational
and experimental results of ecosystem- driver interaction and response, MEECE has collated existing data
on key process and drivers into new meta-databases for the ecosystem drivers and model validation
datasets. MEECE has also collated a large dataset on discharge of European and non-European rivers
integrating information from other European and global projects like globalNEWS and Waterbase. The
database contains field data and model outputs on rivers flow and chemistry (for example nutrients),
useful for analysing the impact of past policies on riverine nutrient loads and to force biogeochemical
models such as those used in MEECE. The meta- database for ecosystem drivers contains information on
climate and ocean acidification, pollution, fishing, invasive species and plankton metabolic rates. Meta-
analysis of these databases has generated new parameterisations and scenarios on critical processes
pertinent to ecosystem models. Of particular note is the meta analysis of plankton metabolic rates, which
demonstrated that, in spite of their primitive life-style, jellyfish exhibit similar instantaneous prey
clearance and respiration rates as their fish competitors and similar potential for growth and
reproduction; this work was published in Science (Acufia et al, 2011, Science, Vol. 333 no. 6049 pp. 1627-
1629). Arange of meta- analysis have been completed on invasive alien species (IAS) impacts, ecological
traits and the functional traits and environmental tolerance limits for phytoplankton in order to
parameterise a climate envelope modelling approach and a bio pollution expert system for the Baltic.
Meta-analysis of ocean acidification (OA) experiments on calcifying organisms suggests the current
evidence is highly ambiguous even in terms of the sign of the impact of OA on calcification, thus
preventing the extrapolation of this work to a consensus model parameterisation.

Experiments: MEECE has completed a range of experiments to investigate the impacts of key stressors
(temperature, pH, copper and organic pollutants and herbicides) on a range organisms at different
trophic levels. The goal of this exercise was to develop multi stressor vital rate parameterizations for
key lower trophic level species. To this end, targeted experiments were performed in three clusters to
resolve the physiological and biogeochemical responses of key species to the combined effects of
acidification, pollution and temperature. The key species examined represented different trophic
levels from pelagic autotrophs (diatom, Skeletonema marinoi, dinoflagellate, (Gonyaulax spinifera),
heterotrophic plankton (protozoa, Euplotes crassus, copepod, Acartia tonsa) and fish (herring, Clupea
harengus membras) egg and pre feeding larval stages as well as the potentially invasive benthic
species (Mytilus galloprovincialis). Within a single species (Mytilus galloprovincialis) we applied
biological/ ecological methods, developed to clarify the biological effects of pollutants at molecular
level exploiting genomic and proteomic approaches. The information generated has when
appropriate been synthesised into parameterisations of the impacts of pollution and temperature on
the growth of key organisms and hence into model code.

Advancing marine ecosystem modelling: Marine ecosystem models are highly diverse in terms of the
scientific and computational approaches used. The modeling tools are designed, programmed and

7|Page



MEECE | Marine Ecosystem Evolution in a Changing Environment | 212085

optimised for a particular question, and often only focus on a particular component of the ecosystem.
This diversity poses a challenge for the application and comparison of models and the assessment of
simulations across models and ecosystems. Ultimately it limits the ability of both researchers and
stakeholders to interpret and use multiple models outputs. MEECE identified key-species from an
ecosystem modelling perspective, for each of the project targeted geographical systems and in the
context of climatic and anthropogenic drivers and relevant feedbacks. The key species as listed by
model developers reflect the significant overlap of approach at lower trophic levels (LTL - nutrients,
phytoplankton, zooplankton), with the trophic difference across systems evident at higher trophic
levels (HTL). The most recurrent priority for data gathering and future experimental data generation
across all trophic levels, is focused on better quantification of all physiological rates (ingestion,
assimilation, excretion, growth, mortality) with respect to the multiple environmental drivers
(temperature, acidification, pollution). Predator-prey interactions were also identified as a key area of
further experimentation and data generation, in terms of grazer control, prey preferences and prey
quality for lower trophic levels and visual predation, gut contents and diet definition of key species
for higher trophic level predators.

MEECE Model Library: The MEECE model library is a set of models and sub models describing the
carbonate system, acidification processes higher trophic levels, pollution impacts and invasive species
which can be coupled to a lower trophic level (plankton) model. Each sub module provides stand-
alone code along with the necessary documentation for use. The information is summarised in a web
interface (http://www.meece.eu/Library.aspx). The model library has been mapped onto the MSFD
descriptors and a search tool developed which allows users to find the available modelling tools in a
geographic region of interest. The following submodules were developed during the MEECE project:

e Carbon Phytoplankton: a parameterisation of the enhancement of primary production and
carbon assimilation in marine phytoplankton in response to increasing inorganic carbon
concentrations.

e Carbonate System and Calcification: code to simulate carbonate system variables (total
alkalinity, dissolved inorganic carbon, pH, pCO,) and an algorithm for calculating the
acidification-sensitive pelagic calcification rate.

e Calcifiers: computational method and code for calculating the ecological success of the
abundant coccolithophore Emiliania huxleyi.

e Zooplankton: code for a size structured copepod population model

e Individual Based Models (IBM): describes a generic IBM model, followed by specific examples
for Sand eels, Anchovy, Calanus Finmarchicus and the 2 way coupled NORWECOM.E2E system
(Herring, Blue Whiting, Mackerel).

e Stochastic Multi Species Model (SMS): model description and code for the stochastic
multispecies model describing stock dynamics of interacting stocks linked by predation.

e Ecopath with Ecosim (EWE): summary of Couplerlib; a software interface which exchanges
information between the LTL (e.g. ERSEM) and EwE models allowing a 2 way coupling.

e OSMOSE: The Object-oriented Simulator of Marine ecOSystems Exploitation model is a spatial
multispecies and Individual-based model (IBM) which focuses on fish species and communities,
and their exploitation. It is 2 way coupled to ROMS-NPZD.

e APECOSM: Apex Predators ECOSystem Model is a spatially explicit size-based model of
marine ecosystems, 2 way coupled to the PISCES biogeochemistry model.

e FEcotoxicology: parameterisations and code describing the impacts of pollutants on different
components of the ecosystem. These sub-models describe the impacts of herbicides on the
growth rates of phytoplankton, the impact of nonylphenol on zooplankton mortality, the
impact of copper on the egg survival and growth rates of larval fish and benthic filter feeders.
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Our approach is to derive a pollutant concentration dependent penalty function based on the
MEECE experiments.
e Invasive Alien Species (IAS): in MEECE we adopted two different approaches,

» The biogeographic approach which uses biogeochemical models to evaluate the
change in abundance and distribution of the specific non indigenous species (NIS)
studied.

» The Darwinian approach, the modification of a standard biogeochemical model to
simulate a large number of phytoplankton types (hereinafter called species) allowing
the simulation of the invasion of an IAS, evaluation of its ability to settle in the new
environment and to assess the impact on the ecosystem.

Model Coupler Framework for Aquatic Biogeochemical Models (FABM): Recognizing the shortcomings of
coupling software that is presently available, the development of a generic model coupler was a key
target for MEECE. The result is the Framework for Aquatic Biogeochemical Models (FABM), which delivers
an easy to use, highly efficient coupling between a hydrodynamic model and one or more ecosystem
components. Its primary role is to specify explicitly and in detail how physical and biogeochemical models
communicate. Accordingly, it consists of a thin layer of code (~2500 lines) for communication and data
exchange, enveloped by an extensive set of explicit programming interfaces through which a physical host
(hydrodynamic model) and any number biogeochemical models pass information. These models run side-
by-side and can communicate without being aware of each other’s specifics. As a result, both physical and
biogeochemical models only need to be developed or modified once to interface with the general
framework; after that, arbitrary combinations of physical and biogeochemical models can be made
without requiring any source code change. Furthermore, the framework supports (i.e., it can be compiled
with) any number of biogeochemical models, which can selectively be enabled and linked at run time.
Thus, the selection of biogeochemical models, and the links between them, can be made by the end user
— it does not require any programming expertise.

The framework is designed to be
sufficiently general to accommodate the
variety of circulation models (e.g. 1D water
column, 3D world ocean, figure right) and
ecosystem models in use by MEECE
partners. Such generality cannot be
achieved without some computational
cost. However, the framework’s
communication layer between models is
thin and has been designed to be as

phytoplankton (mmol/m?)

efficient as possible. It is, therefore,
written in Fortran 90, as are the models that are coupled. Evaluation of model performance indicates that
the loss of performance is small: in the 1D General Ocean Turbulence Model (GOTM), 3D General
Estuarine Transport Model (GETM), and the 3D Modular Ocean Model version 4 (MOM4), the use of the
generic framework instead of a direct, custom coupling between physics and biogeochemistry has a
negligible effect on performance. The use of the framework has been demonstrated using the GOTM-
and a standard Nutrient-Phytoplankton-Zooplankton-Detritus (NPZD) model and coupling the MEECE
carbonate chemistry system model (one-way coupling) and a model of Mnemiopsis, an invasive comb jelly
species now common in the Black Sea. This configuration requires bidirectional communication (two-way
coupling), as Mnemiopsis growth is dependent on the presence of zooplankton, and zooplankton removal
is dictated by Mnemiopsis. Both setups allow for complete configuration of the model, in terms of
parameter values and coupling, at run time. Primarily, the framework is of benefit to scientific
experiments that use different combinations of physical and biogeochemical models. Its key achievement
is that it brings this functionality to the end user, who is no longer required to possess expert knowledge
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on both the physical and biogeochemical models. Given that physical and biogeochemical models
continuously increase in complexity and code size, while the dynamic combination of different physical
and biogeochemical models becomes a more standard element of scientific research, the usefulness of
this generic framework is expected to extend beyond MEECE.

Regional models and Scenarios:
Global and regional model systems: The following
seven regions (six European seas and the Benguela
upwelling) and the global ocean have had model
systems implemented in them.

e Global

e Barents & Nordic Seas

e NE Atlantic (Atlantic Margin, Greater North

Sea, Celtic Seas, Bay of Biscay)

e Baltic Sea

e Black Sea

e Adriatic Sea

e N. Aegean Sea

e Benguela Upwelling

European seas and regions considered

End-to-end models of marine ecosystems have been implemented for each region which try to represent
the entire ecosystem by including all relevant processes in the system, from physics to biology, and
plankton to fish. Each comprises a hydrodynamic model which is forced by both reanalysis data (for
validation purposes) and a coupled ocean-atmosphere general circulation model (OAGCM) to explore the
behaviour of the system under possible future climate change conditions. Coupled to the hydrodynamic
model, a lower trophic level model (bacteria, phytoplankton and zooplankton) including biogeochemical
cycling in turn coupled to a higher trophic level model (mainly with an emphasis on fish species) are also
implemented.

Summary table of the model systems used in MEECE

‘ LTL model HTL model
Global NEMO-PISCES APECOSM
NE Atlantic / N Sea POLCOMS-ERSEM, ECOSMO IBM, EWE
Barents / Nordic Sea NORWECOM.E2E, ECOSMO IBM
Baltic Sea ECOSMO SMS, EWE
Black Sea POM-BIMS-ECO EWE, IBM
Bay of Biscay ROMS-NPZD, POLCOMS- OSMOSE

ERSEM
Adriatic Sea POM-BFM OSMOSE
N Aegean Sea POM-ERSEM OSMOSE, I1BM
Benguela Upwelling ROMS-BIOEBUS OSMOSE
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Definition of common scenarios: All regional simulations have made the following common simulations.

e Hindcast forced by ERA40 or NCEP re-analysis atmospheric forcing to explore present day
variability and validate oceanographic models. Time slices are defined here specifically by the
region and can be variable since it depends on the historical data availability.

e Three IPSL-CM4 forced simulations (CNTRL, BU and A1B) to explore the behaviour of the system
under possible future climate change conditions IPSL-CM4 run is an example of an OAGCM, as
used in the IPCC assessment reports. The CNTRL simulation is a simulation forced by either the
IPSL-CM4 20C model or reanalysis for the present day period 1980-1999. The business as usual
(BU) is a future climate scenario representative of possible conditions in 2030-2040. This time-
slice was chosen to be closer to the policy relevant period. A1B is a future climate scenario
representative of possible conditions in 2080-2100 under a business as usual emissions scenario:
SRES (Special Report on Emission Scenarios) A1B. In terms of greenhouse gas (GHG) emissions
throughout the 21st century, A1B is a scenario at an intermediate level (850 ppm of CO2-eq
concentrations in 2100). Specifically, we have used the difference between A1B (within 2080-
2100) and CNTRL (1980-2000) to assess climate change impacts at the end of the century.

e Multiple driver scenarios combine both climate and anthropogenic drivers (eutrophication,
pollution, fishing and invasive species). To ensure policy relevance the climate scenario considers
the BU (2030-2040) as a common climate scenario, with additional perturbations by
anthropogenic drivers i.e., IPSL-CM4 A1B + SC1 world market (A1), IPSL-CM4 A1B + SC2 global
community (B1)'and IPSL-CM4 A1B + SC4 local responsibility (B2)* where 'is N Sea, NE Atlantic,
Baltic, Biscay, Benguela, Barents and 2 js Adriatic, N Aegean, Black Sea.

Downscaling Climate Forcing to regional models: A major technical challenge MEECE addressed is
downscaling the outputs from the OAGCM to scales which can be used to drive a regional hydrodynamic-
ecosystem model. MEECE has produced a synthesis of the common methodologies; for a given choice of

forcing data there are 5 basic approaches downscaling:

e Direct forcing

e Delta change approach

e Bias correction (linear) or statistical downscaling
(nonlinear)

e Dynamic downscaling of atmosphere only

e Dynamic downscaling using a coupled
atmosphere-ocean model

The preferred MEECE downscaling strategy is the Delta
change approach, using a multiplicative factor applied to
atmospheric boundary conditions, marine boundary
conditions and marine initial conditions. This approach is
chosen because it removes the influence of biases from
the climate model forcing and preserves the mean
climate change signal. This is seen as the most robust
part of the signal from the climate models. However
IPSL-CM4 model forcing has a pronounced bias in many
regions, for instance simulating unrealistically extensive
sea ice cover in the present day reference and projecting
extreme changes in nutrients sea ice bias in the Barents
Sea region. A downscaling strategy has been adopted in
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Figure 1: Comparison of the fractional change in
depth integrated primary production forced by 4
different IPPC models. Future (2080-2099) and
past (1980-1999) simulations

some regions to minimise the bias; e.g. statistical downscaling of winds in the Benguela region to improve
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the representation of upwelling and the use of regional downscaled atmospheric forcing in the Adriatic
and Black Seas. In the North Sea comparative simulations with different OAGCM atmospheric forcing
identified the impact of the atmospheric parameters on projected changes in primary production. The
projected changes in primary (and secondary) production differ in pattern and sign for different forcing
OAGCMs and the uncertainty in the amplitude of the projected climate change is large and locally as large
as the projected changes (Figure 1).

Central to any scientific analysis of environmental systems is the processing of the resulting information
into a form that aids the interpretation of the analysis in the context of our empirical and theoretical
understanding, and also aids the comparison between similar and contrasting sources of information.
Central to this is model validation and MEECE defined a set of quantitative metrics and procedures for
comparing model output with observational data. Each region has been modelled independently and
validated with present-day climate.

1.2.2 Ecosystem response to Drivers
Marine Ecosystem Responses to Drivers

In order to summarise the responses of marine ecosystems to the full range of MEECE drivers the MEECE
scientists provided their expert opinions on how sensitive a regional system is in general to each driver on
a scale from 0 (no response) to 3 (highly responsive). The summary table (below) combines these expert
opinions, with a value judgement as to how confident they are in their views (red = low, yellow = medium,
green = high), thus providing a systematic overview of the sensitivity of the marine ecosystem to key
drivers in each region. It should be noted that the quantitative and specific nature of the response on an
individual scenario basis is generally less certain.

. , . Ocean Sea .
Alr Wind | High Light Nutrient Ice E.u trqph— Pollution Fishing lnvas./ ve
temp | stress co, ication species
Supply loss
Global (1) | 2.0 20 | 1.0 | 30 NA 2.0 0.0 1.0
Barents | 5 5 27 | 30 | 20 23 3.0 1.0 13 15
Sea (3)
Ne
Atlantic | 2.0 15 15 | 1.0 3.0 NA 1.0 2.0 1.0
(2)
Norz)sea 15 15 18 | 1.7 25 NA 18 2.0 2.0 15
Balt(’g)se" 17 | 27 | 23 | 13 03 1.7 3.0 3.0 2.0 15
Bay of 30 | 20 | NA | 10 3.0 NA 20 NA NA
Biscay (1)
BI";’;)S‘?" 2.0 30 | NA | 25 NA NA 3.0 3.0 25
North 3.0 20 | 20 | 30 3.0 NA 3.0 3.0 NA
Aegean (1)
Adriatic
Sea 2.0 25 25 0.0 NA 3.0 2.0 25 25
(2)
Be"(g‘)’ela 3.0 30 | 27 | 25 3.0 NA NA NA 3.0 NA
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The numbers indicate the average view of a group of experts as to the sensitivity of the ecosystem in a
particular region to a given driver; the scores range from 0 (no response) to 3 (highly responsive). The
confidence in these judgements expressed is colour coded as follows; red = low, yellow = medium, green =
high. NA indicates that the process was not considered in this region in MEECE. The number of responses
for each region is given in the first column after the region name.

1.2.2.1 Climate change

Ocean ecosystems are increasingly stressed by human-induced changes of their physical, chemical and
biological environment. Among these changes, warming, and changes in circulation and stratification
leading to de-oxygenation and changes in primary productivity by marine phytoplankton can be
considered as the major stressors of marine ecosystems.

Metabolic Scaling: It is well know that marine ecosystems are sensitive to warming. In MEECE we have
further developed metabolic theory to explain the effects of body size, temperature and resources on the
metabolism of the oceans going from organism to population and communities to whole ecosystems. The
objective was to develop a theory that enables us to explain and model the effects of changing light
levels, temperature, stoichiometry and size structure on planktonic metabolism. An analysis of
temperature-abundance-size relationships in marine plankton showed that, picophytoplankton
abundance increased with temperature in a similar manner to that previously reported for total
phytoplankton, secondly that temperature and picophytoplankton cell size were inversely related and
finally that the proportion of biomass in the picoplankton size-class significantly increased with warmer
temperatures. A unified model of life history optimization and metabolic scaling theories for
developmental time was developed which integrates metabolic theory and life-history evolution to
provide a synthetic theory of population energetics. Our model is a step in this direction and shows that
both theories play a major role in controlling developmental time.

A key result of metabolic theory is the differential temperature dependence of the metabolic and growth
rates of autotrophs and heterotrophs, the implication to marine plankton community dynamics and
biogeochemical cycles being potentially far reaching. A numerical model sensitivity analysis of the
ecosystem response to climate was performed in the Northern Adriatic Sea using ERSEM, which shows
the zooplankton to phytoplankton production ratio increasing as temperature increases as expected from
metabolic theory.

Lower trophic level response: Globally and in temperate and southern European seas, primary production
is expected to decrease on average under future climate change scenarios, whilst in the most northern
European seas (Baltic and Barents) is expected to increase. The general latitudinal pattern of increasing
primary production pole-wards is reproduced by both the global and the European regional models.

Global primary production will decrease 9% and zooplankton biomass 11%. This triggers a change in the
trophic ratio (zooplankton biomass divided by phytoplankton biomass) from 1.74 to 1.66, which indicates
a re-structuring of the food web pyramid. The general primary production decrease is explained by the
reduced input of nutrients into the euphotic zone related to enhanced stratification, reduced mixed layer
depth, and slowed circulation. However, spatial variation is very high.
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Figure 2. Fractional change in net primary production, depth integrated phytoplankton and zooplankton biomass at
2080-2100, relative to 1980-2000, within the Black Sea

In arctic regions such as the Barents Sea, in semi-enclosed and shallow seas such as the Baltic, in shelf
regions such as Southern North Sea, Celtic Sea, Irish Sea, English Channel and Armorican Shelf, primary
production is expected to increase with climate change, and consequently, zooplankton biomass. The
spatial variation is exemplified in the Black Sea projection map (figure 2). Whilst overall primary
production is expected to vary weakly (-3%) and zooplankton biomass are expected to not change
significantly, Black Sea has two highly contrasting areas (increase of net primary production and plankton
biomass in the eastern area and decrease near the Bosphorus).

Higher trophic level response: In response to climate change an 18% decrease in fish biomass is
expected globally by the end of the century. This is due to the mean decrease in primary and
secondary production. However, once again the spatial distribution is highly variable. This
projection is in agreement with recent studies indicating reduced fish size and production at global
scales. On a regional basis, cod population have been studied throughout several regions; cod can
be favoured by higher primary production in the Barents Sea (+8%), while lower plankton biomass
would reduce potential larval survival in the North Sea. Also, decreasing salinities in the Baltic Sea
will dramatically reduce suitable spawning habitats for this species’ population. In regions (N
Aegean Sea, Bay of Biscay) where multiple species have been modelled with its interactions, overall
fish biomass generally responds to overall zooplankton trend, although this relation is highly
dependent on spatial variation and seasonal shift of these two trophic levels. For instance, the slight
increase in total fish biomass on the whole Bay of Biscay (5%), compared with the high increase in
overall zooplankton (44%), is explained because of the spatial variability in zooplankton change.
Thus, in the French shelf, zooplankton is expected to decrease and peak earlier in the year and also
it is the main area of spawning for fish species, such as European anchovy, at present day climate.
Moreover, the spawning season of European anchovy has its maximum peak between May and
June; whereas the maximal value of zooplankton would occur earlier (i.e. April) in the future
scenario than at present day climate (i.e. June). This could produce a mismatch between anchovy
larvae growth and zooplankton bloom, which is critical for the population growth and has been
reported, for instance, for Atlantic cod in the North Sea during last few decades. A study of climate
change effects on the growth potential of larval Atlantic cod in the Nordic Seas revealed that it had a
negative effect on larval survival caused by reduced prey conditions combined with increased ocean
temperatures that forced the larval fish to take higher risks to sustain feeding rates. To obtain
greater amounts of food, larvae positioned themselves higher in the surface layer, making them
more vulnerable to visual predation and higher mortality rates. The potential future loss of larval
cod may have strong negative effects on the recruitment potential for Atlantic cod.

Uncertainty of models and projections: Each region has been modelled independently and validated with
present-day climate. Thus, the reliability of each region is different. In general the simulation skill for a
variable decreases as the trophic level increases because of error propagation. Projecting top-predator
dynamics is hence subjected to more uncertainty than lower trophic levels such as plankton, which in
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turn, is less accurate than ocean climatology. Another issue is that comparable projections consider only
one greenhouse gases emission scenario of the Intergovernmental Panel on Climate Change, termed A1B
which assumes increasing emissions during the first half of the present century that turn to decreasing in
mid-century due to the utilisation of more efficient technologies. For climate change modelling, it is well
known that averaging of results from an ensemble of models reduces uncertainty. To explore these
uncertainties MEECE scientists analysed recent simulations performed in the framework of the Coupled
Model Intercomparison Project 5 to assess how these stressors may evolve over the course of the 21°*
century. The 10 Earth System Models used here project similar trends in ocean warming, acidification,
deoxygenation and reduced primary productivity for each of the IPCC's representative concentration
pathways (RCP') over the 21 century (figure 3). For the “business-as-usual” scenario RCP8.5, the model-
mean changes in 2090s (compared to 1990s) for sea surface temperature, sea surface pH, global O,
content and integrated primary productivity amount to +2.73 °C, -0.33 pH unit, -3.45% and -8.6%,
respectively. For the high mitigation scenario RCP2.6, corresponding changes are +0.71 °C, -0.07 pH unit, -
1.81% and -2.0% respectively, illustrating the effectiveness of extreme mitigation strategies. Although
these stressors operate globally, they display distinct regional patterns. Large decreases in O,and in pH
are simulated in global ocean intermediate and mode waters, whereas large reductions in primary
production are simulated in the tropics and in the North Atlantic. Although temperature and pH
projections are robust across models, the same does not hold for projections of sub-surface O,
concentrations in the tropics and global and regional changes in net primary productivity.

T T .10 .
[ ! ‘ 1 010 ' ' ’ f ] Figure 3. Model-mean
— Historical (10) = = -1 5 .
G — RCP26(8) | S S N time series of global sea
2 RCP 4.5 (10) . s surface warming (°C),
§ _ ';EE:?E?L) 5 o010l surface pH change (pH
— RePS. S ool .
g & [ unit), ocean O, content
5 £ [ — Historical (10) o
g i 3020 —rce2em change (%), and global
2 " & RCP 4.5 (10) NPP change (%) over
Q ] L =
8 obec--m—m—eog ‘ 2 o0l gg:gﬁ;) 1870-2100 using
o L — : . . . .
L historical simulations as
L | L J i 0.40 L1 ! ! I well as all RCPs
1900 1950 2000 2050 2100 o o o
Year 7 Year : simulations. Shading
indicates one inter-
model standard
. . : - - T . deviation. All variables

r ] are plotted relative to

] | 1990-1999.
— Historical (10) “\W/\

F —RCP26(8) 4
RCP 4.5 (9) =

— RCP6.0(5)

- —RCP85(10)

| — Historical (9)
— RCP26(7)
RCP 4.5 (8)
— RCP 6.0 (5)
— RCP85(9)

Global Ocean Oxygen Content Change (%)

Global Net Primary Productivity Change (%)

1 1 1 i C | 1 1 1 1

Year Year

In studies performed within the same area with different models, we have found certain agreements and
some discrepancies that provide an additional source of uncertainty assessment. For instance, the Bay of
Biscay has been modelled with POLCOMS-ERSEM and with ROMS-NPZD models. For the Bay of Biscay,
results obtained with ROMS-NPZD model in terms of sea warming are in agreement with those obtained
with POLCOMS-ERSEM and previous works using model ensembles (1.5 to 2.1 2C), although they present
slight discrepancies for zooplankton biomass. Different resolution of the models could explain partially
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the different results; nevertheless, additional analyses and use of other models is need for assessing
future productivity in this area. For the North Sea, ECOSMO and POLCOMS-ERSEM models provide similar
projections of decrease in primary production and zooplankton biomass.

Thresholds and abrupt changes: Several studies showed that marine ecosystems are not equally sensitive
to climate change and reveal a critical thermal boundary where a small increase in temperature triggers
abrupt ecosystem shifts seen across multiple trophic levels. Analysis of CRP data and a hindcast simulation
using SMS of the North Sea indicated major structural changes in the North Sea ecosystem, which
coincide with changes in trophic control, especially between piscivores and planktivores as well as
zooplankton. The results further indicate the importance of the Atlantic Multi-decadal Oscillation in
determining the control state, as well the importance of fisheries effects.

Implications for management: Changes in meteorological patterns may result in changes in temperature
along with changes in stratification and ocean circulation. This will lead to changes in pelagic habitats and
may result in changes in biological communities and hence the goods and services they provide. The
hydrodynamic models provide useful information on MSFD descriptor D7 Hydrography (temperature,
circulation and stratification) at a regional scale. This provides useful information on pelagic habitats (D1
Biodiversity in) terms of, for example, temperature, salinity, nutrients, and stratification at regional scales.
The consequence of changes in these habitats for GES remains an open question. Changes in light and
nutrients transport impact on the phytoplankton and hence on the foodweb (D4). In the context of the
marine system such changes are currently unmanageable and rather represent a factor that management
strategies being formulated for other drivers may need to take account and adjust to. Climate change
projections for the higher trophic level coupled to lower levels and physical processes are still uncertain
although this constitutes the first attempt, as far as we know, of evaluating quantitatively future climate
change impacts from phytoplankton to fish stocks on a global and regional basis at high spatial resolution.
Future research is needed to combine the effects of climate tolerance limits and food resources in fish
biomass within a trophic approach, to assess future climate change impacts.

1.2.2.2 Acidification

Ocean Acidification refers to increasing CO, dissolved in
seawater leading to the lowering of pH in the marine
environment and impacts at all spatial scales. This is
occurring mostly as a consequence of anthropogenic
carbon emissions into the atmosphere. Increasing CO,
may lead to enhanced phytoplankton growth, at the
same time the lowering of pH it induces may have
negative impacts on the health and reproduction of a
wider range of marine organisms for example plankton
and fish larvae. Currently the experimental evidence on
impacts is often contradictory making it hard to predict
what the future may bring. Many organisms, particularly
those in extreme coastal environments are adapted to large pH ranges and are likely only to be affected
once the pH range moves away from their natural tolerance. The ocean acidification response of other
species may depend on the food supply and the ability to transfer energy costs over to repair and survival.
The ability of marine biota to rapidly adapt to pH changes remains largely unknown and should be seen
also in the context of other changing stressors (e.g. warming, de-oxygenation, nutrient supply). Similarly
to climate, acidification is currently unmanageable in a marine context, but represents an issue that
management strategies for other drivers may need to take into account.

The response of an Arctic pelagic ecosystem to ocean acidification was studied, for the first time. The
experiment employed a range of CO, scenarios corresponding to eight pCO, levels ranging from 160 to
1600 patm (and pH between 8.4 and 7.4). We specifically investigated changes in biological carbon uptake
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and the stoichiometry of nutrient consumption. Different states of nutrient and CO, availability allowed
different species to dominate at different experimental phases.

This suggests that there was a species-specific response to CO, perturbation during the different stages of
the experiment.

Both global and region scales are expected to experience oceanic acidification under A1B CO, emission
scenario (mean pH change of -0.24) by the end of the century. Future acidification will occur on a global
scale but with high spatial and temporal variability. Regions showing the largest changes in surface pH are
the Arctic Ocean (down to -0.4 regionally, and even greater changes at the local scale) and the North
Atlantic. The Equatorial Pacific, the North Pacific, the Southern Ocean show more moderate changes
between -0.15 and -0.20.

On a European level, pH change ranges from -0.3 (in the Atlantic margin) to -0.2 (in the N Aegean Sea).
MEECE simulations highlight how the impacts of Ocean Acidification in the shelf ecosystem vary in space
and time and how they are interconnected with those of climate change. While changes in atmospheric
CO, drive OA, it is not the only factor regulating the carbonate system in regional seas. For example the
OA simulations in the NE Atlantic indicate that biological processes are particularly important in
controlling the seasonality of the impact: in the areas where an increase in net PP is projected the
minimum of acidification is observed (e.g. in spring in the Northern Atlantic or in the southern North Sea
in summer). Similarly the under saturation of aragonite projected in bottom waters in the central North
Sea is caused by the accumulation of DIC during spring and summer due to community respiration (both
pelagic and benthic) and the concurring stratification that prevents ventilation. Increasing inorganic
carbon concentrations have been shown to promote primary production and carbon assimilation in
marine phytoplankton. A model study which included both climate change and carbon enhancement due
to high CO,, showed the change in net PP due to the OA alone is of the same order of magnitude of the
one due to climate change: sometimes they have opposite sign and tend to cancel out, sometimes they
have the same sign and OA magnifies the climate change impact. This impact is transferred up into
trophic network at zooplankton level and potentially to higher trophic levels.

Implications for management: increasing CO, dissolved in seawater will lead to the lowering of pH in all
MEECE regions and impacts at all spatial scales. On one hand increasing CO, may lead to enhanced
phytoplankton growth. On the other hand lowering of pH may have negative impacts on the health and
reproduction of a wider range of marine organisms for example plankton and fish larvae. Currently the
experimental evidence on impacts is often contradictory making it hard to predict what the future may
bring. MEECE models are able to provide useful information on the inorganic carbon cycle (e.g. pH, pCO,,
aragonite saturation) at regional scales; this is hampered in coastal regions by the lack of knowledge of
alkalinity sources, nutrients and organic matter supply and freshwater supplies from river. The knowledge
of the ecological implications of change is currently limited, but improving.

1.2.2.3 Eutrophication

Eutrophication results from the anthropogenic nutrient enrichment of the marine environment leading to
a variety of outcomes including enhanced algal blooms, harmful algal blooms, de-oxygenation and
mortality of benthic fauna. The standard approach for modelling eutrophication processes and the
consequences of changes in anthropogenic nutrient inputs on the eutrophication status of a region is to
apply coupled hydrodynamic ecosystem models. This is the approach we have taken in MEECE.

Simulations of the whole northwest European continental shelf show (POLCOMS-ERSEM) that reducing
river inputs of nitrogen and phosphate reduces nutrient levels and net primary production over the whole
northwest European continental shelf, with the strongest impact (an average 16% reduction) in the
southern North Sea; the effect on concentrations of chlorophyll-a is similar while increasing the amount
of nitrogen input from rivers has a negligible impact on net primary production and chlorophyll-a.
Similarly simulations of the North Sea (with ECOSMO) show that coastal and front related regions are
most sensitive to changes in nutrient loads. Because the North Sea is semi-enclosed and exchanges water
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and nutrients with the Atlantic Ocean, the characteristic residence time-scales for nutrients are short (1-2
yrs) and the North Sea response to anthropogenic drivers is small especially when compared to enclosed
ecosystems. Application of the same model in the enclosed Baltic Sea indicates that eutrophication is a
dominant factor and changing the river loads has a strong impact on the level of primary production. This
is due to the unique hydrography of the region characterised by long time scales for flushing, resulting in
the system showing long-term responses to changes in nutrient supply. The enclosed Black Sea behaves in
a similar manner, model simulations of the Black Sea ecosystem; indicate it is highly sensitive to a
reduction in nutrient loadings, suggesting management of river water quality is vital for the improvement
of the ecosystem state of the region.

In the North Aegean Sea decreasing phosphate river loads (~-20%) over the 1980-2000 period resulted in
a significant overall decrease in plankton biomass and productivity (~-25%), followed by a similar decrease
in total fish biomass. Varying river nutrient loads also affected the phytoplankton composition in coastal
river influenced areas, with dinoflagellates being favoured under increased phosphorus or/and nitrogen
availability when compared to silica. Model simulations of the Adriatic Sea also show showed the
potential for considerable sensitivity of the marine ecosystem to such reductions, highlighted by a general
temporal decrease of the phytoplankton biomass, in both the coastal and the offshore domain when
forced by estimates of river runoff and nutrient inputs which account for the progressive reduction of the
phosphate load into the Sea as a result of changes in land management.

Implications for Management: Eutrophication can act at both local and regional scales depending on the
scale of the nutrient sources. The impact of eutrophication is generally a function of the hydrodynamic
and light climates of the region in question; for example strongly stratified regions are more often prone
to low oxygen environments while, highly turbid environments may mitigate the effects because there is
not enough light for the plankton to grow. In the future the impacts of eutrophication may be enhanced
or mitigated by the effects of climate change, the effects varying from place to place and will need to be
considered when developing future management strategies. At regional scales this often requires
international cooperation to reduce terrestrial nutrient inputs. The consequences of managing nutrients
inputs may take many years before the effects are fully felt.

1.2.2.4 Invasive species 5 Jhamat
Non-indigenous species (NIS) introduced by humans, both D r =
intentionally and un-intentionally, can have both significant o
ecological and economic impacts and their increasing spread is a oac
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which depends on both species life history traits and the state of the receiving ecosystem upon arrival.
Equally complex and varied is the timescale component of an invasion event, as this will depend on the
species life cycles and can vary from days to decades, and have a permanent or seasonal nature. In
addition, climate warming has been reported as an additional stressor modifying marine ecosystems and
enabling and enhancing biological invasions. While mitigating the spread or eradicating existing IAS is
currently very challenging, the risk of new biological invasions can be reduced by controlling vectors and
implementing pathway-relevant precautionary measures e.g. aquariology prohibitions or the Ship’s
Ballast Water Convention. Consequently, the best management strategy regarding invasive alien species
is to avoid new invasions as targets for biopollution levels are not possible to set. Therefore, the work on
invasive alien species in MEECE has focused on understanding ecosystem responses to this driver and
related parameterizations to include alien species in ecosystem models, estimating biopollution levels and
their impacts on ecosystems and incorporating these to expert systems.

A method to assess biopollution assessment level (BPL) has been developed to categorize and rank the
degree of disturbance caused by invasive alien species. BPL can identify areas where the impacts from
alien algae are the greatest on native species, marine communities, habitats and the wider ecosystem.
This knowledge can in turn help steer policy decisions to avoid environmental damages and economic
losses. In the case of the Baltic Sea, BPL has been used to assess a microscopic invasive alga called
Prorocentrum minimum which has become established over the past two decades. As shown in the map,
its impacts range from moderate to massive across the sea, impacting all regions. The only area currently
free of these potentially toxic planktonic algae is the Gulf of Bothnia, the northernmost, coldest and
nearly freshwater part of the Baltic.

Biogeochemical models can be used to assess if a specific NIS could find the right habitat, and eventually
how frequently this will occur and in which areas of the domain. Habitats can be described by providing
ranges of values for several variables in which the NIS tend to flourish. These variables can describe the
physical environment (e.g. temperature, salinity, light and currents), its chemistry (e.g. nutrients) and/or
the biology (e.g. abundance of competitors). A set of rules describing the potential habitat for
Prorocentrum minimum have been defined, and they have been used to estimate the number of months
in which the North Sea and the Baltic Sea shows favourable condition for the establishment of this species
under Present Day scenario (1980-1990) and future climate scenario (2090-2100 under the IPCC AR4 A1B
scenario) (Figure 4).

Figure 4. Number of
months in a year with
environmental conditions
favouring the growth of
P. minimum: on the left
present day condition
(1980-1990), on the right
an example of the future
climate scenario.

Months with favouring conditions Months with favouring conditions
PRESENT DAY ) FUTURE SCENARI
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The results show how climate change may potentially lead to an expansion of the area of invasion for this
species in the Central and Northern North Sea, and also an increase in occurrence of the suitable habitat
in the Baltic Sea. This is particularly important because this species has already been recorded as highly
impacting in this area with a Bio-Pollution Level index up to 3 (strong) and occasionally 4 (massive).
Presently this species has reached the adjustment phase in the Baltic Sea, but climate change could push
the species in a new expansion phase. Although this species is not directly toxic, it is still classified as
harmful because it tends to produce high biomass/abundance blooms with potential disruptive effects on
the food web.

A comparative modelling study of the impact of climate change on the susceptibility to invasion of marine
ecosystems was undertaken for the Adriatic Sea, Baltic Sea, Barents Sea, Black Sea and the North Sea. Its
focus was to assess how climate change may alter the likelihood that a Non-Indigenous Species (NIS) of
phytoplankton invading one of these European Seas and the potential impact on the community
structure. Two scenarios were considered: a present day scenario (1980-2000) and the SRES-A1B scenario
at the end of the century (2080-2100) except for the Barents Sea where the future scenario focuses on
the middle of the 21* century (2046-2066). The major findings are firstly that climate change can affect
diversity of indigenous community, decreasing the species richness in the ecosystems with higher
diversity. The likelihood of having a successful colonization of the ecosystem from a NIS does not
significantly change with climate change. Nevertheless the model forecasts a potential change in the
groups that are more likely to colonize the environment with consequences on community composition.
These changes are site-specific. Nutrient concentrations play an important role in determining which
functional group is more likely to successfully invade the ecosystem, hence any policy directed to manage
nutrient concentration should include this driver in a complete cost-benefit analysis. The impact of the
NIS invasions on the community structure may increase under future climate as a consequence of the
decrease in diversity of the indigenous community.

Implications for Management: Non-indigenous species (NIS) introduced by humans, both intentionally
and un-intentionally, can have both significant ecological and economic impacts. Currently there are no
modelling tools which can usefully predict invasion and colonisation by invasive species. This is partly due
to lack of knowledge of the ecology of invasive species and is confounded by the fact that new species
periodically appear so there are always unknowns. Bioclimatic envelope modelling (as described above)
can provide useful information on changes in the distribution of species whose habitat is well
characterised.

1.2.2.5 Pollution

Contaminants enter marine environments from both diffuse (e.g. atmospheric fall-out) and punctual
sources (e.g. estuaries, urban areas, industrial plants, aquaculture, oil spills, etc.) affecting marine
ecosystem quality. Marine contamination control is crucial in light of the more recent European Directives
on water quality assessment. In particular, MSFD GES descriptors clearly require a shift in monitoring
activities from classical techniques based on determining chemical concentrations to risk-based
methodologies integrating chemical data with biological results thus discriminating contamination and
pollution. From a management perspective, persistent contaminants (pollution) may require decades to
be removed. Further, chemical data “per se” can only furnish partial information of the system.
Understanding the effects (i.e. ecotoxicological test and ecological surveys) of exposure (i.e. chemical
concentrations) is needed to determine risks due to chemicals, supporting the MSFD goals. Further, only a
minimal part of toxic compounds in the world (more than 295.000 compounds) is quantified in monitoring
programs; while interactions among chemicals in a mixture can give unpredictable effects (i.e. additive,
antagonistic, synergistic). Also, different processes can alter pollutants bioavailability in the system.
Consequently, the work in MEECE relating to the pollution driver has focused on improving the knowledge
base and modelling capabilities regarding these issues and developing expert systems for decision
support.
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Data from the MEECE experiments shows that marine organisms such as mussels and protozoa are more
sensitive to metal pollutants such as Copper and Nickel at higher temperatures. For examples the survival
rate of the protozoa (Euplotes crassus) exposed to copper decreases as the temperature increases
suggesting an additive effect of the two stressors (figure 5).

Survival rate of protozoa (Euplotes crassus)

Figure 5. The survival rate of Euploted crassus
(marine protozoan) exposed to copper decreases as
exposure temperature increases suggesting an
additive effect of these two stressors.
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Herbicides are known to have a toxic effect on microorganisms impacting on biochemical processes from
photosynthesis to biosynthesis inhibition). Phytoplankton cultures were carried out, exposing
phytoplankton to varying concentration of the herbicide terbuthylazine, which is known to inhibit
photosynthesis. Our experiments identified a negative effect of the herbicide on the growth of the two
algal species under examination. Specifically, algal abundance progressively declined with increasing
herbicide concentration. Interestingly, as with the metal pollutants the effect of the herbicide on growth
seemed to be enhanced at higher temperatures; exposure to the same concentration appeared to cause a
reduced growth at higher temperature indicating an additive effect of the two stressors. To parameterise
these effects in models our approach was to derive a penalty function which is dependent on the
concentration of the pollutant in question. Model scenarios describing the ecosystem response to both
climate change and terbuthylazine in the Adriatic Sea show a minimal effect of herbicides on
phytoplankton in the coastal zone. However herbicides might be significant in limited areas where the
impact of organic pollutants might be acute which are not resolved in the models.

Other experiments examined the vital rates of the marine copepod Acartia tonsa, a common species in
the coastal waters of the Baltic Sea and the Mediterranean when exposed to nonylphenol over a
temperature gradient. Nonylphenol is discharged into the marine environment from many different
sources such as produced water from oil platforms. Nonylphenol had no significant effect on egg
production at the concentrations examined but did impact upon the developmental stages after hatching
as expected; typically developing stages of an organism are considered to be the most sensitive. Similar
results were found for herring larvae (Clupea harengus). The experimental results were used to
parameterise and run scenarios to explore the potential impacts of nonylphenol on zooplankton in the
North Sea (figure 6). The scenario indicates that nonylphenol causes small changes in phytoplankton and
zooplankton production on local scales. The response of zooplankton is, as expected, stronger than in
phytoplankton showing not only a decrease in zooplankton production, but also that phytoplankton
production increases locally, most likely due to the release of grazing pressure.

21| Page



MEECE | Marine Ecosystem Evolution in a Changing Environment | 212085

58°N

56°N P

.. Primary production 8
(SC/m:) 10 o= i

Secondary production | il <
. com]| A,
12°E )

0° 4°E 8°E

°E 8°E

Figure 6. Changes in annual primary (left) and secondary (right) production for impacts of
Nonylphenol

Implications for management: Pollution covers a wide range of compounds (>100,000) many of which are
poorly characterised, particularly in terms of their ecological impacts. New compounds are constantly
being developed so there are always unknowns. Similarly, the ecological implications of mixtures of
compounds remain a topic of on-going research. If the source of a contaminant is well defined then
models have the ability to trace its distribution at local and regional scales. The work in MEECE regarding
pollution has focused on improving the knowledge base and modelling capabilities, these models are
currently in the proof of principle phase. In general the results indicate localised responses to high
pollutant loads. The experiments all point to concentration dependence as being indicative of the first
order response in terms of either chronic effects on reproduction and growth or acute affects in terms of
enhanced mortality. At all trophic levels we see a tendency for the pollution impacts to increase with
temperature, which suggest that climate change may cause the effects of pollutants to increase at lower
concentrations implying pollution impacts may become more significant in the future.

1.2.2.6 Fishing

Broadly speaking the impact of fishing is to selectively remove certain species which have a commercial
value, and to perturb habitats. The consequences of selectively removing species can restructure
foodwebs, while demersal trawling in particular can cause extensive damage to benthic habitats. There
are a wide range of models of higher trophic levels which include fish and commercial fisheries of varying
skills which provide information on fish stocks as well as the wider fish community and their response to
changes in fishing pressure at regional scales. A variety of such models are employed in MEECE. All of
these models can be driven by the outputs of coupled hydrodynamic plankton models through either 1
way or 2 way coupling. In terms of exploring top-down fisheries impact in an integrative way, end to end
models are required. Such end-to-end models combine hydrodynamics, nutrient-phytoplankton-
zooplankton (NPZ), and higher trophic level (HTL) organisms, into a single modelling framework. Such
models are currently in the proof of principle phase to show that they can be developed and
implemented to further explore the top-down effects of fishing down to the lowest trophic level
organisms.

Consequences of fishing on the species biomass and trophic structure: A number of regional studies were
undertaken to explore the impacts of fishing pressure on regional ecosystems. In the Benguela we
explored in more details the consequences of fishing using both OSMOSE and EWE models in comparison.
One of the scenario consisted in overfishing small pelagic fish, i.e. anchovy, sardine and redeye, which all
display a decrease as a result, particularly marked in the case of sardine. An increase in competitors of
small pelagic fish (mesopelagic fish and juvenile horse mackerel) is observed in both models. At the top
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predator level, the responses of individual species (snoek, silver kob and hake) are more divergent
between the two models, but were consistent when the HTL species were considered altogether. In the
North Aegean Sea, the effect of changing the anchovy fishing mortality was found to be strongly bottom-
up controlled: a change in anchovy biomass affected systematically the biomass of their predators in the
same direction. For example, an increased anchovy biomass resulted in an increase in the biomass of
Merluccius and Scomberwhile all other species decreased, with an overall increase in the mean Trophic
Level of fish. The Biscay region was found to be much less responsive; the total fish biomass is not
sensitive to the Fysy and Fy, scenarios. Nevertheless, the results of fishing scenarios show differences in
impacts on different species, especially the anchovy stock which shows a significant decrease for the F,,
scenario. In the North Sea simulations with EwE, fishing at MSY has a significant long term positive effect
on Cod, Saithe, Hake, Mackerel, Sand Eel as well as Catfish and, indirectly, Large Shark and Seals.. Some
species are negatively affected through predation / competition: Whiting, Blue whiting, Norway Pout,
Herring and Sprat. In the Baltic Sea, higher trophic levels were found to be more sensitive to
environmental change, the projected future environmental conditions clearly hamper successful cod
recruitment. However the contrary is found for sprat for which the spawning stock biomass is predicted to
increase markedly and almost independently of the fishing regime. In the Black Sea, the relative fraction
of large fish is highly dependent on the level of fishing pressure. Under reduced fishing pressure scenarios
large fish make up a much higher percentage of the total stock during all years. In summary the regional
response of higher trophic levels to fishing pressure is highly variable, being dependent on both the
region of choice and the structure of the HTL model used.

Reconciling MSY and conservation objectives: MEECE scientists were co-authors on a paper published in
Science (Smith et al. 2011) reporting results of simulations of depletion of anchovy, sardine and other low
trophic level (LTL) species undertaken using three ecosystem modelling approaches, EWE , OSMOSE and
Atlantis, in a comparative fashion. In five well studied ecosystems, including the southern Benguela
ecosystem and North Sea, fishing LTL species at conventional maximum sustainable yield (MSY) levels was
found to have large impacts on other parts of the ecosystem particularly when the LTL species constitute
a high proportion of the biomass in the ecosystem or are highly connected in the food web. Moving from
MSY (achieved at about 60% depletion level of LTL species, figure 7) by halving exploitation rates would
result in much lower impacts on marine ecosystems, while still achieving 80% of MSY. The study suggests
that inferences from well-designed and parameterised models are robust enough to the assumptions
behind each model approach and that qualitative, strategic inferences can be drawn for ecosystem
impacts of fishing low trophic level species.

1 0.35

Figure 7. Tradeoff between yield
and ecological impact as level of
LTL depletion varies. Yield (blue) is
shown as a proportion of MSY.
Ecological impact (grey) is
measured as the proportion of
other ecological groups whose
biomass varied by more than 40%.
Shaded zones show +-1.96 times
SE. Results are for all ecosystems,
models, and LTL species.
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Implications for Management: Fishing is one of the drivers with most widespread and substantial impacts
on marine ecosystems, particularly on the higher trophic levels. It should be noted that in most
ecosystems, 1-way coupled LTL and HTL models have been implemented, reducing the potential
ecosystem impacts of fishing down the foodweb, i.e. down to the plankton level. In the southern
Benguela where a 2-ways coupled end-to-end model has been developed, the impacts of fishing
propagate down to the zooplankton level, but no effects on phytoplankton has been reported in the
simulations. It should also be noted that the sensitivity to fishing is very much a function of the particular
species targeted in a region. Direct economic interests and needs have motivated the development of
management models and related research for decades. There are a wide range of models of commercial
fisheries of varying skills which provide information on fish stocks as well as the wider fish community and
their response to changes in fishing pressure at regional scales. Among the drivers considered in MEECE,
fisheries can be managed at local or sub-regional spatial scale with generally relatively short
(annual/multi-annual) response time in populations to management measures. Thus, compared to other
drivers, management of fisheries is relatively specific and can be implemented by direct restrictions on
the driver in the area and regarding the ecosystem component concerned. At the same time, fishing is
clearly one of the drivers with most widespread and substantial impacts on marine ecosystems where
direct economic interests and needs have motivated the development of management models and
related research for decades. Accordingly, the scientific basis for developing management strategies and
their evaluation tools is most advanced with respect to fisheries, where sophisticated modelling
frameworks are being developed and continuously improved (including contributions from MEECE
presented) to facilitate moving towards a holistic ecosystem based approach to fisheries management.

1.2.3 Multiple drivers: Impacts on Foodwebs

Amplification from lower to higher trophic levels: To compare, in a synthetic way, the ecosystem response
to combinations of drivers we applied a framework to assess the processes of amplification and
attenuation in the ecosystem response from lower to higher trophic levels. In this approach, the
response (i.e. fractional change) of a given trophic level to climate change is compared with the response
of the immediately lower trophic level to the same driver. Thus, the response can be split into four classes
of trophic propagation: amplification, attenuation, proportional response and top down control; all
classes having both a corresponding positive or negative case.

At global scale, the overall change in fish biomass (18%) is more pronounced than changes in zooplankton
biomass (11%), which in turn, is more pronounced than phytoplankton biomass change (6%) suggesting a
potential amplification of climate change-driven modifications of trophic level biomass through a bottom-
up control (figure 8). This is interpreted as the ecosystem in these regions (predominantly in the tropical
oceans) being more vulnerable to collapse.
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On the other hand, when phytoplankton biomass changes positively, zooplankton biomass is prone to
respond proportionally. At regional basis, negative amplification is found in two cases in the N Aegean
Sea, where zooplankton biomass change (mean decrease of 5%) is amplified at increasing trophic levels
(fish biomass decrease of 11%); and in the North Sea, from phytoplankton to zooplankton biomass. In the
North Sea, the biomass of small zooplankton decreases while large zooplankton amounts increase
indicating an additional food web restructuring, which is in accordance with previous studies in this sea
showing the propagation of the temperature through the food web favouring jellyfish using 50 years
records. Most of regional cases analysed here show proportional responses (figure 9). An exception is
found in Barents Sea: high positive zooplankton biomass change is expected related to negative
phytoplankton biomass change. This is explained because net primary production changes positively and
high spatial variation is found in this region.
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Synergy and Antagonism: Combined effects of multiple drivers: When considering multiple drivers it is
informative to consider whether the interactions in the ecosystem may be additive, synergistic or
antagonistic. The effects of combining the effects of changing the fishing pressure and climate on the
North Sea ecosystem were examined using a 2 way coupled ERSEM-EwE model. The impacts are found to
be either additive or weakly antagonistic; the simulated effect of combining fishing at MSY and warming
are very close to the addition of the two effects simulated in isolation. A second study this time made
with a two way coupled ROMS-NPZD-OSMOSE model illustrates the biomass changes for adjacent trophic
levels under several intensities of environmental (varying wind stress) and fishing pressures. In the
scenarios, the lower part of the food chain from phytoplankton to forage or LTL fish (anchovy, sardine,
round herring) is predominantly driven by bottom-up control of upwelling-favourable winds. Top-down
control dominates the relationship between top-predators and forage fish, the latter becoming the
“meeting point” of bottom-up and top-down controls. Forage species are considered a key functional
group in upwelling systems that are usually driven by wasp-waist control. In addition, the set of scenarios
shows that fishing pressure and upwelling-favourable wind stress have a synergistic negative effect at the
level of forage species, indicating that this group is very sensitive to simultaneous pressures. Both studies
show the potential sensitivities of ecosystems to combinations of top down and bottom up controls. How
the effects of fishing and climate propagate through a food web will depend to a large extent on which
trophic level the climate and fishing forcing is specifically acting.
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Summary of Regional Responses to Multiple Drivers

NE Atlantic: Climate, Eutrophication and demersal trawling

For the northeast Atlantic, the sensitivity of the ecosystem to changes in multiple anthropogenic drivers
(river nutrient and benthic trawling) in the near future was also studied, as is the impact of the
anthropogenic changes combined with the climate change signal. In the northeast Atlantic, away from the
European continental shelf, river nutrient loads and benthic trawling effort have little impact on the
pelagic ecosystem. Climate change effects dominate in this area. In the scenarios considered here, these
reduce net primary production and the biomass of zooplankton and small phytoplankton in the future. On
the continental shelf, the impact of climate change on net primary production and phytoplankton
biomass may be mitigated to some extent by environmental policies that reduce river nutrient loads,
particularly in near coastal regions. However, such environmental policies amplify the effects of climate
change on the biomass of small zooplankton. Policies that allow river nitrogen loads to increase in the
absence of any increase in river phosphate loads have little impact on net primary production and
phytoplankton and zooplankton biomass. Reducing trawling effort in the North Sea leads to an increase in
benthic biomass. However, climate change in the long term is expected to decrease the benthic biomass
on the shelf and therefore counteracts the reduction in fishing effort.

North Sea: Climate, Eutrophication and Fishing

The water temperature is projected to increase along with the potential for ocean acidification
(decreasing pH). Additionally changes in river nutrient supply might exacerbate the climate effect. Here,
we compared two scenarios for varying nutrient loads projected for 2030-2040 and found that for this
period climate impacts were projected to dominate over direct anthropogenic impacts in the North Sea.
The wider effect of changes to the North Sea food web is necessarily a complex emergent property of the
interactions of the many groups. In general though there are some broad conclusions about some of the
trends that might be experienced as a result of changes in production: the highest trophic level species
respond positively to less fishing and more nutrients, whereas the effects on demersal and flatfish are
smaller. Moving to a Maximum Sustainable Yield (MSY) based fishing approach clearly benefits the fish
that are fished less whilst their competitors may be adversely affected. In other words, the fishing quotas
of some groups that are being fished sustainably now may have to be revisited as a result of changes in
population of competitors and predators. Smaller pelagic fish are the ‘closest’ trophically speaking to the
plankton whose levels may change and are likely to see the most dramatic effects of any deliberate or
inadvertent change in plankton composition.

Baltic Sea: Climate, Eutrophication and Fishing

The dynamics of the Baltic Sea ecosystem are rather complex and impacted by the very limited exchange
with the North Sea, the imbalance in the freshwater budget and the upwelling response to the
atmospheric forcing. This makes them quite sensitive to climate and hence, climate variability/change
can affect the ecosystem in many different ways and on several time scales. Scenarios that account for
short-term ecosystem response combined forcing from the interaction of policy related changes in the
river nutrient supply and climate indicate that both factors affect the Baltic Sea lower trophic level
ecosystem dynamics with the same order of magnitude. Direct anthropogenic impacts accumulate in the
Baltic Sea due to a long characteristic time scale and limited exchange with the North Sea and the North
Atlantic. The Baltic Sea is therefore especially vulnerable to anthropogenic impacts and the importance of
ecosystem relevant policies for the Baltic Sea is emphasized. In terms of higher trophic levels, the
projected future environmental conditions clearly hamper successful cod recruitment. However the
contrary is found for sprat. The fishing regime has no major effect on sprat biomass, instead, sprat
spawning stock biomass is predicted to increase markedly and almost independently of the fishing
regime.

Bay of Biscay: Climate and Fishing
In the Bay of Biscay, one of the main anthropogenic drivers for the pelagic ecosystem is fishing. The main
conclusion from the simulations performed here is that fish total stock responds differently to the Fy;sy
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and F,, scenarios following the simulated period (near past 1980-2000 or future 2010-2099), and thus
following the plankton input prey fields.

Black Sea: Climate, Eutrophication and Fishing

This study projects potential responses of the current Black Sea ecosystem to eutrophication in
combination with climate change and therefore provides useful information for those concerned with
mitigating and managing eutrophication in the Black Sea. Simulated chlorophyll concentrations are found
to be a poor indicator of eutrophication, with zooplankton biomass found to be more responsive to
changing nutrient loads. One interesting result of these simulations is that in two of the scenarios
considered the opportunistic and non-native heterotrophic dinoflaggelate Noctilua scintillans disappears
from the simulations as nitrate concentrations become too low to sustain its food sources (flagellates,
diatoms and microzooplankton). The models described in this work may be applied to predict changes in
relative phytoplankton biomass, relative fish biomass, nutrient enrichment and frequency distribution of
events such as phytoplankton blooms etc. corresponding to thresholds defined by the MSFD.

N Aegean Sea: Climate, Eutrophication, Fishing and Pollution
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Benguela upwelling: Climate and Fishing

The impacts of a combination of climate and fishing pressure on the Benguela ecosystem have been
explored for the period 2030-2040. The "Business as Usual" scenario seems to favour an overall increase
of fish biomass while all the other fishing scenarios cause fish biomass to decrease.

Implications for Management: The objective of the MSFD with respect to foodwebs is to ensure the long
term abundance and maintain the reproductive capability of key species. The interactions between
species within foodwebs are complex and constantly changing making them difficult to assess. A key
challenge is understanding the responses of ecosystems to multiple and combined drivers is to better
determine the potential sensitivities of ecosystems to combinations of top down and bottom up controls.
In MEECE end to end models are used to evaluate the marine foodweb response to future climate change,
ocean acidification, and human pressures such as fishing, eutrophication and pollution. For example how
the effects of fishing and climate propagate through a food web, whether the effects are synergistic vs
antagonistic, whether they are dampened across TLs vs amplified, will depend to a large extent on which
trophic level the climate and fishing forcing is specifically acting. End-to-end models can be used to
explore these combined responses.

1.3 Implications for resource management

The goal of this aspect of MEECE was to contribute to the development of tools and management
strategies to which take account of trends in uncontrolled (e.g. climate) or difficult to control drivers
(eutrophication, pollution) and allowing a better management of drivers under human control (i.e.
fisheries and introduction of alien species), as an important contribution to the ecosystem approach to
management. Decision Support Tools (DST) are interactive computer-based systems that help decision
makers utilise data and models to solve unstructured problems. We distinguish four major categories of
DST that are applied in different stages of the process intended to provide relevant scientific advice to
policy:

e Problem structuring: integrated assessments involving stakeholders in order to identify the
problem, explore options to resolve the problem and agree a set of criteria against which these
options can be evaluated.

e Information synthesis: tools which essentially synthesize monitoring data into meaningful metrics
summarizing ecosystem state.

e Expert systems: tools that mimic the way decisions are reached by experts.

e Scenario planning: tools involving numerical models which can simulate and predict changes in
the state of marine ecosystems in response to different management and climate driven
scenarios (Management Strategy Evaluation).

1.3.1 Integrated Ecosystem Assessments (IEA)

The purpose of this IEA was to determine the main human activities, pressure/ impacts and ecosystem
components from a management/policy perspective. As the integrated management of the human
activities should be driven by the European Integrated Maritime Policy of which the Marine Strategy
Framework Directive (MSFD) provides the ecological pillar this assessment was aimed at determining the
risk that the main MSFD objective (i.e. Good Environmental Status, GES, in 2020) is not achieved. As only
the pressures caused by human activities can be managed this IEA was based on establishing all relevant
links between these activities and the 11 descriptors that determine GES. Arisk assessment framework
was developed and applied in order to determine for each of these activities their importance in terms of
their contribution that GES is compromised. This was done through a qualitative/semi- quantitative
assessment based on expert judgement in three regional teams covering some of the main MSFD (sub-)
regions; the North Sea, Bay of Biscay, Mediterranean and Baltic Sea (figure 10). The outcome of this IEA
was then used as the basis for an evaluation of the relevance of the outputs of the MEECE simulation
models in a policy/management context. When considering this relevance we distinguish between the
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pressure- and state-type of descriptors as the pressure descriptors are often directly linked to a specific
pressure/activity while the descriptors of state essentially integrate the impacts of these different
pressures. The IEA shows that fisheries were considered the most important human activity. Others are
transportation, dumping, coastal protection, land reclamation and dredging but here their relative
importance may differ depending on the region but also the uncertainty in this exercise. For the
descriptors, state results show that overall biodiversity is the descriptor most likely to be compromised
which follows from the fact that it encompasses most ecosystem components including those that
contribute most to the risk of not achieving GES (i.e. several habitats and top predators like cetaceans,
seals and seabirds). Most of the main ecosystem components are covered by the MEECE models except
for the different habitats.

The MEECE drivers as they occur in the proposal map directly onto the GES pressure descriptors (except
for energy and noise) so this IEA provides a first formal attempt not just to rank these drivers in terms of
their importance but also show how these drivers and other pressures could potentially affect the state of
the ecosystem (as expressed by the State descriptors) which essentially integrates the effects of all
pressure/impacts. The main aim of this exercise was to identify the gaps in coverage of policy related
topics that are not adequately covered by models with an emphasis on those most likely to compromise
policy objectives. This would then deliver an evaluation of the suitability and relevance of the MEECE
models from a policy perspective. In spite of this limited coverage of the various ecosystem components
the MEECE models cover three of the four state descriptors reasonably well in several of the MSFD (sub)
regions. Even though this may only include a limited part of the attributes and/or indicators, at least part
of the descriptor is covered.

Decision support tools (DST): MEECE has contributed to the development of a number of DST which go
beyond application in the management of fisheries and now involve other human pressures such as
pollution and non-indigenous species or an environmental driver, i.e. climate. Information synthesis DSTs
have been applied in the North Sea and Baltic Sea and involve the representation of the status of
commercial fish stocks in simple graphs, as well as the combination of environmental, ecosystem and
fisheries data from a variety of monitoring programs into a synthesis at the level of the whole ecosystem.

MEECE has developed a number of expert systems. One is a web-based application that assists in
identifying which policy-relevant indicators describing Good Environmental Status (GES) for the Marine
Strategy Framework Directive (MSFD) which can be covered by MEECE models in the different MSFD
regions. Others involve the incorporation of an environmental (i.e. climate) driver in fisheries
management through the development and application of so-called environmental Harvest Control Rules
(eHCRs) or the potential application in the management of human pressures such as pollution and non-
indigenous species. For example a framework was developed that should allow the combination of
scientific information based on MEECE modelling output with stakeholder preferences to select the
preferred management scenarios to achieve the ecological objectives taking into account the social and
economic impacts of the proposed management measures. This approach has demonstrated that
decision-support tools could be used to deliver a preferred management scenario to achieve policy
objectives in a formal and transparent process that takes the stakeholders opinion into account and
combines this with scientific evidence, provided that the management scenarios utilised are meaningful
and that there is sufficient appropriate and reliable information to parameterise the underlying modelling
approaches.

Biopollution may pose a serious threat to the environment and human uses of the sea, interacting with
other stressors, such as eutrophication, chemical pollution, habitat destruction or overexploitation. In
order to address the need to measure, report and verify the impacts of an Invasive Alien Species (IAS), a
standardized method to assess the magnitude of the bioinvasion impacts, i.e. the “Biopollution Level”
(BPL), was devised. The BPL method is based on a classification of the abundance and distribution range
of alien species and numerically expresses the magnitude of their impacts on communities, habitats and
ecosystem functioning aggregated in a BPL index which ranges from ‘no impact’ (BPL=0) to ‘massive
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impact’ (BPL=4) . In the course of the MEECE project a novel expert system the Bioinvasion impact
(biopollution) assessment system (BINPAS www.corpi.ku.lt/databases/binpas ) BINPAS is a computerized
system (a practical application) based on the BPL method. The purposes of this system are to: a) provide a
user-friendly system to calculate BPL; b) accumulate and store information on abundance and distribution
range of various AS in different geographical domains as well as their impacts on communities, habitats
and ecosystem functioning; c) enable comparisons between different species, ecosystems and time
periods. BINPAS translates the existing data on miscellaneous invasive alien species impacts into uniform
biopollution measurement units.

The environmental risk index for pollution by contaminants DST is able to objectively integrate chemical
and eco-toxicological data into numerical indices useful to support decision makers in managing
contaminated marine coastal sediments, with a view to planning remediation or rehabilitation activities. It
utilizes chemical and ecotoxicological data to calculate a binary sediment risk index (ranging between 0
and 1). However, in cases where a general evaluation of the environmental risk in a particular area is
requested, it is possible to complete a multitude of biological investigations with ecological data,
calculating an environmental risk index (EnvRl), following a classical “Triad” approach. The system is able
to correctly rank sediment samples in terms of contamination and bioavailability. The indices produced
are highly dependent on the quality of the available data and there is a requirement for the definition of
common Environmental Quality Standards for the most diffuse pollutants throughout Europe.

Finally there is an expert system that provides a formal way of including stakeholder preferences into the
selection of the preferred management measures towards the sustainable exploitation of the marine
resources including all three pillars of sustainability (i.e. ecological, social and economic). All scenario
planning DST are essentially about Management Strategy Evaluation (MSE).

1.3.2 Management Strategy Evaluation (MSE)

MSE tools provide a methodology for assessing the consequences of a range of management strategies or
options and presenting the results in a way which helps the decision maker to make a rational decision, in
the context of their own objectives, preferences, and attitudes to risk. The approaches developed in
MEECE include analyses of empirical data and development and application of advanced quantitative
models and methods, with examples of their use in management context of different drivers. The degree
to which a given ecosystem is manageable partly depends on which are the most dominant pressures
influencing the system. For example, eutrophication is one of the key pressures in the Baltic Sea, which
can in principal be regulated by nutrient inputs, although the time scales of ecosystem response may be
long. However, compared to, for example, the open waters of the North East Atlantic largely driven by
ocean currents, the coastal ecosystems, which are relatively more directly and heavily influenced by
human activities, are more susceptible to effective management. Nevertheless, climate impacts also
interact with other human pressures in these relatively closed ecosystems and developing a general risk-
based framework to support decision making and environmental management in marine ecosystems
should allow the incorporation of climate change in order to be effective. For example, the information
generated in MEECE suggests introducing temperature-induced effects (as well as effects due to other
environmental stressors, such as pH) in the determination of reference values (EQSs) for marine and
freshwater ecosystems, thus allowing the incorporation of climate change in the implementation of
classical environmental management tools. Climate-driven alterations of environmental parameters (e.g.
temperature, salinity, pH, oxidative potential) can, for example, act on contaminant bioavailability as well
as on organism sensitivity to chemicals, thereby directly altering environmental risk on marine biota.

One general message emerging from MEECE is that changes in productivity in marine ecosystems due to
natural or not- directly manageable human drivers is an important consideration when developing
management strategies for pressures that can directly be controlled by management actions, such as
fisheries. Productivity is a major factor influencing population dynamics in marine ecosystem components
and can in some cases be the cause of stock collapse or a pre-requisite for recovery of depleted stocks.

30|Page


http://www.corpi.ku.lt/databases/binpas

MEECE | Marine Ecosystem Evolution in a Changing Environment | 212085

The aspect of biological variation is relevant also for example in setting MSY reference values which may
change depending on several biological processes (recruitment, growth, condition, maturity and natural
mortality) that are known to vary over time and may depend on the environmental (e.g. climate)
circumstances. Therefore, the management frameworks should allow sufficient flexibility to adapt to
changes in productivity when these occur. Forecasting productivity in a changing environment can be
facilitated by process oriented ecosystem models covering processes from biochemistry to fish, as
demonstrated below (figure).
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The spatial component is relevant and often considered in marine management. However the appropriate
spatial scale at which the management of a particular driver needs to operate, however, is often not
straightforward as the scale of the actual pressure may differ markedly from that of the impact. The
pressure of pollution may be very local, given the point source nature of toxin addition to the marine
environment (e.g. toxin spills, release from oil platforms, river outlet etc.) while it may have a large-scale
impact. In contrast, some other drivers, such as climate, act on a wider regional or global scale. Potential
habitats for native or alien species within an ecosystem are to a large extent dependent on local
conditions. Concerning resource management, different ecosystems or even sub-systems may allow
different optimal fishing pressure, and tolerance limits at which level of pressure stock collapses occur
may be area-specific. Consequently, spatial heterogeneity in environmental conditions and human
pressures can cause locally distinct production patterns, with implication for local ecosystem structure
and functioning, important to take into account in ecosystem based approach to resource management.
As concluded in the integrated assessments, the ecosystem components that mostly contribute to the risk
that GES is compromised all have distinct spatial patterns as do many of the most important human
activities. Thus, the applicability of the models in a management context is improved when these include
a spatial component.

The spatially explicit nature of some coupled modelling tools covering processes from physics to fish,
developed in MEECE, can provide e.g. warning signs for levels of pressure which places the ecosystem at
risk. For example from spatial signatures of how habitats are depleted, as well as risk of stochastic
extinction of local fish stocks. More generally, the various modelling approaches provide advanced tools
for producing high resolution information on spatial heterogeneity of distribution of organisms,
environmental condition and human pressures, and can aid in development of spatial management
strategies and measures, such as Marine Protected Areas, including assisting in development of Marine
Spatial Planning.
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Advancements in MISE tools applicable to the ecosystem approach: Among the drivers considered in
MEECE, the most direct relationship between management of the human activity and the response of the
ecosystem is observed for fisheries. This probably explains the relatively longer tradition of developing
complex frameworks for evaluating management strategies and related risks compared to other drivers,
such as pollution and eutrophication. Consequently, the quantitative management frameworks for
fisheries are well advanced, while the management aspects of other drivers are mainly handled in semi-
qualitative decision support tools, which also reflect the temporal and spatial scales involved in driver
impacts and consequent possibilities to control these by management actions.

The major advancements in Management Strategy Evaluation frameworks developed through MEECE
include direct incorporation of environmental drivers, and moving away from single species MSE to more
holistic ecosystem based evaluations. This is triggered by the needs of the MSFD and ecosystem
approach, as developing management strategies robust to changes in environmental drivers is a step
towards implementing such approaches, and to achieve or maintain Good Environmental Status of the
ecosystems. Further, the coupling of single stock based MSE frameworks to multi-species models allows
the demonstration of trade-offs between species and thereby serves as a tool for testing management
targets and strategies which take into account biological interactions, and to develop test indicators for
fish stocks and food webs (MSFD Descriptors 3 and 4). The next step is developing community models
and applying these in a MSE context, which allows wider ecosystem questions to be addressed, such as
those related to ecosystem functioning and biodiversity (MSFD Descriptor 1), and additionally take into
account uncertainties associated with ecosystem models.

A key message emerging from applications of MSE tools which consider ecological communities and food-
webs is the need for defining clear management objectives, as the yield of predator species depends on
the harvest rate of prey species and vice versa. Importantly, development of new tools and methods for
MSE and estimating management reference points should put a specific focus on related uncertainties,
which can reduce the risks and contribute to optimizing the management.

1.3.3 IndiSeas (Indicators for the Seas)

IndiSeas uses ecosystem indicators to evaluate the status of the world's exploited marine ecosystems in
support of an ecosystem approach to fisheries, and global policy drivers such as the 2020 targets of the
Convention on Biological Diversity (figure 12). Key issues covered relate to the selection and integration of
multi-disciplinary indicators, including climate, biodiversity and human dimension indicators, and to the
development of data- and model-based methods to test the performance of ecosystem indicators in
providing support for fisheries management. A major gap identified in IndiSeas and MEECE was that
fishing may not always be the only or even the main driver of some ecosystem indicators of fishing. To
determine whether, when, where and how ecosystem indicators can be used to measure effects of fishing
in a fluctuating environment, specific aims of IndiSeas are to: (i) assess the relative importance of fishing
and environment for different ecological indicators; (ii) identify years where the environment was more
important than fishing; and (iii) compare relative effects of fishing and climate across ecosystems. To
enhance the robustness of our cross-system comparison, unprecedented effort was put in to gathering
regional experts from MEECE partners but also from other non-European developed and developing
countries, working together on multi-institutional survey datasets, and using the most up-to-date
ecosystem models.
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Figure 12. Marine ecosystems
considered by the IndiSeas program.
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countries participating in the analyses.
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1.4 Potential Impacts

Coastal seas provide many beneficial goods and services to humankind, such as fisheries, recreation,
climate regulation and coastal defence; however, marine environments are being disrupted by climate
change and human activities. MEECE has explored a wide range of climatic and direct human influenced
drivers which may affect the marine system. Policies related to marine resources and environments today
require the development of management strategies that are robust to changes in the drivers affecting
ecosystem productivity, such as climate change. The successful implementation of an ecosystem based
approach to management requires evaluation of management strategies which take into account
biological processes such as species interactions and their variability over space and time (figure 13). It is
important that the marine environment is observed and monitored to provide high quality environmental
information / data, understand its role in our Earth system, track changes and predict the potential
response of the ocean to stressors.

The target audience for MEECE research is primarily, decision makers in both the policy and management
arenas but also includes SMEs interested in the application of knowledge, the wider marine science
research community and the interested public. A particular focus of MEECE is the Marine Strategy
Framework Directive (MSFD) which provides a transparent, legislative framework to apply an ecosystem
based approach to the management of human activities in the marine environment. The outputs from
MEECE will also benefit the Common Fisheries Policy (CFP) aimed at protection of the marine resources
from degradation and a sustainable exploitation of these resources needs integrative approaches that
consider multiple drivers and biological interactions in ecosystems.

The MSFD aims to achieve ‘Good Environmental Status’ (GES) across Europe’s regional Seas by 2020. The
strategies to achieve this must contain a detailed assessment of the state of the environment, a definition
of "good environmental status" at regional level and the establishment of clear environmental targets and
monitoring programmes. The MSFD also identifies 11 high level descriptors, 7 of which are considered by
MEECE (D1 Biodiversity, D2 Non Indigenous species, D3 Commercial Fish, D4 Foodwebs, D5
Eutrophication, D6 Hydrography and D8 Pollutants). Each descriptor is characterised by a set of indicators
which characterise marine ecosystems and requires and understanding of the possible pressures and
impacts on them. The diversity in environmental conditions and the issues of scale have implications for
the implementation of the descriptors in the assessment of Good Environmental Status (GES). There is no
single set of criteria and indicators which can meaningfully be applied to all marine regions/sub-regions,
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and often not even for a single descriptor within a marine region/sub-region, this requires a regional
approach as used in MEECE.

It is important to recognize that only a few of the MEECE drivers (the ones directly related to human
pressures) can actually be influenced by direct management actions. The simplest example is fisheries
where management decisions have direct impacts on the ecosystem at a relatively small spatial and
temporal scale. In contrast, the drivers of eutrophication, pollution and acidification in the marine
environment mostly require land based management solutions, with possibly long time lags in
environmental response. Whereas climate, as a natural driver, acts at a more global scale over extreme
timescales, and is arguably beyond management possibilities but may be a factor to consider when
developing management of the direct impacts.
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The simulation models developed and applied in MEECE provide tools for addressing complex driver
impacts and ecosystem responses. Such numerical models which can simulate and predict changes in the
state of marine ecosystem in response to different drivers and management scenarios can support the
decision-making process. A schematic view (figure 14) of the ability of the current models to provide
policy-relevant information gives a subjective representation of the general skill of the models for each
driver in relation to the knowledge base to usefully exploit the model information.

34|Page



MEECE | Marine Ecosystem Evolution in a Changing Environment | 212085

Towards Risk Assessment

Expert Knowledge about
High consequences of model outcomes  Low
1
Known outcomes : Ambiguity (known unknowns)
High .
E:;:?opnhl Biodiversity
i :
(habitats) Acidification
Warming Currents &
Models have Stratificatinn
useful
(usable) \ ______
information Commercial Pollutants
fishing
Invasive Species
Low
Uncertainty (known unknowns Ignorance (unknown unknowns)

Figure 14. Schematic illustration of the potential of current coupled hydrodynamic ecosystem models to provide
useful information for risk assessment and management strategy evaluation.

More specifically:

Warming, Circulation and Stratification: Hydrodynamic models are able to provide useful
information on temperature, circulation and stratification at a regional scale. This provides useful
information on habitats and the transport of nutrients from which impacts on phytoplankton can
be inferred. As we move up the foodweb, the implications of change become less clear.
Acidification: Currently models are able to provide useful information on the inorganic carbon
cycle (e.g. pH, PCO,) at regional scales; this is hampered in coastal regions by the lack of
knowledge of alkalinity sources. The knowledge of the ecological implications of change is
currently limited, but improving.

Habitats: Models can provide useful information to define pelagic habitats (e.g. temperature,
salinity, nutrients, stratification) at regional scales. The consequence of changes in habitat on the
ability to achieve GES remains an open question.

Eutrophication: Coupled hydrodynamic ecosystem models can provide useful information of
nutrient loads, and chlorophyll concentrations and in some cases summer oxygen levels, but
require the land derived sources to be well characterised. The consequences of change are well
understood.

Commercial Fishing: There are a wide range of models of commercial fisheries of varying skills
which provide information on fish stocks as well as the wider fish community and their response
to changes in fishing pressure at regional scales. The capacity for simulating the impact of fishing
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on the whole ecosystem has been increased through the development of coupled end to end
models. However these models are still in the proof of concept phase and should be applied
with care.

Pollution: This includes a wide range of compounds (>100,000) whose ecological impacts are
often poorly characterised. Additionally there are always unknowns as new compounds are
constantly being developed. Finally, the ecological implications of mixtures of compounds remain
a topic of on-going research. If the source of a contaminant is well defined then existing models
have the ability to trace its distribution at local and regional scales.

Invasive Species: Currently there are no modelling tools which can usefully predict invasion and
colonisation by invasive species. This is partly due to lack of knowledge of the ecology of invasive
species and is confounded by the fact that new species periodically appear so there are always
unknowns. Bioclimatic envelope modelling can provide useful information on changes in the

distribution of species whose habitat is well characterised.

1.4.1 MEECE and the Marine Strategy Framework Directive

To meet the goals of EU Marine Strategy Framework Directive to
achieve Good Environmental Status for marine ecosystems a holistic
view considering all ecosystems is required. To illustrate and provide
examples of the kind of information and outputs models can provide
the MEECE Descriptor fact sheets were developed. Each one
focuses on a Descriptor and demonstrates via detailed case studies
how models and related tools developed during the project can be
applied to help answer some of the difficult questions that need to
be addressed in order to meet the objectives of the MSFD. A fact
sheet has been written to address each Descriptor that was relevant
to MEECE's activities; the full suite of fact sheets have been compiled
into a distribution pack for broad dissemination and are available to
download from http://www.meece.eu/kt/fs.html . A brief summary
of what MEECE can contribute to each Descriptor follows.

D1 Biodiversity: 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. MEECE has
developed a number of models that can be used to predict indicators
of biodiversity. 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.
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The OSMOSE model predicts spatial extent and temporal community population trends of fish species in
regions including the Bay of Biscay and the Adriatic. Individual based modelling 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 at the bottom of the food
web, and categorizing results in terms of habitat. Using the EWE 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.

D2 Invasive Species: Non-indigenous species (NIS) are
those that are introduced from their native range through
the ballast water of ships, through marine and inland
canals, via culture and stocking procedures, or by other
unintentional or deliberate human vectors. Some NIS may
become invasive, increasing their abundance and
spreading over large regions, with adverse impacts on
native biodiversity, habitats and ecosystem functioning,
and even economy and human health. Such an adverse
alteration of ecosystems is called biological pollution -
(biopollution). GES is achieved if non-indigenous species % Originallyfrom North America
introduced by human activities are at levels that do not

adversely alter the ecosystems. The EC decision on criteria

and methodological standards on GES of marine waters (EC 2010/477/EU) calls for scientific and technical
development of indicators of impacts of invasive NIS. To classify the level of invasive species impacts an
integrative method, the “Biopollution level index” (BPL), was developed. The index is based on the
classification of the abundance and distribution range of NIS and the assessment of the magnitude of
their impacts on native communities, habitats and ecosystem functioning. BPL ranges from 0 (“no
measurable impact”) to 4 (“massive impact’”). Such a scale for biopollution impacts helps to reduce
subjectivism in measurement and reporting impacts, but also makes possible initial and trend
assessments to determine the status quo according to MSFD requirements.

The MEECE project supported development of the online Biological Invasion Impact / Biopollution
Assessment System (BINPAS) based on BPL methodology. BINPAS was created using open source web
technologies and relational database management systems. It provides a user-friendly interface to
calculate BPL and allows for the sharing of ecological data, providing inter-regional comparisons and
meta-analysis of biological invasion effects at different spatial and temporal scales
http://www.corpi.ku.lt/databases/index.php/binpas/.

BPL may be estimated only for the areas with known history of biological invasions. Data on abundance
and distribution of NIS present in the system is a prerequisite for the assessment, and at least, basic
knowledge on local native biodiversity and environmental impacts of invasive species is required.
Extensive literature searches are required to make the assessment and despite robust rule-sets, still a
certain level of subjectivity may be present in the assessments, because the assessor needs to deal with
incomplete scientific information. However, all background data is stored in BINPAS may be easily
extracted and checked for validity.
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D3 Commercial Fish: The Descriptor 3 definition for GES is:
“Populations of all commercially exploited fish and shellfish are within
safe biological limits, exhibiting a population age and size distribution
that is indicative of a healthy stock.” Key criteria for measuring GES
include the level of fishing pressure, the reproductive capacity of the
stock and the age and size distribution of the assessed population.

Fishing is the only driver explicitly considered as part of this descriptor
and the only activity subject to tactical management at the
appropriate scales of space and time. Other drivers such as climate,
however, could become relevant and should be considered for the
longer-term strategic management of fishing activities. At the scale of
several decades, considerable and regionally-different changes in
productivity can be expected due to climate or eutrophication which
should be considered when setting management targets for this
descriptor.

A suite of modelling tools has been identified, each targeting the

major exploited fish resources in each of the MSFD regions. A diversity of approaches has been used
ranging from foodweb and size structured models to Individual Based (IBM) and single- or multi-species
stock assessment models. Several of these models can be coupled to models of the bottom of the food
web, allowing the exploration of the impact of fishing pressures and other drivers. One important exercise
within MEECE has been the application of such models to explore the reference levels required for
operationalizing the objectives/criteria for GES of this descriptor.

D4 Foodwebs: Climate change will exacerbate the impacts of human activity on the structure and
function of marine ecosystems, and the services they provide. The combined effects of climate, fishing,
nutrient loading and pollution impacts at both organismal and population levels, influencing the
competitive ability and dominance of key marine species, which in turn reorganises the structure of
marine food webs. The MSFD states that GES is achieved if the integrity of food webs ensures the long-
term abundance and reproduction of its species.

The MEECE project provides climate and ecosystem (from plankton to fish) response scenarios, to support
decision making for marine policy and management. In MEECE, coupled physical to ecosystem models are
used to evaluate the marine food web responses to climate scenarios in the medium (2030- 2040) and
long-term (2080-2100). In these scenarios, oceanographic circulation models are forced by climate
drivers, which in turn, are coupled with lower trophic models (phytoplankton and zooplankton) to
evaluate changes in oceanic primary production.

Predation
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D5 Eutrophication: Eutrophication refers to the processes
related to discharge of macronutrients in the marine
environment that stimulate the rapid growth of microalgae and
lead to disruptive effects on the marine environment. The
eutrophication descriptor focuses on both anthropogenic and
natural causes (i.e. human induced increased river nutrient
loads, and coastal nutrient increases due to climate effects), and
their direct (increased phytoplankton blooms or decrease in
transparency) and indirect (decrease of benthic plants) effects.
Eutrophication has broad reaching impacts and can have negative impacts on other descriptors such as
biodiversity, non-indigenous species, food webs and commercial fish.

MEECE has produced a number of tools that can be used in decision making and management around
eutrophication in European regional seas. The MEECE suite of regional biogeochemical models provide
state of the art tools to understand the impacts of eutrophication, and how climate change and policy
management could affect this descriptor. Current models are able to provide estimates for recent trends
and future forecasts for several of the indicators for eutrophication. Although each model has different
structures and characteristics, indicators relevant to this descriptor that can be addressed by MEECE
biogeochemical models include: nutrient concentration in the water column, chlorophyll concentration,
phytoplankton biomass, dissolved oxygen. Additionally some models can provide more detailed
information on nutrient ratio and phytoplankton community composition. It should be born in mind that
uncertainties related to the coarse resolution of models and process formulations of growth, respiration,
mortality and regenerative production in state of the art biogeochemical models are responsible for large
model spread in eutrophication risk assessments. Such uncertainties currently limit the applicability of
single model approaches to eutrophication management problems, looking at the outputs from a number
of biogeochemical models could provide a more robust assessment.

D7 Hydrography: Hydrographical conditions are the physical properties of seawater (temperature,
salinity, depth, currents, waves, turbulence, turbidity). They play a crucial role in the dynamics of marine
ecosystems. In the near shore regions many of these are directly influenced by human activity so can be
targeted by policy and management actions.

At the scale of the continental shelf these properties are however largely determined by natural
phenomena and so less responsive to management action on human activities. However they are subject
to large-scale changes driven both by climate change (including warming and ocean acidification) and
natural variability. These can have important and long lasting consequences for marine ecosystems, both
beneficial and adverse. GES assessment and targets are based on quantifying the extent, distribution and
severity of permanent alterations in hydrographical properties as a result of human activities.

MEECE has made a substantial contribution to the international capability to simulate these effects and
explore possibilities resulting from particular climate scenarios, which can include both natural and
human induced changes. A particularly relevant aspect of hydrographical change that these models can
explore is global warming, including changes in sea temperature and density stratification, as the surface
layers of the open ocean warm much faster than the water at depth. Stratification reduces the vertical
mixing of nutrients needed to support the growth of the microscopic plants (phytoplankton) that form the
base of the marine food chain. Other effects include changes in nutrient transportation from the open
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ocean to the shelf seas, the timing of spring blooms and the speed at which organic material is ‘recycled’
back to the inorganic nutrients that support the growth.

While we are not yet in a position to make accurate forecasts for these properties, simulations provide
important evidence that can be used alongside expert judgement to inform adaptation policies on issues
such as the definition of Marine Protected Areas, the level of exploitation of marine living resources and
marine renewable energy resources. There is still a high degree of uncertainty in projecting future change
in marine ecosystems resulting from changes in hydrographical conditions. However, many of the
principles are well established and by relating the output of models such as these to well-founded
scientific concepts, such as the increase in growth rates with temperature or reduction of mixing with
density stratification, these simulations can build a body of increasingly

reliable evidence.

D8 Pollution: Good Environmental Status for Contaminants under the MSFD
states that “concentrations of contaminants are at levels not giving rise to
pollution effects”. Pollution effects are defined as “direct and/or indirect
adverse impacts of contaminants on the marine environment, such as harm
to living resources and marine ecosystems, the hindering of marine activities,
impairment of the quality for use of sea water and reduction of amenities or,
in general, impairment of the sustainable use of marine goods and services”.
Consequently, chemical pollution is closely linked to other GES descriptors,
such as biodiversity, integrity of food webs and sea-floor ecosystems.

Impacts of contamination have been considered in several tasks of the
MEECE project. In particular, project activities were focused on target
contaminants such as heavy metals, alkylphenols, antibiotics and herbicides.
Available scientific information about the fate of key-pollutants and the
biological effects on marine organisms were collected and collated into
structured databases. A set of multi-driver experiments was then carried out
in order to parameterise biological responses induced by key-pollutants and
other climate change relevant drivers.

MEECE has developed an expert Decision Support System (DSS), focused on
managing contamination in marine coastal areas which calculates the
pollution-related environmental risk on a scale from 0 (no risk) to 1
(maximum risk) integrating a complex set of chemical (concentration of
target contaminants) and biological data (ecotoxicological effects on model The MEECE multi-
organisms), thus supporting environmental managers in the estimation of driver experiments
environmental quality. The framework of the expert DSS is mainly based on the

integration of heterogeneous (chemical and biological) data, through a weight of evidence approach, into
risk indexes useful in improving the decision-making process. With this objective, the quality and quantity
of input data are key factors in determining the reliability of results obtained.

1.4.2 Managing marine ecosystems in a changing environment

Management strategy Evaluation (MSE) in a broad sense involves addressing the consequences of a range
of management strategies or options and presents trade-offs in performance across a range of
management objectives. An MSE framework generally includes a model of a virtual ecosystem where
parts are affected by human activates. Feedback loops ensure the system is dynamic and responsive to
changes in human and ecosystem response. MEECE has developed a number of bespoke MSE
frameworks and models to address management questions, including:
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1.4.3 Web-based Dissemination Tools
MEECE has developed a number of online tools to help
disseminate its outputs. The Model Atlas provides

The MSE framework in its most generic form. It includes
an operating model representing a virtual ecosystem in

interested users and site visitor’s access to model derived which the “natural” ecosystem components and
outputs and simulations produced as a result of the efforts attributes are affected by human activities and
of the MEECE scientific community. The Model Library environmental pressures (i.e. climate), a representation

gives users an overview of the available modelling tools of the scientific domain where information from
monitoring programs is used to calculate indicators.

and indiSeas provides online indicators of the status of 34 Together these form the basis for the scientific advice
marine ecosystems worldwide, both are described in more which then translates to management measures that, in
detail below. The online decision support tool for NIS, turn, affect the human activities.

BINPAS is described in section D2 Non Indigenous Species.

The MEECE Model Atlas (www.meeceatlas.eu)

covers the main European regional seas and provides SMeCgEs s
simulations and projections for how ecosystems will v
respond to different scenarios for environmental d , ; e e e
change, in a form that's readily accessible to policy- = :
makers, fisheries officials and other users of marine
science. Using ecosystem end-to-end models, the
Atlas provides a holistic view of the continent's
marine resources. Marine ecosystems are
represented at all levels, from the physics and
chemistry that underlie it to plankton, fish and human
activities. During the MEECE project predictive
regional models and have been developed and
refined to explore the combined impacts of
ecosystem drivers of change. The results of these =

efforts are presented through a publically available

web Atlas. Aimed at environmental managers and marine policymakers to help make scientifically
informed decisions about resource management and usage strategies, the Atlas incorporates a range of
potential future scenarios based on climate trends and socio-economic development over the coming
decades. These scenarios include the Intergovernmental Panel on Climate Change (IPCC) climate
projections for near future (up to 2040) and the far future (up to 2100) alongside the human development
scenarios of ‘Local Responsibility’, a community-based approach with slow economic growth but
increases in small scale production; ‘World Markets’, rapid growth and favouring consumerism over
environmental objectives; and ‘Global Community’, growth that balances economic, environmental and
social needs.

» §MC¢ (@l [ty bt o
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Web-based model library tool with mapping to GES indicators: MEECE consortium created the MEECE
Model Library, available from (http://www.meece.eu/Library.aspx). To increase its functionality and policy
relevance, the capabilities of the modelling tools in the Model Library have been mapped onto the EU’s
Marine Strategy Framework Directive’s descriptors for Good Environmental Status. Users are able to

search for a modelling tool addressing specific descriptors in a geographic region of interest, or browse
the technical content of the library. The Library currently proposes modelling tools that can be applied in
European Seas to address questions on 7 of the 11 GES Descriptors for the regional sea of interest.

IndiSeas (www.indiseas.org) was initially launched in September 2009, was developed to disseminate
results of analyses of the original eight ecological indicators for assessing the status of exploited
marine ecosystems, to marine resource managers, fisheries scientists, policy-makers, interested and
affected stakeholders and the general public, i.e. beyond a scientific audience. This complemented the
suite of scientific papers published in the ICES Journal of Marine Science.

The website presents information at increasing
levels of detail. An overview is provided for each
ecosystem in a synthetic and understandable form
(figure 15), plots of time-series (1980-2000) for
each ecological indicator are provided, and more
detailed information e.g. on key species for each
ecosystem are also made available. The website
offers the capability for the user to select a sub-set
of ecosystems for comparison of the states and
trends of ecosystems and various graphical
representations are offered for comparative
purposes. For ease of interpretation, indicators are
represented so that larger values or increasing
trends signal a less degraded or improving

ecosystem, respectively. For this reason, some
indicators are represented as inverses (e.g. the
coefficient of variation of the biomass, labelled
“biomass stability”). Trends in indicators are
represented by means of bar graphs of the short-
term slopes of fitted linear trends (1996—2005;
currently being updated to 2010); increasing trends
represent improvement, and vice versa. Details on
the graphic representations, justifications, choices
of time frames, and standardization procedures are
provided. To complement the visual diagnosis
suggested by state and trends graphs, a textual
summary of the status of each ecosystem is

Indicators for
the seas

y /ﬂdlSeas

COMPARATIVE
APPROACH

Sei
and

=

ABOUT indiSeas

ENGLISH

Figure 15. For each ecosystem, a synthetic overview
is displayed: state indicators are summarized in the
form of a pie diagram and short-term trends in
indicators are depicted by means of bar graphs. All
indicators are represented so that larger values or
an increase signals a better (less degraded)
ecosystem. A complementary summary diagnosis of
the ecosystem status is provided by each ecosystem
expert. Viewing options provide supplementary
information, including: plots of time series (1980-
2000) for each indicator, a detailed description of
the ecosystem, and short descriptions of the key
species.

provided by the ecosystem experts, serving to aid interpretation of an ecosystem’s diagnosis, report
potential limits of the comparative approach for some specific ecosystems or potential biases in the
calculation of some indicators for certain ecosystems, providing information on other drivers that

could interact with fishing.

Working sessions were held in 2012 to explore the most appropriate and effective ways of presenting the
expanded set of biodiversity indicators, as well as the sets of environmental and human driver indicators
that are needed to contextualize the states and trends suggested by the ecological indicators per
ecosystem. The expanded version of the website will be made public by mid-2013.
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1.4.4 Exploitation of MEECE Outputs: towards operational applications

MEECE has achieved its two major goals. Firstly through the development and application of regional
ecosystem modelling tools combined with meta-analysis and experimental work the knowledge base on
response to climate and anthropogenic driving forces of marine ecosystems has been expanded. In
particular models provide information of the state of the system (historic, present and future), the
pressure state interactions, and how the probability of a negative indicator event may change. Secondly
by developing innovative decision support and management strategy evaluation tools and strategies to
resolve the dynamic interactions of the drivers, in support of marine management and policy. This is
augmented by the MEECE Atlas and indiSeas websites. The challenge for the future is to ensure this work
is taken forward and used both in a research and a policy / management context.

The schematic diagram shows the relationships between research and operational applications,
illustrating how starting with experiments and observational data, models are developed and applied and
then used in an operational context.
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Research Operational

MEECE has been proactive in engaging with the development of the MSFD; MEECE scientists led the
working groups which developed the D2 (Non Indigenous Species) and D3 (Commercial fish) descriptors.
Other scientists have been involved in working MSFD, Arctic acidification and ICES working groups. This
type of activity is on-going and will ensure that the MEECE knowledge base is disseminated widely
amongst users. These activities are backed up by the MEECE Atlas and the accompanying factsheets.

The MEECE regional modelling tools along with the associated methodologies for downscaling and
simulation assessment will be exploited both in new national and European research programs and
through the GMES Marine Core service through the development of Operational Ecology. Operational
Ecology refers to the provision of operational services for biogeochemical and ecological parameters
through a forecast system to project the future status of marine ecosystems by delivering a suite of error
quantified indicators which describe changes in ecosystem function. The system should include an
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observational network along with models of the hydrodynamics, lower and higher trophic levels (plankton
to fish) and biological data assimilation. Such systems are required to help assess and manage the risks
posed by human activities on the marine environment. For example a number of MEECE models and
regional model systems (NE Atlantic, N Aegean, Black Sea, SMS-Baltic) are being further evaluated as to
their suitability for making operational rapid environment assessment of the state of the ecosystem in the
recent past terms of key indicators. In addition the indiSeas and BINPAS activities provide valuable
information on the state of regional ecosystems. BINPAS is being used to make assessments for D2. Both
activities will carry on after MEECE.

The Decision Support and Management Strategy Evaluation tools sit on the boundary between the
research and operational domain. MEECE has developed a number of frameworks and models which
address management questions in the context of the interactions between climate, fishing, pollution, NIS
and eutrophication. The next step is the practical application of such systems to develop management
strategies which are robust to changes in environmental drivers. Many of these tools were developed by
MEECE and will be further exploited by organisations directly involved in the implementation of the MSFD
at a national level.

Finally MEECE was a genuinely European project. It brought together expertise and intellectual resources
from across Europe. The progress made by MEECE in understanding the response of marine ecosystem to
external perturbations and developing tools and strategies to manage them was only possible through
Europe wide interdisciplinary cooperation.

MCCCC

Marine Ecosystem Evolution in a Changing Environment

Contact Details

Address: Plymouth Marine Laboratory, Prospect Place, Plymouth PL1 3DH UK
Tel: +44 1752 633100

Project Coordinator: J Icarus Allen | email jia@pml.ac.uk

Project manager: Jessica Heard | email jessh@pml.ac.uk

Email meece@pml.ac.uk

MEECE Public Website www.meece.uk

MEECE Atlas www.meeceatlas.eu
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Part 2: Use and dissemination of foreground

2.1 Dissemination activities

MEECE has undertaken and wide range of dissemination activities over the lifetime of the project listed in
the table that follows. MEECE has actively interacted with the ICES/JRC Marine Strategy Framework
Directive working groups (D2 non indigenous invasive species, D3 Commercial Fish, D4 Foodwebs) and
ICES expert working groups (WGIPEM, WGOOFE). The MEECE project has also been represented to the
MSCG Permanent Members States representatives - Marine Strategy Coordination Group (MCSG) and the
associated working group on Biodiversity and Foodwebs.

Peer reviewed publications

In terms of scientist dissemination MEECE has produced 97 peer reviewed publications (including papers
in Science and PLOS1) with a further 43 submitted papers. MEECE scientists have also contributed to 22
technical and policy related reports (see section 2.1.3 for full list). Other activities include the
presentation of MEECE science at international symposia and conferences, as well as at smaller meetings
and working groups (see section 2.1.2). Such face to face presentation of scientific outputs and
interactions with colleagues in the scientific and wider user communities have proven a valuable method
for disseminating knowledge and generating interest in the project and its outcomes. A number of articles
have also been written for specialist publications including:

Specialist publications

A series of recent events have fuelled a hot debate over the transparency and credibility of climate
research. While the debate between skeptics and believers may continue, the circumstances have
provided good context for “citizen science” to spill over into climate research see Should “Citizen
Scientist” play with Climate & Ecosystem Models? E.G.U Newsletter article (28.11.2010)

Other publications include:
MEECE: pushing boundaries and informing policy submitted to Ocean Challenger April 2013

Future-proofing marine ecosystems
Article about the MEECE project in International Innovation (published November.12)

Ecosystems in a changing climate. META magazine (published November 2012)

Les dessous de I'océan - book by MEECE project scientist Laurent Bopp and colleague Charles Dutertre
(published October 2012)

MEECE has developed a number of online tools to help disseminate its outputs. The Model Atlas provides
interested users and site visitor’s access to model derived outputs and simulations produced as a result of
the efforts of the MEECE scientific community. The model library gives users an overview of the available
modelling tools and InidSeas http://www.indiseas.org/ provides online indicators of the status of 34
marine ecosystems worldwide and are described in more detail below.

To ensure MEECE’s legacy and contribute to the training of the next generation of ecosystem modellers,
MEECE organised a training summer school to which applicants with an interest in developing modelling
capabilities and novel approaches were invited to apply. The Summer School consisted of a mixture of
lectures and practical sessions and was designed to promote and encourage lecture/student interactions.
Following the summer school the website was further developed to provide a source of information and
communication tool for the students. Student posters and group presentations were uploaded and
contact lists for all students and lecturers provided to encourage the fostering of continued links between
all those who participated. The updated website includes:
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o Lectures to download

. Student posters

o Student group presentations

. Previous relevant pages remain unchanged; programme, lecturer profiles, sponsors and contacts.

To facilitate the dissemination of MEECE results the Knowledge Transfer pages of the MEECE project were
developed as a discrete section of the project website where user relevant information is provided. The
aim of these pages was to support the exchange of ideas and advancements arising from the project with
the non- scientific community. For the conclusion of MEECE the Knowledge Transfer/Exchange pages
have been incorporated into the main project site which now sits as a project archive to ensure the
project’s legacy continues and to pool all project outputs into one place where they are available to the
wider community.

The knowledge exchange pages provide direct links to a range of information including:

. MEECE Fact Sheets: http://www.meece.eu/kt/fs.htm

. Library of Models: http://www.meece.eu/Library.aspx

. Management Tools: http://www.meece.eu/tools.html

. MEECE Model Atlas: http://www.meece.eu/Library.aspx

. User Contact’s database: http://www.meece.eu/kt/kt contacts.aspx

. User Advisory Group information: http://www.meece.eu/kt/advisory.html
. MEECE Summer School archive: http://www.meece.eu/school/home.html

Press releases have been used strategically during the project to announce key outputs. Press releases
were distributed internationally by the UK and Spain to announce the launch of the project in 2008, and
several more released to launch the MEECE Model Atlas. Press platforms information has been sent to
include: New Scientist, The Guardian, BBC Worldwide, BBC World Service, Nature, European
Environmental Programme, Euro News, Thomason Reuters, Marine Management Organisation, Basque
Research, Alphagalileo, Eurekalert! gCordis Wire, SINC, Science Daily, Euskadi Innova.

A number of mailing lists have been used throughout the project to facilitate the dissemination of project
news and events. News of the Model Atlas launch and the set of fact sheets available from the project
was sent out to partner to forward to their own mailing lists and from the project office sent to: MEECE
mailing list, MEECE User Advisory Group, MSCG Permanent Members States representatives - Marine
Strategy Coordination Group, MSCG Alternate Members, Marine Directors, WG GES MS representatives -
WG on Good Environmental Status in relation to the Marine Strategy Framework Directive 2008/56/EC
and POGO (Partnership for Observation of the Global Oceans) mailing list and website
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2.1.1 Table of Disseminations activities 2008-2013

1  Workshops PLYMOUTH MARINE MARIFISH-ICES Joint 16/11/2010 Barcelona, Spain Scientific community (higher 60 EU wide
LABORATORY Workshop on Integrated education, Research) - Policy
ecosystem modelling: makers
building our capacity to
understand
2 Workshops BOLDING & FABM-Workshop: A new 14/11/2011 Hamburg, Germany  Scientific community (higher 30 European
BURCHARD APS framework for aquatic education, Research) - Civil
biogeochemical models society
3 Workshops BOLDING & FABM workshop 14/11/2011 Germany Scientific community (higher 30 Germany
BURCHARD APS education, Research) - Civil
society
4 Workshops PLYMOUTH MARINE 2012 Yeosu Workshop on 14/05/2012 Yeosu, Korea Scientific community (higher 40 International
LABORATORY “Climate Change education, Research)
Projections”
5 Workshops THE SECRETARY OF A Coupled Model of Upper 09/09/2011 MEECE Summer Scientific community (higher 35 International
STATE FOR and Lower Trophic Levels in School, Ankara, education, Research)
ENVIRONMENT, FOOD a Marine Ecosystem Turkey
AND RURAL AFFAIRS
6 Web PLYMOUTH MARINE MEECE Summer School 28/01/2011 Plymouth, UK Scientific community (higher 4200 International
sites/Applicat LABORATORY education, Research) - Industry
ions - Policy makers
7 Web PLYMOUTH MARINE MEECE Model Atlas 22/02/2012 www.meeceatlas.e Scientific community (higher 10000 International
sites/Applicat LABORATORY u hosted by PML education, Research)
ions
8 Flyers PLYMOUTH MARINE The MEECE Project 01/10/2008 Plymouth, UK Scientific community (higher 500 Distributed

LABORATORY

education, Research) - Civil
society - Policy makers - Medias

through a range
of
EU/International
countries

47 |Page




MEECE | Marine Ecosystem Evolution in a Changing Environment | 212085

9 Flyers PLYMOUTH MARINE Project Update 20/09/2010 Plymouth, UK Scientific community (higher 500 Distributed
LABORATORY education, Research) - Policy through a range
makers of
EU/International
countries
10 Press FUNDACION AZTI/AZTI  AZTI-Tecnalia start an EU 28/09/2008 Spain Scientific community (higher 4000 Spain
releases FUNDAZIOA project studying the effects education, Research) - Civil
of climate change on society - Medias
marine ecosystems
11 Press PLYMOUTH MARINE Marine environmental 02/10/2009 Barcelona, Spain Scientific community (higher 100 EU wide
Releases LABORATORY evolution in a changing education, Research) - Industry
environment - Policy makers - Medias
12 Press PLYMOUTH MARINE Using MEECE to herd cats 16/10/2008 Plymouth, UK Scientific community (higher 9999 Europe
releases LABORATORY education, Research) - Industry
- Civil society - Policy makers -
Medias
13  Press UNIVERSITY OF CAPE New research on low 26/07/2011 MSC newsroom Scientific community (higher 200 International
releases TOWN trophic level fisheries to education, Research) - Industry
help certifiers - Civil society - Policy makers -
Medias
14 Press UNIVERSITY OF CAPE New research on low 26/07/2011 MSC newsroom Scientific community (higher 200 International
releases TOWN trophic level fisheries to education, Research) - Industry
help certifiers - Civil society - Policy makers -
Medias
15 Press NATURAL Limiting ocean acidification 20/08/2010 Released by NERC Scientific community (higher Global
releases ENVIRONMENT under global change http://www.eurekal education, Research) - Civil
RESEARCH COUNCIL ert.org/pub_release society - Policy makers - Medias
s/2010-08/nocs-
10a082010.php
16 Press FUNDACION AZTI/AZTI  Global warming will reduce 02/04/2013 Released by AZTI Medias European wide
releases FUNDAZIOA the biomass of ecosystems
in central and southern
Europe
17a. Press PLYMOUTH MARINE New Atlas supports 26/03/2013 Released by PML: Medias Global
releases LABORATORY European marine http://www.pml.ac.

management

uk/media/news_hig
hlights/meece_atlas
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.aspx
17b. Publication PLYMOUTH MARINE MEECE pushing boundaries 25/03/2013 Ocean Challenger Scientific community (higher
LABORATORY and informing policy magazine education, Research) - Policy
makers - Industry
18 Publication PLYMOUTH MARINE Marine Ecosystem 23/09/2010 EU Policy makers 9000 EU
LABORATORY Evolution in a Changing
Environment
19 Publication UNIVERSITETET | Report of the Workshop on 30/09/2010 ICES cooperative Scientific community (higher 1000 International
BERGEN Cod and Future Climate research report, education, Research) - Policy
Change, ICES WKCFCC 305 makers
report, 2010
20 Publication KLAIPEDOS Marine Strategy Framework 29/04/2010 Office for Official Scientific community (higher 1000 International
UNIVERSITETAS Directive - Task Group 2 Publications of the education, Research) - Policy
Report. Non-indigenous European makers
species Communities. 44 pp
21 Publication STICHTING DIENST Scientific support to the 17/03/2010 Office for Official Scientific community (higher 1000 International
LANDBOUWKUNDIG European Commission on Publications of the education, Research) - Policy
ONDERZOEK the marine strategy European makers
framework directive. Joint Communities. 65 pp
Repo
22 Publication PLYMOUTH MARINE MEECE News 3 30/07/2010 Plymouth, UK, Scientific community (higher 300 global
LABORATORY online education, Research) - Industry
- Policy makers
23 Publication PLYMOUTH MARINE MEECE News 4. 29/04/2011 Plymouth, UK. Scientific community (higher 300 Global
LABORATORY Online education, Research) - Industry
- Policy makers
24  Publication SIR ALISTER HARDY Spatio-temporal dynamics 23/02/2010 AGU Ocean Scientific community (higher 50 Global
FOUNDATION FOR of the North Sea plankton Sciences Meeting education, Research)
OCEAN SCIENCE functional groups over the
last 50 years
25 Publication SIR ALISTER HARDY Environmental and spatial 23/02/2010 AGU Ocean Scientific community (higher 50 Global

FOUNDATION FOR
OCEAN SCIENCE

clues to explain anchovy
expansion in the North Sea

Sciences Meeting,
San Francisco

education, Research)
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26 Publication KLAIPEDOS “Beaufort Scale” for 14/09/2010 Newsletter of the Scientific community (higher 1500 Global
UNIVERSITETAS bioinvasion impacts. Aliens: IUCN/SSC Invasive education, Research) - Policy
The Invasive Species Species Specialist makers
Bulletin Group
27 Publication PLYMOUTH MARINE MEECE News 2. 19/11/2009 Plymouth, UK. Scientific community (higher 300 Global
LABORATORY Online education, Research) - Industry
- Policy makers
28 Publication PLYMOUTH MARINE MEECE News 1. 01/05/2009 Plymouth, UK. Scientific community (higher 300 Global
LABORATORY Online education, Research) - Industry
- Policy makers
29 Publication DANMARKS TEKNISKE ~ Should “Citizen Scientists” 10/06/2011 E.G.U. Newsletter Scientific community (higher 3000 available online
UNIVERSITET play with Climate & education, Research) - Industry
Ecosystem Models? - Civil society - Policy makers
30 Publication PLYMOUTH MARINE Fact Sheet 1: The MEECE 02/02/2009 Distributed in Scientific community (higher Mainly EU with
LABORATORY Project hardcopy and education, Research) - Industry some
online - - Civil society - Policy makers international
http://www.meece. distribution
eu/kt/fs.html
31 Publication PLYMOUTH MARINE Fact Sheet 2: Model Library 01/10/2010 Distributed in Scientific community (higher Mainly EU with
LABORATORY hardcopy and education, Research) - Civil some
online - society - Policy makers international
http://www.meece. distribution
eu/kt/fs.html
32 Publication CENTRE NATIONAL DE  Les dessous de I'océan 04/09/2012 Book published in Civil society 1000 International
LA RECHERCHE France
SCIENTIFIQUE (CNRS)
33  Publication PLYMOUTH MARINE Saving the seas 17/10/2012 International Scientific community (higher 30000 International
LABORATORY Innovation education, Research) - Industry
- Civil society - Policy makers -
Medias
34 Publication PLYMOUTH MARINE Fact sheet 3: Taking the 20/09/2011 Distributed in Scientific community (higher Global

LABORATORY

pulse of regions seas: the
IndiSeas - MEECE initiative

hardcopy and
online -

http://www.meece.

eu/kt/fs.html

education, Research) - Industry
- Civil society - Policy makers -
Medias
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35 Publication PLYMOUTH MARINE Fact sheet 4: Improving the 22/11/2011 Distributed in Scientific community (higher International
LABORATORY evaluation of marine hardcopy and education, Research) - Industry
ecosystems environmental online - - Civil society - Policy makers -
status http://www.meece. Medias
eu/kt/fs.html
36 Publication PLYMOUTH MARINE Fact sheet 5: Detecting 18/01/2012 Distributed in Scientific community (higher International
LABORATORY alien algae invasions: the hardcopy and education, Research) - Civil
case of the Baltic online - society - Policy makers
http://www.meece.
eu/kt/fs.html
37 Publication PLYMOUTH MARINE Fact Sheet 6:Management 08/02/2012 Distributed in Scientific community (higher International
LABORATORY practices and a benign hardcopy and education, Research) - Policy
environment team up to online - makers
recover a heavily exploited http://www.meece.
fish eu/kt/fs.html
38 Publication PLYMOUTH MARINE Fact Sheet 7 - Using models 11/12/2012 Distributed in Scientific community (higher International
LABORATORY to support marine policy: hardcopy and education, Research) - Civil
The MEECE Model Atlas online - society - Policy makers
http://www.meece.
eu/kt/fs.html
39 Publication PLYMOUTH MARINE Fact Sheet 8 - Managing 10/01/2013 Distributed in Scientific community (higher Global
LABORATORY marine ecosystems in a hardcopy and education, Research) - Civil
changing environment online - society - Policy makers
http://www.meece.
eu/kt/fs.html
40 Publication PLYMOUTH MARINE Fact Sheet 9 - Expert 12/02/2013 Distributed in Scientific community (higher Global
LABORATORY systems for marine hardcopy and education, Research) - Industry
resource management online - - Civil society - Policy makers
http://www.meece.
eu/kt/fs.html
41 Publication PLYMOUTH MARINE Fact sheet Descriptor 1: 15/01/2013 Distributed in Scientific community (higher Global

LABORATORY

Biodiversity

hardcopy and
online -

http://www.meece.

eu/kt/fs.html

education, Research) - Civil
society - Policy makers
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42  Publication PLYMOUTH MARINE Fact Sheet Descriptor 2: 15/01/2013 Distributed in Scientific community (higher Global
LABORATORY Non-indigenous species hardcopy and education, Research) - Civil
online - society - Policy makers
http://www.meece.
eu/kt/fs.html
43  Publication PLYMOUTH MARINE Fact Sheet Descriptor 3: 17/01/2013 Distributed in Scientific community (higher Global
LABORATORY Population of commercial hardcopy and education, Research) - Civil
fish/shellfish online - society - Policy makers
http://www.meece.
eu/kt/fs.html
44  Publication PLYMOUTH MARINE Fact Sheet Descriptor 4: 18/01/2013 Distributed in Scientific community (higher Global
LABORATORY Elements of marine food hardcopy and education, Research) - Civil
webs online - society - Policy makers
http://www.meece.
eu/kt/fs.html
45  Publication PLYMOUTH MARINE Fact Sheet Descriptor 5: 21/01/2013 Distributed in Scientific community (higher Global
LABORATORY Eutrophication hardcopy and education, Research) - Civil
online - society - Policy makers
http://www.meece.
eu/kt/fs.html
46 Publication PLYMOUTH MARINE Fact Sheet Descriptor 7: 14/01/2013 Distributed in Scientific community (higher Global
LABORATORY Alteration of hardcopy and education, Research) - Civil
hydrographical conditions online - society - Policy makers
http://www.meece.
eu/kt/fs.html
47  Publication PLYMOUTH MARINE Fact Sheet Descriptor 8: 10/01/2013 Distributed in Scientific community (higher Global
LABORATORY Contaminants hardcopy and education, Research) - Civil
online - society - Policy makers
http://www.meece.
eu/kt/fs.html
48 Publication UNIVERSITETET | Report of the Workshop on 15/09/2010 ICES cooperative Scientific community (higher International

BERGEN

Cod and Future Climate
Change, ICES WKCFCC
report

research report,
305.

education, Research)
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49  Publication UNIVERSITETET | Modelling Marine 01/11/2012 META magazine Scientific community (higher Norway
BERGEN Ecosystems in a Changing from the Norwegian  education, Research) - Civil
Climate meta centre for society - Policy makers
computational
science 2012-1
50 Publication KLAIPEDOS Impacts of invasive 15/04/2010 Information from Scientific community (higher EU wide
UNIVERSITETAS phytoplankton species on the Phytoplankton education, Research) - Policy
the Baltic Sea ecosystem in Expert Group (PEG).  makers
1980-2008 HELCOM Indicator
Fact Sheet.
51 Publication KLAIPEDOS Marine Strategy Framework 01/04/2010 http://publications.j  Scientific community (higher EU wide
UNIVERSITETAS Directive - Task Group 2 rc.ec.europa.eu/rep  education, Research) - Policy
Report. Non-indigenous ository/handle/111  makers
species 111111/13628
52 Publication KLAIPEDOS “Beaufort Scale” for 09/11/2010 Newsletter of the Scientific community (higher Global
UNIVERSITETAS bioinvasion impacts. Aliens: IUCN/SSC Invasive education, Research) - Civil
The Invasive Species Species Specialist society - Policy makers
Bulletin Group. ISSN 1173-
5988, 29: 52-54
53 Presentations HAVFORSKNINGSINSTI NORWECOM.E2E. Quo 23/02/2012 ECODRIVE Scientific community (higher 40 European
TUTTET vadis? workshop, education, Research)
Hamburg, Germany
54 Presentations HAVFORSKNINGSINSTI  The acidification sub 02/02/2012 IMR, Bergen Scientific community (higher 40 Norway
TUTTET module in NORWECOM.E2E education, Research)
55 Presentations HAVFORSKNINGSINSTI  Ecosystem response to 02/12/2011 Bjerknes SKD Scientific community (higher 50 Norway
TUTTET climate and high CO2. opening, Bergen, education, Research)
Norway
56 Presentations UNIVERSITETET | Ocean acidification and 15/10/2011  University of Hong Scientific community (higher 100 HongKong
BERGEN some indicators of Kong education, Research)
organismal and ecosystem
response
57 Presentations UNIVERSITA DEGLI Early warning responses in 03/10/2011 XXl Congresso della  Scientific community (higher 50 Italy

STUDI DEL PIEMONTE
ORIENTALE AMEDEO
AVOGADRO

tissues of the
mediterranean mussel
(Mytilus galloprovincialis

Societa ltaliana di
Ecologia. | limiti
dello sviluppo, Italy

education, Research)
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Lam) subje

58 Presentations UNIVERSITETET | Long-term changes the 20/09/2011 ICES ASC, 2010 Scientific community (higher 200 International
BERGEN Baltic Sea cyanobacterial education, Research) - Policy
blooms nad its causes: A makers
modelling study
59 Presentations UNIVERSITA DEGLI HSP70 response in 05/09/2011 27th ESCPBnew Scientific community (higher 100 EU
STUDI DEL PIEMONTE ~ Mediterranean mussels Congress, Italy education, Research)
ORIENTALE AMEDEO exposed to the antibiotic
AVOGADRO oxytetracycline
60 Presentations UNIVERSITETET | UV radiation and its effect 17/08/2011 MERCLIM annual Scientific community (higher 50 EU
BERGEN on P-uptake in arctic meeting, Norway education, Research)
diatoms
61 Presentations UNIVERSITETET I Seasonal variations in 17/08/2011 MERCLIM annual Scientific community (higher 50 EU
BERGEN seston elemental ratios in meeting, Norway education, Research)
two time-series in the
Norwegian Coastal Current
62 Presentations DANMARKS TEKNISKE  The relative roles of fishing 19/09/2011 ICES Annual Science  Scientific community (higher 200 International
UNIVERSITET and biological productivity Conference, Poland  education, Research) - Policy
in fish stock dynamics makers
63 Presentations PLYMOUTH MARINE Ocean Acidification in the 27/06/2011 AMEMR 2011, Scientific community (higher 100 International
LABORATORY NW European shelf: Plymouth, UK education, Research)
64 Presentations THE SECRETARY OF A Coupled Model of Upper 27/06/2011 AMEMR 2011, Scientific community (higher 100 International
STATE FOR and Lower Trophic Levels in Plymouth, UK education, Research)
ENVIRONMENT, FOOD  a Marine Ecosystem
AND RURAL AFFAIRS
65 Presentations ALMA MATER Hindcasting and predicting 27/06/2011 AMEMR 2011, Scientific community (higher 100 International
STUDIORUM- the Adriatic Sea ecosystem Plymouth, UK education, Research)
UNIVERSITA DI dynamics
BOLOGNA
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66 Presentations INSTITUT DE Nitrogen transfers in the 27/06/2011 AMEMR 2011, Scientific community (higher 100 International
RECHERCHE POUR LE Upwelling off Namibia Plymouth, UK education, Research)
DEVELOPPEMENT within the Oxygen
Minimum Zone: a 3-D
model approach
69 Presentations UNIVERSITETET | Representing enhanced 27/06/2011 AMEMR 2011, Scientific community (higher 100 International
BERGEN phytoplankton carbon Plymouth, UK education, Research)
assimilation in
biogeochemical models
70 Presentations UNIVERSITETET | Challenges in regional 27/06/2011 AMEMR 2011, Scientific community (higher 100 International
BERGEN climate change Plymouth, UK education, Research)
assessments on marine
ecosystems
70 Presentations UNIVERSITETET | Impact on regional climate 10/06/2011 ECODRIVE Scientific community (higher 50 EU
BERGEN change on North Sea & MarinERA project education, Research)
Baltic Sea meeting, Bergen
71 Presentations PLYMOUTH MARINE Quantifying uncertainty in a 30/05/2011 European Scientific community (higher 100 International
LABORATORY complex marine ecosystem Conference on education, Research)
model for the lower trophic Ecological
level Modelling, Italy
72 Presentations HAVFORSKNINGSINSTI NORWECOM.E2E, status 30/05/2011 Program meeting, Scientific community (higher 40 EU
TUTTET and future plans Ecosystem and education, Research)
population
dynamics, Norway
73 Presentations HAVFORSKNINGSINSTI  Analyzing warm and cold 22/05/2011 ESSAS open science  Scientific community (higher 200 International
TUTTET climate phases to meeting, Seattle, education, Research) - Policy
understand differences in USA makers
survival of larval fish
74 Presentations HAVFORSKNINGSINSTI  Effects of climate change 22/05/2011 ESSAS open science  Scientific community (higher 200 International
TUTTET on the survival of larval cod meeting, Seattle, education, Research) - Policy
USA makers
75 Presentations UNIVERSITA DEGLI Copper interference with 16/05/2011 PRIMO 16 — Scientific community (higher 100 International

STUDI DEL PIEMONTE
ORIENTALE AMEDEO
AVOGADRO

heat shock: molecular
responses in tissues of the
mediterranean mussel

Pollutant Responses
in Marine
Organisms, USA

education, Research) - Policy
makers
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76 Presentations UNIVERSITETET | Decadal variability of 10/05/2011 ICES NAFO decadal Scientific community (higher 200 International
BERGEN hydrodynamics and symposium, education, Research) - Policy
productivity in North Sea Santander, Spain makers
and Baltic Sea Relating the
2000-
77 Presentations  KLAIPEDOS Invasive species and 06/04/2011 Seminar at the Scientific community (higher 50 EU
UNIVERSITETAS environmental quality Centre of Marine education, Research)
assessments Sciences the
Gambelas campus,
Portugal
78 Presentations FUNDACION AZTI/AZTI  “Towards an End-to-End 26/04/2011 WGPBI annual Scientific community (higher 50 EU
FUNDAZIOA model for the Bay of meeting, Spain education, Research)
Biscay”
79 Presentations UNIVERSITY OF CAPE Communication of 26/04/2011 Coast and Oceans Scientific community (higher 50 South Africa
TOWN indicators among of Department of education, Research) - Policy
stakeholders in fisheries in Agriculture, Forests  makers
SA and Fisheries, South
Africa
80 Presentations UNIVERSITY OF CAPE Communication of 26/04/2011 South African Scientific community (higher 100 South Africa
TOWN indicators among Marine Science education, Research)
stakeholders in fisheries in Symposium,
SA Grahamstown,
South Africa
81 Presentations UNIVERSITY OF CAPE IndiSeas: Comparing 26/04/2011 South African Scientific community (higher 100 South Africa
TOWN indicators across fished Marine Science education, Research)
marine ecosystems Symposium,
Grahamstown,
South Africa
82 Presentations UNIVERSITY OF CAPE A knowledge-based tool for 26/04/2011 South African Scientific community (higher 100 South Africa
TOWN implementing the Marine Science education, Research)
implementation efficacy of Symposium,
an EAF in the South African Grahamstown,
s South Africa
83 Presentations NATURAL The sensitivity of physical 06/04/2011 EGU annual Scientific community (higher 500 International

ENVIRONMENT
RESEARCH COUNCIL

and ecosystem processes of
NW European continental
shelf to climate change

meeting, Vienna,
Austria

education, Research) - Policy
makers
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84 Presentations  UNIVERSITETET I Arctic ecosystem net 06/04/2011 EGU annual Scientific community (higher 500 International
BERGEN community production meeting, Vienna, education, Research) - Policy
response to increasing Austria makers
ocean acidification
85 Presentations UNIVERSITETET | Changes to marine carbon 29/03/2011  Arctic Science Scientific community (higher 300 International
BERGEN biogeochemistry and Summit Week, education, Research)
ecosystem coupling in a Seoul
changing Arctic Ocean
86 Presentations KLAIPEDOS Functional Ecology of 28/03/2011 The Center for Scientific community (higher 50 USA
UNIVERSITETAS Benthic Habitats Coastal and Ocean education, Research)
Mapping/Joint
Hydrographic
Center Seminar
Series
87 Presentations KLAIPEDOS BINPAS online bioinvasion 16/03/2011 ICES Working Group  Scientific community (higher 50 International
UNIVERSITETAS impact / biopollution on Introduction and  education, Research) - Policy
assessment system: call for Transfers of Marine  makers
cooperation Organisms, France
88 Presentations INSTITUTO ESPANOL A unifying theory of 01/03/2011 5th Zooplankton Scientific community (higher 200 International
DE OCEANOGRAFIA metabolic scaling and life- Production education, Research)
history evolution for Symposium, Chile
developmental time
89 Presentations UNIVERSITAT Combined effects of 14/02/2011  ASLO 2011 Aquatic Scientific community (higher 200 International
HAMBURG temperature and deep Sciences, Puerto education, Research)
convection on the dynamics Rica
of spring bloom
phytoplankton
90 Presentations  UNIVERSITETET | Seasonal and long-term 14/02/2011  ASLO 2011 Aquatic Scientific community (higher 200 International
BERGEN variations in seston Sciences, Puerto education, Research) - Policy
elemental ratios in two Rica makers
time-series in the
Norwegian Coast
91 Presentations UNIVERSITAT Does carbon or nitrogen 14/02/2011 ASLO 2011 Aquatic Scientific community (higher 200 International
HAMBURG limit the production of Sciences, Puerto education, Research)

marine zooplankton?

Rica
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92 Presentations UNIVERSITETET | Multidecadal ecosystem 23/02/2011 ICES WGNIOSE Scientific community (higher 50 International
BERGEN variability in the North Sea workshop, education, Research)
and Baltic Sea Hamburg, Germany
93 Presentations INSTITUT DE Processes maintaining the 24/01/2011 Oceanography Scientific community (higher 50 South Africa
RECHERCHE POUR LE OMZ of the Benguela Department education, Research)
DEVELOPPEMENT Upwelling System using an Seminar, Cape
eddy resolving model Town, South Africa
94 Presentations UNIVERSITETET | Seasonal and long-term 19/01/2011 Bjerknes Getaway, Scientific community (higher 50 Norway
BERGEN variations in seston Norway education, Research)
elemental ratios in two
time-series in the
Norwegian coa
95 Presentations UNIVERSITETET | Improving ecosystem 18/01/2011 Bjerknes Center for  Scientific community (higher 100 Norway
BERGEN model parameterization: climate research education, Research)
insights from mesocosm annual meeting,
experiments Norway
96 Presentations ALMA MATER Studio sperimentale e 25/10/2010 Societa Botanica Scientific community (higher 50 Iltaly
STUDIORUM- modellistico delle risposte Italiana Scientific education, Research)
UNIVERSITA DI del fitoplancton in funzione Meeting, Italy
BOLOGNA di variabili ambienta
97 Presentations MIDDLE EAST Comparison of coastal 11/10/2010 IMBER IMBIZO I, Scientific community (higher 100 International
TECHNICAL versus mid-basin Black Sea Crete, Greece education, Research)
UNIVERSITY ecosystem processes
99 Presentations THE SECRETARY OF Key run of the North Sea 04/10/2010 ICES WGSAM, St. Scientific community (higher 50 International
STATE FOR EwE model Sebastian education, Research) - Policy
ENVIRONMENT, FOOD makers
AND RURAL AFFAIRS
100 Presentations THE SECRETARY OF Linking Biogeochemical and 20/09/2010 ICES ASC, Nantes, Scientific community (higher 200 International
STATE FOR Upper Trophic Level France education, Research) - Policy
ENVIRONMENT, FOOD  Models using an Xml based makers
AND RURAL AFFAIRS Semantic Coupler
101 Presentations UNIVERSITETET | Tidal variability and its 20/09/2010 ICES ASC, 2010, Scientific community (higher 200 International

BERGEN

structuring influence on the
North Sea ecosystem,
modelling impacts

Nantes, France

education, Research) - Policy
makers
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102 Presentations  STICHTING DIENST Bio-energetics underpin 20/09/2010 ICES ASC, 2010, Scientific community (higher 200 International
LANDBOUWKUNDIG spatio-temporal dynamics Nantes, France education, Research) - Policy
ONDERZOEK in North Sea plaice makers
(Pleuronectes platessa L.)
103 Presentations BOLDING & The GOTM/GETM 22/09/2010 Lake Ecosystem Scientific community (higher 40 Denmark
BURCHARD APS modelling framwork. Modelling education, Research)
Workshop,
Denmark
104 Presentations  UNIVERSITETET | Consumption of 20/09/2010 ICES ASC, 2010, Scientific community (higher 200 International
BERGEN zooplankton by pelagic fish Nantes, France education, Research) - Policy
in the Norwegian Sea based makers
on a fully coupled 3D model
system
105 Presentations UNIVERSITETET | Long-term changes the 20/09/2010 ICES ASC, 2010, Scientific community (higher 200 International
BERGEN Baltic Sea cyanobacterial Nantes, France education, Research) - Policy
blooms and its causes: A makers
modelling study
106 Presentations BOLDING & A framework for re-usable 21/09/2010 Lake Ecosystem Scientific community (higher 40 Denmark
BURCHARD APS bio-geochemical models Modelling education, Research)
Workshop,
Denmark
107 Presentations KLAIPEDOS Building a database on 14/09/2010 6th NEOBIOTA Scientific community (higher 150 International
UNIVERSITETAS bioinvasion impacts: it’s Conference, education, Research) - Policy
time to use a standardized Denmark makers
approach
108 Presentations PLYMOUTH MARINE Invasive species and 14/09/2010 6th NEOBIOTA Scientific community (higher 150 Denmark
LABORATORY environmental quality Conference, education, Research)
assessments Denmark
109 Presentations KLAIPEDOS Bioinvasion impact 14/09/2010 6th NEOBIOTA Scientific community (higher 150 International
UNIVERSITETAS assessment: the Baltic Sea Conference, education, Research) - Policy
case Denmark makers
110 Presentations KLAIPEDOS Invasive species - a growing 17/09/2010 National Science Civil society 100 Lithuania
UNIVERSITETAS global problem Festival, Lithuania
111 Presentations UNIVERSITETET | Polar, Environment and 09/09/2010 Shanghai Expo, Scientific community (higher 100 International

BERGEN

Climate Change Research

Shanghai

education, Research) - Industry

- Policy makers
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112 Presentations HAVFORSKNINGSINSTI  Modelling secondary 20/09/2010 ICES ASC, 2010 Scientific community (higher 200 International
TUTTET production in the education, Research) - Policy
Norwegian Sea with a fully makers
coupled model system
113 Presentations HAVFORSKNINGSINSTI  Coupled physical-biological 31/08/2010 ESSAS Annual Scientific community (higher 150 International
TUTTET IBM modelling at IMR: from Science Meeting, education, Research) - Policy
ocean physics to Rejkjavik, Iceland makers
zooplankton and fish, and
bacteria
114 Presentations HAVFORSKNINGSINSTI  Effects of climate change 31/08/2010 ESSAS Annual Scientific community (higher 150 International
TUTTET on the phenology of spring Science Meeting, education, Research)
blooms and consequences Rejkjavik, Iceland
for the survival of larvae
115 Presentations HAVFORSKNINGSINSTI  Cod, capelin and climate in 30/08/2010 ESSAS Annual Scientific community (higher 150 International
TUTTET the NE Atlantic /Barents Science Meeting, education, Research)
Sea Rejkjavik, Iceland
116 Presentations HAVFORSKNINGSINSTI  Modeling of larval herring 30/08/2010 ESSAS Annual Scientific community (higher 150 International
TUTTET in the Norwegian Sea. Science Meeting, education, Research)
Rejkjavik, Iceland
117 Presentations  UNIVERSITAT Multiple Stressors: Impact 07/06/2010 ASLO/NABS, Sante Scientific community (higher 150 Interational
HAMBURG of copper and temperature Fe, USA education, Research) - Policy
on embryonic development makers
and survival of Baltic
118 Presentations KLAIPEDOS Marine invasive species in 07/05/2010 Coalition Clean Scientific community (higher 150 International
UNIVERSITETAS the Baltic Sea Baltic (NGO) Annual  education, Research)
Conference,
Lithuania
119 Presentations INSTITUT DE Air-sea CO2, 02 and N20 03/05/2010 EGU General Scientific community (higher 200 International
RECHERCHE POUR LE fluxes in the Namibian Assembly education, Research) - Policy
DEVELOPPEMENT Upwelling System: a makers
modelling approach
120 Presentations FUNDACION AZTI/AZTI  The potential use of a 26/04/2010 Climate change Scientific community (higher 250 International
FUNDAZIOA Gadget model to predict effects on fish and education, Research) - Policy

stock responses to climate
change in combination with

fisheries, Japan

makers
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121 Presentations NATURAL Potential climate change 26/04/2010 Climate change Scientific community (higher 250 International
ENVIRONMENT impacts on contrasting effects on fish and education, Research) - Policy
RESEARCH COUNCIL shelf sea regions fisheries, Japan makers
122 Presentations KLAIPEDOS Global change and 09/03/2010 Changing Seas - Scientific community (higher 50 International
UNIVERSITETAS biological invasions in the Workshop on education, Research)
Nordic-Baltic area effects of Climate
Change on Marine
Ecosystems,
Denmark
123 Presentations  KLAIPEDOS Patterns and impacts of 22/02/2010 Research seminar at  Scientific community (higher 50 Estonia
UNIVERSITETAS marine bioinvasions in University of Tartu, education, Research)
Europe Estonia
124 Presentations UNIVERSITETET | Laboratory experiments on 10/02/2010 MERCLIM Annual Scientific community (higher 100 International
BERGEN G.O. Sars Summer 2009. Meeting, Norway education, Research)
125 Presentations UNIVERSITETET | Seston stoiciometry: What 10/02/2010 MERCLIM Annual Scientific community (higher 50 EU
BERGEN is the composition of Meeting, Bergen, education, Research)
seston? Norway
126 Presentations BOLDING & A framework for re-usable 19/01/2010 Dansk Scientific community (higher 40 Denmark
BURCHARD APS bio-geochemical models Havforskermgde, education, Research)
Denmark
127 Presentations INSTITUTO ESPANOL Will small do better? 22/02/2010 ASLO 2010, Scientific community (higher 200 International
DE OCEANOGRAFIA Temperature effects on Portland, USA education, Research) - Policy
autotrophic and makers
heterotrophic picoplankton
in the North
128 Presentations  INSTITUTO ESPANOL Effects of temperature, 22/02/2010 ASLO 2010, Scientific community (higher 200 International
DE OCEANOGRAFIA body size and reproductive Portland, USA education, Research)
strategies on planktonic
larval duration in marine
environments
129 Presentations SIR ALISTER HARDY Distributional patterns in 22/02/2010 ASLO 2010, Scientific community (higher 200 International

FOUNDATION FOR
OCEAN SCIENCE

the North Sea plankton
functional groups over the
last 50 years

Portland, USA

education, Research)
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130 Presentations  UNIVERSITETET | ECODDRIVE WP2, work 12/01/2010 ECODRIVE meeting,  Scientific community (higher 40 EU
BERGEN package activities and Norway education, Research)
related project activities
from MEECE
131 Presentations UNIVERSITETET | Ocean acidification: 07/12/2009  All-Atctos meeting, Scientific community (higher 50 Norway
BERGEN scientific background, Norway education, Research)
winners, losers and climate
feedbacks from ecosystem
change
132 Presentations DANMARKS TEKNISKE ~ An ecosystem-based 03/11/2009 Symposium on Scientific community (higher 100 International
UNIVERSITET framework for tracking Rebuilding education, Research) - Policy
performance of fish stocks Depleted Fish makers
and related forcings using Stocks, Germany
fuzz
133 Presentations DANMARKS TEKNISKE Baltic cod cannibalism: 03/11/2009 Symposium on Scientific community (higher 100 International
UNIVERSITET Differing consequences at Rebuilding education, Research) - Policy
stock recovery versus the Depleted Fish makers
Stocks, Germany
134 Presentations UNIVERSITETET | Havforsuring - status 29/10/2009 Havforsuring og Scientific community (higher 50 EU
BERGEN kunnskap om klimaendringer, education, Research)
pkosystemeffekter av Oslo
havforsuring
135 Presentations UNIVERSITETET | Havforsuring - utvikling og 29/10/2009 Havforsuring og Scientific community (higher 50 EU
BERGEN prognoser for norske klimaendringer, education, Research)
farvann. Oslo
136 Presentations KLAIPEDOS 1) Introduced aquatic 27/10/2009 Nordic Marine Scientific community (higher 50 Norway
UNIVERSITETAS species in Europe, a general Academy Seminar education, Research)
overview; on introduced
aquatic species,
Norway
137 Presentations  UNIVERSITETET | Impact of environmental 21/09/2009 ICES CM, Berlin, Scientific community (higher 100 International

BERGEN

change on North Sea
Atlantic cod (Gadus
morhua): Scenario
modeling in the N

Germany

education, Research) - Policy
makers
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138 Presentations KLAIPEDOS Marine Biological Pollution: 07/10/2009 Total Foundation Scientific community (higher 100 EU
UNIVERSITETAS database and knowledge Port-Cros education, Research) - Policy
transfer to managers Symposium makers
Biodiversity and
Maritime Transport,
France
139 Presentations DANMARKS TEKNISKE Ecological network analysis, 21/09/2009 ICES Annual Science  Scientific community (higher 200 Interntional
UNIVERSITET indicators of foodweb Conference, berlin, education, Research) - Policy
changes in the Baltic Sea Germany makers
140 Presentations DANMARKS TEKNISKE Ecological forecasting 21/09/2009 ICES Annual Science  Scientific community (higher 200 International
UNIVERSITET under climate change — the Conference, berlin, education, Research) - Policy
case of Baltic cod Germany makers
141 Presentations  UNIVERSITETET | Nordic Seas transit-time 21/09/2009 ICES Annual Science  Scientific community (higher 250 International
BERGEN distributions and Conference, Berlin, education, Research) - Policy
anthopogenic CO2. Germany makers
142 Presentations UNIVERSITETET | Ocean acidification 09/09/2009  Arsmgte i Norsk Scientific community (higher 50 EU
BERGEN Geofysisk Forening,  education, Research)
Geilo, Norway
143 Presentations THE SECRETARY OF Dynamic linking of ecosim 07/09/2009 Ecopath with Scientific community (higher 50 International
STATE FOR and the GOTM Ecosim, 25 years education, Research)
ENVIRONMENT, FOOD  biogeochemical model conference and
AND RURAL AFFAIRS using plugins model coupling
workshop, Canada
144 Presentations PLYMOUTH MARINE Ecospace; Has its time 07/09/2009 Ecopath with Scientific community (higher 50 International
LABORATORY come? Ecosim, 25 years education, Research)
conference and
model coupling
workshop, Canada
145 Presentations UNIVERSITY OF CAPE How can EwWE assist us in 07/09/2009 Ecopath with Scientific community (higher 50 International
TOWN implementing ecosystem- Ecosim: celebrating  education, Research)
based fisheries 25 years
management? conference, Canada
146 Presentations UNIVERSITETET | Nordomradeforskning pa 25/08/2009 Nordomradesemina  Scientific community (higher 40 Norway
BERGEN MatNat fakultete r, Bergen, Norway education, Research)

Universitetet | Bergen
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147 Presentations KLAIPEDOS Patterns and impacts of 25/08/2009 6th Int. Conference  Scientific community (higher 200 International
UNIVERSITETAS marine bioinvasions in on marine education, Research) - Policy
Europe. Bioinvasions, makers
Oregon, USA
148 Presentations KLAIPEDOS What is the level of 17/08/2009  7th Baltic Sea Scientific community (higher 200 Baltic countries
UNIVERSITETAS biological pollution in the Science Congress, education, Research) - Policy
Baltic Sea Estonia makers
149 Presentations KLAIPEDOS Development of an 04/08/2009 SymBioSE. Scientific community (higher 50 International
UNIVERSITETAS ecological quality European Biology education, Research)
classification system for Student
marine bioinvasions Conference, Russia
150 Presentations UNIVERSITETET | Regional 3-d ocean 29/07/2009 NMA Baltic Sea Scientific community (higher 35 Interntional
BERGEN Modelling; Principles of summer school, education, Research)
model development and Bornholm
uncertainties
151 Presentations KLAIPEDOS Assessment of biopollution 13/07/2009  XXI Cursos Scientific community (higher 100 International
UNIVERSITETAS in aquatic ecosystems Europeos, 2009, education, Research) - Policy
Spain makers
152 Presentations INSTITUT DE Coupling plankton and fish 22/06/2009 3d GLOBEC OSM, Scientific community (higher 100 International
RECHERCHE POUR LE models for addressing the Canada education, Research)
DEVELOPPEMENT combined ecosystem
effects of overfishing and
climate change
153 Presentations HAVFORSKNINGSINSTI  Impacts of climate/global 22/06/2009 3d GLOBEC OSM, Scientific community (higher 250 International
TUTTET change Canada education, Research)
154 Presentations UNIVERSITY OF CAPE Developing a science base 23/06/2009 3d GLOBEC OSM, Scientific community (higher 250 International
TOWN for the ecosystem approach Canada education, Research)
to South African fisheries.
155 Presentations UNIVERSITY OF CAPE Models for synthesis and 24/06/2009 3rd GLOBEC OSM, Scientific community (higher 100 International
TOWN communication: Expert Canada education, Research)
systems and frame-based
models as decision support
to
156 Presentations KLAIPEDOS 200 Years with Zebra 22/05/2009 IAGLR 52nd Scientific community (higher 150 International

UNIVERSITETAS

Mussel: Lessons Learned in
the SE Baltic Sea

International
Annual Conference
on Great Lakes

education, Research)
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Research, USA

157 Presentations HELLENIC CENTRE FOR  North Aegean Sea 13/05/2009 OSMOSE Scientific community (higher 30 International
MARINE RESEARCH Workshop, Sete, education, Research)
France
158 Presentations PLYMOUTH MARINE Modelling direct 11/05/2009 OSMOSE Scientific community (higher 30 EU
LABORATORY anthropogenic drivers on Workshop, Sete, education, Research)
the NW European Shelf France
159 Presentations  UNIVERSITETET | ECODDRIVE WP2, work 05/05/2009 ECODRIVE kickoff Scientific community (higher 50 EU
BERGEN package activities and meeting, Hamburg, education, Research)
related project activities Germany
from MEECE
160 Presentations UNIVERSITETET | Develop strategies to utilize 05/05/2009 2nd Lund Regional-  Scientific community (higher 50 EU
BERGEN regional climate scenarios scale Climate education, Research)
to understand marine Modelling
ecosystem response Workshop, Sweden
161 Presentations KLAIPEDOS Impacts of invasive 27/04/2009 HELCOM Scientific community (higher 20 International
UNIVERSITETAS phytoplankton species on Phytoplankton education, Research) - Policy
the Baltic Sea ecosystem in Expert Group makers
1980-2008 Meeting
162 Presentations UNIVERSITETET | Ocean surface heat flux 27/03/2009 Arctic Science Scientific community (higher 40 International
BERGEN variability in the Barents Summit Week education, Research)
Sea.
163 Presentations KLAIPEDOS Biological invasions in 17/03/2009 EuroCoML (Census Scientific community (higher 60 International
UNIVERSITETAS European seas: state-of- of Marine Life) education, Research)
the-art Synthesis meeting,
The Netherlands
164 Presentations HAVFORSKNINGSINSTI  Approaches to modelling 10/02/2009 Advances in Marine  Scientific community (higher 40 International

TUTTET

higher trophic levels

Ecological
Modelling Research
Workshop
(AMEMR),
Plymouth, UK

education, Research)
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165

Presentations

PLYMOUTH MARINE
LABORATORY

Coupling Lower and higher
trophic level models

11/02/2009

Advances in Marine
Ecological
Modelling Research
Workshop
(AMEMR),
Plymouth, UK

Scientific community (higher
education, Research)

40

International

166

Presentations

UNIVERSITAT
HAMBURG

Model Complexity and
Complex Adaptive Systems

10/02/2009

Advances in Marine
Ecological
Modelling Research
Workshop
(AMEMR),
Plymouth, UK

Scientific community (higher
education, Research)

40

International

167

Presentations

INSTITUT DE
RECHERCHE POUR LE
DEVELOPPEMENT

A size-based world:
modelling trophic
interactions in the
Benguela ecosystem using
OSMOSE-NPZD-ROMS

11/02/2009

Advances in Marine
Ecological
Modelling Research
Workshop
(AMEMR),
Plymouth, UK

Scientific community (higher
education, Research)

40

International

168

Presentations

INSTITUT DE
RECHERCHE POUR LE
DEVELOPPEMENT

OSMOSE

11/02/2009

Advances in Marine
Ecological
Modelling Research
Workshop
(AMEMR),
Plymouth, UK

Scientific community (higher
education, Research)

40

International

169

Presentations

BOLDING &
BURCHARD APS

Technical aspects of model
coupling

11/02/2009

Advances in Marine
Ecological
Modelling Research
Workshop
(AMEMR),
Plymouth, UK

Scientific community (higher
education, Research)

40

International

170

Presentations

HELLENIC CENTRE FOR

MARINE RESEARCH

Modelling higher trophic
groups — problems and
priorities from an
application point of view

11/02/2009

Advances in Marine
Ecological
Modelling Research
Workshop
(AMEMR),
Plymouth, UK

Scientific community (higher
education, Research)

40

International
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171 Presentations KLAIPEDOS Biological pollution: what it 19/02/2009 Workshop “Marine Scientific community (higher 40 EU
UNIVERSITETAS is and why it is called like Introduced species:  education, Research)
this? can they be good?”,
Bergen, Norway
172 Presentations UNIVERSITETET | Nordic Seas Acidification: 13/02/2009 Management plan Scientific community (higher 50 Norway
BERGEN Changes to the Marine for the Nordic Seas,  education, Research) - Policy
Carbon Dioxide System and Oslo, Norway makers
ecosystem response
173 Presentations  UNIVERSITETET | Southern Ocean 12/01/2009 5th Alexander von Scientific community (higher 50 International
BERGEN acidification: rates and Humoldt education, Research)
regionality with ecological Conference on
responses and climate Iphakade: Climate
feedbacks Changes and
African Earth
Systems, SA
174 Presentations  UNIVERSITETET | EU FP7 project MEECE 05/01/2009 Bjerknes Centre for  Scientific community (higher 40 Norway
BERGEN Climate Research education, Research)
Getaway
Workshop, Norway
175 Presentations KLAIPEDOS Biological invasions in 09/12/2008 Seminar on Scientific community (higher 50 EU
UNIVERSITETAS European seas: patterns European Marine education, Research) - Policy
and impacts Strategy and Issues ~ makers
at High Seas, France
176 Presentations  MIDDLE EAST Simulation of Anchovy- 10/11/2008 IMBER-IMBIZO, USA  Scientific community (higher 150 International
TECHNICAL Mnemiopsis regime shift. education, Research) - Policy
UNIVERSITY makers
177 Presentations  KLAIPEDOS Patterns and impacts of 12/11/2008 World Conference Scientific community (higher 200 International
UNIVERSITETAS bioinvasions in European on Marine education, Research) - Policy
coastal seas Biodiversity. makers
Valencia, Spain
178 Presentations  UNIVERSITETET | Operational fish larvae drift 06/11/2008 Opnet meeting, Scientific community (higher 40 Norway
BERGEN modelling - updates and Geilo, Norway education, Research)
validation
179 Presentations KLAIPEDOS Recent bio-invasion trends 05/11/2008 MALIAF Scientific community (higher 100 International

UNIVERSITETAS

in European coastal seas
and inland waters

International
Conference. Italy

education, Research)
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180 Presentations PLYMOUTH MARINE On the simulation of the 28/10/2008  PICES Science Scientific community (higher 50 International
LABORATORY impacts of multiple climatic Board, Dalian, China  education, Research) - Policy
and anthropogenic drivers makers
on marine
181 Presentations PLYMOUTH MARINE Some thoughts on 29/10/2008 PICES CCCC/ESSSAS Scientific community (higher 50 International
LABORATORY assessing the skill of marine Workshop, Dalian, education, Research) - Policy
ecosystem models China makers
182 Presentations UNIVERSITETET | Ocean acidification from 17/10/2008 Northern Dialogue Scientific community (higher 40 International
BERGEN increasing CO2: potential meeting, Ottawa, education, Research)
ecological consequences Canada
and climate feedbacks
183 Presentations UNIVERSITETET | Polar ocean acidification: a 15/10/2008 Southern Ocean Scientific community (higher 40 International
BERGEN bipolar view on changes to Biogeochemistry education, Research)
the marine carbon dioxide Meeting, University
system of Cape Town,
South Africa,
184 Presentations UNIVERSITETET | Ocean acidification effects 06/10/2008 The Oceansin a Scientific community (higher 100 International
BERGEN on iron speciation in high CO2 world I, education, Research) - Policy
seawater Monaco makers
185 Presentations  STICHTING DIENST Climate change, dynamic 26/09/2011 Aberdeen, Scotland  Scientific community (higher 200 International
LANDBOUWKUNDIG energy budgets and spatio- (UK) education, Research) - Industry
ONDERZOEK temporal dynamics - Policy makers
186 Presentations  STICHTING DIENST Climate change, dynamic 07/11/2011 ljmuiden, The Scientific community (higher 150 International
LANDBOUWKUNDIG energy budgets and spatio- Netherlands education, Research) - Industry
ONDERZOEK temporal dynamics - Policy makers
187 Presentations FUNDACION AZTI/AZTI  The potential use of a 27/04/2010 International Scientific community (higher 335 International
FUNDAZIOA Gadget model to predict Symposium of education, Research) - Policy
stock responses to climate Climate Change makers
change in combination with Effects on Fish and
Fisheries, Sendai,
Japan
188 Presentations HAVFORSKNINGSINSTI  Status and plans for 13/03/2012 ICES WGIPEM, Scientific community (higher 40 EU wide
TUTTET NORWECOM.E2E. Copenhagen education, Research) - Policy
makers
189 Presentations FUNDACION AZTI/AZTI Towards an End-to-End 05/04/2011 WGPBI annual Scientific community (higher 60 EU wide
FUNDAZIOA model for the Bay of Biscay meeting, San education, Research)

Sebastian, Spain
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190 Presentations HELLENIC CENTRE FOR  N. Aegean POM-ERSEM- 20/03/2012 OSMOSE workshop,  Scientific community (higher 30 several EU
MARINE RESEARCH OSMOSE Sete, France education, Research) Member States
191 Presentations HELLENIC CENTRE FOR  Simultaneous assimilation 13/03/2012 ICES working group  Scientific community (higher 30 EU wide
MARINE RESEARCH of fish catches and Chl-a (WGIPEM), education, Research)
data into an E2E marine Copenhagen
ecosystem model
192 Presentations HELLENIC CENTRE FOR  Testing the effect of 13/03/2012 ICES working group  Scientific community (higher 30 EUwide
MARINE RESEARCH movement module in (WGIPEM), education, Research)
anchovy IBM Copenhagen
193 Presentations INSTITUT DE Nitrogen transfers in the 17/09/2012 Invitation — Scientific community (higher 40 International
RECHERCHE POUR LE upwelling off Namibia Workshop at IOW education, Research)
DEVELOPPEMENT within the oxygen (Warnemiinde),
minimum zone Germany
194 Presentations INSTITUT DE The Benguela Upwelling 18/09/2012 Invitation — Scientific community (higher 30 International
RECHERCHE POUR LE System: Present versus Workshop at IOW education, Research)
DEVELOPPEMENT Future (IPSL forcing) (Warnemiinde),
Germany
195 Presentations INSTITUT DE Fishing ecosystems at 07/05/2012 Key note Scientific community (higher 200 International
RECHERCHE POUR LE Pretty Good Yields presentation at 6th education, Research) - Industry
DEVELOPPEMENT World Fisheries - Policy makers
Congress,
Edinburgh, Scotland
196 Presentations INSTITUT DE Biodiversity and 08/05/2012  6th World Fisheries  Scientific community (higher 200 International
RECHERCHE POUR LE conservation-based Congress, education, Research) - Industry
DEVELOPPEMENT indicators in a comparative Edinburgh, Scotland - Policy makers
framework to evaluate the
exploitation of marine
ecosystems
197 Presentations INSTITUT DE Relative effects of fishing 08/05/2012  6th World Fisheries  Scientific community (higher 200 International
RECHERCHE POUR LE and the environment on Congress, education, Research) - Industry
DEVELOPPEMENT ecological indicators Edinburgh, Scotland - Policy makers
198 Presentations UNIVERSITETET | Climate change 11/10/2011 Workshop on Scientific community (higher 100 International
BERGEN downscaling to marine Regional Climate education, Research)

ecosystems, lessons learnt
from downscaling exercises
of AR4 an

Modelling, Seoul,
Korea
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199 Presentations FUNDACION AZTI/AZTI  The potential use of a 26/04/2010 International Scientific community (higher 800 International
FUNDAZIOA Gadget model to predict Symposium of education, Research) - Policy
stock responses to climate Climate Change makers
change in combination with Effects on Fish and
Fisheries, Japan
200 Presentations UNIVERSITETET | Ocean acidification: 27/09/2011 Acidification in Scientific community (higher 100 International
BERGEN background, recent aquatic education, Research)
observations and future environments,
scenarios Norway
201 Presentations  UNIVERSITETET | Sensitivity of the Arctic 02/09/2011  World University Scientific community (higher 100 International
BERGEN from an observational, Network (WUN) education, Research)
experimental and modeling Workshop on
perspective Ocean Acidification,
USA
202 Presentations DANMARKS TEKNISKE  The relative roles of fishing 20/04/2011 ICES Annual Science  Scientific community (higher 500 International
UNIVERSITET and biological productivity Conference, education, Research) - Policy
in fish stock dynamics Gdansk, Poland makers
203 Presentations  UNIVERSITY OF CAPE TG2 Biodiversity and 18/11/2011 IndiSeas Working Scientific community (higher 40 International
TOWN conservation-based Group: second education, Research)
indicators in IndiSeas annual meeting,
Paris, France
204 Presentations  UNIVERSITETET | Synthesis/Review of the 17/01/2012 Bjerknes Centre, Scientific community (higher 40 Norway
BERGEN Downscaling Activities: Annual Getaway, education, Research)
Technical Considerations Norway
205 Presentations  UNIVERSITETET | Climate Change 17/01/2012  Bjerknes Centre, Scientific community (higher 40 Norway
BERGEN Downscaling to Marine Annual Getaway, education, Research)
Ecosystems Norway
206 Presentations UNIVERSITETET | Arctic Ocean acidification: 31/01/2012 Climate Expert Scientific community (higher 50 International
BERGEN gaps in knowledge and Group meeting, education, Research)
future directions Victoria, Canada
207 Presentations HAVFORSKNINGSINSTI NORWECOM.E2E. Quo 23/02/2012 ECODRIVE Scientific community (higher 30 EU wide
TUTTET vadis? workshop, education, Research)
Hamburg
208 Presentations  UNIVERSITETET | Bottom up controls of 23/02/2012 ECODRIVE final Scientific community (higher 30 EUwide
BERGEN regime shifts in North Sea meeting education, Research)

and Baltic Sea

70|Page




MEECE | Marine Ecosystem Evolution in a Changing Environment | 212085

209 Presentations  UNIVERSITETET | Climate Change 23/02/2012 ECODRIVE final Scientific community (higher 30 EU wide
BERGEN Downscaling to North Sea meeting education, Research)
and Baltic Sea Can we
produce meaningful
predictions?
210 Presentations HAVFORSKNINGSINSTI  The acidification sub 02/02/2012 Torsdagskollokvium  Scientific community (higher 30 Norway
TUTTET module in NORWECOM.E2E , Norway education, Research)
211 Presentations  UNIVERSITETET | Climate Change 23/02/2012 ECODRIVE final Scientific community (higher 30 EU wide
BERGEN Downscaling to North Sea meeting, Germany education, Research)
and Baltic Sea Can we
produce meaningful
predictions?
212 Presentations HAVFORSKNINGSINSTI NORWECOM.E2E. Quo 23/02/2012 ECODRIVE Scientific community (higher 30 EUwide
TUTTET vadis? workshop, education, Research)
Hamburg
213 Presentations HAVFORSKNINGSINSTI  Status and plans for 13/03/2012 ICES WGIPEM Scientific community (higher 30 EU wide
TUTTET NORWECOM.E2E. education, Research) - Policy
makers
214 Presentations HAVFORSKNINGSINSTI NORWECOM.E2E: Results 13/03/2012  ICES WGIPEM, Scientific community (higher 30 EUwide
TUTTET focusing on the calanus Denmark education, Research)
module
215 Presentations HELLENIC CENTRE FOR  Testing the effect of 13/03/2012  ICES working group Scientific community (higher 25 EU wide
MARINE RESEARCH movement module in (WGIPEM) education, Research)
anchovy IBM
216 Presentations HELLENIC CENTRE FOR  Simultaneous assimilation 13/03/2012  ICES working group Scientific community (higher 25 EU wide
MARINE RESEARCH of fish catches and Chl-a (WGIPEM) education, Research)
data into an E2E marine
ecosystem model
217 Presentations HELLENIC CENTRE FOR N. Aegean POM-ERSEM- 20/02/2012 OSMOSE workshop,  Scientific community (higher 30 International
MARINE RESEARCH OSMOSE France education, Research)
218 Presentations FUNDACION AZTI/AZTI  Changes in food web 11/04/2012  Xlll International Scientific community (higher 200 International
FUNDAZIOA structure induced by Symposium on education, Research)

different fishing strategies:
Application to Bay of Biscay

Oceanography of
the Bay of Biscay,
Spain

71| Page




MEECE | Marine Ecosystem Evolution in a Changing Environment | 212085

219 Presentations FUNDACION AZTI/AZTI Towards an End-to-End 11/04/2012 Xl International Scientific community (higher 200 International
FUNDAZIOA model in the Bay of Biscay Symposium on education, Research)
Oceanography of
the Bay of Biscay
220 Presentations UNIVERSITY OF CAPE Relative effects of fishing 10/05/2012  6th World Fisheries  Scientific community (higher 250 International
TOWN and the environment on Congress education, Research) - Industry
ecological indicators - Policy makers
221 Presentations  UNIVERSITY OF CAPE Biodiversity and 10/05/2012 6th World Fisheries  Scientific community (higher 250 International
TOWN conservation-based Congress education, Research) - Industry
indicators in a comparative - Policy makers
framework to evaluate the
exploitation of marine
ecosystems
222 Presentations  INSTITUT DE Fishing ecosystems at 09/05/2012 6th World Fisheries  Scientific community (higher 350 International
RECHERCHE POUR LE Pretty Good Yields - Congress education, Research) - Industry
DEVELOPPEMENT Keynote presentation - Policy makers
223 Presentations  SIR ALISTER HARDY Linking the impact 15/05/2012 2nd PICES/ICES/IOC  Scientific community (higher 500 International
FOUNDATION FOR environmental changes on Symposium On education, Research)
OCEAN SCIENCE clupeoid fish through the ‘Effect of climate
zooplankton: the example change on the
of No world’s ocean’
Korea
224 Presentations UNIVERSITA DEGLI Managing environmental 20/05/2013  SETAC 6th World Scientific community (higher 200 International
STUDI DEL PIEMONTE risk in marine coastal Congress/SETAC education, Research) - Policy
ORIENTALE AMEDEO systems: development of Europe 22nd makers
AVOGADRO an innovative expert Annual Meeting
decision Securing a
sustainable future:
Integrating
225 Presentations UNIVERSITY OF CAPE Biodiversity and 12/06/2012 Biodiversity Scientific community (higher 40 International
TOWN conservation-based Information education, Research)
indicators in a comparative Management

framework to evaluate the
exploitation of marine
ecoystems

Forum, Cape Town,
S. Africa
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226 Presentations HAVFORSKNINGSINSTI  Effects of interactions 15/08/2012 Climate-fish, Scientific community (higher 30 EU wide
TUTTET between fish populations Norway education, Research)
on ecosystem dynamics and
fish recruitment
227 Presentations HAVFORSKNINGSINSTI  Effects of climate change 17/09/2012  ICES Annual Science  Scientific community (higher 400 International
TUTTET on the Calanus complex in Conference, education, Research) - Policy
the Nordic Seas from Bergen, Norway makers
individual based model
simu
228 Presentations HAVFORSKNINGSINSTI  Progress with the 07/09/2012 BioFEEDBACK Scientific community (higher 40 International
TUTTET NORWECOM.E2E regional workshop education, Research)
model
229 Presentations INSTITUT DE The Benguela Upwelling 18/09/2012 Invitation — Scientific community (higher 40 EU wide
RECHERCHE POUR LE System: Present versus Workshop at IOW education, Research)
DEVELOPPEMENT Future (IPSL forcing) (Warnemiinde,
Germany)
230 Presentations INSTITUT DE Nitrogen transfers in the 17/09/2012 Invitation — Scientific community (higher 40 EU wide
RECHERCHE POUR LE upwelling off Namibia Workshop at IOW education, Research)
DEVELOPPEMENT within the oxygen (Warnemiinde,
minimum zone Germany)
231 Presentations HAVFORSKNINGSINSTI  Secondary productivity in 18/09/2012 ICES Annual Science  Scientific community (higher 400 International
TUTTET the Barents Sea - role of Conference, education, Research)
phytoplankton and climate Bergen, Norway
effects
232 Presentations HAVFORSKNINGSINSTI  Marine ecological 28/09/2012 DMC joint meeting Scientific community (higher 40 Denmark
TUTTET modelling with education, Research)
NORWECOM.E2E
233  Presentations HAVFORSKNINGSINSTI  Ecosystem response to 02/12/2012  Bjerknes SKD Scientific community (higher 40 Norway
TUTTET climate and high CO2 opening, Norway education, Research)
234 Presentations HAVFORSKNINGSINSTI  Ecosystem response to 02/12/2012 Bjerknes SKD Scientific community (higher 40 Norway
TUTTET climate and high CO2 opening, Norway education, Research)
235 Presentations  UNIVERSITETET | Impact of tides on primary 22/04/2009 EGU, Vienna, Scientific community (higher 200 International
BERGEN production in the North Sea Austria education, Research)
236 Posters PLYMOUTH MARINE MEECE Summer School 08/03/2011 MEECE Website, Scientific community (higher 4000 Global

LABORATORY

2011

mailing lists, various
websites

education, Research)
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237 Posters INSTITUT DE Nitrogen transfers in the 24/10/2011 Ocean Scientific community (higher 100 EU
RECHERCHE POUR LE Upwelling off Namibia deoxygenation and education, Research)
DEVELOPPEMENT within the Oxygen implications for
Minimum Zone using a 3-D marine
model biogeochemical
cycles and
ecosystems,
Touluse, France
238 Posters ALMA MATER Numerical modelling of 05/09/2011  5th European Scientific community (higher 100 EU
STUDIORUM- environmental and Phycological education, Research)
UNIVERSITA DI anthropogenic effects on Congress, Greece
BOLOGNA the diatom Skeletonema
marinoi
239 Posters PLYMOUTH MARINE Marine Ecosystem 27/06/2011 Advances in Marine  Scientific community (higher 200 International
LABORATORY Evolution in a Changing Ecosystem education, Research)
Environment (MEECE) Modelling
Research, Plymouth
UK
240 Posters PLYMOUTH MARINE Multi-decadal trends in a 27/06/2011 Advances in Marine  Scientific community (higher 200 International
LABORATORY regional marine ecosystem Ecosystem education, Research)
model: a skill analysis Modelling Research
(AMEMR),
Plymouth UK
241 Posters INSTITUT DE Physical and 27/06/2011 AMEMR, Plymouth,  Scientific community (higher 200 International
RECHERCHE POUR LE Biogeochemical processes UK education, Research)
DEVELOPPEMENT maintaining the Oxygen
Minimum Zone of the
Benguela Upwelling
242 Posters HELLENIC CENTRE FOR  An ensemble 27/06/2011 AMEMR, Plymouth,  Scientific community (higher 200 International
MARINE RESEARCH implementation of the Heo UK education, Research)
filter with application to a
coupled marine ecosystem
model
243  Posters UNIVERSITA DEGLI Combined Cu-temperature 16/05/2011 SETAC Europe 21st Scientific community (higher 100 EU

STUDI DEL PIEMONTE
ORIENTALE AMEDEO
AVOGADRO

effects in the
Mediterranean mussel
Mytilus galloprovincialis:
gene transcri

annual meeting.
Ecosystem
protectionina
sustainable world,

education, Research)
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Italy
244 Posters UNIVERSITETET | Deep water formation in 12/04/2011 IPY final Scientific community (higher 50 Norway
BERGEN the Barents Sea symposium, education, Research)
Tromso, Norway
245 Posters UNIVERSITY OF CAPE Developing a science base 05/04/2011  South African Scientific community (higher 50 South Africa
TOWN for implementation of the Marine Science education, Research)
ecosystem approach to Symposium,
fisheries in South Africa Grahamstown, SA
246 Posters UNIVERSITETET | Challenges in regional 27/04/2011 SARMA workshop, Scientific community (higher 50 Norway
BERGEN climate change Lund, Norway education, Research)
assessments on marine
ecosystems
247 Posters UNIVERSITETET | Effect of ocean acidification 25/01/2011 ARCTIC Frontiers Scientific community (higher 100 International
BERGEN and increased DOC supply conference, education, Research)
on Arctic pelagic marine Tromso, Norway
microbial communities
248 Posters MIDDLE EAST Implications of intensified 11/10/2010 IMBER IMBIZO I, Scientific community (higher 100 international
TECHNICAL stratification in the Black Crete, Greece education, Research)
UNIVERSITY Sea for nutrient cycling and
primary product
249 Posters UNIVERSITETET | Effect of ocean acidification 28/09/2010 EPOCA, BIOACID, Scientific community (higher 50 EU
BERGEN and increased DOC supply UKOA joint meeting  education, Research)
on Arctic pelagic marine
microbial communities
250 Posters UNIVERSITETET | Comparing Long Term 20/09/2010 ICES ASC, 2010, Scientific community (higher 100 International
BERGEN Changes in Primary and Nantes, France education, Research) - Policy
Secondary Production in makers
the North and Baltic Sea: A
Model
251 Posters KLAIPEDOS Identifying traits of invasive 15/09/2010 6th NEOBIOTA Scientific community (higher 100 International

UNIVERSITETAS

marine phytoplankton

Conference.
Biological Invasions

in a Changing World

- from Science to
Management, DK

education, Research) - Policy
makers
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252 Posters UNIVERSITA DEGLI Sub-lethal effects of copper 06/09/2010 27th Conference of  Scientific community (higher 100 EU
STUDI DEL PIEMONTE ~ combined with the European education, Research)
ORIENTALE AMEDEO temperature stress in the Society of
AVOGADRO marine mussel Mytilus Comparative
galloprov Biochemistry and
Physiology, Italy
253 Posters PLYMOUTH MARINE Maldi TOF profile of Mytilus 06/09/2010 27th Conference of  Scientific community (higher 100 EU
LABORATORY galloprovincialis the European education, Research)
haemolymph proteins Society of
Comparative
Biochemistry and
Physiology, Italy
254 Posters ALMA MATER Simulating the interannual 10/05/2010 39th CIESM Scientific community (higher 1000 EU
STUDIORUM- variability of the Adriatic Congress, Italy education, Research)
UNIVERSITA DI Sea ecosystem dynamics
BOLOGNA
255 Posters SIR ALISTER HARDY Distributional patterns in 22/02/2010 ASLO, Portland, USA  Scientific community (higher 200 International
FOUNDATION FOR the North Sea plankton education, Research)
OCEAN SCIENCE functional groups over the
last 50 years.
256 Posters INSTITUTO ESPANOL Effects of temperature, 22/02/2010 ASLO 2010, Scientific community (higher 200 International
DE OCEANOGRAFIA body size and reproductive Portland, USA education, Research)
strategies on planktonic
larval
257 Posters KLAIPEDOS Biogeochemical alteration 27/10/2009 BIOLIEF Scientific community (higher 150 International
UNIVERSITETAS of benthic environment by education, Research)
zebra mussel Dreissena
polymorpha (Pallas)
258 Posters UNIVERSITETET | Marine ecosystem 19/10/2009 NORKLIMA- Scientific community (higher 100 EU
BERGEN response to changing forskerkonferansen, education, Research)
climate (MERCLIM) — a Bergen, Norway
NORKLIMA project to study
future Arctic
259 Posters HELLENIC CENTRE FOR  Meece: Marine Ecosystem 05/10/2009  First CoralFish Scientific community (higher 50 EU

MARINE RESEARCH

Studies in a changing
environment

Science Meeting,
Greece

education, Research)
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260 Posters UNIVERSITA DEGLI Protein expression profile 15/09/2009 26th ESCPBnew Scientific community (higher 100 EU
STUDI DEL PIEMONTE  of Mytilus galloprovincialis (European Society education, Research)
ORIENTALE AMEDEO haemolymph and its of Comparative
AVOGADRO modifications following e Physiology and
Biochemistry)
Congress, Austria
261 Posters INSTITUT DE Comparing indicators 24/06/2009 3rd GLOBEC Open Scientific community (higher 150 International
RECHERCHE POUR LE across fished marine Science Meeting, education, Research)
DEVELOPPEMENT ecosystems: the IndiSeas Victoria, Canada
experience
262 Posters SIR ALISTER HARDY Spatio-temporal shift in the 26/01/2009 ASLO Aquatic Scientific community (higher 150 International
FOUNDATION FOR plankton trophic Sciences Meeting, education, Research)
OCEAN SCIENCE interactions in the North Nice, France
Sea in the last 50 years.
263 Posters UNIVERSITETET | Carbon to nutrient ratios in 26/01/2009 ASLO Aquatic Scientific community (higher 150 International
BERGEN marine seston: departures Sciences Meeting, education, Research)
from Redfield Nice France
264 Posters UNIVERSITETET | Resolving the Dynamics of 26/01/2009 ASLO Aquatic Scientific community (higher 150 International
BERGEN Phytoplankton Bloom Sciences Meeting, education, Research)
Phenology and Trophic Nice France
Transfer in Ecosystem
Models
265 Posters UNIVERSITETET | Are eastern boundary 06/10/2008 The Oceansin a Scientific community (higher 100 International
BERGEN upwelling systems good high CO2 world Il, education, Research) - Policy
analogues for a future high Monaco makers
co2 ocean?
266 Posters UNIVERSITETET | Observations of 06/10/2008 The Oceansin a Scientific community (higher 100 International
BERGEN acidification in the Weddell high CO2 world Il, education, Research) - Policy
Sea on a decadal time scale Monaco makers
267 Posters INSTITUT DE Nitrogen fluxes in the 20/02/2012  ASLO Ocean Science  Scientific community (higher 200 International
RECHERCHE POUR LE Namibian upwelling system meeting, Salt Lake education, Research)
DEVELOPPEMENT within the Oxygen City, USA

Minimum Zone : a 3-D
coupled
physical/biogeochemical
modeling approach
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268 Posters INSTITUT DE Influence of key parameters 20/02/2012  ASLO Ocean Science  Scientific community (higher 200 International
RECHERCHE POUR LE on processes associated meeting, Salt Lake education, Research)
DEVELOPPEMENT with the Oxygen Minimum City, USA
Zone in the upwelling
system
269 Posters INSTITUT DE Physical and 07/05/2012  SOLAS Open Scientific community (higher 150 International
RECHERCHE POUR LE Biogeochemical processes Science Conference, education, Research)
DEVELOPPEMENT maintaining the Oxygen Cle Elum,
Minimum Zone of the Washington state,
Benguela Upwelling USA
270 Posters INSTITUT DE Physical and 07/05/2012 SOLAS Open Scientific community (higher 350 International
RECHERCHE POUR LE Biogeochemical processes Science Conference  education, Research) - Policy
DEVELOPPEMENT maintaining the Oxygen makers
Minimum Zone of the
Benguela Upwelling
271 Posters FUNDACION AZTI/AZTI  Towards an End-to-End 12/04/2011 WGPBI annual Scientific community (higher 50 EU wide
FUNDAZIOA model for the Bay of Biscay meeting education, Research)
272 Posters INSTITUT DE Nitrogen transfers in the 24/10/2011 Ocean Scientific community (higher 60 EU wide
RECHERCHE POUR LE Upwelling off Namibia deoxygenation and education, Research)
DEVELOPPEMENT within the Oxygen implications for
Minimum Zone using a 3-D marine
model biogeochemical
cycles and
ecosystems, (Eur-
Oceans Conference)
273 Posters INSTITUT DE Physical and 24/10/2011 Ocean Scientific community (higher 60 International
RECHERCHE POUR LE Biogeochemical processes deoxygenation and education, Research)
DEVELOPPEMENT maintaining The Oxygen implications for
Minimum Zone of the marine
Benguela Upwelling biogeochemical
cycles and
ecosystems, (Eur-
Oceans Conference)
274 Posters INSTITUT DE Influence of key parameters 23/02/2012  ASLO Ocean Science  Scientific community (higher 500 International
RECHERCHE POUR LE on processes associated meeting, Salt Lake education, Research)
DEVELOPPEMENT with the Oxygen Minimum City, USA

Zone in the upwelling
system
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275 Posters INSTITUT DE Nitrogen fluxes in the 23/02/2012 ASLO Ocean Science  Scientific community (higher 500 International
RECHERCHE POUR LE Namibian upwelling system meeting, Salt Lake education, Research)
DEVELOPPEMENT within the Oxygen City, USA
Minimum Zone : a 3-D
coupled physical model
276 Posters INSTITUT DE Physical and 10/05/2012 SOLAS Open Scientific community (higher 200 International
RECHERCHE POUR LE Biogeochemical processes Science Conference, education, Research)
DEVELOPPEMENT maintaining the Oxygen Cle Elum,
Minimum Zone of the Washington state,
Benguela Upwelling USA
277 Posters UNIVERSITA DEGLI The use of protozoa in 22/05/2012 SETAC 6th World Scientific community (higher 200 International
STUDI DEL PIEMONTE  ecotoxicology: from Congress/SETAC education, Research)
ORIENTALE AMEDEO biological model to Europe 22nd
AVOGADRO environmental Annual Meeting
biomonitoring application Securing a
sustainable future
278 Posters UNIVERSITA DEGLI The use of protozoa in 20/05/2012 SETAC 6th World Scientific community (higher 200 International
STUDI DEL PIEMONTE  ecotoxicology: from Congress/SETAC education, Research)
ORIENTALE AMEDEO biological model to Europe 22nd
AVOGADRO environmental Annual Meeting
biomonitoring application Securing a
sustainable future
279 Posters PLYMOUTH MARINE Multi-stressor response of 25/09/2012 3rd Oceanin a high  Scientific community (higher 400 International
LABORATORY the planktonic ecosystem in CO2 world, education, Research)
the North-Western Monterey, USA
European Shelf
280 Thesis INSTITUT DE Cross-modelling of the 17/09/2010 France Scientific community (higher 0 France, South
RECHERCHE POUR LE Southern-Benguela education, Research) Africa
DEVELOPPEMENT ecosystem: sensitivity and
relevance of a modelisation
with Eco Troph
281 Thesis UNIVERSITETET | Spatial interactions 30/09/2010 Norway Scientific community (higher 0 Norway
BERGEN between pelagic fish in the education, Research)
Norwegian Sea
282 Thesis HELLENIC CENTRE FOR  End-to-end analysis of the 21/01/2013 Middle East Scientific community (higher Turkey
MARINE RESEARCH Black Sea ecosystem during Technical education, Research)

1960-2010

University, Institute
of Marine Science,
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Turkey
283 Thesis UNIVERSITY OF CAPE Robben Island Penguin 10/01/2012  University of Cape Scientific community (higher South Africa
TOWN Pressure Model: A Decision Town education, Research)
Support Tool for an
Ecosystems Approach to
Fisheries
284 Thesis ALMA MATER Phytoplankton response to 04/02/2013 Alma Mater Scientific community (higher Italy
STUDIORUM- environmental variables Studiorum, education, Research)
UNIVERSITA DI and organic pollutants. University of
BOLOGNA Laboratory cultures and Bologna, Italy
numerical simulations
experiments
285 Thesis MIDDLE EAST The impact of climate 06/10/2011 Middle East Scientific community (higher Turkey
TECHNICAL variability on the physical Technical education, Research)
UNIVERSITY properties of the black sea University, Institute
for the period 1971 of Marine Science.
Turkey
286 Thesis UNIVERSITY OF CAPE Evaluating the 01/08/2013 MA-RE Institute, Scientific community (higher South Africa
TOWN implementation efficacy of University of Cape education, Research)
an Ecosystems Approach to Town, South Africa.
Fisheries management in
the Southern Benugla
287 Thesis KLAIPEDOS Habitat engineering role of 14/07/2009 Klaipeda University.  Scientific community (higher Lithuania

UNIVERSITETAS

the invasive bivalve
Dreissena polymorpha
(Pallas, 1771) in the boreal
lagoon system

Klaipeda. Lithuania

education, Research)
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2.1.2 Peer reviewed publications relating to MEECE foreground

No. [\ ET] Title of Number, Publisher Place of Year of Relevant Open
author the date or publication publication pages access
periodical frequency
or the
series
1 Faking Giants: The Acuia JL Science Vol. 333 American USA 16/09/2011 1627-1629 10.1126/science  No
Evolution of High Prey no. 6049 Association .1205134
Clearance Rates in for the
Jellyfishes Advanceme
nt of
Science
2 Impacts of Fishing Smith DM Science Vol. 333 American USA 26/08/2011 1147-1150 10.1126/science  No
Low-Trophic Level no. 6046 Association .1209395
Species on Marine for the
Ecosystems Advanceme
nt of
Science
3 Status of Biodiversity Ojaveer H PLoS ONE 5(9) Public Cambridge, 01/09/2010 e12467 10.1371/journal  Yes
in the Baltic Sea Collection: Library of UK .pone.0012467
Marine Science
Biodiversity and
Biogeography
Regional
Comparisons of
Global Issues
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Methodological Ojaveer H PLoS ONE 6(4) Public Cambridge, 29/04/2011 e19231 10.1371/journal  Yes
Challenges in Library of UK .pone.0019231
Assessing the Science

Environmental Status

of a Marine

Ecosystem: Case Study

of the Baltic Sea

Long-Term Teunis PLoS One 06-Jul  Public 21/06/2012 e38758 - 10.1371/journal No
Retrospective Analysis  Jansen Library of .pone.0038758

of Mackerel Spawning Science

in the North Sea: A

New Time Series and

Modeling Approach to

CPR Data

Gene Expression Mohamed PLoS One 05-Jun  Public 05/05/2011 e18904 - 10.1371/journal  Yes
Rhythms in the Mussel  Banni Library of .pone.0018904
Mytilus Science

galloprovincialis (Lam.)

across an Annual Cycle

Projected 21st century  Steinacher Biogeosciences Vol:7 COPERNICU Germany 01/02/2010 979-1005 No
decrease in marine Issue:3 S

productivity: a multi- GESELLSCH

model analysis AFT MBH

Seasonal variation in H. Frigstad Biogeosciences 10-Aug European 31/01/2011 2917-2933 10.5194/bg-8- Yes
marine C:N:P Geoscience 2917-2011
stoichiometry: can the s Union

composition of seston
explain stable Redfield
ratios?
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Detection of
anthropogenic climate
change in satellite
records of ocean
chlorophyll and
productivity

Henson SA

Biogeosciences

European
Geoscience
s Union

13/04/2010

621-640

No

10

Multiple stressors of
ocean ecosystems in
the 21st century:
projections with
CMIP5 models

Bopp L

Biogeosciences
Discussions

02-Oct

European
Geoscience
s Union

01/01/2013

3627 - 3676

10.5194/bgd-
10-3627-2013

Yes

11

Oceanic controls on
the primary
production of the
northwest European
continental shelf
under recent past and
potential future
conditions

Holt )

Biogeosciences
Discuss

Copernicus
Publication
s

Germany

11/08/2011

8383—-8422

10.5194/bg-9-
97-2012

Yes

12

Multi-decadal
variability and trends
in the temperature of
the northwest
European continental
shelf: A model-data
synthesis

Holt )

Progress in
Oceanography

12/09/2012

10.1016/].pocea
n.2012.08.001

Yes

13

The potential impacts
of climate change on
the hydrography of the
northwest European
continental shelf

Holt )

Progress in
Oceanography

86

PERGAMO
N-ELSEVIER
SCIENCE
LTD

OXFORD,
UK

29/09/2010

361-379

10.1016/j.pocea
n.2010.05.003

No
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http://dx.doi.org/10.1016/j.pocean.2012.08.001
http://dx.doi.org/10.1016/j.pocean.2012.08.001
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14

Developing a science
base for
implementation of the
ecosystem approach
to fisheries in South
Africa

Shannon LJ

Progress In
Oceanography

Volume
87, Issues
1-4

Elsevier

The
Netherland
s

30/09/2010

289-303

10.1016/j.pocea
n.2010.08.005

No

15

Long-term trends in
carbon, nutrients and
stoichiometry in
Norwegian coastal
waters: evidence of a
regime shift?

Frigstad H

Progress in
Oceanography

In press

Elsevier
Limited

30/04/2013

In press

No

16

The use of multiple
endpoints to assess
cellular responses to
environmental
contaminants in the
interstitial marine
ciliate Euplotes crassus

Gomiero A

Aquatic
Toxicology

114-115

Elsevier

15/06/2012

206-216

10.1016/j.aquat
0x.2012.02.030.

No

17

Combined effects of
the herbicide
terbuthylazine and
temperature on
different flagellates
and a diatom from the
Northern Adriatic Sea

Fiori E

Aquatic
Toxicology

128-129

Elsevier

06/02/2013

79-90

No

18

Comment:
Temperature,
nutrients, and the size-
scaling of
phytoplankton growth
inthe sea

Sal S

Limnol. Oceanogr.

56(5)

1952-1955

10.4319/10.201

Yes
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19 Bridging marine Salihoglu B Journal of Marine 13/07/2012 10.1016/j.jmars  Yes
ecosystem and Sciences ys.2012.07.005
biogeochemistry
research: lessons and
recommendations
from comparative
studies

20 The potential use of a Andonegi E ICES Journal of OXFORD OXFORD, 25/04/2011 1257-1269 10.1093/icesims No
Gadget model to Marine Science UNIV PRESS UK fsr087
predict stock
responses to climate
change in combination
with Bayesian
networks: the case of
Bay of Biscay anchovy

21 Spatiotemporal Arthun M Journal of Marine Volumes 0.1016/j.jmarsy  40-50
variability of air-sea Systems 98-99 s.2012.03.005
CO2 fluxes in the
Barents Sea, as
determined from
empirical relationships
and modeled
hydrography

22 Ocean surface heat Arthun M Journal of Marine Volume 83, Elsevier The 28/10/2010 10.1016/j.jmars 88-98
flux variability in the Systems Issues 1-2 Netherland ys.2010.07.003
Barents Sea s

23 Trend analysis of Blanchard JL  ICESJOURNAL OF Vol. 64 OXFORD OXFORD, 07/01/2010 732-744 10.1093/icesims No
indicators: a MARINE SCIENCE Issue 4 UNIV PRESS UK fsp282
comparison of recent
changes in the status
of marine ecosystems
around the world

24 The good(ish), the bad, Bundy A ICES JOURNALOF  Vol:67 OXFORD OXFORD, 06/01/2010 745-768 10.1093/icesims No
and the ugly: a MARINE SCIENCE  Issue:4 UNIV PRESS UK fsp283
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http://dx.doi.org/0.1016/j.jmarsys.2012.03.005
http://dx.doi.org/0.1016/j.jmarsys.2012.03.005
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tripartite classification
of ecosystem trends

25

Ranking the ecological
relative status of
exploited marine
ecosystems

CollM

ICES JOURNAL OF
MARINE SCIENCE

Vol:67
Issue:4

OXFORD
UNIV PRESS

OXFORD,
UK

03/05/2010

769-786

10.1093/icesjms
fsp261

No

26

Relating marine
ecosystem indicators
to fishing and
environmental drivers:
an elucidation of
contrasting responses

Link J

ICES JOURNAL OF
MARINE SCIENCE

Vol:67
Issue:4

OXFORD
UNIV PRESS

OXFORD,
UK

04/05/2010

787-795

10.1093/icesjms
fsp258

No

27

Comparing data-based
indicators across
upwelling and
comparable systems
for communicating
ecosystem

Shannon

ICES Journal of
Marine Science

Vol:67
Issue:4

Oxford
Journals

OXFORD,
UK

04/05/2010

807-832

10.1093/icesjms
fsp270

No

28

Using indicators for
evaluating, comparing,
and communicating
the ecological status of
exploited marine
ecosystems 1. The
IndiSeas project

Shin Y-J

ICES JOURNAL OF
MARINE SCIENCE

Vol:67

Oxford
Journals

OXFORD,
UK

04/05/2010

686-691

No

29

Using indicators for
evaluating, comparing,
and communicating
the ecological status of
exploited marine
ecoystems 2. Setting
the scene

Shin Y-J

ICES JOURNAL OF
MARINE SCIENCE

Vol:67

Oxford
Journals

OXFORD,
UK

04/05/2010

692-716

10.1093/icesims
[fsp273

No

30

Can simple be useful
and reliable? Using

Shin Y-J

ICES JOURNAL OF
MARINE SCIENCE

Vol:67
Issue:4

Oxford
Journals

OXFORD,
UK

04/05/2010

717-731

10.1093/icesjms
fsp287

No
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http://dx.doi.org/10.1093/icesjms/fsp287
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ecological indicators to
represent and
compare the states of
marine ecosystems

31 Quantifying relative Vinther M ICES Journal of NA Oxford 23/01/2013 published 10.1093/icesims  Yes
fishing impact on fish Marine Science University online [fst001
populations based on Press
spatio-temporal
overlap of fishing
effort and stock
density
32 Food availability Acheampong MARINE 428 Inter- Germany 13/05/2011 151-159 10.3354/meps0  Yes
effects on E ECOLOGY Research 9061
reproductive strategy: PROGRESS SERIES
the case of Acartia
tonsa (Copepoda:
Calanoida)
33 Linking physiology to Allen JI J. Plankton Res 33(7) 989-997 10.1093/plankt/ No
ecology: Towards a fbro32
new generation of
plankton models
34 Marine Environment & Allen JI Royal Society of Vol. 33. RSC Cambridge, 07/09/2011 May-30 No
Human Health: An Chemistry IEST Publishing UK
Overview; in Marine
Environment and
Human Health
35 Dense Water Arthun, M Deep Sea 58 PERGAMO OXFORD, 08/06/2011 801-817 10.1016/j.dsr.20 Yes
formation and Research | N-ELSEVIER UK 11.06.001
circulation in the SCIENCE
Barents Sea LTD
36 Air-sea CO2 fluxesin Arthun M Journal of Vol 98 Elsevier 02/04/2012 40-50 10.1016/j.jmars  No

the Barents Sea as
determined from
empirical relationships

Marine Systems

ys.2012.03.005
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http://dx.doi.org/10.3354/meps09061
http://dx.doi.org/10.1093/plankt/fbr032
http://dx.doi.org/10.1093/plankt/fbr032
http://dx.doi.org/10.1016/j.dsr.2011.06.001
http://dx.doi.org/10.1016/j.dsr.2011.06.001
http://dx.doi.org/10.1016/j.jmarsys.2012.03.005
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37 The carbonate system  Artioli Y Journal of Marine  102-104 Jan-13  10.1016/j.jmars No
of the NW European Systems ys.2012.04.006
shelf: sensitivity and
model validation

38 Resolving frontal Barthel K Ocean 10/12/196 Springer 01/12/2012 1457 -1470 10.1007/s10236 No
structures: on the Dynamics 2 Verlag -012-0578-9
payoff using a less
diffusive but
computationally more
expensive advection
scheme

39 Influence of mitigation Bernie D Geophysical VOL. 37, American Washington 07/08/2010 5 PP 10.1029/2010G  No
policy on ocean Research Letters L15704 Geophysica DC, USA L043181
acidification. I Union

40 Does operational Berx B Oceanography 24  The Rockville, 14/03/2011 166-171 10.5670/oceano Yes
oceanography address Oceanogra  MD, USA g.2011.14
the needs of fisheries phy Society
and applied
environmental
scientists?

41 Predicting the impacts  Blackford JC  Journal of Marine  Volume ELSEVIER The 30/04/2010 Dec-18 10.1016/j.jmars No
of ocean acidification: Systems 81, Issues SCIENCE BV  Netherland ys.2009.12.016
challenges from an 1-2 s
ecosystem perspective

42 Implementation of the Borja A Marine Pollution 62, Issue: 5 ELSEVIER Oxford, UK 19/04/2011 889-904 10.1016/j.marp  No
European Marine Bulletin Ltd olbul.2011.03.0
Strategy Framework 31
Directive: a
methodological
approach for the
assessment of
environmental status,
from the Basque
Country (Bay of Biscay)

43 Global assessments of  Bundy A Current Opinion 4 292-299 10.1016/j.cosus  Yes

88|Page



http://dx.doi.org/10.1016/j.jmarsys.2012.04.006
http://dx.doi.org/10.1016/j.jmarsys.2012.04.006
http://dx.doi.org/10.1007/s10236-012-0578-9
http://dx.doi.org/10.1007/s10236-012-0578-9
http://dx.doi.org/10.1029/2010GL043181
http://dx.doi.org/10.1029/2010GL043181
http://dx.doi.org/10.5670/oceanog.2011.14
http://dx.doi.org/10.5670/oceanog.2011.14
http://dx.doi.org/10.1016/j.jmarsys.2009.12.016
http://dx.doi.org/10.1016/j.jmarsys.2009.12.016
http://dx.doi.org/10.1016/j.marpolbul.2011.03.031
http://dx.doi.org/10.1016/j.marpolbul.2011.03.031
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the status of marine
exploited ecosystems
and their
management: what
more is needed?

in Environmental
Sustainability

1.2012.05.003

44 Sensitivity of a marine  Butenschon  Ocean Modelling  52-53 17/04/2012 36-53 10.1016/j.ocem No
coupled physical M 0d.2012.04.008
biogeochemical model
to time resolution,
integration scheme
and time splitting
method

45 Towards an integrated  Christensen Ocean Science 02-Sep European 03/01/2012 1437 -1479 10.5194/0sd-9-  Yes
forecasting system for A Discussions Geoscience 1437-2012
pelagic fisheries s Union

46 Towards an integrated  Christensen Ocean Science 9 European 18/02/2013 261-279 Yes
forecasting system for A Geosciences
fisheries on habitat- Union
bound stocks

47 Climate Change Chust G Climate Research 48 Inter- 31/07/2010 307-332 10.3354/cr0091  Yes
impacts on the coastal Research 4
and pelagic Science
environments in the Center
southeastern Bay of
Biscay

48 Towards a more Daewel U Fisheries Volume 20  Blackwell UK 19/09/2011 0 10.1111/j.1365- Yes
complete Oceanography Issue 5 Publishing 2419.2011.0059
understanding of the Ltd 7.x

life cycle of brown
shrimp (Crangon
crangon): modelling
passive larvae and
juvenile transport in
combination with
physically forced
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vertical juvenile
migration

49 Life history strategy Daewel U Canadian Journal  68:(3) NRC Ottowa, 18/02/2011 426-443 10.1139/F10- Yes
and impacts of of Fisheries and Research Canada 164
environmental Aquatic Sciences Press
variability on early life
stages of two marine
fishes in the North
Sea: an individual-
based modelling
approach
50 Sub-lethal effects of Dagnino Comparative Volume 01/09/2010 S38-S39 10.1016/j.cbpa. Yes
copper combined with Biochemistry and 157, 2010.06.111
temperature stress in Physiology Part A:  Supplemen
the marine mussel Molecular and t1
Mytilus Integrative
galloprovincialis Physiology
51 How should sparse in de Mora L Geosciences 03-May Korean 24/04/2013 2311-2345 10.5194/gmdd- No
situ measurements be Journal Association 5-2311-2012
compared to of
continuous model Geoscience
data? Societies
52 Application of an Duboz R Ecological Volume ELSEVIER The 08/01/2011 840-849 10.1016/j.ecolm No
evolutionary algorithm Modelling 221,Issue  SCIENCE BV  Netherland odel.2009.11.02
to the inverse 5 s 3
parameter estimation
of an individual-based
model
53 Why is the eastern Eero M Marine Policy vol. 36, Elsevier Ltd The 31/08/2011 235-240 10.1016/j.marp  No
Baltic cod recovering? issue 1 Netherland 0l.2011.05.010
s
54 The state and relative Eero M Ecological Jan-15 Elsevier 01/04/2012 248 -252 10.1016/j.ecolin  Yes
importance of drivers Indicators d.2011.09.035

of fish population
dynamics: An
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indicator-based
approach

55

Spatial management
of marine resources
can enhance the
recovery of predators
and avoid local
depletion of forage
fish

Eero M

Conservation
Letters

06-May John Wiley

& Sons Inc.

01/12/2012 486 -492

10.1111/j.1755-
263X.2012.0026

6.x

Yes

56

Fishing-induced
evolution of growth:
concepts, mechanisms
and the empirical
evidence

Enberg K

Marine Ecology

Vol. 33,
Issue 1

30/03/2012

Jan-25

10.1111/j.1439-
0485.2011.0046

0.x

Yes

57

Fish recruitment
prediction, using
robust supervised
classification methods

Fernandes JA

ECOLOGICAL
MODELLING

Vol:221
Issue:2

ELSEVIER

The

SCIENCE BV  Netherland

S

23/01/2010 338-352

10.1016/j.ecolm
0del.2009.09.02

0

58

Supervised pre-
processing approaches
in multiple class
variables classification
for fish recruitment
forecasting

Fernandes JA

Environmental
Modelling and
Software

40 Elsevier BV

19/02/2013 245-254

No

59

The use of protozoa in
ecotoxicology:
application of multiple
endpoint tests on the
ciliate E. crassus for
the evaluation of
sediment quality in
marine coastal
ecosystems

Gomiero A

Science of the
Total
Environment

442  Elsevier

01/01/2013 534-544

No

60

Modelling secondary
production in the

Hjollo SS

Marine Biology
Research

Vol. 8, N.
5-6

25/04/2012 508-526

10.1080/17451
000.2011.64280

Yes
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(65}

Norwegian Sea with a
fully coupled
physical/primary
production/individual-
based Calanus
finmarchicus model
system

Increased Kamel N Archives of 63(4) Springer New 19/08/2012 534-543 Yes
Temperatures Affect Environmental York

Oxidative Stress Contamination

Markers and and Toxicology

Detoxification

Response to

Benzo[a]Pyrene

Exposure in Mussel

Mytilus

galloprovincialis

Modeling growth of Kristiansen T DEEP-SEA Vol:56 PERGAMO OXFORD, 30/10/2009 2001-2011 10.1016/j.dsr2.2  No
larval cod (Gadus RESEARCH PART Issue:21- N-ELSEVIER UK 008.11.011

morhua) in large-scale 1I-TOPICAL 22 SCIENCE

seasonal and STUDIES IN LTD

latitudinal OCEANOGRAPH

environmental g

Ecological forecasting Lindergren Proc. R. Soc. B Royal http://rspb.  17/03/2010 - 10.1098/rspb.2  No
under climate change: Society royalsociety 010.0353
the case of Baltic cod Publishing publishing.

org/

Effect of ocean Manno C Polar Biology Sep-35 Springer 01/09/2012 1311-1319 10.1007/s00300 Yes
acidification and Verlag -012-1174-7
temperature increase

on the planktonic

foraminifer

Neogloboquadrina

pachyderma (sinistral)

Weaving marine food Moloney C Journal of Marine  Volume 106-116 10.1016/j.jmars  No
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webs from end-to— Systems 84, Issues ys.2010.06.012
end under global 3-4
change

66 Marine snow, Moller KO Marine Ecology - 468 Inter- 17/10/2012 57-69 10.3354/meps0  No
zooplankton and thin Progress Series Research 9984
layers: indications of a
trophic link from
small-scale sampling
with the Video
Plankton Recorder

67 Increasing importance  Moran XAG Global Change 2010 Blackwell Oxford, UK 07/04/2009 1137-1144 10.1111/j.1365- Yes
of small phytoplankton Biology Volume: Publishing 2486.2009.0196
in a warmer ocean 16, Issue: 3 Ltd 0.x

68 Biological invasion Narscius A Ecological 01-Jul  Elsevier 01/01/2012 46-51 10.1016/j.ecoinf Yes
impact assessment Informatics .2011.11.003
system: From idea to
implementation

69 Assessing impacts of Olenina | Marine Pollution Volume ELSEVIER OXFORD, 29/07/2010 1691-1700 10.1016/j.marp  No
invasive Bulletin 60, Issue Ltd UK olbul.2010.06.0
phytoplankton: The 10 46
Baltic Sea case

70 Recommendations on Olenin S Marine Pollution Volume 62 2598-2604 10.1016/i.marp  No
methods for the Bulletin olbul.2011.08.0
detection and control 11
of biological pollution
in marine coastal
waters

71 Maldi TOF profile of Peric L Comparative 157A ELSEVIER The 01/09/2010 S46 Yes
Mytilus Biochemistry and  (1/Suppl.) Netherland
galloprovincialis Physiology s
haemolymph proteins

72 End-To-End Models for Rose KA Marine and 2 American USA 19/04/2010 115-130 No
the Analysis of Marine Coastal Fisheries: Fisheries
Ecosystems: Dynamics, Society
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Challenges, Issues, and Management,
Next Steps and Ecosystem
Science
73 Surface mixing and Rossi V Nonlin. Processes 16 Copernicus Germany 27/08/2009 557-568 No
biological activity in Geophys Publication
the four Eastern s
Boundary Upwelling
Systems
74 Jellyfication of Marine Roux JP Bulletin of Jan-89 Rosenstiel 01/01/2013 249-284 10.5343/bms.20  Yes
Ecosystems as a Likely Marine Science School of 11.1145
Consequence of Marine and
Overfishing Small Atmospheric
Pelagic Fishes: Lessons Science
from the Benguela
75 Control mechanisms Salihoglu B Journal of Marine  Volume ELSEVIER The 28/04/2011 55-65 10.1016/j.jmars  Yes
on the ctenophore Systems 87,Issuel  SCIENCE BV  Netherland ys.2011.03.001
Mnemiopsis S
population dynamics:
A modeling study
76 The invasive Schaber M Journal of Jul-33  Oxford 01/07/2011 1053 - 1065 10.1093/plankt/ No
ctenophore Plankton University fbql67
Mnemiopsis leidyi in Research Press
the central Baltic Sea:
seasonal phenology
and hydrographic
influence on spatio-
temporal distribution
patterns
77 North Sea sensitivity Skogen MD Journal of Marine  Volume ELSEVIER The 28/01/2011 106-114 10.1016/j.jmars  No
to atmospheric forcing Systems 85, Issues SCIENCE BV  Netherland ys.2010.12.008
3-4 s
78 Global in scope and Shin Y-J Reviews in Fish 22(3) Springer 06/01/2012 835-845 Yes
regionally rich: an Biology and Netherlands
IndiSeas workshop Fisheries

helps shape the future
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of marine ecosystem
indicators

79

Global in scope and
regionally rich: an
IndiSeas workshop
helps shape the future
of marine ecosystem
indicators

Shin Y-J

Rev Fish Biol
Fisheries

10.1007/s11160
-012-9252-z

Yes

80

Bio-energetics
underpins spatio-
temporal dynamics in
North Sea plaice
(Pleuronectes platessa
L.)

Teal LR

ICESCM 2010/L:06  ICES

Denmark

26/11/2010

Jan-17

Yes

81

Ecosystem flow
dynamics in the Baltic
Proper—Using a multi-
trophic dataset as a
basis for food—web
modelling

Tomczak MT

Ecological 230

Modelling

123-147

10.1016/j.ecolm
odel.2011.12.01

4

82

Ecological network
analysis: indicators of
foodweb changes in
the Baltic Sea

Tomczak

Vol. P:04
2009

ICESCM ICES

http://www  30/09/2009

.ices.dk/

Jan-26

No

83

Changes in food web
structure under
scenarios of
overfishing in the
southern Benguela:
Comparison of

Travers

Vol:79
Issuel-2

ELSEVIER
SCIENCE BV

Journal of Marine
Systems

The
Netherland
s

29/01/2010 101-111

10.1016/j.jmars
ys.2009.07.005

84

Inter-annual
productivity variability
in the North Aegean
Sea: influence of
thermohaline

Tsiaras K

Journal of Marine  96-97

Systems

72-81

10.1016/j.jmars
ys.2012.02.003
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circulation during the
Eastern
Mediterranean
Transient

85

Bio-energetics
underpins the spatial
response of North Sea
plaice (Pleuronectes
platessa L.) and sole (
Solea solea L.) to
climate change

Teal LR

Global Change
Biology

Nov-18

Blackwell
Publishing

01/11/2012

3291 -3305

10.1111/j.1365-

2486.2012.0279

5.x

No

86

Estimating the
horizontal and
temporal overlap of
pelagic fish
distribution in the
Norwegian Sea using
individual-based
modelling

Utne KR

Marine Biology
Research

Taylor and
Francis Ltd.

25/04/2012

548-567

No

87

Estimating the
consumption of
Calanus finmarchicus
by planktivorous fish in
the Norwegian Sea
using a fully coupled
3D model system

Utne KR

Marine Biology
Research

Vol 8 Issue
5-6

Taylor and
Francis Ltd.

01/06/2012

527 -547

10.1080/17451
000.2011.64280
4

No

89

Temperature effects
on the heterotrophic
bacteria,
heterotrophic
nanoflagellates, and
microbial top
predators of the NW
Mediterranean

Vazquez-
Dominguez E

Aquatic Microbial
Ecology

Feb-67

Inter-
Research

02/10/2012

107-121

10.3354/ame01
283

Yes

90

The emergence of

Vichi M

GLOBAL

VOL. 25

AGU USA

17/05/2011

17

10.1029/2010G

No
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ocean biogeochemical
provinces: a
quantitative
assessment and a
diagnostic for model
evaluation

BIOGEOCHEMICA
L CYCLES

B003867

91 Biogeochemical Zaiko A OCEANOLOGIA 52 (4) Polish Poland 28/10/2010 649-667 Yes
alteration of the Academy of
benthic environment Sciences
by the zebra mussel
Dreissena polymorpha
(Pallas)

92 Assessment of Zaiko A Biological Volume: Springer USA 28/12/2010 1739-1765 10.1007/s10530 No
bioinvasion impacts on Invasions 13, Issue: 8 -010-9928-z
a regional scale: a
comparative approach

93 Density effects onthe  Zaiko A Hydrobiologia 1/680 Springer 01/01/2012 79-89 10.1007/s10750 No
clearance rate of the Netherland -011-0904-0

zebra mussel

Dreissena polymorpha:

flume study results

S
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2.2 Exploitable foreground
No applications for patents, trademarks, registered designs, etc. have been made by the MEECE project.

The exploitable foreground form the MEECE project is specified in the table below. It falls under the
category of general advancement of knowledge. It can be broadly categorised as 1) model code and
parameterisations, 2) model simulations, 3) management relevant tools and 4) Synthesised information.
The knowledge and tools developed in MEECE will be exploited in a number of ways within the
framework of the MEECE IP agreements. It is anticipated that the exploitation for foreground will be
primarily for future research; at the time of writing no commercial exploitation is expected.

The partner organisations are making direct utilisation of the foreground for further research EC (e.g. My
Ocean Il, OPEC, VECTORS, DEVOTES, Euro-BASIN) and national funding opportunities. The suite of MEECE
models are in the public domain and either under licence (EwE and OSMOSE) or available from the MEECE
website for indirect exploitation in research. The original model data sets are available from the
organisations that produced them. One specific avenue MEECE is exploiting is GMES. GMES is a joint
initiative of the European Commission and the European Space Agency, designed to establish a European
capacity for the provision and use of operational information for Global Monitoring of Environment and
Security. The move towards the operational phase of GMES through the Marine Core Services which will
“deliver regular and systematic reference information (processed data, elaborated products) on the state
of the oceans and regional seas: at the resolution required by intermediate users & downstream service
providers, of known quality and accuracy, for the global and European regional seas”. The MEECE
regional modelling tools along with the associated methodologies for downscaling and simulation
assessment are being exploited both in new national and European research programs and through the
GMES Marine Core service through the development of Operational Ecology. The inclusion of end-to-end
models and multiple drivers will revolutionise our capability to monitor and forecast marine ecosystems.
In the longer term the tools and knowledge base of MEECE should to add value to core GMES products
through the provision of MSFD relevant ‘downstream services’.

Selected synthesised outputs from the MEECE model situations are via the MEECE atlas and the Indi Seas
website, both of which provide a synthesis of ecosystem states and ecological indicators; the information
is freely available for use by third parties.

MEECE has developed a number of decision support and management strategy evaluation tools which
address management questions in the context of the interactions between climate, fishing, pollution, NIS,
eutrophication. The foreground owning organisations (DTU, AZTI, SDLO, Cefas, KORPI, UPiedmont) are
directly involved in the implementation of the MSFD at a national level and are making direct utilisation of
the foreground for further research; the next step being the practical application of such systems to
develop management strategies which are robust to changes in environmental drivers. For example the
BINPAS system is being used to make assessment for MSFD Descriptor 2, Non indigenous species.
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2.2.1 Table of exploitable foreground

Type of Exploitable Confiden Foreseen Exploitable Sector(s) Timetable for Patents or other Owner & Other
exploitable Foreground tial embargo product(s) or of commercial use or IPR exploitation Beneficiary(s)
foreground (description) date measure(s) applicatio  any other use (licenses) involved
n
General Ecopath with No Claibrated Science NA NA Cefas
advancement Ecosim ‘key run’ model,
of knowledge published in
ICES WGSAM
report 2011
General Coupled Model  No Downloadable Science NA Open Source Cefas, BB and
advancement (EwE - GOTM archive external UBC, NIOZ,
of knowledge ERSEM)
General Sub-model No Downloadable Science NA No PML
advancement acidification- archive
of knowledge sensitive
calcification
rate
General Osmose No Downloadable Science NA CeCILL-B license IRD
advancement archive
of knowledge
General Apecosm Yes Downloadable Science NA No IRD
advancement archive
of knowledge
General Carbon phyto No Downloadable Science NA No PML, UiB
advancement archive
of knowledge
General SMS ? Downloadable Science NA No DTU
advancement archive
of knowledge
General Coccolith Sub No Downloadable Science NA No NOC, NOC
advancement modules archive
of knowledge
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General BIMs model No Downloadable Science NA No METU

advancement system archive

of knowledge

General IBM models No Downloadable Science NA No IMR, UiB, HCMR

advancement archive

of knowledge

General Regional No Simulation Science NA No All except SDLO, BB,

advancement Hindcast results IEQ, SDU, CEA,

of knowledge scenarios UPiedmont, UHAM,
KUCORPI

General Climate forced No Simulation Science NA No All except SDLO, BB,

advancement scenarios results IEQ, SDU, CEA,

of knowledge UPiedmont, UHAM,
KUCORPI

General Multiple No Simulation Science NA No All except SDLO, BB,

advancement stressor results IEQ, SDU, CEA,

of knowledge scenarios UPiedmont, UHAM,
KUCORPI

General MEECE ATLAS No Public Science NA No PML,

advancement Website and Policy

of knowledge

General IndiSeas No Public Science NA No IRD, UCT, Cefas,

advancement Website and Policy IMARES, IMR

of knowledge

General Pollution expert  No Public website  Science NA No UPiedmont

advancement system after paper and Policy

of knowledge publication,

Dec 2013

General BINPAS No Website Science NA No KUCORPI

advancement and Policy

of knowledge

General MSE tools Yes? Downloadable Science NA No DTU, SDLO, Cefas,

advancement archive and Policy AZTI

of knowledge
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General I0P database No Pangea Science NA No PML
advancement database
of knowledge
General Model library No Website Science NA No ALL
advancement and Policy
of knowledge
General Eco Only the E archive Science NA No PML, UHAM, DTU,
advancement toxicological Nonyhlp SDU, UNIBO, UiB,
of knowledge parmaeterisatio  henol UPied

ns paramet-

erisation

General Invasive species  No E archive Science NA No PML, KUCORPI
advancement models

of knowledge
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Part 3: Report on societal implications

A

General Information (completed automatically when Grant Agreement number is entered.

Grant Agreement Number: | 212085

Title of Project:

MEECE: Marine Ecosystem Evolution in a Changing
Environment

Name and Title of Coordinator:

| Professor Icarus Allen

B Ethics
O | Yes
1. Did you have ethicists or others with specific experience of ethical issues involved in the
project? O |nNo
2. Please indicate whether your project involved any of the following issues (tick box) : No
INFORMED CONSENT

Did the project involve children?

Did the project involve patients or persons not able to give consent?

Did the project involve adult healthy volunteers?

Did the project involve Human Genetic Material?

Did the project involve Human biological samples?

Did the project involve Human data collection?

RESEARCH ON HUMAN EMBRYO/FOETUS

Did the project involve Human Embryos?

Did the project involve Human Foetal Tissue / Cells?

Did the project involve Human Embryonic Stem Cells?

PRIVACY

e Did the project involve processing of genetic information or personal data (eg. health,
sexual lifestyle, ethnicity, political opinion, religious or philosophical conviction)

e Did the project involve tracking the location or observation of people?

RESEARCH ON ANIMALS

e Did the project involve research on animals?

e Were those animals transgenic small laboratory animals?

e Were those animals transgenic farm animals?

e Were those animals cloning farm animals?

e  Were those animals non-human primates?

RESEARCH INVOLVING DEVELOPING COUNTRIES

e Use of local resources (genetic, animal, plant etc)

e Benefit to local community (capacity building ie access to healthcare, education etc)

DuAL USE

e Research having potential military / terrorist application
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C Workforce Statistics

3 Workforce statistics for the project: Please indicate in the table below the number of people who
worked on the project (on a headcount basis).

Type of Position Number of Women Number of Men
Scientific Coordinator 0 1

Work package leader 1 6

Experienced researcher (i.e. PhD holders) 38 59

PhD Students 8 4

Other 2 2

4 How many additional researchers (in companies and universities) were recruited

specifically for this project?

Of which, indicate the number of men:

3
Of which, indicate the number of women:
2
D Gender Aspects
5 Did you carry out specific Gender Equality Actions under the project ? O Yes
O No
6 Which of the following actions did you carry out and how effective were they?
Not at all Very
effective effectiv
e
U Design and implement an equal opportunity policy ONONONONGO)
U Set targets to achieve a gender balance in the workforce O O O O O
U Organise conferences and workshops on gender ONONONONGO)
U Actions to improve work-life balance OO0O0O0O0
O  Other:
7 Was there a gender dimension associated with the research content —i.e. wherever people were the

focus of the research as, for example, consumers, users, patients or in trials, was the issue of gender
considered and addressed?

O  Yes- please specify

O No

E Synergies with Science Education

8 Did your project involve working with students and/or school pupils (e.g. open days, participation in
science festivals and events, prizes/competitions or joint projects)?

O  Yes- please specify - organised summer school for early career scientists (MSc and Phd
students)
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O No
9 Did the project generate any science education material (e.g. kits, websites, explanatory booklets,
DVDs)?
O  Yes- please specify An online Atlas of ecosystem modelling
outputs across European regional seas
O No
F Interdisciplinarity

10 Which disciplines (see list below) are involved in your project?

O  Main discipline: Environment
O  Associated discipline: Fisheries and O | Associated discipline:
Maritime Affairs

G Engaging with Civil society and policy makers

11a Did your project engage with societal actors beyond the research community? (if | O Yes
‘No', go to Question 14) O No

11b If yes, did you engage with citizens (citizens' panels / juries) or organised civil society (NGOs, patients
groups etc.)?
O No
O  Yes-in determining what research should be performed
O  Yes-inimplementing the research
O  Yes, in communicating /disseminating / using the results of the project

O Yes
@)

11c Indoing so, did your project involve actors whose role is mainly to organise the No

dialogue with citizens and organised civil society (e.g. professional mediator;
communication company, science museums)?

12 Did you engage with government / public bodies or policy makers (including international
organisations)

O No
O  Yes-in framing the research agenda
O  Yes - inimplementing the research agenda

O  Yes, in communicating /disseminating / using the results of the project

13a Will the project generate outputs (expertise or scientific advice) which could be used by policy makers?

O  Yes-—as aprimary objective (please indicate areas below- multiple answers possible)

O  Yes-—asasecondary objective (please indicate areas below - multiple answer possible)
O No

13b If Yes, in which fields?

Environment, Fisheries and Maritime Affairs , Research and Innovation

13c If Yes, at which level?

O  Local / regional levels
O  National level

O  European level

O International level
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