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Welcome to AMEMR 2017
Dear AMEMR Participant,

Icarus Allen

Jerry Blackford

Jorn Bruggeman

We are delighted to welcome you to Plymouth for the 5th Advances in
Marine Ecosystem Modelling Research Symposium. The AMEMR
symposium series was originally convened to provide a forum for the
presentation and discussion of diverse aspects of model based marine
ecosystem research, encompassing numerical, conceptual,
mathematical and statistical approaches. In the past we have been
more focussed on the process (how to model a given issue?) and
challenges (what can models aspire to?) than the results. However in
tune with the times, this year we feature the impact story (how can –
or can’t - we use models to make societally relevant impacts?).
Once again we have an exciting programme of talks and posters
based around our themes of: “Where have we come from and where
are we going?”, “Making an Impact”, “Building blocks – truth or
dare?”, and “Data, data everywhere, yet no time to think!”. As well as
the video facilities to support posters, this year we have introduced
flash presentations for poster presenters to ensure maximum
visibility.
As ever, we were inspired by the Greek definition of a symposium as a
convivial meeting including drinking, music and intellectual
discussion. We trust that AMEMR 5 will carry the baton of previous
events.
Icarus Allen, Jerry Blackford, Jorn Bruggeman and Jessica Heard
On behalf of the AMEMR organising committee

Jessica Heard
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Scientific Steering Committee
We welcome many new colleagues to this year's Scientific Steering Committee (SSC) for AMEMR
2017. Thank you for all your help in arranging sessions and putting the programme together!

Stefano Ciavatta - PML, United Kingdom
Gianpiero Cossarini - OGS, Italy
Kevin Flynn - Swansea University, United Kingdom
Beth Fulton – CSIRO Australia
Wendy Gentleman - Dalhousie University, Canada
Kieran Hyder – Cefas, United Kingdom
Andrey Morozov – Leicester University, United Kingdom
Hermann Lenhart – University of Hamburg, Germany
Luca Polimene - PML, United Kingdom
Marie Savina-Rolland - Ifremer, France
Morten Skogen – IMR, Norway
Paul Somerfield - PML, United Kingdom
Mike St John - DTU Aqua, Denmark
Karen Wild-Allen – CSIRO, Australia
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Conference Programme
MONDAY 3 JULY
Welcome and Introduction by Icarus Allen, PML Director of Science
Modelling: where have we come from and where are we going?
9:00-11:00

KEYNOTE 1: Stefanie Dutkiewicz (Massachusetts Institute of Technology)
Modelling diverse phytoplankton Communities
KEYNOTE 2: Kevin Flynn (Swansea University)
From sublime simplicity to enigmatic models: sharing knowledge and responsibilities
KEYNOTE 3: Beth Fulton (CSIRO)
Integrated modelling – the challenge is making it relevant

Panel Discussion (30mins)

Chair Icarus Allen

Coffee Break 30 mins
11:30-13:00

Making an Impact - Part I

Chair Jerry Blackford

Introducing the “Shaping future research agendas workshop” Morten Skogen for the EMB (5mins)
Scott Condie (CSIRO)
If you build it, they will come: Decision support tools for aquaculture and environmental management
Jess Melbourne-Thomas (Australian Antarctic Division)
The role of models in marine ecosystem assessment and management: a Southern Ocean example
Alain Ménesguen (IFREMER)
Modelling benthic invasion of the English Channel and the Bay of Biscay by the colonial gastropod Crepidula
fornicata and its competition for space with the scallop Pecten maximus
Daniele Brigolin (Università Ca’ Foscari Venezia)
Models for aquaculture zoning and site selection in the northern Adriatic Sea
Lunch Break
13:50-15:10

Pierre Bourdaud (IFREMER)
Chair Hermann Lenhart
Fisher’s behaviour and ecosystem state under the EU landing obligation implementation in a mixed-fisheries ecosystem
Mike Heath (University of Strathclyde)
Modelling the whole ecosystem impacts of trawling
Marie Savina (IFREMER)
Modelling the effects of the Landing Obligation on marine ecosystems across Europe
Steven Saul (Arizona State University)
An agent-based model of fisher behaviour and fish population dynamics in the Gulf of Mexico: how does fisher
behavior affect stock assessment?

15:10-15:40

Flash poster presentations

Chair Susan Kay

Coffee Break 30 mins
16:10-17:50

Kim Scherrer (ICTA, Universitat Autònoma de Barcelona)
Chair Marie Savina-Rolland
Incorporating management effectiveness of fisheries into a global ocean model
Philippe Cugier (IFREMER)
An ecosystem-based modelling approach to assess the growth potential of oysters cultured under various scenarios of density, mortality and environment
Lily Genevier (University of Plymouth)
An updated fishmeal trade model in a changing world
Morgane Travers-Trolet (IFREMER)
Reducing the gap between complex ecosystem models and their use in operational context

Discussion Session
17:50

Flash poster presentations

Followed by ICE BREAKER BBQ Reception Reservoir cafe

TUESDAY 4 JULY

Making an Impact Part II
9:00-10:40

Chair Lynne Shannon

Natasha Henschke (Princeton University)
Current and future trends in global jellyfish blooms: Investigating the impact of climate change
Jerry Blackford (Plymouth Marine Laboratory)
Monitoring of offshore geological carbon storage integrity: implications of natural variability in the marine
system and the assessment of detection criteria
Simone Libralato (OGS) presented by Cosimo Solidoro
On the optimal strategies for building scenario ensembles with dynamic food web models
Fabian Große (Universität Hamburg)
Riverine nitrogen and oxygen deficiency in the North Sea – extending trans-boundary nutrient transports for the
ecolocical management of low oxygen conditions
Mike Spence (University of Sheffield)
A dynamic multi-model ensemble for ecosystem simulators

10:40-11:00

Flash poster presentations

Chair Susan Kay

Coffee Break 30 mins
11:30-12:40

Chair Beth Fulton
Jason Holt (National Oceanography Centre)
Biogeochemical implications of potential future changes in shelf sea circulation
Solfid Hjøllo (Institute of Marine Rsearch)
Application of an ecosystem model in developing a management plan for Calanus finmarchicus
Rob McEwan (Met Office)
Challenges of transition a research model into an operational system

Discussion Session
12:40-13:00

Flash poster presentations

Chair Susan Kay

Lunch Break

Data, data everywhere, yet no time to think

Chair Stefano Ciavatta

14:00-15:50

KEYNOTE: Ketil Malde (Institute of Marine Research, Norway)
Machine intelligence and the data-driven future of marine science (30mins)
Asta Audzijonyte (University of Helsinki)
Bayesian parameter inference and uncertainty estimation in complex ecological models
Karen Wild-Allen (CSIRO Oceans & Atmosphere)
Simulation of observed properties improves model accuracy and leads to wider uptake of model products for
research and management
Mike St. John (DTU AQUA)
Can we predict the emergent properties of marine systems, a way forward?
Elina Virtanen (SYKE)
How much data is needed for species models with different niche requirements – implications for spatial models

15:50-16:00

Flash poster presentations

Chair Susan Kay

Coffee Break 30 mins
16:30-17:50

Anna Teruzzi (Istituto Nazionale di Oceanografia e di Geofisica Sperimentale)
Chair Karen Wild-Allen
Investigating chlorophyll dynamics in coastal areas by means of a biogeochemical model with variational data
assimilation scheme
Daniel Kaufman (Virginia Institute of Marine Science, College of William and Mary)
Changing Ross Sea biogeochemistry assessed by a data assimilative model and bio-optical glider observations
Danielle Dempsey (Dalhousie University)
Comparison of neural networks and redundancy analysis for predicting ecosystem state with fishing and
environmental indicators
David Ford (Met Office)
Assessing the role and consistency of satellite observation products in global physical-biogeochemical reanalysis

17:50-18:10

Discussion Session
Poster Reception, Univeristy of Plymouth, Rolland Levinsky Building - 18:15 onwards

WEDNESDAY 5 JULY
Building blocks: truth or dare?
09:00-09:30

KEYNOTE: Thomas Kiørboe (National Institute for Aquatic Resources, Technical University of Denmark)
The mechanistic underpinning of plankton models: from complex details to simplified generalizations

09:30-11:10

Plankton in motion

Chair Luca Polimene

Wendy Gentleman (Dalhousie University)
Currently misdirected: Big steps toward improving random walk modeling
C. Gabriela Mayorga Adame (National Oceanography Centre)
The ANChor project: Appraisal of Network Connectivity between North Sea subsea oil and gas platforms
Chris Lindemann (University of Bergen)
Allometric scaling of physiological buoyancy regulation in marine diatoms
Arnaud Pourchez (Takuvik Joint International Laboratory, Laval University)
Impact of the implementation of the diapause trait on the dynamics of plankton communities and carbon cycle
in a numerical pelagic Arctic ecosystem
Marco Uttieri (Stazione Zoologica “Anton Dohrn”)
Copepod vulnerability to chaetognath predation as a function of swimming behaviour - An IBM approach
Coffee Break 30 mins
11:40-13:20

Model experiments and experimental models Part I

Chair Morten Skogen

Tineke Troost presented by Ghada El Serafy (Deltares)
Do microplastics affect marine ecosystem productivity?
Kevin Sorochan (Dalhousie University)
Advances in encounter theory and application in larval ecology
Raphaël Savelli (Université de La Rochelle)
Drivers of microphytobenthos seasonal cycle on a temperate intertidal mudflat : a modeling experimental
approach
Geneviève Lacroix (Royal Belgian Institute of Natural Sciences)
How is connectivity pattern of hard substrate species impacted by artificial structures in the North Sea?

Discussion Session
Lunch Break

Workshops
14:30-17:30

Please see website for more details and to sign up to workshops. Workshops are free for everyone to join, but
places are limitted, sign up in advance to ensure your place.
www.amemr.com/workshops.html
Workshops include:
• Play with ERSEM
• Ecopath with Ecosim (EwE)
• Modelling marine biodiversity
• Time series analysis in earth system analyses
• Public and Media Engagement for Researchers
• Mentoring Session

THURSDAY 6 JULY
Building blocks: truth or dare?
9:00-10:40

Model experiments and experimental models Part II

Chair Kevin Flynn

Luca Polimene (Plymouth Marine Laboratory)
Are we able to model the microbial carbon pump? Current state and future directions
Melinda Choua (Strathclyde University)
Modelling plastic and evolutionary responses for marine viruses
Kari Eilola (Swedish Meteorological and Hydrological Institut)
Modelling cyanobacteria life cycle dynamics and nitrogen fixation in the Baltic Sea
Jacqueline Maud
Paying attention to expiration labels: the importance of non-predatory death for copepod survivorship and
mortality-related ecological processes (Queen Mary University of London and Plymouth Marine Laboratory)

Discussion session
Coffee Break 30 mins
11:10-12:50

Building the zoo

Chair Baris Salihoglu

Roger Cropp (Griffith University), presented by John Norbury
Population Interactions in Marine Ecosystems
Delphi Ward (University of Tasmania)
Modelling the importance of DMS-mediated feedbacks in pelagic ecosystems
Aditee Mitra (Swansea University)
Modelling the new paradigm for marine planktonic ecology
Cara Nissen (ETH Zürich)
Factors controlling Southern Ocean coccolithophore biogeography – a modeling approach
Sevrine Sailley (Plymouth Marine Laboratory)
Zooplankton diversity modelling, combining size and trait based approach
Lunch Break
13:50-15:10

Sandra Kitan (Dalhousie University)
Chair Jorn Bruggeman
Stage duration and survivorship as emergent properties: how variation in mortality and environmental
conditions influence copepod demographic patterns

14:00-15:20

Charlotte Laufkötter (Princeton University)
Impact of iron from icebergs on Southern Ocean biogeochemistry
Ute Daewel (Helmholtz-Zentrum Geesthacht)
“End-to-End“ marine ecosystem modelling in a functional group approach: An application for long-term
variations in the North Sea and Baltic Sea ecosystem
Ryan Heneghan (The University of Queensland)
Zooplankton feeding behaviour mediates energy transfer in the global marine ecosystem
Coffee Break 30 mins

15:40-17:00

17:00

Selina Vage (University of Bergen)
Chair Wendy Gentleman
Ecology reveals fascinating regularities in patterns emerging across different ecosystems
Kai Wirtz (Helmholtz-Zentrum Geesthacht)
Working at the edge: Macrobenthic ecosystem engineering and its change in the anthropocene

Discussion session
Closing session and prize giving
Conference Dinner at Rockfish, Barbican. 19:00

Please note all talks apart from keynotes are 15mins with an extra 5mins allowed for questions and change
over. Please ensure you stick to the alloted time.

Friday 7th July
“Marine Ecosystem Modelling : Shaping future research agendas”
Full day workshop organised by the European Marine Board.
Open to all AMEMR participants. More info at www.amemr.com/shaping-future-research-agendas.html

Keynote Speaker Abstracts
Modelling diverse phytoplankton communities
Stephanie Dutkiewicz
Massachusetts Institute of Technology, USA
Phytoplankton communities, the assemblage of many species at any point
in space and time, reflect relative fitness in the local environment,
acclimation and adaptation, as well as physical transport by ocean
circulation and mixing. The emergent community and its diversity has a key
role in regulating biogeochemical pathways and for the stability of the ecosystem structure and
function. Over the last decade, the ecosystem modelling group at MIT has worked to incorporate
aspects of diversity in numerical models, and to use these model along with theory to understand
the controls on phytoplankton communities. I will provide a synthesis of our trait-based approach to
differentiate phytoplankton types and a retrospective of the past accomplishments in understanding
patterns of diversity including the importance of resource supply, grazing, and the role of a moving
ocean. I will showcase our latest simulation which differentiates phytoplankton along a number of
“dimensions of diversity”: trophic strategy (autotrophy versus mixotrophy), biogeochemical function
(e.g. silicifiers, nitrogen fixers), cell size (Equivalent Spherical Diameters ranging from 0.6 to >200um),
pigment composition, and thermal niches. Complemented by a size structured population of grazers,
the model sustains the global co-existence of several hundred phytoplankton types. We will explore
how the different dimensions of diversity combine to set the seasonal and regional phytoplankton
communities. Additionally I will highlight some of the ongoing and future work of the MIT group to
include bacteria, viruses, morphology and utilize macro-molecular models to further explore the
diversity of the marine microbes.
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From Sublime Simplicity to Enigmatic Mega Models;
sharing knowledge and responsibilities
Kevin J Flynn
Swansea University, UK
The last 10 years has witnessed the development of what we may term the
enigmatic mega model, of modelling platforms that are so complex, visually
captivating and immersive that the gulf between reality and theoretical ecology can become blurred.
This mirrors other developments in computer graphics. Modern CGI is so good that we almost don’t
need reality in films - story lines can convince the viewer that what they see is indeed reality, with
the potential for history to be rewritten. At the other extreme, theoretical ecology, still driven in
large measure by extremely simple Lokta-Volterra type approaches, produces overarching
clarifications of how the world works. In papers reporting outputs from modelling it is often not
apparent from the title nor the abstract that the results are in silico. To the uninitiated the results
appear as fact; there is no health warning. We witness the same type of event with experiments; the
lab-rat becomes a “model organism” for all organisms and we fail to caveat the interpretations. As
science becomes more complex the validity of the building blocks of knowledge is assumed, and the
skill sets of referees becomes ever more tested. Is the oft-voiced excuse that models are designed
only for the purpose at hand really acceptable? Do we have responsibilities to ensure that we always
appreciate the difference between theoretical ecology and reality, and that modelled organisms
behave “appropriately”?

Integrated modelling – the challenge is making
it relevant
Beth Fulton
Commonwealth Scientific and Industrial Research Organisation,
Australia
Marine ecosystems are becoming increasingly complicated areas,
with competing and intense uses. This complexity lends itself to the use of systems approaches,
which have become increasingly sophisticated over the last 50 years. Nevertheless, while the science
has matured a good deal in this time the eternal challenge remains of making models relevant to
stakeholders – “but what will it do for me?”. Drawing on integrated modelling experience from
around the globe, this overview will highlight some of the high and low points of practical integrated
management and where ongoing challenges remain – particularly around distrust, accessibility,
communication and scale.
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The mechanistic underpinning of plankton models: from
complex details to simplified generalizations
Thomas Kiørboe
Centre for Ocean Life, DTU Aqua, Denmark
Biologists and ecologists tend to see the world as overwhelmingly complex. In
fact, we consider the complexity and diversity of nature as an essential part of
its beauty. The perception of nature as complex, however, may be a hindrance to describing and
understanding how nature works through the use of models that, by necessity, are simplification of
the real world. I will argue that we can learn from physics –that has a long tradition for modelling
nature - how best to simplify. Traditionally, ecology is primarily a descriptive science based on
observations from which we derive heuristic relations. In contrast, physics is more of an analytical
science that strives for causal relations and mechanistic understanding. Through examples I will
demonstrate how a mechanistic understanding of complex details may help us simplify in a
meaningful way.

Machine intelligence and the data driven future of science
Ketil Malde
Institute of Marine Research, Norway
In order to build accurate and detailed models of the ecosystems and
processes of the marine environment, we collect large volumes of data.
As technology has advanced, the cost of data collection has plummeted.
Equipment in the field range from inexpensive action cameras to complex autonomous platforms,
and in the lab robots, cameras and molecular sequencing platforms revolutionize the way we do
science.
The resulting increases in data volumes have contributed significantly to scientific progress, but data
analysis is still often dependent on human expert knowledge, and this is increasingly becoming a
bottleneck. Sufficient analysis capacity is necessary to give data its value, and to meet current
demands, analysis must also automated.
Machine learning systems have recently succeeded at many problems that previously were elusive
to automated analysis. Over the last five years, large strides have been made in several fields,
including image classification, object recognition, and natural language processing. Many of these
successes involve a set of machine learning technologies often referred to as "deep learning". Deep
learning will be key to eliminate the analysis bottleneck, which in turn will open up even greater
opportunities for the future.
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Theme 2: Making an Impact

Oral Presentation Abstract Index

Abstract Title

Author(s) – in alphabetical order, presenting author in bold

Page

Monitoring of offshore geological carbon storage integrity: implications of natural
variability in the marine system and the assessment of detection criteria

Jerry Blackford, Yuri Artioli, James Clark, Lee de Mora, Gennadi Lessin

13

Fisher’s behaviour and ecosystem state under the EU landing obligation
implementation in a mixed-fisheries ecosystem

Pierre Bourdaud, Morgane Travers-Trolet, Jan Jaap Poos, Youen
Vermard, Paul Marchal

14

Models for aquaculture zoning and site selection in the northern Adriatic Sea

Daniele Brigolin, Erika Porporato, Giuseppe Prioli, Roberto Pastres

15

If you build it, they will come: Decision support tools for aquaculture and
environmental management

Scott Condie, Rebecca Gorton, Karen Wild-Allen

16

An ecosystem-based modelling approach to assess the growth potential of oysters
cultured under various scenarios of density, mortality and environment

Philippe Cugier,Yoann Thomas, Cédric Bacher

17

An updated fishmeal trade model in a changing world

Lily Genevier, Jose A. Fernandes, Lynda Rodwell, Enrico Bachis,
Christian Mullon, Manuel Barange

18

Riverine nitrogen and oxygen deficiency in the North Sea: extending trans-boundary
nutrient transports for the ecological management of low oxygen conditions

Fabian Große, Markus Kreus, Hermann Lenhart, Johannes Pätsch

19

Modelling the whole ecosystem impacts of trawling

Michael Heath, Robert Wilson, Douglas Speirs

20

Current and future trends in global jellyfish blooms: Investigating the impact of climate
change

Natasha Henschke, Charles A. Stock, Jorge L. Sarmiento

21

Application of an ecosystem model in developing a management plan for Calanus
finmarchicus

Solfrid Sætre Hjøllo, Kjell Utne, Cecilie Hansen, Morten Skogen, Espen
Strand

22

Biogeochemical implications of potential future changes in shelf sea circulation

Jason Holt, Sarah Wakelin, Yuri Artioli, James Harle, Jeff Polton

23
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On the optimal strategies for building scenario ensembles with dynamic food web
models

Simone Libralato, Simone Libralato, Igor Celic, Cosimo Solidoro

24

Addressing the challenges of transitioning a research model into an operational system

Robert McEwan, Susan Kay, David Ford

25

The role of models in marine ecosystem assessment and management: a Southern
Ocean example

Jess Melbourne-Thomas, Andrew Constable, Rowan Trebilco, Stuart
Corney, Michale Sumner

26

Modelling benthic invasion of the English Channel and the Bay of Biscay by the colonial
gastropod Crepidula fornicata and its competition for space with the scallop Pecten
maximus

Alain Ménesguen, Aloïs Hachet, Thomas Grégoris

27

An agent-based model of fisher behavior and fish population dynamics in the Gulf of
Mexico: how does fisher behavior affect stock assessment?

Steven Saul

28

Modelling the effects of the Landing Obligation on marine ecosystems across Europe

Marie Savina-Rolland, Eider Andonegi, Robin Cook, Michael Heath,
Didier Gascuel, Sigrid Lehuta, Morgane Travers et al

29

Incorporating management effectiveness of fisheries into a global ocean model

Kim Scherrer, Eric Galbraith

30

A dynamic multi-model ensemble for ecosystem simulators

Michael Spence, Paul Blackwell, Julia Blanchard

31

Reducing the gap between complex ecosystem models and their use in operational
context

Morgane Travers-Trolet

32
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Monitoring of offshore geological carbon storage integrity: implications of natural variability in the
marine system and the assessment of detection criteria
Jerry Blackford, Yuri Artioli, James Clark, Lee de Mora, Gennadi Lessin
Plymouth Marine Laboratory
The design of efficient monitoring programmes required for the assurance of offshore geological
storage requires an understanding of the variability and heterogeneity of marine carbonate
chemistry. In the absence of sufficient observational data and for extrapolation both spatially and
seasonally, models have a significant role to play. In this study a previously evaluated hydrodynamicbiogeochemical model is used to characterise carbonate chemistry, in particular pH heterogeneity in
the vicinity of the sea floor. Using three contrasting regions, the seasonal and short term variability
are analysed and criteria that could be considered as indicators of anomalous carbonate chemistry
identified. These criteria are then tested by imposing a number of randomised DIC perturbations on
the model data, representing a comprehensive range of leakage scenarios. In conclusion optimal
criteria and general rules for developing monitoring strategies are identified. Detection criteria will
be site specific and vary seasonally and monitoring may be more efficient at periods of low dynamics.
Analysis suggests that by using high frequency, sub-hourly monitoring anomalies as small as 0.01 of a
pH unit or less may be successfully discriminated from natural variability – thereby allowing
detection of small leaks or at distance from a leakage source. Conversely assurance of no leakage
would be profound. Detection at deeper sites is likely to be more efficient than at shallow sites
where the near bed system is closely coupled to surface processes. Whilst this study is based on
North Sea target sites for geological storage, the model and the general conclusions are relevant to
the majority of offshore storage sites lying on the continental shelf.
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Fisher’s behaviour and ecosystem state under the EU landing obligation implementation in a
mixed-fisheries ecosystem
Pierre Bourdaud 1, Morgane Travers-Trolet 1, Ifremer, Jan Jaap Poos 2, Youen Vermard 1, Paul
Marchal 1
1

Ifremer

2

Imares

Within the new EU Common Fisheries Policy a landing obligation is gradually being implemented
since 2015. This landing obligation aims to improve the size selectivity of fisheries by reducing the
amounts of small fish in catches. However, the short- and long-term consequences of the landing
obligation are largely unknown. Models could be used to explore the probable evolution of fishers’
behaviour and subsequent knock-on effects on ecosystem structure, under several scenarios of the
policy implementation. In the eastern English Channel, where many stocks are caught in mixed
fisheries, the landing obligation is expected to have important impacts on the allocation of fishing
effort. Low quota availability of choke species potentially constrains the quota uptake and harvest of
fisher’s target species. By integrating a fleet-dynamic model DSVM within the multi-species trophic
model OSMOSE, an end-to-end model was developed and applied to the eastern English Channel
ecosystem and fisheries to explore the future effects of this new policy. This mechanistic individualbased model focused on the bottom-trawl French fishers, catching the demersal fish community
including two quota species, cod and whiting. Scenarios combining varying quota uptake levels fines
applicable to discards and quota over-shooting are tested. First, the effects on the spatialization of
fishing effort are addressed. Then the effects of the landing obligation on biomasses of quota and
by-catch species are compared to a “business as usual” scenario. Results show that the beneficial
effect of the landing obligation policy depends on quota setting strategies and the efficiency of
enforcement of the ban. Importantly, the landing obligation is expected to cause an adaptive
reallocation of fishing effort, affecting catches of non-quota species, and thus the functioning of the
ecosystem as a whole.
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Models for aquaculture zoning and site selection in the northern Adriatic Sea
Daniele Brigolin 1, Erika M.D. Porporato 1, Giuseppe Prioli 2, Roberto Pastres 1
1

Università Ca' Foscari Venezia

2

Mare S.c.a.r.l (S.M.E.) Cattolica (RN)

The selection of sites and areas allocated to aquaculture plays a key role in supporting the
sustainable development of this industry, in compliance with EU Directives and policies. These aim,
on one side, at promoting the growth of this sector and, on the other, at preventing for further
deterioration of marine ecosystems. In this context, the allocation of areas to aquaculture should
take into account both the production, ecological and social carrying capacity of a given area and the
conflicting uses of maritime space. This work focuses on the selection of new areas to be allocated
to shellfish farming along the coast of the Emilia-Romagna Italian region. Shellfish site suitability
was assessed by means of a methodology based on a Spatial Multi-Criteria Evaluation (SMCE), which
provided the framework to combine mathematical models and operational oceanography products.
Different scenarios of expansion of the activity within the 3 and the 12 nautical miles from the coast
were considered. In particular a “business-as-usual” scenario, in which mussels are farmed was
compared with a scenario in which both mussels and oysters are produced. In the SMCE, criteria
were categorized in macro-categories, called “intermediate-level criteria” (ILC). In this study three
ILC were considered: 1) optimal growth conditions; 2) environmental interactions; 3) socio-economic
evaluation. Different criteria were considered for each ILC: time to reach the market size; area
subjected to elevated organic deposition; distance from ports and highways; significant wave height.
A different weight was assigned to each criteria. A stakeholder consultation workshop was carried
out to review criteria and set up weights. Deterministic individual-based and deposition models
were applied in combination with remote sensing and operational oceanography data to produce
maps for the considered criteria. Finally, the proposed framework was used to include in the analysis
the forecasted long-term trends in environmental parameters induced by climate changes, as this
will be required for the future science-based management of aquaculture areas. Results shown that
the degree of suitability for shellfish aquaculture in this area would not change dramatically with the
introduction of oyster farming. Values obtained for the Suitability Index under the different
scenarios considered confirm that the growth potential in this area is high, and that the socioeconomic is the most restrictive ILC. Results also shown a trade-off between the growth potential
and the possible risk associated with rough sea conditions, potentially of interest for farmers
venturing on new investments.
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If you build it, they will come: Decision support tools for aquaculture and environmental
management
Scott Condie, Rebecca Gorton, Karen Wild-Allen
CSIRO
Worldwide aquaculture production will soon exceed the wild capture of fish. Within Australia,
salmon aquaculture alone represents almost 25% of the total value of all aquaculture and wild
fisheries. The main limitation on further expansion of these industries is real or perceived
environmental impacts. We describe a suite of interlinked models and decision support tools,
developed in collaboration with regulators and industry, aimed at supporting the long-term
sustainability of aquaculture in Australia and Chile. While traditional hydrodynamic and
biogeochemical models form the foundation, we emphasise the development of online rapid
assessment tools that provide stakeholders with direct access to scenario modelling within userfriendly environments. A major advantage of this approach (over delivery of static model results) is
in helping to build a common understanding of system responses among stakeholders, thereby
reducing the potential for conflicts based on misconceptions. The modelling tools have been used
extensively in risk management contexts, such as identifying impact zones around aquaculture
leases and other discharge sites; comparing scenarios related to changed stocking rates or
contaminant loads; and predicting the spread of pathogens. They are also increasingly being
embedded within regulatory frameworks, being a required component of recent environmental
impact assessments for expansion of salmon aquaculture. Industry are broadly supportive of this
approach, as it provides an agreed methodology that they can use to undertake preliminary testing
before embarking on an expensive formal assessment process.
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An ecosystem-based modelling approach to assess the growth potential of oysters cultured under
various scenarios of density, mortality and environment
Philippe Cugier ,Yoann Thomas, Cédric Bacher
IFREMER (French Research Institute for Exploitation of the Sea)
Predicting the physiological response (i.e., growth, reproduction) of a species to changes in the
environment requires a mechanistic framework to link biotic and abiotic factors with measures of
physiological performance. Indeed, non-linear interactions of physical (e.g., coastal circulation,
turbidity level, nutrient inputs) or biological (e.g., primary production, trophic pressure) processes
co-occur and it is difficult to simply predict the response of the system to variations of one of these
elements. Here, we study how variations in stock density of the Pacific oyster (Crassostrea gigas)
impact their growth performance and thus the oyster production in Bourgneuf Bay, a French coastal
aquaculture area of the Bay of Biscay. Combining a Dynamic Energy Budget (DEB) model with
realistic spatial evolution of temperature and phytoplankton computed by a 3D ecosystem model
(ECOMARS3D), allowed simulating the individual growth of oyster. Based on a realistic distribution of
farmed areas in the bay, the oyster growth for two cohorts (aged from 6 to 18 months and from 18
to 36 months) was simulated during one year. Several scenarios were defined by combining four
levels of initial densities, two natural mortality rates (high and low) and two years with contrasted
hydro-climatic conditions. The simulated individual weight, reached by each cohort after one year of
growth, were analysed and scenarios (i.e. density, mortality, years) were compared at the scale of
the Bourgneuf Bay. The analysis of spatial differences highlights the most favourable area for growth
and shows that cohorts do not respond to changes in density or mortality in the same way,
depending also on hydro-climatic conditions. Statistical analysis of these results allows building
synthetic dashboards that can be used by farmers to adapt the stocking density with respect to
production targets.
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An updated fishmeal trade model in a changing world
Lily Genevier 1, Jose A. Fernandes 2, Lynda Rodwell 1, Enrico Bachis 3, Christian Mullon 4, Manuel
Barange 5
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A 35% increase in the human population is predicted by 2050, which will create an increase in food
demand. Global warming and climate change are already having effects on all ecosystems, including
their services. It is therefore necessary to anticipate those impacts to ensure a secure, sufficient and
safe food supply for the growing population. Marine fish stocks are a major protein source for much
of the world, but have been threatened by human activities for decades. Aquaculture has the
potential to alleviate some pressure set on the marine ecosystem. The sector has seen a huge
increase due to its efficient and strategic use of marine ingredients, but it still relies on wild fish
stocks to maintain omega-3 levels in high-value aquaculture (e.g. salmon). This study has updated
an existing model with fishmeal and fish-related trade data from 2004 to 2016, to then implement it
under various scenarios using projections of global and regional climate, marine ecosystem and
fisheries production, human population size, fishmeal and fish oil prices, and advances in
aquaculture feed technology. Our aim was to understand the changes in worldwide fishmeal
markets over the last 10 years, and to provide projections for 2050 under various exploratory socioeconomic scenarios, considering governance, social, technological and economic drivers. We found a
global increase in the number and size of aquacultures, as well as an increase in fishmeal trade
between countries. Our findings therefore reveal an increase in the contribution of aquaculture to
global fish supplies, but support other findings in the premise that sustainable management and
reduced reliance on wild stocks are critical to guarantee a food supply sufficiently large and stable
for the projected population size.
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Riverine nitrogen and oxygen deficiency in the North Sea – extending trans-boundary nutrient
transports for the ecological management of low oxygen conditions
Fabian Große 1, Markus Kreus 2, Hermann Lenhart 1, Johannes Pätsch 2
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Oxygen deficiency (oxygen concentration <6 mg L-1) can be considered as the ultimate disturbance
of a marine environment related to eutrophication. Therefore, it is the major concern of the
ecological management of coastal marine ecosystems. In recent years, biogeochemical models
helped to significantly improve the understanding of the interaction of physical and biological
processes interlinking oxygen deficiency with eutrophication. For the North Sea, excess riverine
input of nitrogen and phosphorus is considered the main driver of eutrophication. However, the
quantification of their influence in specific regions remains an important issue, since it is crucial for a
cost-efficient management. During the past decade, a quantitative method applicable to
biogeochemical models – often referred to as ‘trans-boundary nutrient transports’ (TBNT) – became
popular in the context of marine ecosystem management. This method enables the tracing of
elements from individual sources, like rivers, throughout the entire simulated biogeochemical cycle.
By this, it allows for the quantification of contributions from different sources to the overall amount
and turnover of an element in different regions of an ecosystem. This information constitutes the
basis for the quantification, evaluation and optimisation of river input reduction targets. Therefore,
TBNT serves as an optimal tool to underpin the “source-oriented approach” of environmental
protection agencies like OSPAR. We present a novel approach to extend the TBNT method, so far
applied to total nitrogen and phosphorus, for linking the biochemical processes affecting dissolved
oxygen to riverine nitrogen sources. We use the biogeochemical model ECOHAM to analyse the
oxygen dynamics during 2000-2014, and conduct two model runs: a hindcast and a river reduction
scenario applying reduction targets according to the EU Water Framework Directive (WFD). Special
focus is put on the North Sea oxygen minimum in the eastern North Sea. In 2002, a year with high
discharges from the European continental rivers, oxygen deficiency occurs in that region, while
oxygen concentrations stay above the threshold in most other years. These remarkably lower values
in 2002 result from enhanced aerobic remineralisation. The TBNT analysis of the hindcast reveals
that about 55% of aerobic remineralisation in that region are driven by nitrogen supply from the
Atlantic and the atmosphere, while the remaining proportion is mainly attributable to Dutch, British
and German rivers. The analysis of the reduction scenario demonstrates that WFD-compliant
nitrogen reductions are unlikely to significantly improve oxygen conditions in the North Sea due to
only minor Dutch and British nutrient reductions.
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Modelling the whole ecosystem impacts of trawling
Michael Heath, Robert Wilson, Douglas Speirs
University of Strathclyde
Trawling has been controversial since its introduction in the 14th century. Opposition originally
arose from its lack of selectivity, high catching efficiency, and impact on the seabed and non-target
fauna. Many of these concerns are prevalent today. All forms of harvesting from the sea will have a
disruptive impact on the food web by imposing a non-predation mortality on targeted species. In
addition, some forms of fishing cause mortality on non-target by-catch species, with some this
material being recycled into the ecosystem as discards. Some towed gears can be destructive of
fragile habitats and slowly regenerating fauna such as coral, but on the other hand, it has been
claimed by some that ploughing effects over mud and sand may be a positive factor, enhancing the
productivity of the ecosystem through the release of nutrients. However, there have been few, if
any, studies which have combined all these aspects of fishing into an integrated study of the wholeecosystem impacts. Here, we present results from an end-to-end ecosystem model sensitivity
analysis to assess the relative contributions of the various aspects of fishing on the ecosystem as a
whole. Using StrathE2E models for the North Sea and west of Scotland regions we show that even if
all ploughing and discarding effects were eliminated, the regional effects on the whole ecosystem
would be equivalent to only a very small change (<5%) in overall harvesting rate of fish and shellfish.
Despite our conclusion that the regional scale food web effects of seabed ploughing are small
compared to the primary consequences of harvesting fish, this is not to say that there are no effects
on regional biodiversity, or significant effects at local scales on specific habitats or vulnerable species.
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Current and future trends in global jellyfish blooms: Investigating the impact of climate change
Natasha Henschke 1, Charles A. Stock 2, Jorge L. Sarmiento 1
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Jellyfish blooms are a natural feature of healthy pelagic ecosystems, however, the perception exists
that the frequency and magnitude of these blooms are increasing globally as a result of
anthropogenic changes such as overfishing, eutrophication and climate change. It has been difficult
to substantiate this concept due to insufficient spatial and temporal datasets, with two metaanalyses identifying conflicting results: Brotz et al. (2012) suggest there have been increases in
jellyfish biomass in 62% of the world’s large marine ecosystems, whereas Condon et al. (2013)
suggest that the perceived increases that are currently being observed are part of a natural 20-year
periodicity. To explore global trends in jellyfish blooms, we have developed the first scyphozoan
jellyfish population model that incorporates both benthic and pelagic life history stages. This model
tracks cohorts of both life stages with temperature and/or consumption driven relationships for
growth, reproduction and mortality. We perform simulations with GFDL’s Carbon, Ocean
Biogeochemistry and Lower Trophics (COBALT) marine ecosystem model forced with the Common
Ocean-Ice Reference Experiment (CORE-II) data set to examine local and global trends in jellyfish
biomass. Model output corresponds well with observed trends in jellyfish biomass. The model
confirms that while jellyfish blooms exhibit periodic cycling, some regional increases have occurred
since 1948. This model indicates that the observed trends in jellyfish blooms are strongly linked to
climate forcing. Future projections of the model under RCP 8.5 suggest that globally jellyfish biomass
will only increase by a small fraction, whereas regional increases particularly in the subarctic, are
projected to be quite significant.
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Application of an ecosystem model in developing a management plan for Calanus finmarchicus
Solfrid Sætre Hjøllo, Kjell Utne, Cecilie Hansen, Morten Skogen, Espen Strand
Institute of Marine Research
The copepod Calanus finmarchicus is the dominant species of the mesozooplankton in the
Norwegian and one of the largest marine resources throughout the Northeast Atlantic. A limited
Calanus fishery has taken place in the Norwegian Sea for several decades, but it is expected to
increase in the coming years. Before increasing the annual total allowable catch, a management plan
was developed by the Norwegian Directorate of Fisheries. In addition to setting limits on harvesting,
such a plan particular emphasize copepods key role in the ecosystem, and consider any ecological
consequences of harvesting, for example the stock size of Calanus, effects on populations that feed
on copepods, and bycatch of eggs, larvae and fry of various species. In the management plan, we
have applied the coupled physical-ecological model NORWECOM.E2E to quantify the standing stock
and production of Calanus, and to examine the effects of an upscaled fishery on Calanus predators.
We used a two-way coupled version of the model with herring, blue whiting and mackerel included,
and applied a simplified fishery by removing Calanus biomass evenly in the Norwegian Sea in the
summer months. The model results show no significant effect on consumption of Calanus by pelagic
fish when 3.3 mill tonnes of Calanus were harvested. This results together with a biomass estimate
of 33 million tonnes is underlying the reasoning around the proposal of establishing a Norwegian
quota of copepods at 165 000 tonnes. The effect of bycatch put further strong areal specific
restrictions in the fishery. The applied fishery in the model simulations will be improved by an IBMbased fish boat module under development, which will produce a more realistic fishery and thus
ecosystem effect.
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Biogeochemical implications of potential future changes in shelf sea circulation
Jason Holt 1, Sarah Wakelin 1, Yuri Artioli 2, James Harle 1, Jeff Polton 1
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Simulations of the NEMO-ERSEM Atlantic Margin Model (AMM7) of the NW European continental
shelf driven by climate models out to 2100 have shown the potential for substantial changes to the
ocean-shelf exchange and shelf scale circulation, drawing on simulations from the ROAM and
RECICLE projects. In one realisation of future conditions the inflows into the North Sea through the
Fair Isle channel and east of Shetland are found to substantially decrease, and the Shetland shelf
current largely by-passes the North Sea. This significantly reduces the cyclonic North Sea circulation
and shifts the balance between oceanic and terrestrial influence in this region, seen by a substantial
decrease in salinity. In this presentation we consider what the biogeochemical implications of this
might be. The long-term nutrient budgets in shelf-seas are set by the relative balance of oceanic and
riverine inputs, augmented by atmospheric inputs and modulated by exchanges between benthic
and pelagic systems. A simple mixing box estimate suggests this change in circulation leads to a
North Sea wide increase in nitrate by 15% and the flushing time increases from 1.8years to 2.5 years;
this potentially mitigates against the effects of a reduction in oceanic nutrient concentrations being
advected on-shelf, which have previously been identified (Holt et al 2012). Using output from the
ERSEM model in this simulation, we explore the spatial distribution of these changes and
consequent changes in nutrient ratios, and other factors in play that may mitigate or aggravate this
simplistic view. Using a new NEMO-AMM7 ensemble (O(20) members) from the RECICLE project, we
make a first assessment of the likelihood of this occurring. We finally make an assessment, in general
terms, of the wider implications for a North Sea that is more under terrestrial and less under oceanic
influence.
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On the optimal strategies for building scenario ensembles with dynamic food web models
Simone Libralato, Igor Celic, Cosimo Solidoro
Istituto Nazionale di Oceanografia e di Geofisica Sperimentale (OGS)
Adherence of dynamic food web ecosystem models to observed data represents a challenge,
increasing proportionally to models’ complexity and data availability from multiple sources. Lack of
detailed knowledge for all ecosystem processes, subjective choices when creating the model
(structure), large number of parameters and their uncertainty, quality of available data issues, all
play a role in making the challenge a general issue. The increasing efforts in building these
ecosystem models worldwide is making this challenge more common, while regulations and policy
makers are asking for operational models and accurate results. An ensemble of various models with
different settings and properties might be an option. For this purpose we used an Ecopath with
Ecosim (EwE) time-dynamic model for the Northern Adriatic Sea used, after hindcast, to test
fisheries management hypothesis. Commonly, the ensembles in EwE are obtained by varying either
or both the steady-state and time-dynamic model parameters, which constitute a general
framework for evaluating uncertainty. Similarly, perturbations of environmental constrains and
forcing functions might create ensembles that include these sources of uncertainty. However, an
expert driven recursive fitting process in which fitting is obtained by sequentially targeting different
groups, according to data quality and model objectives, result in an ensemble of models with the
same structure, higher than average accuracies of the target groups but with very different specific
responses. Different ensembles were compared on the basis of statistics synthetically reporting
global and by variable model skills. Results highlight strengths and weaknesses of different
ensembles, as well as the difficulties in calibrating such complex food web models. The findings
support the conclusion that expert driven recursive fitting procedure result in an ensemble that
provides more realistically the complexity of the system and might help placing ecosystem results
from management scenarios to a risk analysis framework.
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Addressing the challenges of transitioning a research model into an operational system
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Since the May 2015 launch of the operational Copernicus Marine Environment Monitoring Service
(CMEMS) the Met Office has been providing integrated physical and biogeochemical daily forecasts
and reanalysis products for the North West European shelf region. These NEMO-ERSEM based
products are useful to a range of users including for example researchers and managers in fisheries
management and wildlife conservation. The use of a single system, incorporating near-real time
physical data assimilation, to produce both physical and biogeochemical products produces a range
of issues resulting in trade-offs in the quality of the respective products. Here we present the
approach taken and the resulting challenges in implementing a simultaneous operational upgrade
from NEMO 3.4 to NEMO 3.6, 2D to 3D physical data assimilation and from a pre-2014 version of
ERSEM to ERSEM 16.06 whilst maintaining the best possible quality product for a range of users.
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The role of models in marine ecosystem assessment and management: a Southern Ocean example
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Assessments of status and trends of marine ecosystems are central to decision-making for
conservation and fisheries. These assessments are typically founded on models of a small subset of
the socio-ecological system, which may be reduced to statistical or dynamic models of single or a
few species. A great challenge is to ensure coherence between related assessments, all of which
need to reflect the status and trends of the system as a whole. How can related statistical and
dynamical models of populations, communities, ecosystems, and their socioeconomic systems and
management frameworks appropriately summarise the socio-ecological system without needing
unwieldy models for each individual purpose? Increasingly, ensembles of several ecosystem models
are used to inform ecosystem predictions and fisheries management. Similarly, coupling or
integrating models across scales and domains can expand the scope for developing comprehensive
and internally-consistent, system-level assessments, including higher-level feedbacks in socialecological systems. We present a hierarchical and integrated framework currently being developed
to address this challenge for the Southern Ocean. This framework intends to provide the basis for
coherent habitat, species and ecosystem assessments that can then be used for specific policy
purposes in the Commission for the Conservation of Antarctic Marine Living Resources and other
forums. We also consider how this framework can be used to evaluate the degree to which
uncertainty in ecosystem structure and dynamics may affect our ability to detect change. This can
include using models to evaluate the utility of potential field observations and indicators (or
ecosystem Essential Ocean Variables) for assessing change under different future scenarios. Finally,
we introduce some of the models – including a size-based model and a Southern Ocean
implementation of the Atlantis model – that are being used as part of a marine ecosystem
assessment for the Southern Ocean planned for 2018 (measo2018.aq).
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Modelling benthic invasion of the English Channel and the Bay of Biscay by the colonial gastropod
Crepidula fornicata and its competition for space with the scallop Pecten maximus
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The north-american gastropod Crepidula fornicata has been unintentionally introduced with oysters
in north-european waters at the end of the 19th century. Then, it has been disseminated to English
Channel french coasts in 1944, following the Overlord operations, and since it has been propagated
all over the French coasts (including Mediterranean lagoons) thanks to oyster stock transplantation
and shellfish dregding. The main population is located in the western Channel (about 500 000 tons in
the Saint-Brieuc and Mont Saint-Michel bays), and is still in expansion. In order to assess the
potential steady state distribution of the population in the English Channel, a model of the
colonization of a bottom surface unit by larvae and progressive building of colonies of age-ordered
individuals ("chains") is presented. Its matrix description of chains allows a compact description of
the structure of colonies, including primary chains and additional secondary chains. It takes into
account breakdown of colonies by natural mortality and mechanical impact of dredging, as well as
partial re-association of fragments of colonies. The 0D simulation shows that the Crepidula
population reaches a stable steady state when the larval input is low, but exhibits a limit cycle
(period≈13 years) when larval input is large. The matrix formulation allows also the simultaneous
simulation of bivalve populations which support Crepidula chains, such as the scallop. Additional
support area brought by the scallop dampens the Crepidula limit cycle. This 0D model has then been
coupled to a connectivity matrix summarizing the 20 days transport of larvae occurring each year in
the English Channel and the Bay of Biscay. A century simulation retrieves the well-known stable
attracting basins for the slipper limpet and shows the regression of the scallop populations in regions
of dense slipper limpet populations.
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An agent-based model of fisher behavior and fish population dynamics in the Gulf of Mexico: how
does fisher behavior affect stock assessment?
Steven Saul
Arizona State University
Fisher decision making can influence the effectiveness of management measures and determines
the spatial and temporal locations of fishery-dependent observations. In many stock assessments
observations from fishers are used to infer the abundance of fish populations. To understand some
of the ways that fisher behavior can influence our perception of abundance, a spatially explicit,
bioeconomic, agent-based model of the reef fish fishery in the Gulf of Mexico (GOM) was developed.
Results demonstrate that catch per unit effort is not always proportional to stock biomass because
fisher behavior affects the location and timing of fishing (i.e. sampling) events. The calculation of
abundance indices from fishery-dependent observations, and the stock assessment models in which
they are used, assume that observations are made (or sampled) randomly across the spatial and
temporal domain. Current statistical methods are not always effective at removing fisher behavior
effects from indices of abundance. This could lead to biased stock assessment trends in biomass and
inappropriate management. Finally, catastrophic events such as the recent oil spill in the GOM
affect short term fishing operations, and may have permanently transformed how some people fish.
If the distribution of data collected from the fishing industry has somehow changed, not
understanding or accounting for such a change could affect the assessment and management
process. An expanded version of this model is under development to understand the response of
fishing fleets and fish populations to event related closures and oil pollution, and explore different
management strategies that can be used in response.
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Modelling the effects of the Landing Obligation on marine ecosystems across Europe
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Discarding is the practice of returning unwanted catches to the sea, dead or alive, due to size, quota
or catch composition regulations. One of the major features of the new Common Fisheries Policy is
the introduction of a Landing Obligation in European fisheries. To allow fishermen to adapt to the
change, the landing obligation is gradually introduced (from 2015 to 2019), for all commercial
fisheries and for species under TACs, or under minimum sizes in European waters. In addition to the
expected reduction of wasteful practices to the minimum, the Landing Obligation aims at promoting
more selectivity (hence less unwanted catches), and more reliable catch data. The actual role of
discards in the ecosystem is little known. In this study, we use a variety of ecosystem models (EwE,
StrathE2E, Atlantis, Osmose, ISIS-Fish) across 7 Case studies across Europe to explore the potential
impacts of the Landing Obligation on marine food webs and fish stocks. 4 exploratory scenarios
combining different options in the discarding pattern, in the species or functional groups affected,
and in fishing selectivity improvements, have been defined and run with all the models. Alternative
diet parameterization as well as alternative discards survival rates are also tested. Results confirm
that food shortages may affect seabirds and benthic scavengers, i.e. the main taxa feeding on
discards. Nevertheless many of them are opportunistic so their actual sensitivity to discard reduction
partly depends on model parameterization. The consequences of a potential decrease in the
biomass of scavengers on higher trophic levels appeared globally limited, but also depend on models
assumptions. We show how a multi-models approach allow to explore uncertainty linked to model
assumptions and to compared the ecosystem effects of the landing obligation across various case
studies. This work is part of the European H2020 project DiscardLess. Additional co-authors:
Athanassios Tsikliras (University of Thessaloniki), Beatriz Guijarro (Instituto Español de Oceanografia),
George Triantaphyllidis and Ioanna Argyrou (NAYS Project Planning & Development Consultants) and
Clara Ulrich (DTUaqua)
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Incorporating management effectiveness of fisheries into a global ocean model
Kim Scherrer, Eric Galbraith
ICTA, Universitat Autònoma de Barcelona
Overfishing and climate change threaten the productivity of marine ecosystems worldwide, with
potentially-adverse effects on human nutrition and socioeconomic well-being. To ensure sustainable
use of marine resources, successful management of capture fisheries is vital. The effectiveness of
fisheries management for reaching sustainability goals is often evaluated through local or regional
studies of specific fisheries, or, on the global scale, based on expert opinion. Such approaches are
essential for the development of good management practice, but the results are difficult to use in
quantitative modelling. Therefore, in this study, we investigate a new way to estimate the
management effectiveness of the global marine fishery and incorporate this human dimension into a
grid-based, observationally-constrained bioeconomic model. Through calculating regional
management targets and comparing them with the best available estimates of historical fishing
mortality, including data-limited fisheries, we provide a large scale perspective of management
effectiveness in order to help develop predictive future scenarios.

30 | P a g e

A dynamic multi-model ensemble for ecosystem simulators
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When making predictions about marine ecosystems, we often have available a number of different
complex models that attempt to represent their dynamics in a detailed mechanistic way. Each of
these models can be used to simulate large-scale experiments and make forecasts about the fate of
marine ecosystems under different scenarios in order to advise management decisions. However,
structural differences, systematic discrepancies and uncertainties lead to different models giving
different predictions under these scenarios. This is further complicated by the fact that the complex
models may not be run with the same species or functional groups, spatial structure or time scale.
That said, it is often the case that these models have shared biases as well as their individual biases.
Rather than simply try to select a `best' model, or take some weighted model average, it is important
to exploit the strengths of each of the available models, while learning from the differences between
them. To achieve this, we construct a flexible statistical model of the relationships between a
collection or `ensemble' of mechanistic models and their biases, allowing for structural and
parameter uncertainty and for different ways of representing reality. Using this statistical metamodel, we can combine prior beliefs, model estimates and direct observations using Bayesian
methods, and make coherent predictions of future outcomes under different scenarios with robust
measures of uncertainty. In this talk we will present the modelling framework and discuss results
obtained using a diverse ensemble of models in scenarios involving future changes in fishing levels.
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Reducing the gap between complex ecosystem models and their use in operational context
Morgane Travers-Trolet
IFREMER, ICES Working Group on Integrated Physical-biological and Ecosystem Modeling
Integrated physical-biological models represent suitable tools for understanding ecosystem structure
and function and for making forecasts for marine ecosystems. Such models are no longer a fantasy
and several examples have proven that the conceptual and technical issues of developing such
complex models have been successfully resolved. However, complex models remain scarcely used in
an operational context where they can be used to understand trade-offs in exploitation of different
components of marine ecosystems. The ICES Working Group on Integrated Physical-biological and
Ecosystem Modeling (WGIPEM) aims at bringing closer complex model development and their
operational use, while maintaining a scientific watch in order to identify gaps in knowledge and
emerging fields of research related to marine ecosystem modelling. Through a collaborative
approach, the group also contributes to a better understanding and formalization of key ecological
processes, and to the definition of scenarios of anthropogenic and environmental forcing. To achieve
the objective of a possible use of complex models for strategic advice on an ecosystem based
approach, efforts are made to increase the reliability of these models. This increase in reliability is
achieved by proposing methodologies for evaluating model performance, validation and sensitivity.
Furthermore the group initialized an inter-model comparison including a setting of common
scenarios. We illustrate that it is possible to use integrated models for addressing operational
questions by using a number of examples. Important aspects such as the communication of models
concepts and possible outputs, or integration of managers beforehand for designing scenarios
remain crucial for increasing the use of complex ecosystem models for operational purpose.
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The ANChor project: Appraisal of Network Connectivity between North Sea subsea oil and gas
platforms
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The planktonic larval stage of several hard-bottom marine organisms has allowed them to colonize
oil and gas platforms across the North Sea, which now function as artificial reefs. Whether the
platforms work as a network, interconnected by pelagic larvae is not known. As the North Sea enters
the decommissioning era, it becomes crucial to understand how platform removal will affect the
overall structure and functioning of North Sea ecosystems. We use a bio-physical modelling
approach to study the dispersal and connectivity of meroplankton among subsea platforms in order
to evaluate whether the removal of decommissioned platforms will have more than a local effect on
the marine ecosystems of the North Sea. We carried out a series of particle tracking simulations
using an Individual Based Model capable of simulating planktonic larvae with different life history
characteristics (i.e. pelagic larval duration, depth preference, timing of release), coupled to a high
horizontal resolution (~1.8 km) ocean circulation model of the Northwest European Shelf. Since
larval behavioural parameters are often lacking for benthic marine species, sensitivity experiments
were carried out to test some of the biological assumptions made. Regional differences in
connectivity are expected due to the different oceanographic regimes of the North Sea and the
geographical distribution of the platforms. Larval characteristics are expected to drive differences in
the connectivity patterns of the different species modelled. We aim to determine the temporal and
spatial scales at which the populations of benthic marine organisms, established on the subsea
platforms, are linked through planktonic larval connectivity. We test the sensitivity of modelled
connections to the temporal and spatial resolution of velocity fields and to various biological
parameters, as well as the sensitivity of regional networks of subsea platforms to reconfiguration by
decommissioning.
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Modelling plastic and evolutionary responses for marine viruses
Melinda Choua 1, Juan A. Bonachela 1, 2
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Marine viruses contribute to regulating the phytoplankton community. Consequently, viruses play a
key role in the most important biogeochemical cycles on earth. Therefore, a precise representation
of the virus-phytoplankton interaction is crucial to predict phytoplankton community dynamics, and
its effects on the rest of the marine food web and biogeochemical cycles. Viruses are parasites
whose reproduction depends on the metabolic efficiency of their host (i.e. host growth rate). It has
been observed that the host growth rate affects the infection time (i.e. latent period) and the
offspring number (i.e. burst size). However, this influence is still not well understood and has never
been considered when modelling the phytoplankton population in the long term. In this talk, we fill
these gaps by using experimental data to model (i) the ability of the viruses to react to
environmental changes in the short term (i.e. plastic response), and (ii) how, in the long term, this
plasticity affects the viral trait evolution and the phytoplankton population. We will discuss the
factors that influence the Evolutionary Stable Strategy for the latent period and how the burst size
and the latent period change with the host growth rate. Then, we will compare the dynamics of the
host and viral populations in the plastic and no plastic cases. This study can improve our
understanding of viral evolution and can affect deeply predictions about the future of marine
resources.
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Population Interactions in Marine Ecosystems
Roger Cropp 1,
Presented by John Norbury 2
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We use an extended consumer-resource framework, that bridges the divide between theoretical and
simulation ecosystem models, to develop a comprehensive theory that captures the basic
population interactions together with mixotrophy. This approach allows general solutions to models
to be captured by simple graphical representations. We use these graphics to investigate population
interactions that span from competition through mixotrophy and facultative mutualism to predation
and obligate mutualism.
We first show how a Southern Ocean ecosystem model can produce either a high resilience system
with conventional trophic level mass distribution, or an inverted trophic pyramid for a low resilience
system, by making a relatively small change in parameters. Next we show that small amounts of
mixotrophic behaviour consistent with global warming may lead to extinctions of half the food web.
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"End-to-End“ marine ecosystem modelling in a functional group approach: An application for longterm variations in the North Sea and Baltic Sea ecosystem
Ute Daewel 1, Ute Daewel 1, Corinna Schrum 1, Jed Macdonald 2, Ingrid Kröncke 3
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The majorities of marine ecosystem models target only parts of the trophic food chain. This
implicates difficulties to consistently simulate the major controls of marine ecosystems and to
distinguish between ‘bottom-up’, ‘top-down’ or ‘wasp-waist’ controlled ecosystems. While one
solution to this deficit is to couple specific models for the different trophic levels into an interlinked
model approach, another approach would be enhancing the existing ecosystem models consistently
by defining functional groups for higher trophic level similarly to those for lower trophic levels. The
latter would solve the requirements for closing the lower trophic food chain and hence could be
used to address questions on spatial and temporal variations of ‘top-down’ impacts on lower trophic
level dynamics, while it further allows estimates of fish production potential. Here we present such
an NPZD-Fish modelling approach that bases on the fully coupled biological-physical ecosystem
model ECOSMO II. The model represents both fish and macrobenthos as functional groups that are
linked to the lower trophic levels via predator-prey relationships. To understand the role of fish and
macrobenthos in this model, especially for long term variations in the ecosystem, we will perform a
68 year long (1948-2015) hindcast simulations for the coupled North Sea and Baltic Sea ecosystem
and compare the results to estimates on fish biomass acquired from the International Bottom Trawl
Survey and biomass estimates for macrobenthos. The long-term model integration together with
sensitivity studies on individual model parameters and model assumptions is designed to provide
insides on model functioning and ecosystem responses to higher trophic levels. Further, this model
application entails conclusions on the development needs for consistent functional type “End-to-End”
modelling approaches.
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Modelling cyanobacteria life cycle dynamics and nitrogen fixation in the Baltic Sea
Kari Eilola 1, Inga Hense 2, Markus Meier 3
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We have built a model system that combines for the first time a 3-dimensional physicalbiogeochemical model with a life cycle model of cyanobacteria. This model system is applied to the
Baltic Sea and run for the period 1850-2008 to study bloom formation and nitrogen fixation. The
explicit consideration of life cycle dynamics significantly improves the representation of the
cyanobacterial phenological patterns. Compared to earlier 3D-modelling efforts, the rapid increase
and decrease of cyanobacteria is captured well by our advanced model and is a result of life cycle
transitions. We find that dissolved inorganic phosphorus is important in regulating the magnitude of
the bloom and regional occurrences but has only little impact on the seasonal occurrence. Life cycle
dynamics has also an effect on nitrogen fixation and shows pronounced changes over the time
period of more than 100 years. In sensitivity studies, we address the importance of increased
anthropogenic nutrient loading on N2-fixation.
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Currently misdirected: Big steps toward improving random walk modeling
Wendy Gentleman
Department of Engineering Math, Dalhousie University, Halifax, NS, Canada
Simulated transport of motile (super)individual biota, as well as passive drifters, dissolved
substances, sinking and floating particulates is commonly done using Lagrangian particle tracking.
This approach is conceptually simple, i.e. displacement is the integral of velocity, but particle
pathways must be calculated over a series of "baby steps" when velocities vary in space, time and/or
have a random component. Directed motions, such as advection or certain types of swimming, can
be described deterministically, whereas random motions, such as those resulting from foraging
behaviours or exposure to turbulence, are described using random walk models. Marine particle
tracking applications that incorporate random walks typically take direction from previous studies
regarding choice of equation, probability distributions, model time step, and boundary conditions.
The most common approaches are to assume a constant horizontal diffusivity, and to characterize
vertical turbulent motions with "Visser's scheme", which modifies the standard Gaussian formula to
account for spatial variation in the diffusivity. Most studies also employ Visser 1997's time step
criterion and some allege their other model choices are also based on recommendations made in
that same paper. Here I review the basis for these directives, highlighting confused statements in
the literature, and revealing how common practices may compromise mathematical precision and
computational efficiency. I show how alternatives to Visser's scheme can achieve comparable or
improved accuracy at the same or lower cost. I also present a new criterion that supports use of a
much larger model time step. A 1D simulation illustrates how the error addressed by Visser's scheme
can be secondary to other sources of error that are not typically considered. A 3D simulation shows
other ways in which misdirected modeling may incur additional computational expense for no
benefit. Recommendations of new "best practices" are discussed.
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Zooplankton feeding behaviour mediates energy transfer in the global marine ecosystem
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Size-based predation is the major driver of energy transfer from phytoplankton to higher trophic
levels. With their incredible biological diversity, zooplankton exhibit a range of size-based feeding
behaviour, from passive suspension grazing to active ambushing and carnivory. In our presentation,
we will begin by highlighting how the unique size-based feeding characteristics of different
zooplankton functional groups, such as copepods and salps, have very different implications for the
efficiency of energy transfer from phytoplankton to higher trophic levels. We will then discuss one
possible approach to incorporating this important diversity, which involves resolving the feeding
characteristics of multiple zooplankton functional groups in a dynamic size-spectrum model of the
global marine ecosystem. This model has two components. The first links observed functional group
composition of zooplankton communities with environmental conditions. The second is an end-toend dynamic size-spectrum model, which uses the first component to define the changing
proportional representation of different zooplankton functional groups across global environmental
gradients. A key finding from the model is that explicitly incorporating the feeding characteristics of
different zooplankton functional groups substantially changes global estimates of fish biomass. More
specifically, modelled changes in zooplankton community composition from eutrophic to
oligotrophic regions of the global ocean significantly affects the relative productivity of higher
trophic levels.

41 | P a g e

Stage duration and survivorship as emergent properties: how variation in mortality and
environmental conditions influence copepod demographic patterns
Sandra Kitan 1, Wendy C. Gentleman 1, Guoqi Han 2, Pierre Pepin 2
1

Dept. of Engineering Mathematics, Dalhousie University, N.S. Canada

2

Northwest Atlantic Fisheries Center, St. Johns, NL, Canada

Copepods are key links in marine foodwebs, and these ecological connections are dependent upon
spatio-temporal patterns in copepod population size and structure. Understanding and predicting
such patterns can be done using models that describe the complex interaction of copepod life
history with transport through variable environments. In such biophysical models, copepod stage
durations and survivorship derive from characterizations of development and mortality rates. Model
sensitivity to these parameterizations is of concern due to the inherent uncertainty associated with
both environmental dependencies and the conditions experienced by individuals, as well as
difficulties in reliably estimating mortality. Here, we use Lagrangian particle tracking to couple an
individual-based model (IBM) of copepod population dynamics with a 3D regional circulation model
to investigate the sensitivity of simulated copepod demography to variability in both temperature
and mortality. The IBM is calibrated for Calanus finmarchicus on the Newfoundland shelf in the
Northwest Atlantic, using field data for abundance, and specifying egg production, stage-dependent
development, and mortality rates based on empirical relationships. Simulations are initialized at the
time copepodites emerge from diapause, and run for one generation. Different model scenarios for
scales of temperature variability (e.g. regional mean vs. individual temperature histories) and stagevarying mortality (i.e. based on observed regional monthly mean estimates and confidence intervals)
are considered, and resultant patterns of realized stage durations, survivorships, population size and
structure are examined. We test the hypotheses that mortality causes realized stage durations to
differ from those measured in the laboratory, such that corollary effects on survivorship have
pronounced effects on simulated dynamics. Additionally, we assess the relative importance of
mortality uncertainty as compared to temperature variation with regard to effects on spatial
demography. Recommendations for both future modelling efforts and field studies are discussed.
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How is connectivity pattern of hard substrate species impacted by artificial structures in the North
Sea?
Geneviève Lacroix, Francis Kerckhof, Steven Degraer, Ilse De Mesel
Royal Belgian Institute of Natural Sciences
Pelagic life stages are critical in determining invertebrate and fish dispersal and connectivity in the
marine environment. Man-made structures such as wind farms start proliferating in the North Sea.
They could act as stepping stones and allow species to expand their distribution range over large
distances. Effective marine management requires the understanding of how (artificial) hard
structures are ecologically connected and what processes influence larval retention and dispersal.
The transport of marine organisms from the spawning grounds to settlement areas is driven by
hydrodynamic processes. However, the final dispersal pattern, larval survival and successful
settlement of the larvae are affected by environmental factors, physiology, behaviour and
reproductive strategies (spawning period/areas). Biophysical models help assessing the dispersal
potential of marine species during their pelagic phase. Here, we use a particle-tracking transport
model coupled to a 3D hydrodynamic model (Larvae&Co), to assess the larval dispersal of Mytilus
edulis, Ostrea edulis and Patella vulgata in the North Sea and to quantify the increase of connectivity
of disconnected populations as a consequence of man-made structures. Our results will contribute
to a better understanding of the impact of man-made structures on larval dispersal and connectivity
in the North Sea.

43 | P a g e

Allometric scaling of physiological buoyancy regulation in marine diatoms
Chris Lindemann
University of Bergen & Hjort Centre for Marine Ecosystem Dynamics
Diatoms are an important part in the marine ecosystem, contributing as much as 40% to the marine
carbon uptake. Due to the absence of flagellum or cilia they are often modeled as passively sinking
particles, where the sinking velocity is determined by the cell size. However, many diatom species
exhibit variable sinking rates not only with changes in cell size, but driven by active buoyancy
regulation through changes in cell density linked to the physiological growth condition. Several
hypothesis regarding the dominate factor controlling the variations in cell density have been
suggested; with changes in vacuole density and vacuole size, as well as the macromolecular
composition (carbohydrates, lipids, proteins and silicate), being the most dominate ones. In this
study a mechanistic allometric-scaling model for physiological buoyancy control in marine diatoms,
Diatom-Buoyancy-Model (DBM), is presented. This mechanistic trait-based model accounts for
variable vacuole proportion and vacuole density as well as changes in macromolecular composition,
as a function of cell size and growth condition. The results show that both, the macromolecular
composition and vacuole density play an important role in controlling cell density, with shifting
dominance depending on cell size and growth. These findings are supported by literature values and
have not only important implications for the biological understanding of the persistence of diatom
cell in the mixed layer, but also unify several hypothesis regarding the dominate driver in diatom
buoyancy regulation. In addition to the full model, a simplified version of the DBM, suitable for the
implementation in larger ecosystem models, is presented.
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Paying attention to expiration labels: the importance of non-predatory death for copepod
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Quantification of copepod mortality rates and types is essential for understanding and predicting
their population dynamics and associated ecological linkages. Standard estimation methods do not
distinguish among predation, expiration (e.g. egg hatching failure, starvation, genetic defect, disease)
and transport-related losses (e.g. sinking, migration), nor do they consider that samples may include
dead copepods (carcasses), which can lead to misinterpretation and bias. We developed a simple
population dynamics model that accounts for the production of non-viable eggs, expiration of live
individuals, and losses of dead individuals, and use this model to explain how non-predatory death
influences in situ abundances and population structure. Previously reported in situ measurements
indicate that most field samples likely include non-trivial abundances of dead individuals. We also
derived generalizations of commonly used mortality estimation methods, and apply these new
formulae to Calanus helgolandicus data from the western English Channel, to illustrate the effects of
reduced viability on estimated early stage loss rates and survivorship. Results demonstrate that even
slight reductions in non-predatory death can impart significant changes, with the nature of the effect
varying among methods. Notably, we show that C. helgolandicus egg hatch failure (median of 32%)
can have significant effects on estimates of early stage mortality and survivorship, and that its
importance will be masked by the common practice of aggregating early stages. Our analysis
reinforces previous recommendations for scientists to consider expiration in designing their
modeling and empirical studies.
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Modelling the new paradigm for marine planktonic ecology
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The accepted view of marine ecology, over decades, has seen single-celled plankton divided
between phytoplankton (primary producers) and microzooplankton (primary consumers). This
division is akin to the plant-animal dichotomy in terrestrial ecosystems. In between these "plantlike" phytoplankton and "animal-like" microzooplankton, are the single-celled mixotrophs. The
mixotrophs are so named because they use a mixture of strategies for growth (i.e., photosynthesis
plus predation). While mixotrophs are not new to science, for decades they were considered as
freaks of nature, assumed to prosper only when the pure primary producers (i.e., phototrophic
"phytoplankton") and the pure primary consumers (i.e., heterotrophic zooplankton) are
disadvantaged. This assumption appears to be born of fundamental misunderstandings of the
synergistic nature and inherent variability of mixotroph physiology. Over the last four years our view
of these microscopic "triffids" has changed; they now appear to reflect more the norm than the
exception (Flynn et al 2013 JPR; Mitra et al 2014 Biogeosciences; Mitra et al 2016 Protist).
Accordingly, the traditional dichotomy between phytoplankton and microzooplankton appears
questionable, if not untenable. To aid in modelling mixotrophic activity we have defined a new
functional group classification of protists, including different forms of mixotroph (Mitra et al. 2016
Protist). Using models at different scales of operation we have shown how explicit inclusion of
different mixotroph forms within food-web models, in line with reality, alters simulation output in
comparison with outputs from traditionally configured (phytoplankton+microzooplankton) models.
These developments have scope to affect our understanding of trophic dynamics leading to fish, and
biogeochemical cycling via the microbial and biological pumps (Mitra et al. 2014 Biogeosciences).
This talk will provide an overview of these developments, and advise for modellers.
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Factors controlling Southern Ocean coccolithophore biogeography – a modeling approach
Cara Nissen, Meike Vogt, Matthias Münnich, Nicolas Gruber
Environmental Physics, Institute of Biogeochemistry and Pollutant Dynamics, ETH Zürich
Southern Ocean phytoplankton biogeography is important for the biogeochemical cycling of carbon,
silicate, and the transport of macronutrients to lower latitudes. With the discovery of the ‘Great
Calcite Belt’, revealing an unexpectedly high prevalence of calcifying phytoplankton in this ocean
basin, the relative importance of Southern Ocean coccolithophores for phytoplankton biomass and
net primary productivity, the factors controlling their biogeography, and their impact on the carbon
cycle need to be revisited. Using a mechanistic regional high-resolution model (ROMS-BEC) for the
Southern Ocean (24-78°S) that has been extended to include an explicit representation of
coccolithophores, we assess controlling factors of Southern Ocean coccolithophore biogeography
over the course of the growing season, with a particular focus on biotic interactions and the relative
role of top-down versus bottom-up factors. In our simulation, coccolithophores are an important
member of the Southern Ocean phytoplankton community, contributing ~13% to annually
integrated net primary productivity south of 30°S. Coccolithophore biomass is highest in February
and March in a latitudinal band between 40-55°S, when diatoms become heavily silicate limited. This
region is characterized by a number of divergent fronts with a low Si:Fe ratio of waters supplied to
the mixed layer, supporting an increased growth of coccolithophores relative to diatoms.
Furthermore, we find top down controls to be the major control on the relative abundance of
diatoms and coccolithophores in the Southern Ocean. Consequently, when assessing potential
future changes in Southern Ocean coccolithophore abundance, both physical (temperature, light,
nutrients) and chemical (ocean acidification) changes, but also biotic interactions need to be
considered.
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Are we able to model the microbial carbon pump? Current state and future directions
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The role played by the microbial carbon pump (MCP) in ocean carbon sequestration has received
particular attention in the last few years. In particular, some theoretical works have focused on the
variability of the MCP with respect to the more traditional biological carbon pump (BCP),
hypothesising an indirect effect of nutrient concentration on the relative magnitude of the two
mechanisms. In summary, they concluded that eutrophic conditions would favour the BCP while
oligotrophic conditions would enhance the MCP. Here we show that by using established models it
is possible (on a first approximation) to simulate the nutrient-dependent variability of the MCP:BCP
ratio. The simulations were obtained by combining a model describing the effect of phytoplankton
stoichiometry on grazing (a process called Stoichiometric Modulation of Predation, SMP) with a
model describing the interaction between heterotrophic bacteria and dissolved organic matter
(DOM), including the production of recalcitrant DOM (RDOM). The two models were for the first
time merged together, embedded in a complex marine ecosystem model (the European Regional
Seas Ecosystem Models, ERSEM) and run in an idealised context. In the second part of the talk, we
present a comparison between DOM dynamics simulated by the model and those observed in
laboratory experiments dealing with DOM degradation and RDOM formation. We argue that our
model is a suitable starting platform to simulate the dynamics underpinning the MCP. However,
additional, ad hoc performed experiments are required to further validate and refine the model.

48 | P a g e

Impact of the implementation of the diapause trait on the dynamics of plankton communities and
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Many Arctic mesozooplankton species graze intensely on the short pulse of primary production in
spring to accumulate lipids in preparation for an extended dormant period at depth, the diapause
(no feeding, reduced metabolism and activity). Diapause, especially in Calanus spp. copepods, is a
key adaption to life in the highly seasonal Arctic marine ecosystem that enables individuals to
survive the harsh autumn and winter months at depth, before migrating again to favorable surface
conditions in spring. Diapausing copepods export carbon below the mixed layer, bypassing the
microbial remineralization. However, the role of carbon sequestration by diapausing Arctic copepods
is still underrepresented in the biogeochemical models used to understand the biogeochemistry of
marine ecosystems. In order to improve our understanding of the effects of diapause on the Arctic
pelagic ecosystems, we implemented it as a functional trait of mesozooplankton numerical species
in the DARWIN model. DARWIN simulates emerging planktonic communities in response to
environmental forcing. A plausible way of diapause control involves the metabolism of lipids in the
zooplankton communities. We used the C to N ratio (C:N) as a proxy of the lipid content of
mesozooplankton numerical species in DARWIN. Since lipids do not contain nitrogen, the more lipids
zooplankton accumulates, the higher the C:N ratio is. Initiation and termination of diapause in the
model depend on a certain threshold indicating that the individuals have accumulated enough lipids
to survive the autumn and winter seasons without feeding. Such thresholds are based on the
literature and model calibration. In order to have meaningful variations of the C:N ratios, we
decoupled the metabolism of carbon respiration and nitrogen excretion. This was based on the
assumption that nitrogen excretion nearly stop at depth during diapause. Our results exhibit a lipid
related carbon flux (lipid pump) similar to the detritus carbon flux.
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Zooplankton diversity modelling, combining size and trait based approach
Sevrine Sailley, Jorn Bruggeman
Plymouth Marine Laboratory
Zooplankton representation in ecosystem models is generally based of broad size group which
represent a wide variety of zooplankton type. This has limits in regard to the role of zooplankon in
regulating primary production and more importantly for the ones grouped into mesozooplankton
and macrozooplankton their role as a prey for higher trophic levels. We will present here a novel
approach to representing zooplankton which combines approaches from size based and trait based
models. Organism size is used to determine rate values (e.g. grazing, growth, respiration) as well as
available prey (predator:prey size ratio), while relevant traits (e.g. jelliness, diet) are used to
separate zooplankton groups beyond size. We present here result from this approach done using
ERSEM (European Regional Seas Ecosystem Model), which modular structure facilitates creation of
multiple zooplankton in order to test the relevance of mesozoopolankton diversity, it's impact on
community dynamics.
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Intertidal mudflats in temperate latitudes are among the most productive ecosystems on Earth. In
the absence of macrophytes, microphytobenthos (MPB) is the most important primary producer in
those areas. While first attempts to model factors driving phytoplankton bloom date back to Riley’s
work in 1946, efforts to understand microphytobenthos seasonal cycle are relatively new (Guarini
developed a first MPB model in 1997). The drivers controlling the MPB seasonal cycle are still in
debate. In this study, we use a MPB 1D model to test different hypotheses regarding potential
factors controlling MPB production and biomass at low tide over a seasonal cycle on a mudflat of the
Atlantic Coast of France. The model explicitly simulates MPB and grazers over and within the first
centimeter of sediment. It is forced by realistic daily to seasonal cycles of irradiance and
temperature. Roles of sediment temperature, functional diversity within MPB and grazing will be
particularly considered. In situ and remote sensing time series based on the Normalized Difference
Vegetation Index will be used to calibrate and assess the model behavior. Regarding the high
variability of abiotic and biotic factors on an intertidal mudflat, this modeling approach will allow us
to realize multiple experiments and to separate the contribution of a single driver in such a mixedsignals area. This preliminary study will help us to couple a MPB module to the 3D ocean model
MARS3D to assess primary production and biofilm resuspension during high tide within coastal
waters of the French Atlantic coast.
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Advances in encounter theory and application in larval ecology
Kevin Sorochan, Anna Metaxas, Wendy Gentleman
Dalhousie University
The lifecycle of many benthic marine invertebrates includes a planktonic larval phase. These larvae
use cilia or specialized appendages for propulsion, which facilitates depth regulation, feeding,
predator avoidance, and settlement. Encounter theory provides a link between both evolutionary
and ecological interests in larval motility because it can be used to (1) investigate evolutionary tradeoffs and (2) provide estimates of encounter rates with food and predators. Classical models of
encounter rates are based on restrictive assumptions of movement (i.e. ballistic or diffusive) that
represent opposing extremes on the continuum of directional persistence. Directional persistence
may be expressed as a “persistence time”, which is the reciprocal of the instantaneous turning rate.
When multiplied by the swimming speed, the persistence time is converted to a persistence length,
which is a metric of predation risk. We developed analytical and individual based models that allow
for prediction of the encounter rate as a function of persistence length. We also quantified
persistence length and swimming speed from video-recordings of feeding and non-feeding larval
stages of barnacles (i.e. the nauplius and cypris stages) over a range of temperatures. We found that
correlations between temperature and persistence length resulted from of the effect of
temperature on swimming speed for nauplii and persistence time for cyprids. We suggest that the
quantification of directional persistence of larvae can provide new insight into the evolutionary
trade-offs associated with feeding and non-feeding life history strategies in addition to facilitating
the prediction of encounter rates.
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Do microplastics affect marine ecosystem productivity?
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Marine and coastal ecosystems are among the largest contributors to the Earth’s productivity.
Experimental results indicate negative impacts of microplastics (< 5mm) on individual algae or
zooplankton organisms. Consequently, pelagic marine primary and secondary productivity may be
negatively affected by the presence of plastic particles in the water column. In this study we make a
bold attempt at scaling up laboratory findings to estimate the impacts on productivity at ecosystem
level by means of a modelling approach. Spatial and temporal distributions of microplastic
concentrations were modelled using particle tracking (Delft3D-PART), and were used as input to our
biogeochemical model for the North Sea (Delft3D-GEM). Impacts of microplastics on relevant
process parameters of algae and zooplankton were calibrated based on the (rather scarce) data from
experiments and literature. Although model results suggest that absolute impacts of plastics on
pelagic primary and secondary production are small, in some areas the relative impacts on
secondary production are quite notable. In addition, the modeling approach reveals large knowledge
gaps which may guide future research.
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Copepod vulnerability to chaetognath predation as a function of swimming behaviour - An IBM
approach
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In pelagic copepods, the risk of predation by chaetognaths is strongly dependent on the swimming
behaviour. These ambush predators experience different encounter rates with copepod prey
depending on their moving patterns. In this work, we implement an IBM by which simulating the
realistic swimming mode of adult males and females of the cruising calanoid Paracalanus parvus. 3D
video observations of freely swimming individuals highlighted different motion behaviour between
males and females. The recorded tracks were digitised and analysed to derive numerical descriptors
of the movements, which were subsequently used to reconstruct numerically the sex-specific
behaviour. The simulated tracks were then used to calculate the probability of encounter with
virtual chaetognath predators. Model results are compared to field observations from the literature
and highlight sex-specific (and thus, motion-specific) predation risk. This mechanistic approach
deepens our understanding of the small-scale interactions in the pelagic food webs, and hints at
possible nesting with ecosystem-based models.
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Ecology reveals fascinating regularities in patterns emerging across different ecosystems
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A recent meta-analysis of community-level data in macro-ecology from marine and freshwater
systems as well as grass-land and different types of forests show that predator-to-prey biomass
ratios decrease with increasing prey biomass in a consistent way worldwide. Density-dependent
negative feedback and metabolic constraints have been discussed to explain these surprising
regularities, but a theory predicting the patterns remains elusive. Rooted in marine microbial
ecology, we show how a simple principle derived from bacteria-phage interactions in the pelagic
food web has the potential to explain these patterns. It suggests that costs and benefits of resistance
against strong top-down control may shape ecosystems across all scales, linking parasitism to
predation and guiding us towards a unifying theory where boundaries between microbial – and
macro-ecology may be diminished.
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Modelling the importance of DMS-mediated feedbacks in pelagic ecosystems
Delphi Ward, Jessica Melbourne-Thomas, Simon Wotherspoon, Craig Johnson,
Mark Hindell
Institute for Marine and Antarctic Studies & Antarctic Climate and Ecosystems Cooperative Research
Centre, University of Tasmania, Australia
The presence of system-level, positive feedbacks in marine ecosystems can have profound
implications for their stability and propensity to exhibit alternative stable states. However, these
high-level feedback effects, that can transcend bottom-up and top-down control, are not well
represented in models. The ability of phytoplankton to promote their own blooms by releasing the
chemical compound dimethylsulfide (DMS) has been suggested as a key mechanism for positive
feedback in pelagic ecosystems. Many higher predators can smell DMS and use it to navigate to
productive patches in the ocean. This enhances predator ability to locate their zooplankton prey,
and thereby releases phytoplankton from a major source of mortality. This may facilitate larger
phytoplankton blooms, resulting in more energy entering the food chain. For zooplankton, DMS
therefore signals not only enhanced foraging opportunities, but also greater predation risk. The
relationship between DMS concentrations in pelagic systems and spatial distributions of
phytoplankton, zooplankton and predator species assemblages has never been investigated
empirically, or using models. The sensitivity of marine olfaction to ocean acidification suggests the
potential for the breakdown of this feedback under climate change scenarios, which could have
significant implications for the structure and function of pelagic ecosystems. We used a qualitative
network modelling approach to investigate the importance of DMS-mediated feedbacks in the
Southern Ocean ecosystems, and the likely impacts future climate change will have on these
interactions and the state of the ecosystem. The Southern Ocean ecosystem is unique in that the
zooplankton – in particular Antarctic krill – form a direct link between phytoplankton and large
pelagic predators (whales). We will present conclusions for the likelihood of regime shifts occurring
in the Southern Ocean as a result of the breakdown of DMS-mediated feedbacks. We will also
discuss the dependence of future outcomes on uncertain feedback structure and implications for
future data collection.
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Working at the edge: Macrobenthic ecosystem engineering and its change in the anthropocene
Kai Wirtz 1, Onur Kerimoglu 1, Carsten Lemmen 1, Hassan Nasermoaddeli 2, Kaela Slavik 1, Wenyan
Zhang 1
1

Helmholtz-Zentrum Geesthacht

2

Federal Waterways Engineering and Research Institute

Animals living at the bottom of the coastal ocean are known to significantly alter material fluxes
within both the water column and the sediments, and the exchange in between. Macrobenthic
organisms also modify their physical and geological environment, as described by the concept of
ecosystem engineering. Macrobenthic abundance and community composition greatly varies on all
scales, and concomitantly do geo-ecological imprints of such variations. Here we synthesize a series
of studies conducted using the Modular System for Shelves and Coasts (MOSSCO,
http://www.mossco.de). Focusing first on epifauna, we investigated system-wide effects of changes
in the lateral distribution of mussels in the southern North Sea, which result in spatio-temporally
variable impacts in terms of, e.g., particle filtration, sediment bio-stabilization, and particle
resuspension. Then, for the first time, we link pelagic inputs to infaunal biomass distribution in three
dimensions, from which we derive a fully adaptive and trait-based description of bioturbation
activity, with major implications for the simulation of biogeochemical fluxes at the sediment-water
interface. The series of studies has been made possible by a new type of modularity realized
through the MOSSCO system, where hydrodynamic, geological, biogeochemical and ecological
models and data sets, each implemented as a modular component, can be coupled seamlessly.
Making use of this model and data repertoire, we finally describe the massive settling of suspension
feeders (Mytilus edulis) at offshore windfarms and how this biofouling on man-made structures
affects pelagic primary production in the southern North Sea. Our results indicate a moderate local
effect, which at larger scales may accumulate to a non-negligible ecosystem impact. Together, these
studies reflect an integrative approach that ignores established boundaries between modeling
communities, which we found key for better understanding the two-way interactions between
macrobenthic communities and their multi-phase environment
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Bayesian parameter inference and uncertainty estimation in complex ecological models
Asta Audzijonyte, Jarno Vanhatalo
University of Helsinki, Finland
Most phenomena in nature and society are complex and their meaningful theoretical representation
requires complex models. However, application of complex models inevitably brings tremendous
theoretical and computational challenges in assessing uncertainty of model parameters and
simulation outcomes. Large numbers of parameters and long run-times mean that parameters in
complex models are often tuned manually. This is laborious, contains a subjective element, and does
not give rigorous uncertainty estimates for the model predictions. In contrast, Bayesian inference
provides a statistically rigorous standard in assessing parameter uncertainty through 1) transparent
way to use prior knowledge on parameter values, and 2) theoretically justified manner to integrate
complementary sources of data. However, Bayesian inference is notorious for its computational
demand and is currently deemed impossible for complex ecological models. Here we propose a new
computationally affordable Bayesian approach for parameter inference and uncertainty assessment
in large scale ecological models, and demonstrate its application in the Atlantis marine ecosystem
modelling framework. The key of the approach is an efficient parameter space search algorithm
combined with model emulators. The search algorithm is designed around the sequential strategy of
global optimization and is different from the Markov Chain Monte Carlo approach that searches the
parameter space randomly. While these methodologies have been known and applied separately for
a while, to our knowledge this is a first study combining their application in a complex ecological
model.
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Comparison of neural networks and redundancy analysis for predicting ecosystem state with
fishing and environmental indicators
Danielle Dempsey, Wendy C. Gentleman
Dalhousie University
Ecosystem based fisheries management decisions should be made in the context of changing
environment and human use. Decision-making is aided by ecosystem indicators derived from a wide
variety of data types. Human activity indicators include fishing pressure and commercial landings.
Environmental indicators include broad-scale metrics such as the North Atlantic Oscillation, and
regional conditions such as temperature. With the increasing amount and diversity of ecological data,
it is becoming imperative to determine what should be factored into management decisions. Here
we use simple neural networks (NNs) to examine which combinations of fishing and environmental
indicators best predict multivariate fish community status, defined here as the biomasses of three
key functional groups (benthivores, planktivores, and piscivores). Nearly three decades of data were
used to train and test the networks for the Grand Bank (Atlantic Canada), which is a data-rich,
historically significant fishing ground that experienced complex ecological changes over this period.
To compare different time delay types (lag vs. moving average) and periods (0 to 5 years), twelve
distinct models were developed. For each model, the goodness of fit for all possible combinations of
nine fishing and environmental indicators was evaluated. The number of indicators in the best sets
and most frequent individual indicators were also evaluated, and the results compared to our
previous work using redundancy analysis (RDA), which is an extension of multiple linear regression.
Both methods can simultaneously predict several response variables using several explanatory
variables; however, only NNs implicitly model nonlinear relationships. Due to the nonlinear nature of
most ecosystem interactions, we expect the best NN sets to have higher explanatory power with less
indicators, and to highlight different pressures than the RDA. We discuss how these types of
statistical models can help design end-to-end modelling studies, plan field programs, and direct
monitoring and forecasting efforts.
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Assessing the role and consistency of satellite observation products in global physicalbiogeochemical reanalysis
David Ford
Met Office
As part of the European Space Agency’s Climate Change Initiative programme, new sets of satellite
observation products, intended to act as Climate Data Records, have been produced for Essential
Climate Variables including ocean colour, sea surface temperature, sea level and sea ice. Climate
Data Records are required to be sufficiently stable and consistent to be used to detect and monitor
climate variability and change, in order to benefit climate studies including reanalyses. These new
products have been assimilated into a global coupled physical-biogeochemical ocean model, to
create a set of 13-year reanalyses at 1° resolution and 3-year reanalyses at 1/4° resolution. In a
series of experiments the variables have been assimilated individually and in combination, in order
to assess their consistency in terms of physical-biogeochemical relationships, including the
positioning of spatial features and temporal variability. The impact of the assimilation on the carbon
cycle and other climate-relevant variables has also been assessed, and the quality and utility of
biogeochemical reanalyses explored. This includes the study of inter-annual variability and
phenology, and the potential for reanalyses to provide information about biases in climate models
and projections.

61 | P a g e

Changing Ross Sea biogeochemistry assessed by a data assimilative model and bio-optical glider
observations
Daniel E. Kaufman 1, Marjorie A. M. Friedrichs 1, Walker O. Smith, Jr. 1, Eileen E. Hofmann 2, John C. P.
Hemmings 3
1

Virginia Institute of Marine Science, College of William & Mary, Gloucester Point, VA, USA

2

Center for Coastal Physical Oceanography, Old Dominion University, Norfolk, VA, USA.

3

Met Office, Exeter, UK

The Ross Sea is a highly productive region of the Southern Ocean that is expected to experience
changes over the next century including warmer temperatures, reduced summer sea ice
concentrations, and shallower mixed layers. To investigate how these climatic changes may alter
phytoplankton dynamics, glider observations are used in conjunction with the Model of Ecosystem
Dynamics, nutrient Utilisation, Sequestration and Acidification (MEDUSA). MEDUSA is adapted for
the Ross Sea to include both solitary and colonial forms of Phaeocystis antarctica and run in the
Marine Model Optimization Testbed (MarMOT), a one-dimensional model analysis and assimilation
framework. Assimilation of bio-optical glider observations is carried out with a combination genetic
algorithm and local direction set algorithm to explore and constrain biogeochemical model
parameters. Scenario experiments are conducted using projections of physical drivers for mid- and
late-21st century. These scenarios reveal an increase in primary productivity and proportional
increase in carbon export flux over the next century. In addition, scenario results indicate diatom
biomass increases while P. antarctica biomass decreases in the first half of the 21st century, whereas
P. antarctica biomass increases and diatom biomass remains relatively constant in the second half of
the century. Additional scenarios examining the independent contributions of expected future
changes (temperature, mixed layer depth, irradiance, and surface iron inputs from melting ice)
demonstrate that earlier availability of low light due to reduction of sea ice early in the growing
season is the primary driver of productivity increases over the next century; shallower mixed layer
depths additionally contribute to changes of assemblage composition and export. This study
demonstrates how bio-optical glider observations can be effectively used to facilitate development
and simulation of a data assimilative model, and inform interpretation of biogeochemical
observations in the context of climate change.
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Can we predict the emergent properties of marine systems, a way forward?
Mike St. John
DTU AQUA
Global change influences and is influenced by the composition and functioning of marine food webs,
modifying biodiversity and ecosystem services such as greenhouse gas sequestration and production
of living resources. Within marine food webs, the dynamics of these services are determined by
complex non linear interactions and feedbacks between physical, chemical and biological processes
operating at a range of time and space scales ultimately influencing global climate. These
charateristics define marine systems as complex adaptive systems (CAS) clarifying why the
prediction of the future state of their services has proven illusive. In this presentation we propose a
framework for developing a predictive understanding of the future states of the services provided by
marine systems which with some modication it could be applied in other (CAS) systems. The
approach suggested merges outputs from our deterministic framework for understanding physicalchemical transport, mass flows and energy balances, as well as biological processes employing
statistical and machine learning tools to better understand and increase the predictive capactity
necessary to manage the emergent features of marine ecosystems.
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Investigating chlorophyll dynamics in coastal areas by means of a biogeochemical model with
variational data assimilation scheme
Anna Teruzzi, Gianpiero Cossarini, Giorgio Bolzon, Stefano Salon
Istituto Nazionale di Oceanografia e di Geofisica Sperimentale (OGS)
Modelling coupled with observations through data assimilation provides detailed and accurate
insight on marine systems. The availability of satellite observations in coastal areas, the increased
resolution of models and the recent advances in data assimilation allows today the application of
data assimilation modelling for marine coastal ecosystem, where strong socio-economic interests
are in place. In our work, a new data assimilation scheme has been developed and applied for the
investigation of the biogeochemical dynamics of the Mediterranean Sea. The new version of the
data assimilation scheme upgrades the operating open sea 3DVAR-BIO variational scheme of the
CMEMS Mediterranean Sea modelling system. In order to account for the specificity of coastal data
assimilation, the operators used to define the model error covariance matrix have been updated:
anisotropy has been added in the horizontal operator, and dedicated EOFs have been evaluated for
the vertical operator. The new full domain data assimilation has been used to simulate the dynamics
of chlorophyll and of other relevant biogeochemical variables in the Mediterranean Sea. Results
have been validated with in situ chlorophyll and nutrients measurements provided for the Italian
coastal area. The comparison shows that in coastal area the new 3dVAR-BIO system improves the
chlorophyll of almost 20% in terms of root mean square error, while nutrients are improved in
summer and autumn and negligibly affected in the other seasons. Using the results of the new
assimilation we propose a dynamic classification into coastal or open sea water of the
Mediterranean basin based on the differences on chlorophyll vertical regimes. The classification
combines surface chlorophyll concentration and the ratio of the half of the surface chlorophyll
concentration depth and the photic depth. Results show a seasonal variation of the extension of the
coastal zone and the presence of a transition area especially in spring and autumn.
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How much data is needed for species models with different niche requirements – implications for
spatial models
Elina Virtanen
SYKE
Marine ecological systems are composed of various biotic and abiotic interactions often behaving
unpredictably. Ecosystem models tend to simplify these complex relationships to well-known
components, such as causal processes that are easy to parametrize. Therefore ecosystem models
often use relatively small amounts of field and laboratory data. Spatial ecological models, in contrast,
need large amounts of spatial data in order to understand the processes and species’ ecological
niches. Spatially oriented data is usually sparse, as inventory work covering large areas is expensive,
and therefore building reliable species distribution models (SDMs) is challenging. How much data is
actually needed for building a reliable SDM is not trivial. The worst-case scenario is that too much
data is collected, resulting in ineffective field work with higher costs. Also over- and
underestimations of niche width are a risk. They affect decisions concerning marine protected areas
and marine spatial planning, where modelled species and habitat information is crucial. We used a
unique dataset for building species models with different niche requirements. The Finnish Inventory
Programme for the Underwater Marine Environment (VELMU) has collected during 2004-2016 a
database consisting of over 95.000 video and 23.000 dive points. We used the VELMU data to test
saturations in model performance with different set of observations. Analyses showed that models
can perform well with a fairly limited data set, depending on the species’ niche requirements. When
niche width is small and species is highly specialized, models work with limited amount of data,
whereas species with common and other hand broad ecological niche require higher volume of data.
We give recommendations for targeted field work design. We also suggest dealing with practical
issues, such as co-operation between field personnel, model experts and planning officials in order
to save resources in the inventory work
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Simulation of observed properties improves model accuracy and leads to wider uptake of model
products for research and management
Karen Wild-Allen, Mark Baird, Mathieu Mongin, Emlyn Jones, Jenny Skerratt, Monika Wozniak
CSIRO Oceans & Atmosphere
Marine biogeochemical models in Australia and globally often struggle to demonstrate multiparameter accuracy and specific fitness for applied science and management purposes. In many
situations a wide range of information is available however many observations, that do not directly
aligned with modelled substances and parameters, remain unused. Our modelling group has gone
the extra mile to understand the context of previously unused observations and adjusted model
components and analysis to directly align with these data sets. For example, implementation of an in
water optics model has allowed us to simulate the spectrally resolved sea leaving radiance for direct
comparison with optical observations. The direct use of remotely sensed spectral radiance has
reduced the error associated with the comparison of derived and simulated chlorophyll products
and improved the accuracy of data assimilation. In another case, detailed mechanistic process
representation in a model of coral growth and bleaching has enabled direct simulation of
photosynthetic – irradiance relationships as observed by PAM fluorometry. Interpretation of fine
time and/or space-scale observations from autonomous platforms that are sub time and/or grid
scale to model output is also challenging, but provides significant insight to potential model
uncertainty. Direct model simulation of a wide range of observed properties, in a study of the Great
Barrier Reef, has allowed us to demonstrate model skill and performance characteristics
simultaneously across multiple parameter space which has led to wider uptake of model products
throughout the research and management community.
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Moving towards the Ecosystem Approach to Fisheries in the Bay of Biscay
Miren Altuna, Eider Andonegi
AZTI Fundation
The necessity to manage marine resources from a holistic perspective is not new, but the real
operationalization of an Ecosystem Approach (EA) is being more complicated due to different
reasons already highlighted in the literature. Anyway, big progresses are occurring during the last
decades in Europe, probably pushed by the implementation of new regulations such as the Marine
Strategy Framework Directive (MSFD) in 2008 and the new Common Fisheries Policy (CFP) in 2013.
The EA has different levels of applications, being the Ecosystem Approach to Fisheries (EAF) one of
them. EAF is defined as an extension of conventional fisheries management recognizing more
explicitly the interdependence between human well-being and ecosystem health and the need to
maintain ecosystems productivity for present and future generations.
In this study, we try to move towards the EAF in the Bay of Biscay (BoB). We have focused on the
most relevant fisheries in the Bay of Biscay (hake, anchovy, mackerel and horse mackerel) and
different approaches have been tested aiming at improving their current management. The goal of
this projects is to obtain an appropriate multispecies assessment model for these stocks that also
accounts for the environmental variability that influences their dynamics. The GADGET modelling
framework has been used for that. This powerful and flexible tool is a multiarea, multifleet and
multispecies modeling framework, able to develop complicated statistical marine ecosystems
models within a fisheries management and can take many features of the ecosystem into account.
Our preliminary results obtained from the single-species models built with GADGET show a good fit
to the official data reported to ICES. Currently the multispecies model is being parametrized and the
influence of the environmental conditions analyzed.
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ShellSIM-ERSEM: A fully coupled system for sustainable shellfish aquaculture
Yuri Artioli, Pierre Cazenave, Ricardo Torres, Anthony Hawkins, Jerry Blackford, Icarus Allen
Plymouth Marine Laboratory
Aquaculture is a fast growing industry playing a major role in providing food, economic growth and
social development in all continents. In particular, FAO data show that worldwide marine shellfish
production increased tenfold in the last 30 years. Understanding the complex interaction between
shellfish aquaculture farms and the surrounding environment is crucial to guarantee a sustainable
growth of the industry, to build its resilience to environmental changes (from climate change to
Harmful Algal Blooms), to support the management and planning of such activity and to reduce the
negative impacts on the natural environment. ShellSIM is an energy based model designed to
simulate the growth of more than 10 species of suspension-feeding bivalves and how this responds
to environmental stressors. Originally coded in Stella and C#, ShellSIM has been fully recoded in
FORTRAN and integrated in the FABM framework. Consequently it has been possible to couple it to
the marine biogeochemical model ERSEM, creating an ideal tool to unravel the complex dynamics
between shellfish farms and the wider ecosystem. The new model system has been tested in the
Western English Channel coupled to different physical models, both in a one dimensional
configuration (GOTM) as well as the three dimensional (FVCOM). The 1D model has been forced
using different environmental scenarios (e.g. climate change, eutrophication, sediment load) as well
as management practice (e.g. different seeding and harvesting practices) to fully explore the
potential impact of such a tool on the scientific understanding as well as on the management of such
an important industry. Preliminary results from the 3D implementation will be shown to highlight
the potential footprint of offshore aquaculture farms.
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Evaluation of sustainable exploitation of major Baltic fish stocks based on an integrated end-toend modeling framework
Sieme Bossier 1, J. Rasmus Nielsen 1, Stefan Neuenfeldt 1, Asbjørn Christensen 1, François Bastardie 1,
Artur P. Palacz 2
1

National Institute of Aquatic Resources, Technical University of Denmark, Charlottenlund

2

The Institute of Oceanology of the Polish Academy of Sciences

The newly developed Baltic spatially-explicit end-to-end Atlantis ecosystem model is in its phase of
implementation. We will present preliminary results from an updated model with new and existing,
significant knowledge on fish recruitment, growth, consumption processes and species interactions.
The RCO-SCOBI model (Rossby Center Ocean Model – Swedish Coastal and Ocean Biogeochemical
Model) will be linked with the Atlantis model which will be used to provide physical and bio-geochemical and hydrodynamic forcing. This will replace the physical forcing of Atlantis from the HBMERGOM model (Hiromb-BOOS model coupled to the Ecological Regional Ocean Model) developed so
far. Furthermore, we will integrate socio-economic parameters, dynamics and fisheries (technical)
interactions in the holistic ecosystem and fisheries system model instead of using the current
constant fishing mortality rates. This integrates dynamics on catch, effort, revenue, costs, fish prices,
profit, fleet capacity and exit-entry dynamics, as well as fuel consumption according to area, time,
and Baltic fishing fleets. Accordingly, this involves estimation of economic and energetic processes
and efficiency, e.g. greenhouse gas emissions and carbon footprint minimization potentials. The
model application will evaluate impacts of eutrophication and climate forcing scenarios on biological
interactions, resource availability and fisheries bio-economic dynamics with a high resolution
according to space, time and fleet components on a long term strategic basis.
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How much is too much? Predicting sediment assimilative capacity of organic wastes at marine fish
farms
Francisco Bravo, Jon Grant
Dalhousie University, Oceanography Department
The range of human behaviors and activities is not infinite, but limited by physical constrains, social
norms, and regulations. Finfish aquaculture is one of the fastest growing industries in the world. Its
expansion in coastal areas has been featured by multiple socio-ecological interactions. Among them,
the eutrophication of aquaculture grounds, due to deposition of particulate organic wastes (feces
and loss feed), is considered a major factor controlling productive capacity, environmental quality,
and social licenses of marine fish farm sites. Advances in numerical modelling can facilitate the
evaluation and prediction of local and far field impacts of waste production once released to the
environment. Major challenges include the incorporation of the broad range of environmental
conditions under which fish farms operate, and top model explicitly the links between farm
management practices (e.g. cultured densities and feeding practices/methods) and indicators of
environmental performance at aquaculture sites (e.g. sediment organic carbon, redox, sulfide,
benthic fauna, or others establish by regulatory agencies). In our research we focused in the
development of numerical models to predict 1) the dispersion and deposition of organic wastes from
open-net pens, 2) sediment assimilative capacity of organic wastes, and 3) sustainable production
levels at farming sites (fish densities). We define sediment assimilative capacity as the maximum
allowable loading of organic wastes that prevent generation of undesirable hypoxic to anoxic
conditions in sediments underling fish cages. We discuss our results in light of model complexity, as
well as the practical application of the model and the assimilative capacity concept to successful
environmental management of aquaculture grounds.
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A spatially oriented ecosystem-based model to evaluate ecosystem impacts of fisheries
Joana Brito 1, Christopher Pham 2, Gui Menezes 2, Jeroen Steenbeek 3, Telmo Morato 2,
Ambre Soszynski 1
1

IMAR - Institute of Marine Research, Department of Oceanography and Fisheries

2

MARE – Marine and Environmental Sciences Centre, Universidade dos Açores, Departamento de
Oceanografia e Pescas, Horta, Açores, Portugal
3

Ecopath International Initiative Research Association, Barcelona, Spain

The practical use of marine ecosystem models in the decision-making process of ecosystem-based
management (EBM) approaches is limited if model outputs are not formally validated. Such task
faces several challenges, particularly with models of greater complexity, that consider the spatial
and temporal dimension of environmental drivers, human impacts and food web effects. This study
presents the development of a spatially oriented ecosystem-based model to evaluate ecosystem
impacts of fisheries in open-ocean and deep-sea environments of the northeast Atlantic, along with
validation of model outcomes. An available Ecopath with Ecosim (EwE) food web model of the
Azores Economic Exclusive Zone was expanded to its explicit spatio-temporal dimension, using
Ecospace. The model space-time baseline dynamic was driven by Geographic Information Systems
derived layers of depth and spatial distribution of primary production, while a spatial economic
model drove the spatial distribution of fishing effort, assuming that fleet-behaviour depends on the
expected profitability of specific fishing areas. The validation of model outputs consisted of a)
evaluating the goodness of fit of the ecosystem model in predicting observed temporal changes in
biomass and catch patterns along the study period (1997-2014) and b) comparing the maps of
predicted biomass relative spatial distribution by Ecospace with species distribution models
developed for the same study area following different approaches. This work provides useful
insights into the abilities and limitations of such a model in representing the natural ecosystem and
fisheries dynamics. The obtained knowledge is crucial for evaluation of management scenarios, as
this powerful tool has the potential to be used as a contribution to the implementation of / to help
implementing? EBM of the Azores marine resources, biodiversity and habitats.
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The evolution of the ecosystem of the North Atlantic Ocean under unmitigated conditions of
climate change and its implications for the marine habitat
Momme Butenschön, Julian Icarus Allen
Plymouth Marine Laboratory
While the evolution of the physical environment under climate change has been studied intensively
over the past decade, comparatively little is known about the impact of these changes on the state
of the marine ecosystem, their propagation through the marine food-web and its underlying
mechanism. Here, we use a model projection to extrapolate the fate of the ecosystem of the North
Atlantic basin under unmitigated climate change conditions over this century. We investigate the
impact of the environmental changes on the system by identifying inherent biomes of the North
Atlantic based on habitat conditions using a neural network approach. The evolution of these
biomes throughout this century is analysed focusing on the underlying mechanisms by identifying
amplifying and attenuating pathways of the climate change signal based on indicators of ecosystem
function in order to indicate the vulnerability to change of important ecosystem services as fisheries
and carbon sequestration.
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SECOS – The service of sediments in German coastal seas: the impact of sediment nutrient
dynamics on coastal marine ecosystems
Bronwyn Cahill, Hagen Radtke, Thomas Neumann
Leibniz Institute for Baltic Sea Research
Understanding the role of sediments in the biogeochemical cycling of elements in coastal waters can
provide important insight into the functioning of marine coastal ecosystems. Marine coastal
sediments provide ecosystem services through processes such as deposition of discarded material,
transformation of eutrophic substances into non-reactive forms, e.g. nitrate removal via
denitrification, burial of toxic substances, sediment stabilization, and regulation of biodiversity and
production patterns. However, sediments can also support functions, which have a negative impact
on marine coastal ecosystems, such as the production of hydrogen sulfide, emission of greenhouse
gases, and negative effects on biodiversity. The SECOS II Synthesis project aims to quantify the
sedimentary services for the German part of the Baltic Sea by applying a marine ecosystem service
evaluation framework and spatially integrating natural scientific data, model simulation results and
socio-economic aspects into an evaluation tool (Baltic Sea Atlas) that visualises the societal benefits
and serves as a scientific basis for the implementation of major marine and coastal policies (Marine
Strategy Framework Directive, Water Framework Directive, Habitat Directive, Maritime Spatial
Planning Directive). In this presentation, we will discuss the approach within SECOS to modelling
sedimentary services under changing environmental conditions and the impact this has on
macrobenthos communities. We will describe the extension of the ERGOM ecosystem model to
include a vertically resolved diagenetic model of sedimentary processes in the upper sediment layers.
We will present the approach to parameter estimation and dealing with spatially varying
bioturbation intensities, as well as our results from a high resolution (1nm) simulation. Future plans
to configure climate change scenarios with perturbed atmospheric forcing will also be discussed.
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Assessing riverine influence on coastal and shelf seas and its impacts on offshore aquaculture
practice
Pierre Cazenave, Ricardo Torres, James Clark, Mike Bedington, Icarus Allen, Jerry Blackford
Plymouth Marine Laboratory
In order to underpin the sustainable and profitable development of the aquaculture industry
following EU and UN guidelines, there is an urgent requirement for aquaculture model tools that
account for varying river inputs in our coastal and shelf seas. This can only be achieved through
sufficiently high resolution numerical modelling, capable of downscaling climate- and weatherdriven impacts to scales at which aquaculture operates. The Risks and Opportunities for Sustainable
Aquaculture (ROSA) project sought to create a comprehensive modelling suite to investigate impacts
on and of offshore aquaculture. To better understand the issues which most affect aquaculture
practice, a local aquaculture farmer was consulted. He indicated that inputs derived from rivers into
coastal seas were a principal concern of his e.g. the propagation of harmful pathogens to the farm.
To investigate the conditions under which river inputs might affect the aquaculture farm, we used
the Finite Volume Community Ocean Model (FVCOM) with the European Regional Seas Ecosystem
Model (ERSEM) to analyse the extent of freshwater influence from nearby rivers. FVCOM provides a
flexible grid resolution with which we can increase grid resolution to best balance computational
requirements and the quality of the modelled solution. The approach we have taken involves using a
coarser resolution (10km-1km) large domain (extending from the continental shelf edges in the
Celtic Sea and west of Scotland to the southern North Sea) within which a finer resolution (1km-40m)
nested domain sits (covering western English Channel). Modelled sea surface temperature (SST) was
adjusted with data assimilation from remotely sensed SST. Atmospheric forcing (heating, wind and
precipitation) was supplied with a Weather Research and Forecasting (WRF) model at 3.3km
resolution. River inputs were calculated from the Centre for Ecology and Hydrology (CEH) gauge data
with the WRF data using a neural network to predict the freshwater input characteristics
(temperature and flux). Through Lagrangian particle tracking, we have shown the extent to which
rivers are a source of input which impinges on the offshore shellfish farm in question, with time
scales over which such impacts are felt. The dependence on the particle distribution on the river
discharge has been analysed to determine under what combination of conditions (wind, tidal,
riverine) the impact is largest and whether there emerge any patterns which might provide some
measure of mitigation. These results are directly applicable to all phases of aquaculture, from site
selection through to operation.
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Numerical-ecotoxicological approach to assess potential risk associated with oilfield production
chemicals’ discharge into the sea
Daniela Cianelli1,3, Manfra L1,2, Di Mento R1, E. Zambianchi3
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Production chemicals are added during the offshore oil and gas production process to prevent
corrosion and scale formation and to support the oil–water separation. A certain amount of these
chemicals may enter the marine environment with the production water (PW) discharge. PW being
the main waste water discharged from oil and gas structures during the production process. Toxic
effects may occur when synthetic chemicals are discharged in the marine environment, causing
reductions in wildlife numbers, degrading ecosystem functions and threatening human health. The
aim of this study was to predict possible admissible concentrations (thresholds) in marine
environment and in PW for seven chemicals discharged into the sea from an oil platform located in
the Adriatic Sea (Italy). These thresholds have been estimated in marine environment on the basis
of the Effect Concentrations (ECs) of these chemicals or their major components. The ECs were
evaluated for different marine trophic levels including algae, crustaceans and fish. Potential
thresholds of the seven chemicals in PW have been also derived, applying a numerical dispersion
model to simulate the PW fate at platform location. The model results allowed to assess the
chemicals potential dilution into the sea under different seasonal conditions (summer and winter)
and to predict the concentration and environmental risk posed by chemicals at marine environment.
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Modelling the movement, fate and impact of microplastic debris in UK coastal waters
James Clark 1, Matthew Cole 2, Pierre W. Cazenave 1, Ricardo Torres 1, Sevrine Sailley 1, Tamara S.
Galloway 2
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In the open ocean buoyant microplastic debris has been observed to collect in the subtropical gyres.
This observation is largely in keeping with basic theory and the output of surface ocean transport
models. However, observations also suggest there is much less microplastic debris in the oceans
than expected given historical levels of production and theoretical predictions of the particle size
distribution. Microplastics that enter the marine environment from the land must first pass through
the coastal ocean. The coastal ocean is a dynamic, productive environment that supports a wide
range of marine organisms. This raises the possibility of interactions with marine microplastic debris
occurring. Either through microbial colonisation, entanglement or ingestion, interactions with
marine organisms may act as a sink for buoyant microplastic debris which may in part explain the
apparent discrepancy between observed and predicted open ocean concentrations. Here we present
results from particle tracking simulations based on gridded fields generated by the Finite Volume
Community Ocean Model (FVCOM), configured for UK coastal waters. We use the model to track the
movement of virtual particles; to identify transport pathways and barriers; and to identify possible
microplastic accumulation zones in waters surrounding the UK South West Peninsula. We compare
outputs from the model with satellite images of ocean colour, in situ observations of zooplankton
abundances, and ecosystem model predictions for zooplankton concentrations in order to identify
regions in space and time where high concentrations of microplastic debris are likely to coincide with
high concentrations of species that have been observed to ingest microplastics under laboratory
conditions. Furthermore, we discuss the use of marine ecosystem models for studying interactions
between microplastics and zooplankton, and the role these organisms may play in the cycling of
plastics in the marine environment.
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Past, present and future eutrophication levels in the North East Atlantic
Xavier Desmit 1, Vincent Thieu 2, Alain Ménesguen 3, Valérie Dulière 1, Ramiro Neves 4,
Geneviève Lacroix 1
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Anthropogenic eutrophication remains a considerable stressor to marine ecosystems worldwide. In
the North East Atlantic waters (NEA), most countries sustain coastal eutrophication with toxic algal
blooms and ecological nuisances. Marine eutrophication in the NEA directly relies on nutrient
enrichment at the river outlets, which is linked to human activities and land use in the watersheds.
The question rises of whether the human society can reduce its nutrient emissions by changing its
land use without compromising its food security. A new generic river model (PyNuts-Riverstrahler)
was designed to estimate the point and diffuse nutrient emissions (N,P) to the rivers depending on
land use in the watersheds across Western Europe (agro-food systems, urban structures, wastewater treatment plants). The resulting loads from the river model have been used as inputs to three
marine ecological models (BioPComs, EcoMars3d, Miro&Co) covering together a large part of the
NEA from the Iberian shelf to the Southern North Sea. The modelling of the land-ocean continuum
allowed quantifying the impact of changes in land use on marine eutrophication in the NEA. A
“pristine-like” scenario was tested to scale the current level of eutrophication with respect to an
absolute “natural” level. “Future” scenarios were also tested to appraise the impact of the actual EU
recommendations (WFD, MSFD), and to propose a more radical but still realistic scenario. It is shown
that a paradigmatic change in agricultural practices combined with a large-scale demitarian diet
might sensibly reduce both riverine and marine eutrophication.
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Understanding the impact of fish and fisheries on marine biogeochemistry: An ecosystem
modeling study
Deniz Disa, Ekin Akoglu, Baris Salihoglu
Middle East Technical University Institute of Marine Sciences
The ocean and the marine ecosystems have an important control on the global carbon cycle. After
being captured into the ocean body, inorganic atmospheric carbon is transformed into organic
carbon through photosynthesis and exported to the profound depths of the ocean. Fish, which has a
significant role in the marine food webs, is thought to have a considerable impact on carbon export.
More specifically, fish has a control on plankton dynamics as a predator, it provides nutrient to the
ecosystem by its metabolic activities and additionally it has the ability of moving actively and
transporting materials. Regarding these, with its increasing trend especially after 1950s, fishing is
also expected to impact carbon cycle directly by changing the fish biomasses. However, how fish
impacts the biogeochemistry of marine ecosystems is not known clearly and to be assessed
quantitatively. This study aims to analyze the impact of fish and fisheries on marine biogeochemical
processes by setting up an end-to-end model that simulates lower and higher tropic levels of marine
ecosystems simultaneously. For this purpose, a one dimensional biogeochemical model which
simulates lower tropic level dynamics (e.g. carbon export, nutrient cycles) and an ecosystem model
which simulates fisheries exploitation and higher tropic level dynamics (e.g. food web) were online
and two-way coupled. Simulating the ecosystem from one end to the other with a holistic approach,
the coupled model provided a more realistic representation of the ecosystem. It served as a tool for
the analysis of fishing impacts on marine biogeochemical dynamics. Simulations obtained after
incorporation of higher trophic level model indicated increased lower trophic level biomasses and
carbon export compared to the biogeochemical model simulations which had no fish compartment.
This increase was due to the change in the plankton compositions and enhanced outflows to detritus.
Additionally, results showed that active movement of fish contributed to transport of carbon from
surface to the deeper parts of the ocean. Moreover, results obtained by applying different fishing
intensities indicated that changes in fisheries exploitation levels directly influence the marine
nutrient cycles and hence, the carbon export. Depending on the target and the intensity of fisheries,
considerable changes in the biogeochemical responses obtained. As a result of this study, unlike the
models that do not represent the fish explicitly, how marine biogeochemical processes are impacted
by the activity of fish assemblages and fisheries exploitation was shown.
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Using models to improve environmental monitoring of dumped munitions in the western Baltic
Sea
Anja Eggert, Eefke van der Lee, Ulf Gräwe
Leibniz Institute for Baltic Sea Research Warnemünde
It can be assumed that as much as 1.6 million tons of conventional munitions dumped after the
World War II are still present in German waters of the North and Baltic Seas. Munitions resting on
the seabed are a risk for maritime traffic and impede with the construction of offshore installations
(e.g. wind turbines, pipelines). The risks are driven by the explosive hazard associated with
encounter and the environmental hazard associated with the release of the toxic constituents.
Within the German project UDEMM, we investigate the transport pathways of munitions
constituents released from a point source, here a well described munition dump site in the western
Baltic Sea. To distinguish between transport in solution and attached to suspended particles, we
apply an eddy-resolving western Baltic Sea configuration of the hydrodynamic model GETM, coupled
with a Eulerian sediment transport module within the Framework for Aquatic Biological Modeling
(FABM). Additionally, we apply a three-dimensional Lagrangian particle tracking to gain further
insights into the residence time of particles in the sediment and the water column. Both the Eulerian
and the Lagrangian model take into account degradation and transformation of the contaminants.
The transport of the dissolved contaminants is strongly determined by the coast-directed nearbottom currents and transport ranges can be high but with a high dilution of the contaminants.
Attached to particles, the wave-induced bottom shear stress transports particles from the sediment
into the water column yielding shorter transport ranges but with higher local concentrations of
contaminants. The knowledge of the transport ranges of munitions constituents and their
breakdown products and generated spatial pollution maps will support environmental monitoring
for the delaboration of munitions in the Baltic Sea.
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Contrasting local retention and along-shore transport in the Black Sea rim current system and their
relative influence on pelagic fish
Bettina Fach, Sinan Arkin, Baris Salihoglu
Institute of Marine Sciences, Middle East Technical University
Advection of pelagic fish larvae through ocean currents is a source of dispersal that is known to
structure marine populations by directly impacting population success and persistence. To be able to
understand fish populations dynamics and manage existing fisheries it is therefore of importance to
assess the extent of exchange between populations (connectivity) and determine the factors that
drive it, which is still a challenge in fisheries research today. In this study, we have used the output
of a high-resolution basin-scale circulation model to estimate connectivity between known spawning
and nursing areas and the remaining areas of the Black Sea for a range of commercially important
fish such as anchovy, sprat, turbot and whiting for different environmental conditions. The common
trait of many of the commercially important species in the Black Sea is that they have pelagic larval
stages that stay in the water for different lengths of time which can be simulated by tracking virtual
drifters in the simulated surface circulation of the Black Sea. The aim of the research is to identify
both basin-scale pelagic larval connectivity and define areas of retention to then evaluate the extent
and impact of climate variability on these areas and with it the recruitment potential of exploitable
fish resources. Strong interannual and seasonal variability of both retention and dispersal was
found depending on the changes in the current fields, specifically the kinetic energy contained
within the coastal boundary current (i.e. the rim current), the eddy activity which is known to change
significantly on decadal time-scales, as well as number and strength of anticyclonic eddies along the
coastal regions of the Black Sea. The study provides estimates of the retention and possible
recruitment of fish to different regions under this environmental variability, which directly influences
the capacity to maintain fish stocks above biomass levels that produce the maximum sustainable
yield and need to be taken into account for management purposes. Results of this study challenge
the traditional view of fish nursery areas located only on the northwestern shelf and in coastal areas.
They instead suggest that the central eastern basin of the Black Sea and to a lesser extent the
western central basin as being of importance as fish nurseries and recruitment areas.
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Impacts of changing nutrient loads on Chesapeake Bay hypoxia and nitrogen cycling over the past
century
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Over the past century the population of the Chesapeake Bay watershed has quadrupled, greatly
modifying land cover and management practices within the watershed. Over this time period
organic nitrogen loading and freshwater inputs to the Bay have changed little, whereas inputs of
dissolved inorganic nitrogen (DIN) into the Bay have increased significantly. To examine how this
change in DIN input affects biogeochemical cycling and dissolved oxygen concentrations in the
Chesapeake Bay, a land-estuarine-ocean biogeochemical modeling system is utilized. Specifically,
riverine inputs of nitrogen to the Bay are computed from a terrestrial ecosystem model (the
Dynamic Land Ecosystem Model; DLEM) that resolves riverine freshwater and nutrient discharge
variability on times scales of days to decades. This temporally varying discharge is then used as input
to an estuarine-carbon-biogeochemical (ECB) model embedded in the Regional Ocean Modeling
System (ROMS), which provides estimates of oxygen concentrations and nitrogen fluxes within the
Bay as well as advective exports from the Bay to the adjacent continental shelf. Simulation results
from this linked modeling system for the present (early 2000s) have been extensively evaluated with
in situ and remotely sensed data, and in this analysis are compared with simulation results from the
early 1900s. Results indicate that in the early 1900s there was ~60% less burial and denitrification
within the Bay waters and no significant export of DIN to the continental shelf, whereas roughly 15%
of riverine DIN entering the Bay is exported to the continental shelf in contemporary times. In
addition, oxygen concentrations in the early 1900s were considerably lower on the shallow flanks
and at the surface, but higher at depth, indicating weaker oxygen vertical gradients during this
earlier time period.
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Impacts of climate change on the efficacy of alternative management actions: Using multiple
models in support of hypoxia management decision-making in the Chesapeake Bay
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Coastal hypoxia is an increasingly critical stressor for living resources, not only because of excess
nutrient inputs derived from agriculture, sewage and storm water runoff, but also because of
predicted increases in atmospheric temperatures and changes in precipitation patterns. In order to
address this problem, water quality assessment and projection tools that can account for both
climate and nutrient impacts must be developed and operationalized. In this presentation an
overview of a new project will be provided, which aims to quantitatively predict: (1) the impacts of
future changes in climate and anthropogenic nutrient inputs on the spatial and temporal extent of
hypoxia in the Chesapeake Bay and (2) the impacts of climate change on the effectiveness of various
alternative management actions designed to reduce hypoxia and improve water quality. These
objectives are being accomplished by integrating decades of monitoring observations collected in
the Chesapeake Bay with a scenario-based ecosystem modeling system that includes multiple model
components: two mechanistic land ecosystem/watershed models (one academic and one regulatory)
and two coupled estuarine water quality models (one academic and one regulatory). To capture the
range in likely future conditions, the modeling system will be forced by regional climate and land use
projections from the Intergovernmental Panel on Climate Change. Through input from relevant
stakeholders, including state representatives and coastal managers, additional simulations with the
multiple model combinations will be designed to identify specific regional management practices
that will mitigate impacts of hypoxia on living resources, maximizing social and economic return.
Simulations with all four possible pairs of watershed/estuarine model combinations will help provide
independent confidence bounds for management decisions, and hence build scientist, management,
and stakeholder confidence in the modeling system.
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Determining the key processes involved in climate change effects on fish communities
Mathieu Genu, Morgane Travers-Trolet
IFREMER
Climate change affects marine ecosystems at several levels of the food web. Thus the dynamics of
fish populations subject to climate change result from the combination of direct effects (e.g.
temperature effect on growth rate) and indirect effects (e.g. change in primary production).
Furthermore, climate change impacts ecosystems through various processes: variation of mortality
and growth rates, shift of the age at maturity, changes of the fish spatial distribution… We used the
ecosystem model OSMOSE applied to the Eastern English Channel to understand how the different
processes involved in the ecosystem response to climate change combine themselves, and what are
their relative contributions to the overall response. This individual-based model simulates the life
cycle of the main fish species, exploited or not, which interact through a size-based opportunistic
predation. Plankton organisms and benthic invertebrates are also considered via an offline coupling
with a biogeochemical model. The climate change forcing on the ecosystem is derived from IPCC
scenarios run with physico-biogeochemical model for primary production and temperature changes,
and derived from literature and previous studies for species spatial distribution, change in age at
maturity and growth and mortality rates. Scenarios conducted with OSMOSE included the simulation
of the separate effects of the different processes, as well as combinations of processes to possibly
detect some synergism between them. We quantified and compared their importance in the overall
ecosystem response to climate change, and in different ecosystem services such as biodiversity and
fisheries landings.
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Evaluating confidence in the impact of regulatory nutrient reduction on estuarine water quality
using multiple models
Isaac (Ike) Irby, Marjorie A.M. Friedrichs
Virginia Institute of Marine Science
Excess nutrients derived from anthropogenic activity have resulted in the degradation of coastal
water quality and an increase in low-oxygen and hypoxic events in the Chesapeake Bay, USA and
worldwide. In an effort to curb these impacts and restore water quality, a Total Maximum Daily Load
(TMDL) of nutrients and sediment can be established based on a framework of regulatory standards
and models. This research aims to evaluate the uncertainty in projected changes in dissolved oxygen
resulting from TMDL implementation by examining the water quality portion of the regulatory
framework and applying the methodology used to establish the regulatory loads to a model that has
been developed and utilized in an academic research setting. Results of this comparison
demonstrate that although the two models differ structurally and in biogeochemical complexity,
they project a similar relative improvement in water quality as a result of mandated nutrient
reductions. Furthermore, the models agree on the attainment of regulatory water quality standards
as a result of nutrient reduction while also establishing that meeting water quality standards is
independent of choice of analysis year. By developing a Confidence Index, this research identifies the
location and causes of greatest uncertainty in modeled projections of water quality. While there are
location and times where the models disagree, overall, this research lends an increased degree of
confidence in the appropriateness of the TMDL levels and in the general impact nutrient reductions
will have on Chesapeake Bay water quality. This research also explores the potential impact changes
in climate may have on the efficacy of the regulations.
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Modeling the past, current and future states of the biogeochemistry of the southern North Sea as
a contribution to defining the ecological standards
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The southern North Sea has been subject to eutrophication since the 1950s, reaching its peak in the
1980s. Although phosphorus (P) and nitrogen (N) concentrations in rivers were reduced considerably
since then, especially the inner German Bight is still considered to be a 'problem area'. Recently, the
EU installed the Water Framework Directive (WFD) as a legal instrument to reduce eutrophication by
appropriate measures in the river catchments, aiming at reduction of riverine N and P loads. A
systematic investigation of what future states of the system can be expected under reduction
scenarios in comparison to the target state is prime objective of this study. Employing a 3-D coupled
physical-biogeochemical model system and considering changes in riverine and atmospheric nutrient
fluxes, we attempt to consistently construct various states of the system in terms of nutrient and
chlorophyll concentrations for the period 2000-2010. The model system developed within the
framework of the Modular System for Shelves and Coasts (MOSSCO), consisting of the
biogeochemical model MAECS (Model for adaptive ecosystems for coastal seas) that resolves
acclimative stoichiometric regulation of phytoplankton coupled to the General Estuarine Transport
Model (GETM) defined on a high-resolution grid and detailed description of riverine and atmospheric
forcing and concentrations at the open boundaries provided by ECOHAM (Ecosystem Model,
Hamburg) delivers a high model performance in the German Bight, providing therefore the basis for
the scenario analysis. As an outcome of a collaborative effort of research and relevant state agencies,
we defined the following 4 states of the system: the current state, obtained with the observed
riverine and atmospheric fluxes; the future state with the planned reductions in the riverine N- and
P- loadings and atmospheric N-deposition rates; the historic state derived with the riverine fluxes
estimated by MONERIS (Modelling Nutrient Emissions in River Systems) for 1880 and atmospheric
fluxes extrapolated back to the same year; and finally a target state that represents the 'good
ecological status' in marine waters. We evaluate the effectiveness of the measures aimed at
reducing eutrophication by comparing the potential future states of the system with the historic and
target states. Our findings point to moderate response of chlorophyll concentrations relative to the
nutrient concentrations, which can be, to a large extent, explained by the light limitation of primary
production. We discuss the model refinements needed for a more reliable representation of the
long-term changes in the biogeochemistry of the southern North Sea.
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Bringing multispecies and ecosystem models into fishery management: ICES WGSAM
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The International Council for the Exploration of the Seas (ICES) Working Group on Multispecies
Assessment Methods (WGSAM) has been active for 10 years. A key objective of the group is to
facilitate the practical implementation of Ecosystem-Based Management by delivering multi-species
information easily integrated in management advice. It also participates in the efforts towards more
transparent and reliable modeling practices. At present, the working group focuses on seven related
terms of reference designed to develop and evaluate multispecies and ecosystem models and
indicators in support of fishery management advice. These include: Review further progress and
deliver key updates in multispecies and ecosystem modeling throughout the ICES region; Produce
key-runs (standardized model runs updated with most recent data using settings and producing
output that is agreed by WGSAM participants) of multispecies and ecosystem models; Consider
methods to assess the skill of multispecies models intended for operational advice; Investigate the
performance of multi-model ensemble in comparison to single model approach; Test performance
and sensitivity of ecosystem indicators; Meta-analysis of impact of top predators on fish stocks in
ICES waters; and Explore the consequence of multispecies, mixed fisheries interactions and
environmental factors in practical multispecies advice for fisheries management. Practical
achievements include the provision of natural (predation) mortality time series for several important
stock assessments, based on results of key-runs from a North Sea multispecies model reviewed by
WGSAM and identification of trade-offs related to biological interactions in MSY-based fisheries
management. In 2016, WGSAM reviewed a multispecies model framework for the Irish sea for
potential use alongside traditional stock assessments in that region. Additionally WGSAM has
reviewed methods for assessing multispecies model skill and continues work in order to provide
more information for fishery managers on the performance of these tools, as well as a set of best
practices for multispecies modelers.
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Operational ecosystem modelling and oxygen deficit zones: The North Sea/Baltic Sea example
Ina Lorkowski, Frank Janssen
Federal Maritime and Hydrographic Agency (BSH)
The Federal Maritime and Hydrographic Agency (BSH) in Germany is a maritime service provider on
national and European level. The operational model system developed and run at BSH provides an
important part of the information needed to support these services. During recent years a
considerable effort has been expended to enhance the physical part of the model system by a
biogeochemical component particularly in support of the implementation of the Marine Strategy
Framework Directive (MSFD) in Germany. The biogeochemical model ERGOM coupled to the
circulation model HBM (HIROMB-BOOS-Model) is used in operational mode for the North and Baltic
Sea to simulate the biogechemical dynamics and the oxygen development. Oxygen is a key
variable of the marine ecosystem and is related to several indicators of the MSFD. Due to
anthropogenic activities and eutrophication, oxygen deficit zones are still a problem for marine
management. While more or less permanent hypoxic zones exist in the Baltic Sea, seasonal oxygen
minima may occur in the North Sea. The operational model suite at BSH together with observation
data from cruises and monitoring stations is used to monitor and investigate the oxygen levels in
both seas. In both regions, stratification and primary production play an important role in the
establishment of oxygen minima. While in the North Sea, the bottom oxygen recovers quite fast
with the breakdown of the seasonal stratification,in the Baltic Sea only major inflow events have the
potential for the ventilation of the deep bassins due to the very strong haline stratification.
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Employing high resolution nitrogen deposition data from atmospheric chemistry transport model
simulations in ecosystem model studies with HBM-ERGOM
Daniel Neumann, Thomas Neumann, Hagen Radtke
Leibniz Institute for Baltic Sea Research
The anthropogenic contribution to the riverine input of nutrients into marine waters has been
studied extensively in the last decades and its reduction has been target of European legislation.
However, also the atmospheric deposition of nitrogen compounds from anthropogenic emissions
contributes considerably to the nutrient input into European waters. Relevant land-based emission
sources are road transport, agricultural activities and electric power generation. Additionally, major
harbors are located at European coasts and major shipping routes lead through its waters.
Particularly the southern North Sea is one of the most frequented marine water ways, yielding high
emissions of nitrous oxides. These nitrous oxides and their reaction products partly are deposited
into the ocean and act as nutrients. In order to evaluate European emission reduction policies with
respect to their positive impact on marine water quality, atmospheric deposition data with high
spatial and temporal resolution is needed. Common marine ecosystem modeling approaches
assume constant atmospheric deposition or use climatological deposition data. In this study,
however, the atmospheric deposition of reduced and oxidized nitrogen compounds was modeled by
the atmospheric chemistry transport model CMAQ (Community Multiscale Air Quality), which is
developed and maintained by the US EPA. The used CMAQ setup yielded hourly deposition data with
4 x 4 km2 spatial resolution. These data were supplied into the coupled ocean-ecosystem model
HBM-ERGOM. Results of the simulations with the highly resolved deposition data were evaluated
against measurements in the Baltic Sea. The benefit of using these data was assessed by performing
and comparing simulations with simplified nitrogen deposition. Additionally, the contribution of the
shipping sector emissions on the marine nutrient budget in the North Sea was evaluated by tagging
shipping related nitrogen compounds in ERGOM.
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Evaluating the specificity of ecosystem indicators to fishing in a changing environment in the
southern Benguela ecosystem
Kelly Ortega-Cisneros 1, Lynne Shannon 2, Kevern Cochrane 1, Elizabeth A. Fulton 3, Yunne Shin 4
1

Rhodes University

2

University of Cape Town

3

CSIRO Oceans and Atmosphere

4

IRD, UMR MARBEC

The southern Benguela is characterized by high inter-annual and decadal scale variability, large-scale
environmental fluctuations and overfishing are hypothesised as the main drivers of regime shifts
recorded in this system. If ecosystem based management is to be useful the indicators it uses must
be informative even in the context of such changes. Here, we evaluate the specificity of ecosystem
indicators’ response to fishing in a context of environmental change. The indicators are
systematically tested against different fishing and environmental pressure levels using the Ecopath
with Ecosim (EwE) and Atlantis ecosystem models for the southern Benguela system, which were
both calibrated against time series of abundance and catch. Three fishing strategies were
implemented to represent a variety of fishing contexts, one that focused on low trophic levels (i.e.
forage species), another concentrating pressure on higher trophic levels (i.e. predatory fish) and a
third that put fishing pressure across the full range of potentially exploitable species. Standard
reference levels were used to allow comparison between fishing strategies and ecosystem models: a
set of multipliers (λ = 0.25, 0.5, 0.75, 1, 1.25, 1.5) was applied to the maximum sustainable yield of
the focus species in each fishing strategy while the other target species were fished at their current
fishing mortality levels. Two types of environmental change were simulated for each fishing
mortality scenario – random and directional. A random environmental change scenario, where
phytoplankton biomass was multiplied by a random multiplier with mean=1 and a range of standard
deviations (σ=0.1, 0.2 and 0.3). For the directional change, multipliers (γ = 0.85, 0.9, 0.95, 1, 1.05, 1.1)
were used to represent the possible changes in phytoplankton biomass, based on variations in
satellite-derived data. The specificity of selected ecosystem indicators (mean length, mean trophic
level of the community, proportion of predatory fish, mean lifespan, biomass/landings, mean
intrinsic vulnerability and marine trophic index) was evaluated under different scenarios including
combinations of fishing strategy, fishing mortality and both types of environmental change. Our
presentation will describe progress made to date in identifying the most robust ecosystem indicators
to the effects of fishing for the southern Benguela. This study has the potential to provide insights on
the use of indicators for management purposes in this system.
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An example of end-to-end model coupling for marine ecosystem services using ARtificial
Intelligence for Ecosystem Services
Marta Pascual 1, Ferdinando Villa 1, Stefano Balbi 1, Javier Martinez Lopez 1, Ibon Galparsoro 2
1

Basque Centre for Climate Change (BC3)

2

AZTI Tecnalia

ARIES (ARtificial Intelligence for Ecosystem Services) is a networked software technology that
redefines ecosystem service assessment and valuation for decision-making. The ARIES approach to
mapping natural capital, natural processes, human beneficiaries, and service flows to society is a
powerful way to visualize, value, and manage the ecosystems on which the human economy and
well-being depend. Through artificial intelligence and innovative semantic modeling, ARIES
assembles spatial data and expert-contributed model components (deterministic or probabilistic) to
quantify and map ecosystem services, at the appropriate spatial scales and specifically for each
ecological and socio-economic context. This presentation highlights how the semantic, collaborative
and adaptive modelling of ARIES has been applied to couple physical, economic and social models in
marine environments. Only through an interdisciplinary and integrated open-access effort will we be
able to get end-to-end ecosystem services models and deliver better ecosystem-based management
solution schemes.
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Regional Assessments of Physical-Biogeochemical Models
Graham Rickard, Erik Behrens, Stephen M Chiswell, Mark Hadfield, Helen MacDonald
NIWA
We report on the results of assessments of physical-biogeochemical models for regional domains
covering the Southwest Pacific Ocean (SWPAC) around New Zealand, and over the Ross Sea region.
The models assessed are: 16 global climate-scale models from the Coupled Model Inter-comparison
Project 5 (CMIP5) archive; and a version of CROCO-ROMS with PISCES-v2 embedded for regional to
coastal scales for SWPAC. The aims of these assessments are to provide best advice on model
present day and future biogeochemical outcomes for our regions, and to examine potential
downscaling strategies for coastal to embayment scales over these time periods. The assessments
are based on metrics comparing observed seasonal cycles of physical and biogeochemical
components to model output, enabling model ranking from ``best’’ to ``poorest’’. These rankings are
then overlaid on climate projections RCP4.5 and RCP8.5 of ecosystem changes over the coming
century to see if predictions are influenced or not by the relative model capabilities, and hence
potential confidence limits on the predictions. This process further permits critical assessment of
modelled biogeochemical cycling, including less well observed variables such as iron and vertically
integrated primary production. Downscaling of present day and future biogeochemical
environments represents another hurdle. CROCO-ROMS provides for ``intermediate’’ scales (at
around 10 km horizontal resolution), but the transition from open-ocean to coastal processes and
associated benthic to near-surface couplings adds another level of complexity. We first place our
CROCO-ROMS results in the context of the CMIP5 models, and then explore potential downscaling
methods, realising of course that the forcing in the coastal zone (freshwater, wind, run-off, sediment
etc) will interact strongly with cross-shelf contributions. This represents the most challenging but
most relevant issue for coastal communities and ecosystems
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Evolution of Black Sea fish stocks under changing environmental and climatic conditions
Baris Salihoglu, Sinan Arkin, Ekin Akoglu, Bettina Fach, Ehsan Sadigh Rag
Institute of Marine Sciences-Middle East Technical University
In this research, we have used a coupled basin scale circulation -biogeochemical model and used its
output to feed a food web model to test the near-future changes that could be observed in the Black
Sea ecosystem under the influence of variable fisheries exploitation conditions. To test model
sensitivity to changes in drivers, the future business as usual climate scenario (2015-2020) simulation
was compared to the present day (2000-2015) simulation and was then repeated for a low extreme
and a high extreme river loads of total nitrogen (nitrate and ammonium) using the predictions from
PERSEUS river data-base. Likewise, to test the sensitivity of the higher trophic level food web model
to changes in fishing pressure, a future estimate of fishing pressure projected based on its respective
contemporary value was applied to each fish stock. For each scenario fishing mortality rates at levels
which will lead to rebuilding or maintaining stocks above biomass levels that could produce the
maximum sustainable yield (FMSY) for years 2015-2020 are estimated. Future projections with
eutrophication in a business as usual scenario suggest that under high eutrophic conditions fish
stocks were less affected by changes in fishing pressure. An increase in fishing mortality would likely
cause more pronounced changes in fish stocks under the eutrophic conditions of the 2020 scenario
compared to a decrease in the fishing pressure.
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Toward a model-based prediction system for salmon lice infestation pressure
Anne Sandvik, Pål Arne Bjørn, Lars Asplin, Ingrid Johnsen, Mari Myksvoll, Morten D. Skogen
Institute of Marine Research
High salmon lice density is a threat to wild and farmed salmonid fish in Norway. To assess and
identify areas for high salmon lice infestation pressure, continuous monitoring is necessary. The
national Norwegian salmon lice monitoring program has until now been based on sampling and
counting of salmon lice on wild salmonids and smolts in sentinel cages. The number of lice eggs
hatched into the water masses, the relatively long-lasting pelagic life stages and the high
spatiotemporal variability of the ocean currents all have a major influence on the local infestation
pressure. A new monitoring system including a numerical ocean model with high temporal and
spatial resolution has been established. The plan is that the model will complement, direct or
replace parts of the logistically demanding and costly field-based monitoring program. In this
presentation, we evaluate the model’s ability to realistically simulate the spread and density of
pelagic salmon lice. Results from a 4 yr model run are presented, and the simulated density
compared to the mean abundance on smolts in sentinel cages. The comparison demonstrates that
the modeled salmon lice density corresponds well with the observational data. Using the modeled
lice density, a binary forecast system is proposed to predict areas of elevated lice infestation
pressure. For the 2015 test case, the prediction system is correct (elevated/non-elevated) in 32 of 36
cases (89%).
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Ocean warming could overwrite current sustainable fisheries management
Natalia Serpetti 1, Baudron, A.R.2, Burrows, M.T.1, Helaouët, P.3, Fernandes, P.G.2, Heymans, J.J.1
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The implementation of an ecosystem approach to fisheries (EAF) is essential to sustainable fisheries
management. EAF is also important for marine management, conservation, policy and
socioeconomics at both local and large scales. However, climate change, as one of the greatest
threats to biodiversity of this century, is superimposed on ecosystems. It is therefore important to
understand and predict the potential impacts of climate change, including species distributions and
habitat tolerances, to better inform EAF. Using an Ecopath with Ecosim model of the West Coast of
Scotland, we included changes in water temperature over the past 30 years that, in relation to the
species-specific optimum temperatures and tolerances, affected temporal biomass and catch
predictions. Subsequently, we tested the impact of rising temperature under IPCC climate change
scenarios. Grey seals and saithe asserted top-down control on their preys, including cod and whiting
which show historical declining trends below safe limit. These two stocks recovered when
appropriate fishery management scenario was applied however, rising temperature negatively
impacted most stenothermal and stenotolerant species which declined by 2100 under most climate
change scenarios tested. In contrast, species with high tolerances to temperature changes did not
change significantly under the highest temperature scenario. These results highlight how species
sharing an ecosystem respond differently to warming seas and the knock-on consequences on the
structure of the foodweb. Understanding these processes would help towards improve the long
term management of marine resources amid climate change.
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Food limitation experienced by fish larvae in the Gulf of Mexico
Taylor Shropshire 1, Steve Morey 2, Mike Stukel 2, Mandy Karnauskas 3
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Mortality is known to largely dictate the fate of fish larvae in the ocean. The 3 main sources of
mortality experience by fish larvae are advection, predation, and starvation based losses, where the
latter two are considered to be the most dominate. Typically, only 1% of individuals survive to be
recruited and thus slight deviations in these cohorts can have significant impacts on fish stocks.
Therefore, accurately estimating mortality is critical in producing reliable stock assessments and
ensuring the implementation of well-informed management practices. Historically, estimating
mortality of fish larvae in the field has been a major challenge due to the difficulty in catching,
identifying, and tracking individuals. Furthermore, unlike the adult cohorts who are largely driven by
demographics, fish larvae are strongly influenced by environmental forcing, which is largely
neglected in current stock assessments. To overcome these challenges in estimating mortality of fish
larvae in the field and to better resolve the impact of environmental variability on mortality we
implement a high resolution 3D biophysical ocean modeling framework. Specifically, we estimate
fish larvae mortality by investigating starvation. Many previous studies state that starvation may be
the largest contributor to mortality when the two sources of mortality are integrated over the entire
larval duration. Moreover, estimating mortality through starvation is more practical when taking into
consideration the challenge of modeling the highly dynamic and complex behavior of higher trophic
levels responsible for predation based losses. Here, we produce daily food limitation maps in
Scombridae over a 20 year period (1993-2013) for the Gulf of Mexico by comparing food availability
that is output by the biophysical model and food requirement estimated by a bioenergetics model.
Statistical analyses of the spatiotemporal variability in food limitation and the implementation of
such information into current stock assessments is discussed.
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Ecological Impact, Economic Value, and socio-ecological sustainability of mussel aquaculture in the
Gulf of Trieste (Italy)
Cosimo Solidoro, Paola Del Negro, Simone Libralato, Donata Melaku Canu
Istituto Nazionale di Oceanografia e di Geofisica Sperimentale (OGS)
In the Gulf of Trieste (Italy), the suspended mussel farms cover a coastal belt of about 15 kilometres,
for a total production of the order of 4-5000 t/year. In order to assess ecological impact, economic
value and sustainability of this activity, we integrated results of field monitoring, labs experiments
and socio-economical surveys into a suite of numerical models, for basin level computation of
mussel potential production, related energetic requirements, and nutrients budget. Models outputs
were then combined with results of economical surveys, and used to compute the ecological
footprint, the energy balance and other sustainability indicators of the activity. Results represent a
relevant contribution to coastal zone management and marine spatial planning, allow for evaluating
possible interactions of mussels farms with other uses of the basin and permit the assessment of the
ecological role of farming in the ecosystem. Results indicate that current mussel farming is fully
sustainable, and suggest the possibility of enlarging the activity without significant impacting
ecosystem status. In spite of the our willingness to involve mussel farmer and the fact the study was
a) promoted by local authorities and b) possibly relevant for management planning, a collaborative
process among stakeholders was hampered by a number of problems, including lack of trust,
competition, and diffidence. We argue that a stronger attitude of the funding agency in defining and
maintaining a clearer subdivision of roles, duties and responsibilities among scientists, farmers, and
governing bodies might favour a collaborative process among stakeholders and possibly lead to
higher efficiency in the use of research results.
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Seeing the bigger picture: Models of systems or systems with models?
Paul Somerfield
Plymouth Marine Laboratory
Marine ecosystems provide important services and benefits to human society, and these are
increasingly being considered in policy applications and management contexts. The effects of
ecosystem changes, particularly on ecosystem services, are difficult to predict because of our limited
understanding of marine food webs, how they respond to changes in pressures, and how those
changes in turn influence services. Large and complex models such as ERSEM do a good job of
representing change in groups of organisms primarily influenced by spatio-temporal dynamics in
physics and chemistry, such as phytoplankton and small zooplankton. For groups of organisms
higher in the food-web, such as fish, mammals and birds, a variety of different modelling approaches
are used. No particular approach attempts to model the entire system, each viewing the foodweb
from a different perspective. Links to services are rarely explicit. To provide model support to allow
us to respond appropriately to change we need to improve our understanding of, and ability to
model, the marine ecosystem as a whole. We also need to be able to understand and model the
links between changes in the marine ecosystem and its ability to deliver services. Instead of
developing a single ‘super-model’ to account for all of this complexity, an alternative approach is to
develop mechanisms for bringing together different sources of information in a common framework.
The Marine Ecosystems Research Programme (www.marine-ecosystems.org.uk) provides
mechanisms to bring together existing data, targeted new data, and different models, and to link
them to ecosystem services within such a common framework. A key aim is to project effects of
possible future policy decisions on ecosystem services which are mediated by ecosystem processes.
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Discards and their ecological impact: the case study of the Azores
Ambre Soszynski, Laurence Fauconnet, Telmo Morato, Jeroen Steenbeek, Joana Brito, Pedro Afonso
IMAR - Institute of Marine Research, Department of Oceanography and Fisheries
Fisheries discards have been a growing concern in European fisheries. The Common Fisheries Policy
reform therefore introduced a gradual landing obligation for species under quotas. However, very
few is still known about the ecological role of discards in marine ecosystems. Thus, ecosystem
modelling tools are currently developing towards incorporating fisheries discards as an ecosystem
component. This work aims at assessing the ecological role of the discards in the Azores ecosystem
under the hypothesis that the higher the discards rate, the more affected the ecosystem is. In this
study, an Ecopath with Ecosim (EwE) model fitted to time series of catch and biological data was
used. It was updated to consider discards in the fishery and the food-web to assess their ecological
role in the Azores. Moreover, different scenarios were built to explore discarding practices options
and their consequences. These scenarios include current discarding practices, discards ban, and
testing different discards amount and their biological fate. Ecological indicators were compared
among simulations to detect changes on specific ecosystem components being potentially affected
by discards, as well as on ecosystem health. Results suggest that the importance of discards in the
food web of the Azores is limited due to their low amount. Hypothetical threshold values were
identified to detect under which circumstances fisheries discards would affect the dynamic and
structure of the ecosystem. We also highlight specific techniques and issues in the modelling process
of fisheries discards that were encountered with Ecopath with Ecosim software. Management of
marine resources of the Azores can be supported by these models, which provide more knowledge
of the ecosystem and understanding of human impacts on its biodiversity. The use of Ecopath with
Ecosim software to build similar models is an innovative practice with room for improvement. The
results of this work are provided to the Horizon 2020 DiscardLess project.
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Sensitivity of modelled CO2 air-sea flux in a coastal environment using a complex ecosystem
model
Ricardo Torres, Yuti Artoili, V. Kitidis
Plymouth Marine Laboratory
This work evaluates the sensitivity of CO2 air-sea gas exchange in a coastal site to four different
model system configurations of the 1D coupled hydrodynamic-ecosystem model GOTM-ERSEM. The
European Sea Regional Ecosystem Model (ERSEM) is a biomass and functional group based
biogeochemical model that includes a comprehensive carbonate system and explicitly simulates the
production of dissolved organic carbon, dissolved inorganic carbon and organic matter. The model
was implemented at the coastal station L4 (4 nm south of Plymouth). In addition to a reference
simulation (A), we investigate the sensitivity of the carbonate system and modelled air-sea fluxes to
B) the sea surface temperature (SST) diurnal cycle, C) biological suppression of gas exchange and D)
data assimilation. The reference simulation captures well the physical environment. Overall, the
model captures the seasonal signal in most biogeochemical variables including the air-sea flux of
CO2 and primary production and can capture some of the intra-seasonal variability and short-lived
blooms. The model correctly reproduces the seasonality of nutrients (correlation > 0.80 for all three
macronutrients silicate, nitrate and phosphate), surface chlorophyll-a (correlation > 0.43) and total
biomass (correlation >0.7) in a two year run for 2008-2009. The model simulates well the
concentration of DIC, pH and in water partial pressure of CO2 with correlations between 0.4-0.5. The
model result suggest that L4 is a weak net source of CO2 (0.3-1.8 molCm−2year−1). The results of
the three sensitivity experiments indicate that both resolving the temperature profile near to the
surface and assimilation of surface chlorophyll-a significantly impact the skill of simulating the
biogeochemistry at L4 and all of the carbonate chemistry related variables. These results indicate
that our forecasting ability of CO2 air-sea flux in shelf seas and their impact in climate modelling
should consider both model refinements as means of reducing future climate pathways projections.
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The Madingley model as a tool for sustainable fisheries and marine ecosystem management
Philip Underwood 1, Chris McOwen 1, Mike Bithell 2
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Around 12% of the global population depend on fish for their livelihoods (FAO, 2016). The value of
exported fish on the world’s markets was US $148 billion in 2014. Fisheries are being overexploited
(Pauly & Watson, 2009). However, many questions regarding the relationship between human
activities and ecological processes remain unanswered. More informed management of marine
living resources is required to safeguard the supply of food and income to human societies. Here we
present results from a unique model configuration based on the Madingley General Ecosystem
Model (Harfoot et al, 2014). The aim is to develop a deeper understanding of the stability of marine
ecosystems in the face of fishing pressure. Through the development of marine indicators, we
extend the work of Fulton (2005) and perform an analysis to propose which unmeasurable indicators
might be correlated with measurable ones. We look at the relationship between fishing pressure and
available biomass to explore the question of whether a small reduction in fishing pressure can have
a big impact. We also examine areas of productivity in the ocean to perform a theoretical
investigation in to where Marine Protected Areas could ideally be sited and what management
strategies may be most effective. 1. FAO. 2016. The State of World Fisheries and Aquaculture 2016.
Contributing to food security and nutrition for all. Rome, 200 pp. 2. Pauly, D. and Watson, R. (2009).
Spatial Dynamics of Marine Fisheries. In: Simon A. Levin (ed.), The Princeton Guide to Ecology, pp
501–509. 3. Harfoot, M., et al. (2014). Emergent Global Patterns of Ecosystem Structure and
Function from a Mechanistic General Ecosystem Model. PLOS Biology, 12(4). 4. Fulton, E. A., et al.
(2005). Which ecological indicators can robustly detect the effects of fishing? ICES Journal of Marine
Science, vol. 62, issue 3, pp 540–551.
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Assessing regional management plans including stradling stocks: the southern western waters
management plan and northern hake
Audric Vigier, Stéphanie Mahévas, Michel Bertignac
IFREMER
In the context of the reformed Common Fishing Policy and Marine spatial planning new regional and
multi-annual management plans addressing mixed fisheries issues are under-discussion. Designing
management plans that includes spatial features requires spatial tools relevant for simulating and
assessing plans performance in view of management objectives. European hake (Merluccius
merluccius) is one of the most important commercial species in the north east Atlantic demersal
mixed fisheries. Hake population is spread over several management regions and is at the heart of
several management plans discussions. We propose a Management Strategy Evaluation framework
focused on the northern stock of european hake in the Bay of Biscay using the ISIS-Fish model. It will
integrate new knowledge on spatial hake population and exploitation dynamics, using a spatial
assessment Stock Synthesis model, taking into account the dynamics of the whole northern hake
stock, also distributed in the Celtic Sea and in the North Sea. The framework will also address mixed
fisheries issues of the Bay of Biscay due to technical interactions on sole (Solea solea) and Nephrops
populations by métiers targeting these three species. Simulations of multiple species management
plan including spatial closures will be conducted. Harvest control rules on an annual basis will be run
using the spatial Stock Synthesis model. Finally the performance of management plans will be
assessed confronting model outputs to MSY ranges.
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The role of benthic fauna for the biogeochemical processes in the Roskilde Fjord, Denmark
Elin Almroth-Rosell 1, Elin Almroth-Rosell 1, Karen Timmermann 2, Moa Edman 1, Kari Eilola 1, Irene
Wåhlström 1
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The role of benthic fauna for the biogeochemical processes and ultimately the “costal nutrient filter”,
responsible for the transformation and removal of nutrient from land to the sea, were investigated
in the Roskilde Fjord, Denmark. The ecological conditions were simulated by two mechanistic models;
1) the Swedish Coastal zone Model, which is a multi-basin model coupled to the Swedish Coastal and
Ocean Biogeochemical model and 2) the FlexSem, which is a high-resolution combined box-model
and 3-D model approach with unstructured mesh. Feeding, irrigation and particle mixing activities by
benthic fauna were incorporated in the models and sensitivity analysis was used to assess the
impact. The model results revealed that the activity performed by benthic fauna affected the
biogeochemical processes (nutrient fluxes, denitrification) and pools (Chl a, sediment inventory of N
and P and the pelagic pools of organic and inorganic nutrients) at least a few years until a new
balance has been reached. The increased activity also resulted in an increased retention efficiency of
N whereas the retention efficiency of P decreased in the Roskilde Fjord. Apparently, however, the
effect of benthic animals seems to diminish over longer (several years) time scales. The work is part
of the BONUS COCOA (Nutrient COcktails in COAstal zones of the Baltic Sea) project.
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Exploring structural sensitivity in marine biogeochemical model
Prima Anugerahanti, Shovonlal Roy, Keith Haines
University of Reading
Marine biogeochemical models have been used to study the seasonal cycles of phytoplankton and
the dynamics of the marine ecosystem. One of the sources of uncertainties is how the
biogeochemical processes are modelled and parameterised. Earlier studies have shown that a slight
change in model structure and parameterisation may lead to a major change in system dynamics, a
phenomenon called structural sensitivity. We investigate how biogeochemical models are sensitive
to the choice of functional forms and the range of plausible predictions on phytoplankton phenology
and associated ecological indicators by simulating the ensemble of MEDUSA, the ocean
biogeochemical component in the UK the Earth system model (UKESM). Each ensemble member is
embedded with a combination of different functional forms, which describe key plankton processes,
such as nutrient uptake, zooplankton grazing, and plankton mortalities. Phytoplankton phenology
and other ecological indicators were computed from the model variants and compared with those
derived from the satellite and in-situ observed products from six different oceanographic stations.
We report on how different model combinations may affect the output of marine biogeochemical
model at different regions
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Modeled Chl:C ratio and derived estimates of phytoplankton carbon biomass and its contribution
to total particulate organic carbon in the global surface ocean
Lionel Arteaga 1, Markus Pahlow 2, Andreas Oschlies 2
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Chlorophyll (Chl) is a distinctive component of autotrophic organisms, often used as an indicator of
phytoplankton biomass in the ocean. However, assessment of phytoplankton biomass from Chl
relies on the accurate estimation of the Chl:carbon(C) ratio. Here we present global patterns of Chl:C
ratios in the surface ocean obtained from a phytoplankton growth model that accounts for the
optimal acclimation of phytoplankton to ambient nutrient, light, and temperature conditions. The
physiological model originally developed to reproduce phytoplankton cellular ratios and growth
rates in laboratory experiments, agrees largely with observed/expected global patterns of Chl:C.
Combining our Chl:C estimates with satellite Chl and particulate organic carbon (POC), we infer
phytoplankton C concentration in the surface ocean and its contribution to the total POC pool. Our
results suggest that the portion of POC corresponding to living phytoplankton is higher in subtropical
latitudes and less productive regions (~30–70%) and decreases to ~10–30% toward high latitudes
and productive regions. An important caveat of our model is the lack of iron limiting effects on
phytoplankton physiology. The estimation of phytoplankton C from variable Chl:C allows us to detect
a positive correlation between nitrate concentrations and the nonphotosynthetic particulate carbon
pool in the surface ocean (e.g., zooplankton), as predicted by ecological models with specific
allometric predatory relationships. This correlation disappears when a constant Chl:C is applied (i.e.,
when the variability in the Chl:C ratio is ignored). Our analysis is not constrained by assumptions of
constant Chl:C or phytoplankton:POC ratio, providing a novel independent analysis of phytoplankton
biomass in the surface ocean. These results highlight the importance of accounting for the variability
in Chl:C and its application in distinguishing the autotrophic and heterotrophic components in the
assemblage of the marine plankton ecosystem.
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How to grow in a marine community?
Asta Audzijonyte 1, Shane A. Richards 2
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We are surrounded by a huge diversity of animal life-histories, spanning large ranges of body size,
maturation age, offspring numbers and reproduction strategies. All this diversity is underpinned by
the same physiological processes, which determine optimal acquisition and allocation of energy to
survival, growth, reproduction and energy storage. A goal of ecological modelling is to capture these
processes with sufficient accuracy, generality and simplicity and use them to explain and predict key
properties of species, communities and ecosystems. Here we present a general ectotherm growth
model that combines principles of dynamic energy budget modelling and life-history theory. The
main new features of the model are age-based allocation to growth versus reproduction and a sizebased cost of reproduction. Ten key species parameters are able to reproduce a range of life-history
strategies, including delayed reproduction and skipped spawning. Next, we introduce this singlespecies approach into the Atlantis marine ecosystem modelling framework. This approach reveals
novel aspects of ecosystem dynamics that can only be reproduced when physiological and lifehistory trade-offs are taken into account.
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How vertical swimming behaviour affects jellyfish journey?
Evelien Dekker 1, Valérie Dulière 2, Geneviève Lacroix 2
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The globally observed increase in jellyfish is a major concern due to the negative impacts on
commercial activities (such as aquaculture and tourism) and their potential to disturb the trophic
balance in marine ecosystems. In order to predict how, when and where massive jellyfish blooms
develop, a better understanding of their population dynamics and dispersal is required. The jellies
drift is driven by hydrodynamic processes such as currents, tides and waves. However, their
trajectories can be affected by swimming behaviour. Jellyfish might perform complex swimming
behaviours to increase their chance of survival, to search for prey, to prevent stranding and enhance
bloom maintenance. Moreover, jellyfish are often observed to perform vertical excursions in the
water column and sometimes tend to avoid highly turbulent regions in the surface water.
Biophysical models are good tools to help assessing the transport of living organisms during their
pelagic phase and to test the impact of swimming behaviour. Here, the OSERIT drift model was
expanded by including different kinds of vertical swimming behaviours and used to assess the
resulting spreading of jellyfish in the southern North Sea. In 2013, a mass stranding of Aurelia aurita
occurred at the beaches of Belgium and The Netherlands. Backtracking trajectories have been
computed starting from these beaching events. Four hypothetical vertical swimming behaviours
have been designed on the basis of literature and the model has been used to test the sensitivity of
the modeled jellyfish trajectories to these behaviours. The estimation of the Aurelia aurita
trajectories was very sensitive to including vertical swimming behaviour or not.
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Model based inventory of nutrient retention efficiency and coastal filter function along the
Swedish coastline
Moa Edman 1, Elin Almroth-Rosell 1, Kari Eilola 1, H.E. Markus Meier 2
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The retention capacity of the coastal zones might be of large importance for the water quality in
open waters since not all of the nutrients supplied from land reach the open sea as the coastal zone
acts as a filter. We use a coupled physical and biogeochemical multi-basin model to calculate the
average nutrient retention efficiency in all water bodies along the Swedish coast stretching from the
Norwegian border in Skagerrak to the Finnish border in the Northern Baltic Sea. The Swedish Coastal
zone Model setup describes with high vertical resolution all the water bodies defined by the water
framework directive and describe dynamically the transports across natural topographic constraints
between sub basins. We analyse the model results clustered into 7 major areas, and several smaller
coastal type areas (archipelagos, river dominated, open coast or embayment’s, mainly fjords). We
also discuss the possibility to estimate the nutrient retention corresponding to different rivers along
the coast. The work has been financed by the Swedish Agency for Marine and Water Management
and the BONUS COCOA (Nutrient COcktails in COAstal zones of the Baltic Sea) project.
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A modelling approach of environmental control of non-spinose planktonic foraminifera shell size
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Zooplankton play a significant role in the marine ecosystem as a main top-down control on marine
primary production. They contribute to the export of organic carbon to the deep ocean and transfer
energy to higher trophic levels thereby impacting the climate system via the regulation of the carbon
cycle. Planktonic foraminifera are marine holoplanktonic heterotrophic protists with calcite shell.
They are the main proxy carrier for paleoclimate reconstruction, since their growth, distribution, size
and the elemental composition of their shells are strongly related to environmental conditions. They
grow by adding chambers. Their final size indicates environmental conditions optimal for growth. As
the entire life cycle of planktonic foraminifera cannot be cultured, it is challenging to assess and
predict their response to a changing climate, especially the impact of multiple drivers on physiology,
distribution, and carbonate production. Here we take a novel approach for studding planktonic
foraminifera ecology based on traits and trade-offs. We are combining observations and novel
ecosystem modelling to investigate drivers of their diversity, their impact on ecology and ultimately
response to climate change in modern and past climates. We will present results from two OD NPZ
models of planktonic foraminifera which account for the change of size in oligo-, meso- and
eutrophic environmental conditions. The next step will be to test the traits and trade-offs on the
global scale comparing paleoclimate and modern states, by including our new foraminifera model
into GENIE and the Darwin-MIT ecosystem model.
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An individual-based model of diatoms
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We developed an individual based model for the life cycle of diatoms (DiaLCM) to investigate the
combined effects of the cell cycle and the cell size reduction–restitution cycle (SRRC). Growth,
grazing mortality and sinking are considered as size-dependent processes. The model is tested
against laboratory results and reproduces the typical saw tooth pattern of mean population size as
the result of the SRRC. The development of cell-size distribution patterns, their dependence on the
environment and their influence on the ecosystem is investigated in a one-dimensional water
column setting, where the diatoms face competition by a bulk phytoplankton species. Using a
perpetual-year forcing, we find that the SRRC introduces interannual variability with periods of
diatoms dominance interrupted by dominance of other phytoplankton. We find that inter- and
intraspecific competition explains several of the observed characteristics in size frequency
distributions, in particular the relatively narrow cell size spectra. In agreement with observations
modeled auxosporulation events are rare with low numbers of auxospores.
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Effects of global warming on spring-blooming phytoplankton in the Baltic Sea
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Did global warming already affect Baltic Sea phytoplankton and which effects might occur in the
future? To answer the first part of our question we performed lab experiments with dinoflagellate
cultures revived from the sediment archives of the Gulf of Finland. This region experienced a
warming over the past hundred years, which is particularly noticeable in the earlier breakup of sea
ice. We investigated whether the temperature tolerance of the cold-adapted spring bloom
dinoflagellate, Apocalathium malmogiense has changed within the past hundred years by
determining the temperature response of 100-year old and young strains. Our results indicate only
slight changes in the temperature tolerance over the past hundred years, but significant changes
between old and young when comparing life cycle dynamics and cyst formation. Based on our
experimental data, we model the life cycle of the dinoflagellate A. malmogiense to answer the
second part of our initial question: which effects might global warming have on spring bloom
dynamics in the future? Here, we present first results of the ongoing life cycle modeling.
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Assessing the importance of zooplankton sampling patterns with NORWECOM.E2E
Solfrid Sætre Hjøllo, Morten Skogen, Cecilie Hansen, Espen Bagøien
Institute of Marine Research
The copepod Calanus finmarchicus is the dominant species of the mesozooplankton in the
Norwegian Sea. The field data on zooplankton biomasses is often collected using WP-2 nets in a
selected number of stations. The number of observations as well as the sampling pattern varies
between the years. The highest frequencies are found during summer, and particularly in May (40100 observations in the period 1995 to 2007). We have explored the importance of a consistent
sampling pattern for the biomass estimates, using May as an example, by sampling each year of the
time series with each spatiotemporal sampling pattern from all years in the observations. in two
ways: a) by sampling a composite field from the observations and b) by virtual sampling in Calanus
spatial fields from an ecosystem model. The composite field were constructed by composting all the
institutes’ available data on zooplankton biomasses in the Norwegian Sea, while for the modeled
field, we used the NORWECOM.E2E model, with an embedded C. finmarchicus IBM. The period
considered was 1995-2007The results indicate the importance of a consistent sampling pattern, as
individual sampling patterns showed large difference in the May biomass. For the extreme year of
2001, the biomass estimate from the model varied between 2.1gC/m2 with the 2006 sampling
pattern and 7.7 gC/m2 with the 1996 pattern. This work is an example of both how models can be
used to mechanistically interpret experimental datasets, and specifically how models can be used to
assess zooplankton sampling patterns and suggest improvements.
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Effects of nutrient transport through the Korea Strait on the seasonal and interannual variability in
East Sea low trophic ecosystem
Chan Joo Jang, Hee Seok Jung, Hyoun-Woo Kang, Jae Kwi So
Korea Institute of Ocean Science & Technology
The nutrient supply through the Korea Strait (KS) has been believed to have negligible effects on the
nutrient budget and biological productivity in the East Sea. However, recent studies based on
observations and model simulations suggest that considerable amounts of nutrients are transported
through the KS. This study aims to examine and clarify effects of nutrient transport through the KS
on the seasonal and interannual variability of low trophic ecosystem in the East Sea. For this purpose,
three numerical experiments with different lateral boundary conditions of nutrient flux through the
KS were conducted by using a four-compartment NPZD model coupled with a 3D physical model. The
experiment results show that the nutrient transport through the KS contributes to primary
productivity mostly in the southern basin in fall bloom, while the effect tends to decrease toward
north in spring bloom. The correlation between interannual variation of nutrient flux through the KS
and chlorophyll concentration was high in the regions affected by the warm currents passing the KS,
indicating nutrient input through the KS is a dominant nutrient source in the southern East Sea.
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Description and performance assessment of a 3-D coupled physical-biogeochemical model of the
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A number of coupled physical-biogeochemical models have been implemented to the North Sea
over the last decades. Although these models reproduce the general features of the system fairly
well, they mostly fail to capture the steep horizontal and vertical gradients in nutrient and
chlorophyll concentrations observed along the continental coast line of the southern North Sea. In
this study, we employed a novel coupled physical-biogeochemical model developed in the frame of
the Modular System for Shelves and Coasts (MOSSCO). The pelagic processes are resolved by the
Model for Adaptive Ecosystems in Coastal Seas (MAECS) that, importantly, accounts for various
acclimative processes regarding phytoplankton growth and nutrient uptake. A simple benthic model
describes the major processes in the sediment. MAECS and the benthic model are implemented as
individual modules in the Framework for Aquatic Biogeochemical Models (FABM), through which
they are coupled to each other and to the Genereal Estuarine Transport Model (GETM). GETM is
defined on a curvilinear grid in the southern North Sea, coarsest (~5km) at the British Coasts and
finest (~1.5km) at the Elbe mouth. The model system is forced with consistent and high-resolution
data sets covering the estuarine, atmospheric and open ocean boundaries. We evaluate the
performance of the model system on the basis of a decadal simulation for the period 2000-2010. A
comparison against the Ferry-Box measured salinities suggests that the lateral mixing in the system
is represented fairly well, although possibly slightly overestimated. Comparison with the data from
ICES and a Scanfish survey reveal that the surface and bottom temperatures, pycnocline depth, and
the deep-chlorophyll development are captured almost accurately. Model estimates for chlorophyll
and nutrient concentrations mostly match well to the measurements from >15 monitoring stations
spread over the model domain. Point-to-point comparisons with the ICES data suggest that the
model has high predictive skill regarding the nutrient and chlorophyll dynamics within the German
Bight. Finally, comparison of seasonally averaged chlorophyll concentrations against the satellite
data produced by the European Space Agency, Climate Change Initiative (ESA-CCI) yield correlation
coefficients up to 0.8. Based on these results, we conclude that the model provides a satisfactory
hindcast of the southern North Sea for the period 2000-2010 including a successful reproduction of
the steep coastal gradients.
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Diurnal variation and vertical distribution of Carbon Monoxide in the North Pacific: A modeling
study
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Carbon monoxide (CO) which is formed by photochemical reaction with dissolved organic matter, is
one of the useful tracers for understanding the physical, chemical, and biological phenomena in the
ocean. We developed a CO module and integrated it into ERSEM (European Regional Seas Ecosystem
Model) in order to investigate the CO dynamics occurring in the complex marine ecosystem. The CO
module consists main processes of CO dynamics in the upper ocean; photochemical production,
microbial oxidation, and air-sea gas exchange. Physical mixing in the upper ocean is relied on GOTM
(General Ocean Turbulence Model). Setting up a 1-D model by coupling ERSEM with GOTM we
examined the CO module by simulating the observations conducted for 24 hours at two
hydrocasting stations, NP06 (47.38°N, 160.69°E) and NP11 (62.50°N, 174.00°W) in 2012 as a SHIPPO
(SHIpborne Pole-to-Pole Observations) project. Not only did the 1-D model effectively reproduce the
typical sinusoidal variation of CO at the surface but also the vertical structure of exponential
decrease of dissolved CO with depth which is shown in the observations. This implies that the
photochemical production occurring within the euphotic zone during daytime and the microbial
oxidation occurring in the entire water column at all the time were properly implemented in our
module. Analysis of length scales relevant to the aforementioned processes based on the model
simulations indicated that those two hydrographic stations were governed by the rates of
photochemical production and microbial oxidation.
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Simulated stressor response of the Barents Sea: long-term impacts of climatic and pCO2 changes
on the local planktonic and benthic food web
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The Barents Sea is well-documented ecosystem with a large economic importance to the
surrounding countries, mainly in terms of fisheries. Here, stressor response of this system is
investigated using a water column model representing the Atlantic waters in the Barents Sea, with
projections up to 2100 representing climatic change (RCP 4.5, RCP 8.5) and increasing atmospheric
CO2 conditions (acidification, values associated with RCP 4.5, RCP 8.5). The system response to
different combinations of stressors is investigated with respect to the local lower trophic level food
web and carbon cycling, to assess whether the different pressures affect the basis of the food web in
an additive, synergistic or antagonistic way. Initial results indicate a shift to smaller plankton species
and a shorter spring bloom production period characterised by higher biomass values, accompanied
by a weakening of autumn bloom, resulting in less biomass all round. Climatic changes tended to
dominate over acidification impacts, and detritus values increased leading to more deposit feeders
and their associated predators, at the expense of the simulated filter feeders. Mesocosm
experiments from Svalbard will be used to estimate the model’s capability to study long-term
stressor response in the Arctic.
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A preliminary analysis of the role of mixotrophy in plankton dynamics
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Mixotrophy (defined as phototrophy plus phagotrophy within a single cell) is widespread among
planktonic protists. However, most marine ecosystem models allocate protist biomass strictly
according to the traditional phytoplankton-zooplankton dichotomy (akin to plant-animal dichotomy
in terrestrial systems). We investigate plankton dynamics at the L4 station in the Western English
Channel using two contrasting planktonic food web structures, one based on the classic plankton
dichotomy and another accounting for mixotrophy. We used the pelagic version of the European
Regional Seas Ecosystem Model (ERSEM), an ecosystem model capable to simulate marine
biogeochemistry which divides protist plankton in several functional groups according to size and
the classic plankton dichotomy (i.e., nano- and micro- phytoplankton, diatoms, heterotrophic
nanoflagellates, and microzooplankton). To develop the mixotrophic version of ERSEM, we used the
“perfect beast” model of Flynn & Mitra (2009), that can be readily configured to represent different
types of mixotrophy, i.e., constitutive mixotrophs (CMs; protists with inherent capacity for
photosynthesis plus the ability to phagocytose) and non-constitutive mixotrophs (NCMs; protists
which acquire phototrophic ability through the ingestion of autotrophic prey via endosymbiosis or
kleptoplasty), as defined in Mitra et al. (2016). Thus, the descriptions for the functional groups in the
original version of ERSEM, except for diatoms, were replaced by the mixotrophic models as following:
nano- and micro- phytoplankton into CMs, and microzooplankton were divided in two functional
groups, one for pure phagotrophs and another configured to represent NCMs. Both the ERSEM
versions (classic plankton dichotomy vs mixotrophic) were coupled to the General Ocean Turbulence
Model (GOTM). The outputs from the two contrasting models were tested within coastal water
scenarios; data from the L4 station were used for this purpose. We will present results
demonstrating the importance of describing mixotrophy in a fashion consistent with the
ecophysiology of protists in order to replicate the complexity of plankton dynamics in coastal waters.
References: Flynn KJ, Mitra A (2009) Building the “perfect beast”: modelling mixotrophic plankton. J
Plankton Res 31:965–992 Mitra A, Flynn KJ, Tillmann U, Raven JA, Caron D, Stoecker DK, Not F,
Hansen PJ, Hallegraeff G, Sanders R, Wilken S, McManus G, Johnson M, Pitta P, Våge S, Berge T,
Calbet A, Thingstad F, Jeong HJ, Burkholder JA, Glibert PM, Granéli E, Lundgren V (2016) Defining
Planktonic Protist Functional Groups on Mechanisms for Energy and Nutrient Acquisition:
Incorporation of Diverse Mixotrophic Strategies. Protist 167:106–120

123 | P a g e

An optimal resource allocating model of N2-fixing cyanobacteria under ocean acidification
Ya-Wei Luo, Ya-Wei Luo, Dalin Shi, Haizheng Hong
State Key Laboratory of Marine Environmental Science, Xiamen University
Ocean acidification (OA), the pCO2 increase and the pH decrease in seawater, is developing with
anthropogenic CO2 release. Previous studies suggest that the predominant effect of OA on N2-fixing
cyanobacteria (diazotrophs) is the saved energy from CO2 concentrating mechanism (CMM) and the
stimulation of their growth. However, our culture experiments showed that OA inhibited the growth
and N2 fixation rates of free-living trichomes of Trichodesmium (a major marine diazotroph genus).
Here, we construct a model of free trichome to quantitatively explain and simulate how the
trichome maximizes its growth rate by optimally allocating cellular energy and iron allocations to
light harvest, CCM, carbon fixation and N2 fixation. In the model, OA reduces CCM energy
expenditure, meanwhile increases energy expenditure on anti-stress and reduces the efficiency of
nitrogenase enzyme. The values of model parameters are mainly from theoretical estimates and
from our culture experiments under combination of different levels of Fe, pCO2 and pH. The model
is able to accurately reproduce the decreasing growth and N2 fixation rates of the culture
experiments with OA, revealing that the positive effect from CCM energy saving is offset by costs
incurred by reduced pH. This inhibition is even more profound when iron is limiting, when some iron
has to be allocated to N2 fixation to compensate for the reduced efficiency of nitrogenase. In
addition, we hypothesize that larger forms such as Trichodesmium colonies with hundreds of
trichomes are subject to stronger limitation of CO2 concentration, and thus can benefit more from
CCM energy savings. By representing this hypothesis, the model shows that OA can possibly inhibit
growth of Trichodesmium colonies. Our model partly harmonized opposite results from previous OA
experiments on diazotrophs, projecting that OA can have different effects on N2 fixation in the
oceans upon the composition of diazotrophic community.
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Incorporating iron limitation of diazotrophs into an optimality-based plankton ecosystem model
Alexandra Marki, Evangelia Louropoulou, Martha Gledhill, Markus Pahlow
GEOMAR Helmholtz Centre for Ocean Research Kiel
Iron and inorganic nitrogen limit primary production in most of the global surface ocean. Most
current biogeochemical models represent rather simplistically the tight interplay of iron demand for
photosynthesis and nitrogen fixation of diazotrophic phytoplankton. One way to overcome this is the
application of an optimality-based model, which describes physiological regulation at the wholeorganism level based on generic trade-offs. The absence of observations linking growth rates and
elemental stoichiometry to iron (Fe) limitation has been the main impediment to the further
development of our physiological optimality-based phytoplankton growth model towards including
Fe limitation. Progress in this respect requires laboratory data suitable for both model validation and
calibration. Autotrophic diazotrophs require relatively high amounts of iron and play a key role in
nitrogen supply to the ocean. In this study we report the relationship between iron limitation,
growth rate, and Chl:C:N:P:Fe stoichiometry in marine autotrophic diazotrophs. We are currently
growing two species of diazotrophs, which are representative for different marine environments: 1)
benthic marine environments and intertidal zones (Cyanothece sp.), and 2) open waters of
oligotrophic tropical/subtropical oceans (Trichodesmium erythraeum IMS101). We grow both
diazotrophs over a range of iron concentrations. Results to date show a wide divergence in iron
tolerance among both species. For instance, preliminary data show that iron requirements for
unicellular Cyanothece sp. are higher than for filamentous Trichodesmium sp. Elemental
stoichiometry is affected by iron, with iron limited Chl:C:N ratios 0.07±0.008:1:0.103±0.007
mmol:mol:mol compared to ratios of 0.18±002:1:0.134±0.002 mmol:mol:mol in iron replete
conditions for Cyanothece sp. We discuss the implications and limitations of incorporating such
variable stoichiometry into our optimality-based model.
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Characterising species-specific traits and environmental drivers associated with variability in the
connectivity of benthic invertebrate populations in the Bay of Brest
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The life cycle of benthic invertebrates can generally be split into two major stages: a pelagic larval
stage and a benthic adult stage following the settlement of mature larvae on the seafloor. Dispersal
of pelagic larvae with ocean currents is critical to inter-seeding between distant populations in
particular for sessile or poorly mobile benthic species, and hence it largely determines long-term
spatial patterns and local inter-annual changes in benthic communities. To define population
connectivity of several benthic species of commercial or ecological interest in the Bay of Brest (i.e.
scallops, oysters, brittle stars, limpets), we simulate their larval dispersal using the high-resolution
hydrodynamic model MARS3D. Specifically, we quantify the sensitivity of connectivity patterns to
inter-annual changes in environmental conditions (e.g. river outflow, wind regime) and to specifics
related to larval ecology (e.g. swimming behaviour, spawning period, time to competency). To assess
the realism of alternative simulations, we confront estimated connectivity patterns against known
distributions of the different species, when available. Overall, simulations provide some insights on
key drivers affecting population connectivity in the Bay of Brest, and bring some light on
environmental factors most responsible for inter-annual variability in larval dispersal and speciesspecific ecological traits responsible for contrasting population connectivity between species. We
also discuss the implications of projected climate-driven changes (temperature warming; changes in
rainfalls) on population connectivity.
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Modelling retention time of biological particles in the ocean: an example for Antarctic krill in the
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Many marine species have planktonic forms – either during a larval stage or throughout their
lifecycle – that either move passively or are strongly influenced by ocean currents. Understanding
these patterns of movement is important for informing marine ecosystem management and for
understanding ecological processes generally. Retention of biological particles in a particular area
due to ocean currents may be just as important but has received less attention than transport
pathways between locations. We present a method for modelling retention time, based on the halflife for particles in a particular region, that is meaningful for biological processes. This method uses
geostrophic velocities at the ocean surface, derived from 23 years of satellite altimetry data (19932016), to simulate the advection of passive particles during the Southern Hemisphere summer
season (from December to March). A preliminary study of retention time in the Indian Sector of the
Southern Ocean indicated a surprisingly high level of correlation between the observed distribution
of Antarctic krill (Euphausia superba) and patterns of summer retention time calculated using our
method. In this presentation we discuss updated results from a circumpolar analysis of retention
time, and consider the potential importance of retention processes for influencing Antarctic krill
distribution at the circumpolar scale.
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Chaos in an NPPZ plankton model
Irene Moroz 1, Roger Cropp 2, John Norbury 1
1

Oxford University

2

Brisbane University

The dynamics of plankton ecosystems have long been of interest to ecologists and mathematicians,
with some of the earliest examples of chaotic dynamics being provided by ecological models.
Mortality terms were initially identified as determinants of chaos in simple ecosystem models, but
relatively little attention has been given to the role of grazing terms. The behaviour of omnivores has
arisen as a particularly interesting case. Recent experiments have revealed that plankton omnivores
may change their feeding behaviour in response to changes in temperature, and is therefore of
interest to plankton modellers contributing models of biogeochemical cycling in the ocean to climate
models. We consider the role of an omnivorous zooplankton's foraging strategy, and the choice of
functional forms on the dynamics of a simple two prey-one predator plankton model, within a
Conservative-Normal framework. We find that assumptions about the way the predator forages for
food, the specific form for grazing and mortality terms, all qualitatively affect the predictions that
the model will produce. In particular, specialist foraging leads to chaotic dynamics while Holling Type
III grazing and quadratic mortality terms suppress chaotic dynamics.
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Long-term Puget Sound plankton dynamics: A comprehensive parameter – space exploration in a
new model
Hoa Nguyen, Neil S. Banas
University of Strathclyde
Wild salmon populations in Puget Sound, USA have undergone a long-term decline with their
survival correlating with decadal climate patterns for reasons yet unknown. The search for bottomup ecological explanations requires reconstructing interannual variation and trends in phytoplankton
production and bloom timing. Despite a long history of studies of primary production in the region,
long time series are rare, and information on nutrient and light sensitivity of primary production in
the area is limited. This study presents an optimal plankton model for Puget Sound built by coupling
a generalised NPZD-style model to a 1-D physical model of the Puget Sound Main Basin, which
includes vertical mixing and advection processes caused by estuarine (river-driven) circulation. The
1-D simplification is possible because along- and cross-channel gradients of phytoplankton and
nutrients are small in this deep fjord. Hundreds of thousands of variants of the model were
investigated, with variation of both internal and physical drivers as uncertain parameters. The
goodness-of-fit of parameter combinations were determined by matching to phytoplankton blooms’
peak and timings, as well as seasonal cycles of nitrate, in a multi-year dataset. Unconstrained
parameters and processes were systematically removed by conducting model reduction based on
these observations. The ensemble model results allow testing of mutiple hypotheses that have been
proposed to link the continuously decreasing wild salmon pattern to phytoplankton dynamics.
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Model estimates of the effect of ice on the phytoplankton primary production in the Barents Sea
Vladimir Ryabchenko, Anton Dvornokov, Snanislav Maryanov, Victor Gorchakov
P.P.Shirshov Institute of Oceanology, St.Petersburg Branch, Russian Academy of Sciences
This study is aimed to assess the impact of sea ice on the primary production of phytoplankton in the
Barents Sea. To get the estimations, we apply a three-dimensional eco-hydrodynamic model based
on the Princeton Ocean Model which includes a module of sea ice with 7 categories and the 11component module of marine pelagic ecosystem developed in Saint-Petersburg Department of the
P.P. Shirshov Institute of Oceanology of RAS. The comparison of the model results for the period
1998—2007 with satellite data showed that the model reproduces the main features of the
evolution of the sea surface temperature, seasonal changes in the ice extent, surface chlorophyll-a
concentration and the primary production of phytoplankton in the Barents Sea. Model estimates of
the annual primary production of phytoplankton for the whole sea turned out to be 1.5—2.3 times
higher than similar estimates from satellite data. The main reason for this discrepancy is that the
model takes into account the production of the primary production of phytoplankton under the pack
ice and the marginal ice zone, and satellite data refer exclusively to the open water. Moreover, the
evaluation of the primary production of phytoplankton from satellite data underestimates its values
due to subsurface maximum of chlorophyll.
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Sardine (Sardina pilchardus) larval dispersal in the Iberian Upwelling System, using coupled
biophysical techniques
A. Miguel P. Santos 1, Anne-Elise Nieblas 2, Philippe Verley 3, Ana Teles-Machado 4, Sylvain
Bonhommeau 5, Alvaro Peliz 4
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The European sardine (Sardina pilchardus) is the most important small pelagic fishery of the Iberian
Peninsula. Recently, recruitment of this species has declined due to changing environmental
conditions. Furthermore, controversies exist regarding its population structure with barriers thought
to exist between the Atlantic-Iberian Peninsula, Northern Africa, and the Mediterranean. Few
studies have investigated the distribution and dispersal of sardine eggs and larvae off Iberia and the
subsequent impact on recruitment. Here, we examine these issues using a Region Ocean Modeling
System climatology (1989-2008) coupled to the Lagrangian transport model, Ichthyop. Using
biological parameters from the literature, we conduct simulations that investigate effects of
spawning patchiness, diel vertical migration behaviours, and egg buoyancy on the transport and
recruitment of virtual sardine ichthyoplankton on the continental shelf. We find that release area,
release depth, and month of release all significantly affect recruitment. Patchiness has no effect and
diel vertical migration causes slightly lower recruitment. Egg buoyancy effects are significant and act
similarly to depth of release. As with other studies, we find that recruitment peaks vary by latitude,
explained here by the seasonal variability of offshore transport. We find weak, continuous
alongshore transport between release areas, though a large proportion of simulated
ichthyoplankton transport north to the Cantabrian coast (up to 27%). We also show low level
transport into Morocco (up to 1%) and the Mediterranean (up to 8%). The high proportion of local
retention and low but consistent alongshore transport supports the idea of a series of
metapopulations along this coast.
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An Individual Based Model for Calanus Hyperboreus in the Greenland Sea
Morten D Skogen, Solfrid Hjøllo, Espen Strand
Institute of Marine Research
An individual based model (IBM) has been developed for the copepod Calanus hyperboreus. The IBM
has been included in an existing model (NORWECOM.E2E) where a lower trophic NPZD model
already is two-way coupled to a similar IBM for Calanus finmarchicus. The presentation will focus on
the full life cycle for individual copepods (growth, movement, reproduction, mortality), as well as the
abundance, production and biomass of the full Calanus hyperboreus stock. Finally, the presentation
will discuss some challenges when going from an individual to a full stock when such models are to
be used in assessment on a regional scale.
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Moult dynamics in the swimming crab Liocarcinus depurator: A dynamic energy budget approach
Elizabeth Talbot 1, Jorn Bruggeman 1, Chris Hauton 2, Stephen Widdicombe 1
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Plymouth Marine Laboratory

2

University of Southampton, School of Ocean and Earth Science

Dynamic energy budget (DEB) theory offers a comprehensive, though abstract, framework for
understanding the physiological performance (growth, development, respiration, reproduction etc.)
of an organism over the course of its entire life cycle. The simplest complete DEB model is the
“standard animal” model; although this standard model is in fact already rather complex, and its
parameterisation can be challenging. It is possible, however, to maintain the general structure of
DEB theory while still making some “shortcuts”, allowing a more direct and intuitive link to
experimental data. We present here one such simplified DEB model for the swimming crab
Liocarcinus depurator. To the best of our knowledge this is not only the first to be presented for this
species, but also the first which explicitly considers the dynamics of the moult. The standard DEB
model assumes continuous growth in the species of interest. A complicating factor in parameterising
the model for crustaceans is that growth, measured as an increase of carapace length/width, occurs
periodically via the moulting process. We overcame this complication by measuring growth in terms
of wet mass and carbon mass, rather than an increase in carapace size. This approach led to model
predictions which were consistent with the patterns in the observed data, predicting not only the
magnitude of the increase in wet mass of the individual, but also the timing of the moult. In
addition to presenting the model itself, we also evaluate the potential applications of such a model,
both at the individual level (e.g. aquaculture) and as a tool for exploring higher level (e.g.
population/community/ecosystem) dynamics.
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The impact of model resolution on the ecosystem of the Celtic Sea
Sarah Wakelin 1, Momme Butenschön 2, Yuri Artioli 2
1

National Oceanography Centre

2

Plymouth Marine Laboratory

The Celtic Sea region of the northwest European continental shelf connects the deep waters of the
Atlantic Ocean with the southern coasts of Ireland, England and Wales and the north coast France. It
is a region of complex hydrodynamics where freshwater river outflows combine with large scale
atmospheric (heating and surface momentum fluxes) and oceanic (tidal and baroclinic) processes to
drive circulation. On finer scales, eddies, internal tides and the location of tidal mixing fronts (the
boundaries between seasonally stratified and well-mixed regions) also affect horizontal and vertical
transport and mixing. The physical processes impact on the ecosystem by controlling the supply of
nutrients into the euphotic zone and through transporting organisms and detritus. As resolution
increases, ocean models resolve finer scale topography and are better able to represent the
structure and dynamics of shelf-sea and near-coastal processes. Here we use the 3D coupled
hydrodynamics-ecosystem model NEMO-ERSEM to explore the effects of refining resolution (from
~7km to ~1.5km) on the modelled hydrodynamics of the Celtic Sea and study the impact on the
lower trophic level ecosystem. We investigate the supply and transport of nutrients from river
sources, the atmosphere and the wider Atlantic Ocean, and the consequences for modelled primary
production and ecosystem structure of resolving finer scale hydrodynamic processes.
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Intrinsic stability, rather than dilution, contributes to the formation of dissolved organic carbon
reservoir in the deep ocean
Nannan Wang 1, Nianzhi Jiao 1, Rui Zhang 1, Qiang Zheng 1, Luca Polimene 2
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Xiamen University

2

Plymouth Marine Laboratory

The dissolved organic carbon (DOC) in the deep ocean is comparable in amount to the total
inventory of the atmospheric carbon dioxide. With an average residence time of 5,000 years in the
modern ocean, such dissolved organic matter is considered refractory. The recalcitrance of deep sea
DOC can be mostly attributed to the intrinsic stability of chemical structures or its low concentration.
In this study, we estimate the relative contribution of intrinsically recalcitrant DOC to bulk deep sea
DOC pool through capturing the molecular similarity at the level of abundance patterns during the
bacteria incubation experiments. We show that approximately 90% DOC in the deep ocean is
biologically recalcitrant, suggesting that the intrinsically recalcitrant nature of compounds rather
than dilution limits DOC utilization. In other word, our estimate indicates that no substantial increase
in DOC utilization even with increasing DOC concentration is due to the small proportion of labile
DOC in deep-ocean. Our results highlight the contribution of marine microbes as a major player
transforming labile DOC into recalcitrant compounds to accumulate in the ocean.
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Modeling the effect of warming on marine virus-to-bacterial ratios
Le Xie, Rui Zhang, Wei Wei, Qi Zhang, Ya-Wei Luo
State Key Laboratory of Marine Environmental Science, Xiamen University, China
Viruses are the most abundant biological entities in the ocean. They infect marine viruses and other
organism and play an important role in marine microbial food webs and biogeochemical cycling.
There were only limited modeling studies on how environmental factors impact the relationship
between marine viruses and their host bacteria. Here, we use a model to study the effect of
warming in the ocean on the ratio of viral abundance to bacterial abundance (VBR). Samples were
collected during winter of 2012 in the west Pacific and fall of 2013 in South China Sea. The on-board
culture experiments with controlled temperature levels showed that the viral production (VP) rates
increased on average at 0.63% h-1 (°C)-1, and the viral decay (VD) rates increased on average at 0.30%
h-1 (°C)-1. The increasing VP largely resulted from the higher viral burst size (the number of viruses
release per bacterial lysis). Based on these data, we established a virus-bacteria model, allowing
temperature-dependent VP and VD. When assuming unchanged supply of organic matter to bacteria
and thus constant bacterial gross production, the model shows that the balanced viral abundance
increases while the balanced bacterial abundance decreases with temperature, resulting in a higher
VBR. Our results also reveal a higher turnover rate of marine viral pools, and so that the marine
biogeochemical cycles contributed by viruses may accelerate with global warming in the future
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A comparison between observations and biogeochemical modelling at sites in the Celtic Sea
John Aldridge 1, Lessin G.2, Hicks N.3, Silva T.1, Silburn B.1, Kitidis V.1
Presented by Sonja Van Leewen1
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2

Plymouth Marine Laboratory

3
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Results from the (1D) coupled physical and biogeochemical GOTM-(FABM)ERSEM model are
compared with observations collected under the NERC Shelf Seas Biogeochemistry (SSB) program
from two contrasting (muddy and sandy) sites in the Celtic sea. The focus in this paper is on the
benthic system where models are generally less well validated and where the SSB data set
constitutes a valuable addition to the limited number of existing benthic measurements, particularly
for the Celtic Sea region. Site specific light and nutrient values were adjusted, but no attempt was
made to systematically alter the internal chemical and biological parameters to ‘fit’ observations. A
broad assessment of the model performance for the pelagic system was made using Cefas Smart
buoy data, seabed lander information, and CTD measurements. A more detailed comparison was
then made of the benthic component of the model using the new data from the SSB program
focusing on oxygen, organic carbon and nutrient dynamics and faunal and bacterial biomass. In the
final section, numerical experiments were performed in order to understand the model behaviour
and see if results can be matched more closely with observations. A simple formulation of advective
pore water flows to improve the modelling of permeable (sandy) sediments was investigated and
compared with observations. The results suggest a number of adjustments that may improve the
modelling of shelf seas.
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Reanalysis of a shelf-sea biogeochemistry and carbon fluxes by assimilating data of
(phyto)plankton functional types (PFTs) from ocean colour
Stefano Ciavatta, Robert Brewin, Luca Polimene, Jozef Skakala
Plymouth Marine Laboratory
Marine ecosystems are crucial components of the carbon budget at both regional and global scales.
In this work we show that improved estimates of biogeochemical indicators and carbon fluxes can be
obtained by integrating ocean observations and marine ecosystem models using data assimilation. In
particular, we show that the assimilation of phytoplankton size classes is a promising new approach
to better constrain the simulated trophic dynamics, hence the associated biogeochemical variables
and carbon fluxes. A six-year long simulation (1998-2003) assimilated surface-chlorophyll data of
four phytoplankton groups (diatoms, dinoflagellates, nanoflagellates, and picoplankton) into an
ecosystem model of the North West European shelf (POLCOMS-ERSEM). The results show that not
only we improved the model estimates of the four assimilated phytoplankton types, but also the
estimates of total chlorophyll. In addition, the assimilative simulation improved the estimates of in
situ chlorophyll data and of other biogeochemical variables (e.g. phosphate), if compared to the
model without data assimilation. However, deterioration of some skill metrics was also obtained, e.g.
silicate. Interestingly, a supplementary assimilative experiment suggested that PFT assimilation can
outperform assimilation of total chlorophyll when the diversity of the PFTs is better represented in
the model parameterization. The data assimilated in this work were produced by the project “TOSCA”
of the European Copernicus Marine Environment Monitoring Service (CMEMS) using ocean colour
data from the climate Change Initiative – Ocean Colour of the European Space Agency.
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Decadal reanalysis of biogeochemical indicators and fluxes in the North West European shelf
ecosystem
Stefano Ciavatta 1,2, Susan Kay1, Stéphane Saux-Picart3, Momme Butenschon M1 and Julian Icarus
Allen1,2
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Shelf-seas and coastal zones provide essential goods and services to humankind, such as fisheries,
aquaculture, tourism and climate regulation. The understanding and management of these crucial
ecosystems can be enhanced by merging marine ecosystem models and satellite data in
“biogeochemical reanalysis”. Such reanalysis uses data assimilation algorithms to correct long-term
simulations of marine biochemistry by using decadal time series of ocean colour, such as chlorophyll
concentration. Though applications of reanalysis have been carried out with open ocean models,
their effectiveness has not been tested in shelf-sea ecosystems yet.
We present the first decadal reanalysis of the biogeochemistry of the North West European shelf,
useful to describe its variability and to support marine policy in this ecosystem. We assimilated
Ocean Colour from ESA’s Climate Change Initiative (ESA CCI_OC), into a state-of-the-art marine
ecosystem model of the shelf sea, by using the localized Ensemble Kalman filter, in a reanalysis
spanning the period 1998-2009. We provided the confidence level of the reanalysis estimates, by
computing the percentiles of the ensemble distribution.
The reanalysis improved the model predictions of the assimilated product in 60% of the North East
Atlantic region. The reanalysis showed skill in matching a large dataset of in situ biogeochemical
variables, including Essential Climate Variables (ECVs) that cannot be observed from space.
Spearman rank correlations were significant and higher than 0.7 for physical-chemical variables
(temperature, salinity, oxygen), ~0.6 for chlorophyll and nutrients (phosphate, nitrate, silicate), and
significant, though lower in value, for partial pressure of dissolved carbon dioxide (ρ=0.4; p<0.01).
The reanalysis captured the size of the pH and ammonia observations data, but not their variability.
The potential value of the reanalysis for assessing ecosystem status and variability was exemplified
in two case studies. The first assessed that between 325,000-365,000 km2 of shelf bottom areas
were oxygen deficient - depending on the confidence level applied in the assessment - potentially
threatening bottom fishes and benthos. The second application confirmed that the shelf is a net sink
of atmospheric carbon dioxide, but the flux can vary between 36-46 Tg C yr-1, if a 90% confidence
level is applied to the estimates. This novel reanalysis of the North East Atlantic biogeochemistry,
with full error quantification, enhances the understanding and informs the management of the
European shelf ecosystem, in relation to eutrophication, fishery, and the air-sea exchange of a
crucial greenhouse gas. This work contributes to the Project “Now Maps” of the Copernicus Marine
Environment Monitoring Service.
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Assessment of Toplogical Data Analysis and machine learning technologies as tools for seep
detection
Guttorm Alendal 1, Kristian Gundersen 1, Nello Blaser 1, Morten Brun 1, Hans J. Skaug 1, Jeremy
Blackford 2
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A monitoring program will generate large amount of environmental data, and the challenge is to
analyse the data stream in a manner that will detect adverse events. Often performing statistical
algorithms, e.g. Principal Component Analysis, is preformed to reduce the dimension of the problem.
Recently Topological Data Analysis, that reduces the dimensions in a way preserving topological
structure, has been applied within finance and medicine. The methodology is being assessed in other
areas producing high dimensional data streams [Lum et al., 2013]. This method is used as
component in machine learning. Machine learning techniques are well suited to analyse such large
data sets collected from sensory systems that are ubiquitous today. In recent years the so-called
“deep learning” methods have received much attention. They have dramatically improved the stateof-the-art in speech recognition, visual object recognition, object detection and many other domains
such as drug discovery and genomics (LeCun et al., 2015). We will use deep learning to build a
classification rule that given a set of input data determines if these come from a leakage scenario or
not. We build on the Tensorflow software platform, developed by Google (Abadi et al, 2016), to
implement the deep learning method. In anticipation of real experimental data from the STEMMCCS experiment our work will be based on simulated datasets. As baseline signal, i.e. the no leak
situation, we will use the North Sea hind-cast model study reported in Artioli et al (2012), and new
higher frequency simulations. Signals from a bubble seep will be added on top based on near field
bubble plume simulations (Dewar et al.2014) and far field transport of dissolved CO2 (Ali et al.,
2016). The intention in this study is assess the Topological Data Analysis methodology and to train a
deep learning network to classify a data stream as being in a leak or no leak situation. Based on the
aforementioned model data different scenarios will be created in a statistically sound manner to
teach the network. Other scenarios will be used to test the network. The main aim in this
assessment is to consider whether these deep learning methods are suitable as a tool. This study will
be part of our preparation of the large-scale field study planned at Goldeneye in 2019 within the
STEMM-CCS project (http://www.stemm- ccs.eu).
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Primary production’s probability distribution as a strict model test
B.B Cael 1 2, Stephanie Dutkiewicz 1, Mick Follows 1, Christopher Follett 1
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Beyond reproducing large-scale patterns, how can we quantitatively compare model output with
observations? We explore this question in the context of primary production. We present a simple
argument for why oceanic primary production should be lognormally distributed. We show
quantitatively using a large database of 14-C in situ primary production measurements that not only
globally, but also regionally and seasonally, primary production measurements are well-described by
a lognormal distribution, while the parameters of this distribution vary predictably across different
spatiotemporal regions. We develop a testing framework from this probability distribution for
biogeochemical-ecosystem models and for remote sensing-based primary production algorithms,
and argue that in a sense such a test is the strictest possible incorporating the inherent stochasticity
of primary production. We then illustrate the application of this test on a biogeochemical-ecosystem
model. We discuss generalizations of this model testing framework, and utilize the model to test the
adequacy of the observational database for representing the global ocean.
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The assessment of a marine ecosystem model using emergent properties: a case study with ERSEM
Lee de Mora, Momme Butenschon, J. Icarus Allen
Plymouth Marine Laboratory
Ecosystem models are often assessed using quantitative metrics of absolute ecosystem state, but
these model–data comparisons are disproportionately vulnerable to discrepancies in the location of
important circulation features. An alternative method is to demonstrate the models capacity to
represent ecosystem function; the emergence of a coherent natural relationship in a simulation
indicates that the model may have an appropriate representation of the ecosystem functions that
lead to the emergent relationship. Furthermore, as emergent properties are large-scale properties of
the system, model validation with emergent properties is possible even when there is very little or
no appropriate data for the region under study, or when the hydrodynamic component of the model
differs significantly from that observed in nature at the same location and time. A selection of
published meta-analyses are used to establish the validity of a complex marine ecosystem model
and to demonstrate the power of validation with emergent properties. These relationships include
the phytoplankton community structure, the ratio of carbon to chlorophyll in phytoplankton and
particulate organic matter, the ratio of particulate organic carbon to particulate organic nitrogen and
the stoichiometric balance of the ecosystem. These metrics can also inform aspects of the marine
ecosystem model not available from traditional quantitative and qualitative methods. For instance,
these emergent properties can be used to validate the design decisions of the model, such as the
range of phytoplankton functional types and their behaviour, the stoichiometric flexibility with
regards to each nutrient, and the choice of fixed or variable carbon to nitrogen ratios.
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From Omics to biogeochemical processes modeling in the global Ocean : a new approach to
Plankton Functional Types
Emile Faure 1, Lucie Bitner 2, Olivier Aumont 2, Anne-Sophie Benoiston 2, Sakina-Dorothée Ayata 2
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Evolution Paris Seine - Institut de Biologie Paris Seine (EPS - IBPS)
Models coupling physics and biogeochemistry constitute a major tool in modern oceanography to
quantify global biogeochemical cycles, simulate planktonic ecosystems’ dynamics, and build future
climate predictions. These models rely on a biogeochemical vision of plankton diversity, since most
of them simulate the dynamics of plankton functional types (PFTs), historically described by marine
biogeochemists (e.g., autotrophs, heterotrophs, calcifiers, nitrogen fixers, silicifiers). However,
numerous criticisms have been made regarding the ecological bases of the PFTs. In this way, can the
planktonic diversity be better integrated in models? High throughput sequencing allows the
acquisition of an unprecedented amount of data on molecular diversity and genomics of microbial
communities at global scale. The availability of meta-omics data (genomic, transcriptomic, proteomic)
offers thus new opportunities to exhaustively apprehend the global planktonic diversity. We used
these meta-omics data to improve the representation of planktonic populations in marine
biogeochemical models. We investigated the published TARA Oceans genomic dataset to examine
the spatial repartition of PFTs at global scale, including both classic PFTs and newly created
functional types. Some of these PFTs were then included in a widely used biogeochemical model
(the PISCES model) and the seasonal dynamics of plankton and nutrients was simulated in one
dimension at different geographical locations. This interdisciplinary approach allowed us to quantify
the impacts of biodiversity on pelagic ecosystems’ functioning, as well as to better apprehend the
link between biodiversity and biogeochemical cycles. In the end, the use of omics data should allow
us to come up with more realistic ways to simulate the plankton ecosystems’ dynamics.
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Impact of ecosystem metabolism on the historical development of fisheries in the late 20th
century
Jérôme Guiet, Eric GALBRAITH
ICTA-UAB
The historical timeseries of wild capture fish harvests differ among the 66 Large Marine Ecosystems
of the world. It might be expected that different economic or management conditions between the
ecosystems was the over-arching driver of this regional variability. Here we compare the historical
data with idealized simulations using a global bioeconomic model, and show that there is also a clear
influence of water temperature, through its impact on ecosystem metabolism. In 32 of the large
marine ecosystems a regular pattern can be objectively identified in the data, namely a monotonic
increase of fish harvest up to a maximum and then a monotonic decrease. In the model, an
ecological module forced by primary production and water temperature predicts the biomass
distribution as a function of individual size, coupled with a basic economical module which
represents the dynamic of fishing effort depending on the available biomass. The model is forced
with globally homogeneous economic parameters, and subjected to a spatially-uniform exponential
increase of fishing technology from 1950 to 2010. Both observations and models show a similar
spatial progression of fishing, which develops and peaks first at high latitudes, and subsequently
moves to low latitudes. Analysis shows that, in the model, this is due to the impact of water
temperature on biomass accumulation, resulting from the temperature dependence of metabolic
rates and predation: cold waters initially have greater biomass, which allows profitable fisheries to
develop at a lower level of fishing technology. As technology continues to improve, fisheries develop
in warmer waters, with inherently lower biomass. Although this explains only a part of the historical
development of fisheries, it shows a fundamental role for environmentally-determined ecosystem
characteristics in the coupled bioeconomic system.
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Application of 1-D ERSEM-GOTM to the Dokdo Monitoring Buoy Station in the East Sea and the
influence of warm eddy
Hyoun-Woo Kang, Yun-Bae Kim, Jae Kwi So, Ok Hee Seo, Chan Joo Jang
Korea Institute of Ocean Science and Technology
Dokdo is an island in the middle of the southwest of the East Sea (Sea of Japan) and the sea states
are being monitored using an observatory buoy named as Dokdo Monitoring Buoy (DMB hereafter)
since 2009 by KIOST. The DMB is moored at 139 m depth and is located to the east about 3.2 km
away from Dokdo. We have applied 1-D ERSEM (European Regional Seas Ecosystem Model)-GOTM
(General Ocean Turbulence Model) coupled model to this DMB site for the simulation of seasonal to
inter-annual variability of physical and biogeochemical variables. Since the influences of horizontal
advection-diffusion by mesoscale variabilities are very high in this area, three kinds of experiments
have carried out and compared to understand the impact of warm eddy on the biogeochemical
variables. The Exp.1 is a simulation without the influence of mesoscale variability and the Exp.2 is a
simulation with the relaxation to the monthly climatological temperature and salinity profiles
derived from the observations. The Exp.3 is a simulation with the intermittent warm eddy intrusion
into the DMB site based on available auxiliary data. Phytoplankton spring bloom timing, intensity,
duration and the second bloom characteristics in autumn are very different among the experiments.
Especially the intrusion of warm eddy breaks the strong summer stratification and deepens the
subsurface chlorophyll maximum layer depth. For the proper simulation and prediction of the DMB
site using a 1-D ERSEM-GOTM, new techniques which can incorporate the warm eddy variability
around Dokdo should be available and we suggest the Exp.3 can be one of them.
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Using Time Series Analysis to investigate patterns of change in coastal and shelf seas
Susan Kay, John Bruun
Plymouth Marine Laboratory
Coastal and shelf seas in tropical areas support many millions of people through fisheries at levels
from subsistence to industrial. However, there are very limited modelling and observational studies
of many of these areas, and the potential impact of climate change is not well understood. Time
series analysis has been used to investigate patterns of change in 21st century projections for two
areas: the Gulf of Guinea in West Africa, and the Bay of Bengal in the northern Indian Ocean. Time
series analysis is a powerful tool for investigating underlying structure in time-dependent data. Used
in conjunction with self-organising maps, it also allows for the identification of areas with coherent
patterns of variability (biomes). The time series in this study have been produced using a coupled
hydrodynamic-biogeochemical model driven by regionally-downscaled climate models. The forcing is
derived from three different global climate models, all with RCP 8.5 carbon concentrations, allowing
a range of possible futures to be explored. The analysis highlights areas of projected change in
productivity on the densely populated West African coast, and other areas where the impact of
climate change may be significant. It also shows the influence of large rivers, particularly the effect
of changes in their nutrient loading.
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Multi scale ecosystem modeling on an unstructured-mesh for shelf seas and estuaries
Ivan Kuznetsov 1, Onur Kerimoglu 1, Alexey Androsov 2, Vera Fofonova 2, Holger Brix 1
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Coastal regions play a significant role for global processes. Ecosystem models focusing on the coastal
zone help improve significantly our understanding of global cycles of, for example, carbon and
nutrients. However, global ocean circulation models do not properly resolve shelf seas dynamics due
to limitations in grid resolution and physical parameterizations. Similar to global models, regional
models often poorly resolve estuarine dynamics and are rather controlled by open boundary
conditions. Nested systems can provide a solution to those issues. However, one-way nesting
systems are not able to address the question of tracer transport from the river mouth to the open
ocean. At the same time, the use of two-way nesting techniques has numerical limitations due to
propagation of noise between nested meshes as a result of inevitable mismatches. To investigate
ecosystem processes in the southern North Sea while avoiding the problems associated with nesting
solutions we use an unstructured-mesh physical ocean model (FESOM coastal version) coupled to a
biogeochemical model for adaptive ecosystems in coastal seas (MAECS). The FESOM model employs
mixed unstructured-mesh methods and a finite-volume discretization. It is based on threedimensional primitive equations for momentum, continuity, and density constituents. Vertically, the
model uses a σ-coordinate system. The unstructured grid consists of quads and triangles zooming
into the estuary, its vicinity and the coastline. Decrease in horizontal resolution provides a better
numerical representation of coastal processes like asymmetries in tidal and residual flows, and
periodic stratification. The lower resolution in the open sea allows conducting comparatively large
regional studies. Proper representation of physical properties both near shore and in the open sea
provides the possibility to investigate nutrient and carbon transport from land to the open sea.
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Modelling the temporal coupling between phytoplankton and benthic fauna in shelf seas
Gennadi Lessin, Jorn Bruggeman
Plymouth Marine Laboratory
In coastal seas, benthic zones receive substantial amounts of organic material, which supports
diverse faunal and microbial communities. Through series of processes mediated by these
communities, material deposited at the bed is returned to the water column, retained in sediments
or permanently buried. By controlling these pathways, benthic communities regulate ecosystem
services and mediate global elemental cycling. ERSEM is one of the few models that can account for
this through its explicit description of the abundance and activity of several groups of benthic biota.
Here, we assess ERSEM’s skill in reproducing the temporal variability of benthic macrofaunal groups
at the Western Channel Observatory (WCO). To eliminate uncertainty associated with the pelagic
components of ERSEM, we isolate the benthic model and force it with organic matter deposition
rates inferred from observed phytoplankton abundance. Results suggest that the original ERSEM
parameterisation underestimates variability in faunal biomass due to its use of low physiological
rates and several density dependent mechanisms (crowding, adaptive feeding). After removal of
these mechanisms and recalibration of key physiological rates, the model reproduces seasonal
variability in the biomass of deposit-feeders, and accurately captures their response time to changes
in pelagic phytoplankton. Results are different for suspension-feeders, which exhibit interannual
rather than seasonal variability. The model is mostly unable to reproduce this, which may reflect the
diverse composition of suspension-feeder community, their complex life history or human impacts
such as trawling. These results highlight that models and observations have advanced to the point
where it is feasible to construct and validate benthic models that explicitly represent macrofauna.
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A comparison of a global model with regional models and observations for the North Sea region
Johannes Paetsch 1, Hans Burchard 2, Christian Dieterich 3, Ulf Gräwe 2, Matthias Gröger 3, Moritz
Mathis 4 , Hartmut Kapitza5, Manfred Bersch6, Andreas Moll1, Thomas Pohlmann1, Jian Su1, Ha T.M.
Ho Hagemann5, Achim Schulz7, Carsten Eden1
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Simulations of the North Sea circulation by the global ocean model MPI-OM and the regional ocean
models GETM, HAMSOM, NEMO, and TRIM are compared against each other and with observational
data for the period 1998-2009. The aim of the study is to evaluate the quality of the simulations in
particular with respect to their suitability to drive biogeochemical shelf sea models. Our results
demonstrate the benefit of the global model to avoid the specification of lateral open boundary
conditions. Due to its stretched grid configuration, which provides a higher grid resolution at the
Northwest European Shelf, the global model is able to reproduce the large-scale features, such as
the water mass distribution and the thermal stratification in the central and northern North Sea,
qualitatively similar to the regional models. The simulation of temperature and salinity near the
coast however, shows large biases in almost all models because of the coarse meteorological forcing
and too coarse vertical resolutions. The simulation of the Baltic Sea exchange and the spread of
freshwater along the Norwegian coast proved difficult for all models except GETM, which
reproduces impacts of the Baltic Sea outflow reasonably well.

152 | P a g e

The ocean colour climate change initiative: a global time series for use in climate studies
Torres1, R., Sathyendranath1, S., Brockmann2, C., Ciavatta1, S., Groom S. et al and the wider Ocean
Colour Climate Initiative collaborators and contributors.
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Spectrally-resolved water-leaving radiances (or remote-sensing reﬂectances) and chlorophyll
concentration are recognised as Essential Climate Variables by the Global Climate Observing System.
Global time series datasets of these ECVs are key to studying phytoplankton dynamics at seasonal
and inter-annual scales, leading to an understanding of the role of phytoplankton in marine
biogeochemistry and the global carbon cycle, in addition to the marine ecosystem’s response to
climate variability and change. Satellite-derived chlorophyll and other bio-optical properties find
common use in validation of marine ecosystem models and in data assimilation. Yet, generating a
long time series from ocean-colour data is not a trivial task: there are a number of algorithms to
choose from, for both the atmospheric correction and product retrieval; furthermore, satellites have
ﬁnite life spans, so data from multiple sensors needs to be merged without introducing artefacts.
The European Space Agency’s Ocean Colour Climate Change Initiative (OC-CCI) is generating ocean
colour ECVs, with support and help from the global climate research community. Community user
requirements have been gathered by consulting marine ecosystem modellers and remote sensing
scientists throughout an on-going (iterative) process. The remote-sensing reﬂectance data are
derived using the individual MERIS, MODIS-Aqua, SeaWiFS and VIIRS sensors, and then band-shifted
and bias corrected before merging to provide a data set covering the period from late 1997 to end of
2016. Selected in-water algorithms are then applied to generate the products that include maps of
chlorophyll concentration, inherent optical properties and the diffuse attenuation coefficient. The
products are validated against in situ observations and uncertainties are quantiﬁed on a pixel-bypixel basis to facilitate applications and interpretations that are consistent with the quality of the
data. The latest OC CCI data set (version 3.1) was released in May 2017, and are available at are
available at: https://www.oceancolour.org. This poster will show examples of the latest data set as
well as a few examples of use in ecosystem modelling studies.
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MeRamo – An assimilative biogeochemical model system for the support of public authorities
dealing with the Marine Strategy Framework Directive
Fabian Schwichtenberg 1, Frank Janssen 1, Ina Lorkowski 1, Lars Nerger 2, Daniel Neumann 3, Thomas
Neumann 3 Volker Matthias4
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The European Marine Strategy Framework Directive (MSFD) calls for the establishment of a Good
Environmental Status (GES) of the marine environment until 2020. In the current reporting, mostly
in-Situ data are used to determine the status of the marine environment. Although close to the real
status, in-Situ data are only point measurements and are sparse in time and space when looking on a
regional scale. The MeRamo project aims at supporting the public authorities with results and
products from an assimilative hydrodynamical-biogeochemical model system (HBM-ERGOM) for the
North and Baltic Sea. Thus, a high quality data set can be generated, which is consistent in time and
space. A central part of the project is the implementation of a data assimilation component, which
can handle remote sensing data from the European Copernicus initiative. The subsequent
assimilation of the diffuse vertical attenuation coefficient (KPAR) will enable a more realistic
calculation of the vertical light penetration and hence an improved calculation of primary production.
Furthermore, a nutrient tagging routine will be implemented, which will be able to track the fate of
specific nutrients depending on its source. Another focus will be placed on the effect of shipping
emissions on the marine ecosystem by integrating data of an atmospheric chemistry transport
model (CMAQ). As the final step, the model output will be transformed into indicators which can be
directly used for MSFD reporting. This will allow direct usage of different data sets originating from a
pre-operational model system to support the data base of the MSFD monitoring efforts.
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A POLCOMS-ERSEM coupled simulation results assessment around Korean Peninsula
Okhee Seo, Jae Kwi So, Chan Joo Jang, Bonhwa Ku
Korea Institute of Ocean Science and Technology
We have carried out a thirty year simulation (1981~2010) of a POLCOMS (Proudman Oceanographic
Laboratory Coastal Ocean Modelling System)-ERSEM (European Regional Seas Ecosystem Model)
coupled model and compared with bi-monthly serial observations conducted by National Institute of
Fisheries Science. A total of 192 stations having six variables including temperature, salinity, nitrate,
phosphate, silicate and dissolved oxygen are directly compared with model results. Based on one-toone relation, ratios between the variables, and target diagrams in each marginal sea such as the
Yellow Sea, the East China Sea and the East Sea (Sea of Japan), the performance of each sea area is
characterized. In the Eastern Yellow Sea, temperature and salinity are reproduced very well but most
of the nutrients and dissolved oxygen concentrations are overestimated. This seems to be caused by
uncertainty of the river discharge as well as bottom boundary conditions. The northern East China
Sea shows better performance on temperature, salinity, phosphate and nitrate but dissolved oxygen
and silicate concentration is too high compared to observations. The temperature in the East Sea has
been overestimated but salinity and nutrients as well as dissolved oxygen seem to be reasonable.
There are still many points where the vertical distributions and the ratio between nitrate and
phosphate are much different from the observations. Physical model performance is critical in the
East Sea simulation and biogeochemical parameters in the Yellow Sea and the East China Sea should
be carefully tuned. The riverine input of nutrients especially in the East China Sea is very sensitive.
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Using available ecological and environmental time series and current understanding of multiple
drivers to examine temporal variability in the Southern Benguela over the past four decades
Lynne Shannon 1, Marta Coll 2, Tarron Lamont 3, Henning Winker 4
1

University of Cape Town

2

Institute of Marine Science, Barcelona, Spain

3

Oceans & Coasts Research, Department of Environmental Affairs, Institute and Department of
Oceanography, University of Cape Town, South Africa
4

Fisheries Research, Department of Agriculture, Forestry and Fisheries, South Africa, and Centre for
Statistics in Ecology, Environment and Conservation (SEEC), Department of Statistical Sciences, UCT
Previous trophic models of the Southern Benguela ecosystem are updated, refined and refitted,
using newly available biological, fisheries and environmental data series. In the last decade, there
have been notable advancements in our understanding of dynamics and changes in the Southern
Benguela ecosystem and environment. These findings and data sets spanning multiple trophic levels
are incorporated into an Ecopath with Ecosim food web model of the system, fit to catch and species
abundance data from 1978-2015. Using Ecosim temporal dynamic modelling, we attempt to shed
further light on the processes by which multiple drivers act to produce the ecosystem trends and
variability we observe. This understanding is important in reconciling the knowledge needed to
manage fisheries and to protect marine biodiversity by means of ecosystem-based management in
South Africa, and to advance management under future scenarios of global change in the region. The
updated model is currently being used to examine in detail, at the ecosystem level, some of the
most pressing issues in South African fisheries management.
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Data assimilation of size-class chlorophyll in the North-West European Shelf
Jozef Skakala 1, David Ford 2, Robert Brewin 1, Benjamin Taylor 1, Stefano Ciavatta 1
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Shelf seas, apart from being of major socio-economic significance, play a crucial role in
understanding of marine ecosystems. Correct representation of phytoplankton size-classes is an
essential element in marine ecosystem modelling, as the size impacts growth, nutrient assimilation,
sinking rate and predation (Chisholm, 1992). Satellite products for size-class chlorophyll (SCC) based
on models sub-dividing total chlorophyll into SCC (Brewin et al. 2010,2012) have been developed
and parametrized for the North-West Shelf (NWS). The data assimilation scheme was developed for
NEMO-ERSEM and the satellite data were assimilated into the model in a re-analysis run. The skill of
the DA re-analysis was subsequently evaluated for selected biogeochemical variables.
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Making the most of survey data: incorporating age uncertainty when fitting growth parameters
Michael Spence, Alan Turtle
University of Sheffield
Individual growth is an important parameter and is linked to a number of other biological processes.
It is commonly modelled using the von Bertalanffy growth function (VBGF), which is regularly fitted
to age data where the age of the animals are not known exactly but are binned into yearly age
groups, such as fish survey data. Current methods of fitting the VBGF to these data treat all the
binned ages as the actual ages. We present a new VBGF model that combines data from multiple
surveys and allows the actual age of an animal to be inferred. By fitting to survey data for Atlantic
herring (Clupea harengus) and Atlantic cod (Gadus morhua), we compare our model with two other
ways of combining data from multiple survey but where the ages are as reported in the survey data.
We use the fitted parameters as inputs into a single species model to see what would happen to
advice given to management. We found that each of the ways of combining the data lead to
different parameter estimates for the VBGF and advice for policy makers. Our model fitted to the
data better than any of the other models and also reduced the uncertainty in the parameter
estimates and models used to inform management. Furthermore, our model is a robust way of
fitting the VBGF to any species where the ages of individuals are uncertain and can be used to
combine data from multiple sources.
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Improving marine ecosystem understanding and predictions using a novel data assimilation
technique
David Sursham1, Stefano Ciavatta 1, Peter Jan van Leeuwen 2, Luca Polimene 1, Phil Browne 2
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The carbon cycle between the ocean and the atmosphere is an important consideration for climate
change studies. This cycle is closely linked to the concentration of chlorophyll at the sea surface, as it
is a proxy for phytoplankton biomass. Observations of sea surface chlorophyll concentration are
available via satellite, which can be assimilated into a biogeochemical marine ecosystem model. The
aim of this project is to investigate how to best perform this assimilation. In the context of marine
biogeochemistry, we are most interested in ensemble-based data assimilation techniques. The
effectiveness of these techniques has been investigated by performing twin experiments using the
Equivalent Weights Particle Filter (Van Leeuwen, 2010), which is ideal for the treatment of nonlinear models, and the Localised Ensemble Transform Kalman Filter (Hunt, Kostelich and Szunyogh,
2007), which performs well in high dimensional systems. For this experiment, these methods have
been applied to a non-linear, high-dimensional marine ecosystem model (ERSEM) coupled to a
physical model (GOTM). The outcome of this experiment is to understand the how these data
assimilation techniques perform in practice when used with our model. Beyond making a step
towards improving the assimilation of surface chlorophyll concentration, these findings may help to
inform other modellers about how to perform data assimilation for similar non-linear models.
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Bio-ARGO as a potential source of regular validation data and model improvement in an
operational biogeochemical model
Çağlar Yumruktepe, Annette Samuelsen
NERSC
The advancements of marine ecosystem models as part of monitoring and forecasting services has
become a scientific challenge. In the context of rapid environmental change and its potential impacts
on marine ecosystems there is a growing demand for better monitoring and forecasting services.
This raises the need for high-resolution products that are corrected with extensive datasets and
assimilation techniques that are routinely evaluated. These services already exploit observations of
physical parameters from remote sensing and autonomous instruments. For biogeochemical
variables, the primary source has been cruise data, but these are neither autonomous nor available
in real time. Remote sensed data are limited to the surface and by cloud cover. Biogeochemical
sensors mounted on ARGO-floats (bio-ARGO) are a growing source of real time observations. We
investigate the potential for using the bio-ARGO observations for evaluation of an operational model
of the North Atlantic and Arctic. The model system uses ECOSMO, a 3d NPZD type ecosystem model
coupled to HYCOM simulated in TOPAZ4 coupled ocean-sea ice data assimilation system and
provides regular forecast for the region north of 62N. ECOSMO includes 2 phytoplankton functional
types (PFT), with decoupled chlorophyll to carbon dynamics. Bio-ARGO can have sensors for nitrate,
oxygen, chlorophyll, and pH in addition to temperature and salinity. Thus, we can potentially
evaluate the quality of information that can be gathered such as the accuracy, the shape of the
chlorophyll profiles, location of deep chlorophyll maxima and the timing of spring bloom and of
initial drawdown of nutrients, in the context of improving model dynamics. The comparison to bioARGO will be supplemented by remote-sensing observations of chlorophyll and algorithms
estimating dominating PFTs from remote sensing to evaluate the spatial and temporal extent of
information by use of cluster analysis, and comparisons with the model result.
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