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Abstract Thirty years of progress using the Ecopath
with Ecosim (EwE) approach in different fields such
as ecosystem impacts of fishing and climate change,
emergent ecosystem dynamics, ecosystem-based
management, and marine conservation and spatial
planning were showcased November 2014 at the
conference ‘‘Ecopath 30 years-modelling dynamic
ecosystems: beyond boundaries with EwE’’. Exciting
new developments include temporal-spatial and endto-end modelling, as well as novel applications to
environmental impact analyses, in both aquatic and
terrestrial domains. A wide range of plug-ins have
been added to extend the diagnostic capabilities of

EwE, and the scientific community is applying EwE to
a diversified range of topics besides fishing impact
assessments, such as the development of scientific
advice for management, the analysis of conservation
issues, and the evaluation of cumulative impacts of
environmental and human activities in marine food
webs (including habitat modification and the invasion
of alien species). Especially promising is the new
potential to include the EwE model in integrated
assessments with other models such as those related to
climate change research. However, there are still many
challenges, including the communication of scientific
results in management procedures. In addition, other
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important scientific issues are how to improve model
result validation and perform model quality control.
During the conference, the Ecopath International
Research and Development Consortium was presented
as a way for the EwE user community to become
involved in the long-term sustainability of the EwE
approach. Overall, exciting times are facing the
ecosystem modelling scientific community, and as
illustrated by the conference: synergistic cooperation
is the future path for the EwE approach.
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In 1984, Dr. Jeffrey Polovina and colleagues at the
National Marine Fisheries Service, Honolulu Laboratory, developed an innovative marine ecosystem
model aptly named Ecopath (Polovina 1984). Ecopath
was one of the first models to apply ‘path analysis’
statistics to the field of marine ecology. The simplicity
of the Ecopath model and its ability to accurately
identify ecological relationships revolutionized the
ability of scientists to understand complex marine
ecosystems (Christensen 2013).
In the 30 years since its conception, the Ecopath
approach has grown into the modelling suite ‘‘Ecopath
with Ecosim and Ecospace’’, or the EwE toolbox
(Steenbeek et al. Submitted), which integrates the
original Ecopath model (Polovina 1984; Christensen
and Pauly 1992, 1993) with the temporal dynamic
and temporal–spatial dynamic modules Ecosim and
Ecospace, respectively (Walters et al. 1997, 1999;

Christensen and Walters 2004; Pauly et al. 2000). This
approach was the first ecosystem-level simulation
model to be freely accessible, which in combination
with its user-friendly interface, has contributed to its
global uptake and its popularity as a key tool for the
ecosystem-approach to fisheries and marine resources
(Christensen and Maclean 2011; Christensen 2013). In
acknowledgement of this success, in 2010, the US
National Oceanographic and Atmospheric Administration (NOAA) formally recognized Ecopath as one of
the ten biggest scientific breakthroughs in the organization’s 200 year history (http://celebrating200years.
noaa.gov/breakthroughs/ecopath/).
Currently, more than 400 ecosystem models using
the EwE approach have been published (Colléter et al.
2015). A search using the Web of Science shows that
EwE is described in more than 500 available publications, which are referenced by more than 700
citations per year, on average over the last decade
(Fig. 1). This makes EwE an important modelling
approach to explore ecosystem related questions in
predominantly aquatic ecosystems.
The first EwE conference, ‘‘Ecopath 25 years:
conference and workshops’’, took place in 2009 at
the Fisheries Centre of the University of British
Columbia in Vancouver, Canada (http://conference.
ecopath.org/). This conference provided an overview
of 25 years of progress using the EwE approach in
different fields (Palomares et al. 2009). Due to its
positive impact on the EwE community, this event was
repeated in 2014, jointly with the 30th anniversary of
the approach. The conference ‘‘Ecopath 30 years—
modelling dynamic ecosystems: beyond boundaries
with EwE’’ was held at the Institute of Marine Science
(ICM-CSIC) in Barcelona, Spain, from 10 to 12
November 2014 (http://ewe30.ecopathinternational.
org/). A series of very successful introductory and
advanced workshops on EwE tools preceded the
conference.
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This second Ecopath conference brought together
leading ecosystem modelers and model developers
from 28 countries in Africa, Asia, Australia, Europe,
and North and South America (Fig. 2) to share
scientific work, modelling experiences and ideas for
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Fig. 1 Number of citations
and publications using
Ecopath, Ecosim or
Ecospace (1984–2013)
(Source: Web of Science TM,
query 21/11/2014)

Fig. 2 Origin of participants to the conference ‘‘Ecopath 30 years—modelling dynamic ecosystems: beyond boundaries with EwE’’ in
2014 and location of the 23 members of the Ecopath International Research and Development Consortium

new developments of the EwE approach. The event
was organised in six sessions reporting the use of EwE
for: (1) providing scientific advice for management;
(2) informing and planning marine conservation; (3)
incorporating ecosystem evolution and challenges for
management, (4) modelling cumulative ecosystem
dynamics; (5) developing end-to-end models, and (6)
‘‘What Next?’’. Below we summarize the main topics
presented during the event, discussions raised during

the conference, and novel ideas proposed by and to the
scientific community (all the contributions can be
freely accessed through the proceedings, Steenbeek
et al. 2014).
This conference also highlighted the transition of the
EwE software from a tool developed and provided by a
single-institute, to a peer-reviewed, open source toolbox developed by and for the scientific community.
During the conference, a sustainable basis for the long-
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term sustenance and growth of the EwE modelling
approach and software was discussed.
Scientific advice for management: from research
to advisory tools
The implementation of the ecosystem-based approach
to fisheries (Pikitch et al. 2004; Link 2011) requires
that ecosystem models are designed so that their
output is made relevant and useful for managers. The
EwE approach has been frequently used to explore the
ecosystem impacts of fishing with the aim to inform on
ecosystem-based issues and impact management processes (Christensen and Walters 2011). The first
session of the conference posed several important
questions along this theme, including: (1) what are the
research areas where ecosystem models have most to
contribute to provide management advice?; (2) what
can EwE offer to managers in terms of advice on
ecosystem-based fisheries management?; (3) what
does it take to provide managers with the confidence
they need to use outputs from tools like EwE models?;
and (4) what does it take to move from exploratory
research tools to giving advice, and is the EwE
community ready for that responsibility? Presentations in this session and following discussion aimed to
partially answer these questions by providing examples related to: (1) applications to management and
lessons learned; (2) processes, procedures and methods for quality control; (3) model validation, sensitivity and performance testing; and (4) critical
evaluation of the usefulness of EwE for providing
advice and reflections on what it takes to do better.
Several presentations showcased EwE modelling
activities relevant to managers, including the development of analysis to respond to new scientific targets
linked to new legislation contexts, such as the Marine
Strategy Framework Directive in Europe in a multispecies context with mixed fisheries. For example, good
opportunities for fishing were identified for several stocks
close to fishing mortality (F) at Maximum Sustainable
Yield (MSY) (Fmsy) in the North sea (Staebler et al.
2014). A few EwE applications were actually applied to
provide formal management advice such as the case of
Australia (Bulman et al. 2014), where EwE models have
been applied extensively to analyse the ecosystem
impacts of fishing. Examples in Europe showed a current
emphasis on achieving the quality assurance (quality
control, validation, performance testing, and evaluation
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of uncertainties) needed to provide managers with the
confidence for using EwE models for advice (Mackinson
2014). Other examples included managing fisheries in
Lake Kinneret (Israel) (Ofir et al. 2014) and the impacts
of prawn trawling effort after closure of an MPA in
Australia (Fondo et al. 2014). Interactions between
industrial and small scale fisheries were analysed in the
context of developing countries using the EcoTroph
approach and plug-in (Meissa et al. 2014).
However, this session indicated that the uptake of
ecosystem modelling analyses for fisheries management
is still low. Two reasons for this remain prevalent: (1)
researchers do not see or notice a ‘demand’ directly
coming from managers for ecosystem model-derived
advice; and (2) modelers fail to communicate the value
and relevance of their work to management advisors.
During the session it was discussed whether this was a
matter of communication, confidence, or both. In the case
of low confidence the discussion pointed out that this can
be alleviated by putting effort into quality assurance of
input and output data and results, which should boost the
confidence of both the researcher and the manager in
model results and evaluations. During the session it was
also highlighted that even if the ecosystem-based
approach to fisheries management is recognized worldwide as a necessity, it remains still poorly implemented.
In practice almost all fisheries regulations are still based
on the single-species approach, and in most countries no
formalized scientific advice system on the ecosystembased approach has been set up.
Informing and planning marine conservation
By exploring direct and indirect interactions among
both exploited and non-exploited species within marine
ecosystems, ecosystem modelling can be used in a
variety of ways for marine conservation by investigating implications of different management strategies and
spatial and temporal ecosystem changes (Christensen
2013; Shannon et al. 2010). The key question addressed
during the second session of this conference was how
EwE applications can be fed into decision making for
informing and planning marine conservation.
Novel contributions were presented, illustrating
where EwE can be used as a tool to examine
implications of, challenges around, and trade-offs
involved in balancing marine conservation (of single
species or whole communities). For example, EwE
can be used to calculate biodiversity and conservation-
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based indicators useful to support policy decisions
(Coll and Steenbeek 2014) and inform the implementation of MPAs (Pitcher et al. 2014). The importance
of considering multiple drivers (fishing and climate)
when assessing the effectiveness of reducing fishing
pressure was highlighted by Taylor and Wolff (2014).
Several case studies in this session highlighted the
importance and value of active and two-way dialogue
between modelers and stakeholders (decision makers,
managers, lawyers, conservationists, etc.). Studies indicated that communication with stakeholders, particularly
decision makers, should be encouraged before and during
model development to ensure that ecosystem modelling
work is tailored (1) to address relevant management
objectives, questions and issues on the table, and (2) to
facilitate the necessary buy-in and investment by decision
makers into the process of producing scientific results for
advising management. In this context, an interesting
example was presented of how dialogue with the PortCross National Park (NW Mediterranean Sea) MPA
managers is initiating improvements in terms of monitoring of key groups in MPA and stimulating keen interest
and buy-in from the MPA managers (Prato et al. 2014).
Another example was provided in the context of
management of marine resources in the Azores (Morato
et al. 2014), where managers obtained buy-in from fishers
after they saw the improved catches due to closures for
research purposes. A new approach to identify keystone
species was proposed (Valls et al. 2015), showing that
commonly used keystones indices may lead to misidentification of keystone species.
A particular highlight of this session was the
presentation by Fretzer (2014) show-casing the application of the new habitat suitability modelling capabilities of EwE (Christensen et al. 2014) to a Natura
2000 terrestrial forest/cultivated ecosystem for direct
input to a legally required Ecosystem Impact Assessment in Germany. This study represented an application
of EwE to the terrestrial domain. EwE was used to
assess environmental impacts in an agricultural case and
showed how the modelling approach could play an
influential role in supporting legal action in response to
development of land and the ecosystem impacts thereof.
Ecosystem evolution and challenges
for management
Conventional fisheries management is supported by
population dynamics models that are usually based on a
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limited number of constant parameters, such as natural
mortalities. Such models thus implicitly assume a stable
state of ecosystems (Hilborn and Walters 1992).
Presently it is recognized that such assumptions are
rarely valid: ecosystems change over time, and attributes
such as organization, resilience, and vulnerability,
among others, evolve (Link 2011). Management strategies, in practice, must take trophic interactions into
account, as well as environmental patterns, and deal with
ecosystem evolution and dynamics. Thus, knowledge of
how ecosystems change becomes highly significant to
formulate adaptive strategies for sustainably exploited
ecosystems over time. Implementation of tools that
consider these dynamics for ecosystem-based management is a critical challenge in modern fisheries management (Arreguı́n-Sánchez et al. 2014). This challenge
includes improving the understanding of the direct and
indirect impacts of fisheries and other anthropogenic
pressures on marine ecosystems under an interconnected
and changing world.
During the third session of the conference, timechanges, evolving ecosystem processes and their
consequences in structure, organization and management were highlighted. New concepts and ideas were
presented, and discussion centred around addressing
different relevant research questions and policy challenges including: (1) how can EwE help to scientifically simplify the complexity of marine food webs
and analyse ecosystem evolution?; (2) what progress
has been made in implementing ecosystem-based
management under a changing environment?, (3) how
can EwE provide scientific motivation for increasing
resilience and adaptability of marine ecosystems and
fishers under surprising changes and marine regime
shifts?; (4) how do fisheries management policies
respond to ecosystem evolution at spatial and temporal
scales?; and (5) what is the role of different types of
data when addressing conflicting fisheries management and management-plans?
The keynote lecture of the session highlighted how
size-based models can be used in order to investigate
ecosystem functioning and to provide new insights on
trophic cascade effects, and especially addressed
challenges for different (and often conflicting) objectives of fisheries management (Andersen 2014).
Papers presented represent different type of problems
within the complexity of ecosystems, including how
such problems must be faced when evolving over time.
Examples involve a wide range of regions such as
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Europe, Latin America, the Mediterranean, and North
America, and demonstrate the diversity and complexity of potential applications of EwE for the
different purposes and end-users. Some presentations
focused on modelling marine ecosystems and their
trophic interactions, reporting creative ways to represent specific ecological dynamic processes, such as
changes induced in the food web by invasive species
(Kumar et al. 2014) and by changes in the abundance
of marine mammals and krill production (Surma et al.
2014). In addition, relevant topics such as adaptability,
complexity, and regime shifts were addressed in order
to increase the scientific evidence on multiple-stability
domains and thresholds of marine ecosystems (Heymans and Tomczak 2014).
Two topics were of special interest because their
relevance for potential use of EwE models for
management purposes, or better understanding of
ecosystem processes and patterns. For example, some
contributions emphasized the role of local and
qualitative data from fisher’s knowledge (Bevilacqua
et al. 2014), which can complement data from
scientific surveys, in particular in the context of
developing countries. Moreover, the new EcoBase
global database of EwE models was introduced in the
context of its potential use to extract global patterns of
ecosystem structure and functioning (Colléter et al.
2014). Additional discussions between participants in
this session highlighted the importance to take into
account socio-economic factors and effects when
developing EwE empirical applications to provide a
comprehensive assessment to the scientific community, industry and society in general.
Modelling cumulative ecosystem dynamics
In the last decade, the scientific community has made
substantial progress in the identification and quantification of multiple human threats that impact marine
diversity, habitats, and ecosystems (Jackson et al.
2001). The way these stressors may interact and
combine to affect productivity patterns of marine
ecosystems is not well known (Crain et al. 2008;
Darling and Côté 2008). Multiple stressors are
spatially and temporally distributed in heterogeneous
ways, and their interactions do not occur the same way
everywhere, affecting productivity differently (Halpern et al. 2008; Lotze et al. 2006). Future changes of
current human activities (such as climate change,
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fishing or the invasion of new species), and the
appearance and spread of new activities (such as deep
seas exploitation), will likely challenge our current
understanding of anthropogenic impacts. To tackle
some of these scientific challenges, there is a growing
need to develop novel methodologies of data integration, assimilation and modelling at different scales,
taking into account uncertainties in data and processes.
The fourth session of the conference was dedicated
to novel studies and technical developments on how
the scientific community can make progress to model
these cumulative effects and assess their interacting
and cumulative impacts on marine food webs using the
EwE approach. Interesting studies on how to model
interacting stressors, such as fishing and invasive
species (Pedersen et al. 2014), fishing and climate
change (Tecchio et al. 2014), and climate, fishing and
invasive species (Caccin et al. 2014), mainly using the
Ecopath and Ecosim modules, were presented. In
addition, new developments on how to model interacting stressors with temporal–spatial variability were
introduced with the new habitat foraging capacity
model (HFCM) framework within Ecospace (Christensen et al. 2014). This new approach, especially
linked to the recently developed spatial–temporal data
framework (Steenbeek et al. 2013), offers many
exciting possibilities for future research directions by
merging species distribution and spatial ecosystem
models capabilities. Applications of this new algorithm to Mediterranean ecosystems were presented
during the session (Piroddi et al. 2014; Coll et al.
2014).
Limitations encountered while modelling cumulative impacts were also identified and discussed. For
example, a limiting factor of EwE in defining functional
responses to link stressors to impacted organisms has
been overcome by using the HFCM and linking
laboratory experiments, field work and statistical
modelling results with EwE. Other limitations included
how to consider impacts directly linked to socioeconomic drivers; address spatial validation of results;
and communicate complex results from cumulative
effects assessments. The scientific community is
actively working to address these issues, and an
exponential increase in spatial–temporal studies is
predicted to emerge, illustrating how to advance in
modelling ecosystem dynamics considering cumulative
effects. It is foreseen that in this field the EwE approach
will see major developments in the near future.
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End-to-end modelling
Current societal challenges for the sustainable use of
aquatic ecosystems require integrated approaches
‘‘from physics to fishermen’’ that explicitly and
directly account for environmental, biological, social
and economic interactions and feedbacks (Fulton
2010). EwE can be a cornerstone in the development
of such end-to-end models and approaches that can
represent important tools for the development of
ecosystem-based management approaches. This session was the ideal forum for presenting and discussing
experiences in integrating EwE philosophy with other
complex processes and dynamic models (hydrodynamic, biogeochemical, climatic, socio-economic,
etc.). During the session, technical issues and limitations were highlighted, but also solutions and advantages in using EwE for setting up end-to-end
descriptions for aquatic ecosystems.
The keynote presentation illustrated EwE integration
into a multi-model approach. It showed experiences
gained from two decades of use of EwE for fisheries
management in the Alaska region (Aydin 2014), where
different types of models have interfaced (off-line or
on-line) with the EwE toolbox to influence ongoing
management policy. In addition, other presentations
highlighted the widespread need and promising results
in integrating EwE models with other models or results
to include drivers such as climatic processes and
changes (temperature, acidification), physical processes, recycling and nutrient dynamics, and low trophic
level dynamics (Christensen et al. 2014; Guénette et al.
2014; Taylor and Wolff 2014).
Furthermore, a couple of end-to-end applications
presented in this session consisted of two-way coupling of models that are needed in end-to-end modelling approaches (Akoglu et al. 2015; Ruzicka et al.
2014). These examples showed the importance of
representing bi-directional feedback between processes in ecosystems because they can help to safely bound
predicted future changes and to account for trade-offs
(Link 2011). Therefore, assessment/quantification of
bi-directional feedback of models should be pursued
as much as possible. Related to this issue, the spatial–
temporal data framework, a major recent improvement
in EwE, was presented (Steenbeek 2013). This new
capability enables linking of the EwE approach with
external spatial–temporal explicit datasets and models, facilitating one-way or two-way directional
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exchange of geographically referenced information
in and out of EwE, while separating scientific and
technical challenges to such linkages.
The new forthcoming versions of Ecopath and
Ecosim in FORTRAN (Akoglu et al. 2015) and
Ecopath in R (Lucey et al. 2014) were introduced.
Discussion of how these developments should further
facilitate applications and integrations of EwE philosophy with other models followed. Given that
models are constructed with specific scopes and
assumptions in mind, their integration and coupling
should include careful consideration of any important
simplifications, aggregations and parameterization
choices. Integrating different models necessitates
clear evaluation of the ‘‘usability’’ of each original
model, and requires a good understanding of the
mathematics of the individual models. On the basis of
the experiences discussed during this session, EwE
could be used as the core of operational complex
integrated models (de Young et al. 2004) in novel
ways, which may include new links to spatial lower
trophic level models, multispecies stock assessment
models, bioenergetics models, individual-based models, and/or high-resolution climate-earth modelling. In
this context, the discussion highlighted some underrepresented topic in the end-to-end session, such as
aquaculture activities and socio-economic dynamics.
Aquaculture is representing a growing scientific issue,
and a challenge for the next future would be the
linking of the EwE approach to detailed and sophisticated aquaculture models to help better represent the
ecological effects of aquaculture and to provide a basis
for management spatial planning. Finally, real end-toend approach should integrate also socio-economic
drivers and dynamics, thus it is envisaged that future
integrated approaches should include also socioeconomic models in order to better serve society and
its needs.
What next?
The last session of the conference provided an
opportunity for the EwE community to highlight
impending scientific challenges and to identify what
capabilities are missing in the EwE toolbox, what are
needed, and what would be exciting extensions to the
EwE approach. Discussion centred on how the EwE
scientific community can contribute to the continued
application and growth of the EwE approach in the

123

420

immediate and long-term future. This session promoted an ‘‘all in’’ discussion about the future of EwE,
encouraging a group discussion about where the
software and approach should go.
One of the key points of this session was that the
applications of the EwE toolbox have matured enormously beyond an exclusive focus on fisheries issues.
In fact, they have diversified to address other environmental issues such as climate change, habitat
modification, and the impact of other human effects on
ecosystems, such as the invasion of alien species. The
EwE community has been widening its scope to a
broader horizon, expanding its activities to new areas,
for example applying the EwE toolbox to environmental impact assessments in both aquatic and terrestrial ecosystems. During the ‘‘What next’’ session an
exciting discussion emerged around how to move
towards providing practical management advice to a
diversity of environmental management processes and
possibilities to adapt to global (including climate)
change. The community agreed this would be a step
forward towards a professional application of the
toolbox. However, the EwE community also recognized that there are many challenges to communicate
scientific results to management procedures and that
much more research effort is needed in this regard.
Other important scientific issues arose during the
general discussion, such as how to improve model
result validation and perform model quality control.
This stresses the need to improve the use of uncertainty when developing and presenting EwE models,
and to advance in multi-model ensemble predictions
connecting models, with a special emphasis on the
connections with socio-economic models.
During this session, participants also discussed how
the broad EwE community can become involved in the
long-term sustainability of the EwE approach, and
participate in the activities stimulated by the Ecopath
International Research and Development Consortium
(www.ecopath.org/consortium, or Consortium). The
Consortium is a supporting, cooperative network of
institutions focused on the research, development and
sustainability of the EwE approach and software. It was
established in 2011 as a non-commercial activity that is
operated on a not-for-profit basis, aimed at distributing
the core EwE software and its source code freely, and to
practice open-source software development through
peer collaboration and production. The Consortium
undertakes several EwE-related activities, such as: (1)
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maintaining and developing the EwE software; (2)
providing user support and organizing co-development;
(3) organizing training courses and conferences; (4)
developing and evaluating professional standards and
best practices for EwE applications, and (5) facilitating
the distribution of EwE publications and models
through online repositories.
Currently, the Consortium is composed of 23 institutional members from throughout the world (Fig. 2).
Establishment of the Consortium was motivated by the
fact that until 2010 the EwE approach was financially
supported by the University of British Columbia
(Canada) through research projects that provided budget
dedicated to maintain the EwE approach. This changed
in 2010, when a four-year Lenfest Future Oceansfunded project to modernize the EwE approach came to
an end. Through the Lenfest project, EwE version 6 was
released, recast into a modular model creation toolbox,
and designed for extensibility and model interoperability. Since 2010, EwE has been maintained without
core funding, and with the Consortium a new strategy
was found to continue the EwE approach via active
involvement of its users.
During the Ecopath 30 years conference, ways to
fund the future of EwE were discussed. Future funding
of the development of EwE could be supported
through the continuation of the already implemented
user support and co-development programmes, which
have been working since 2012 with good results for
the user community. Collaborative research projects,
crowd source funding, and the creation of an additional professional version of EwE were discussed as
future complementary options. In addition to the
features available in the free version of EwE, this
professional version could offer specific features
needed for professional modelling applications in
academic, governmental and private purposes.

Conclusions
The conference ‘‘Ecopath 30 years—modelling dynamic ecosystems: beyond boundaries with EwE’’
held in Barcelona, Spain, from 10 to 12 November
2014 highlighted the major developments and modelling capabilities of the EwE toolbox over the last
5 years. The highlights of the conference on ‘‘venturing beyond boundaries’’ can be summarized in six
points: (1) the new habitat foraging capacity model,
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which utilizes the spatial–temporal data framework,
(2) the momentum to apply EwE to the terrestrial
domain, (3) the development of EwE in other formats
such as R and FORTRAN, (4) the EcoBase global
database, and (5) the fact that there is no longer core
funding for EwE, which encourages the EwE community to work together to continue maintaining and
adapting the approach.
Moving from the academic, fisheries-focused applications to broader applications poses a series of scientific
challenges. Fisheries management, as a rule, is rather
reactively focused on tactical issues instead of requiring
pro-active forecasts such as needed for ecosystem-based
management and impact assessments. Here, models can
contribute most strongly by addressing mid-term strategic forecasts about ecosystem changes and associated
trade-offs for management. Ecosystem-based methods
have a strong role to play for management, and while
major progress on this front has been made in notably
Europe and Australia, there is still a long way to go.
The ‘‘Ecopath 30 years’’ conference highlighted
that the EwE approach is providing the tools required
for ecosystem-based management and impact assessments in many areas of application, and presentations
and discussions during the conference will serve as an
important milestone for ecosystem modelling. Contributions presented at the conference covered a wide
range of topics, starting off with scientific advice for
management, on to marine conservation, ecosystem
evolution, cumulative dynamics, and end-to-end modelling. Overall, this showed the versatility of the
approach, and even more importantly, how the diversity of scientists that cooperate on moving toward
ecosystem-based management can jointly contribute
to a scientific development that is bigger than what any
scientist can accomplish individually.
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