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Recent events and trends in international relations are making it necessary for scientists to design their projects in ways that can integrate disci-
plinary perspectives and learn how to communicate their results in governance processes. Some examples of settings in which such skills would
be needed are the debates about the political and legal relevance of the “Anthropocene” as a concept, the establishment and implementation of
the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES), the recent International Court of Justice’s decision
on what constitutes “scientific purpose” under the Whaling Convention, and the ongoing international efforts to regulate deep seabed mining
activities. These events reveal an acceleration of growing environmental, distributional, and geostrategic conflicts over ocean resources which are
changing the character of marine research. For some time now marine sciences have recognized the interdependence of social and ecological sys-
tems and the cumulative effects of multiple environmental pressures. In addition, we observe that the relationship between science and policy-
making is rapidly changing in a process which we refer to here as the internationalization of knowledge, and that scientific research activities and
results are progressively being internationally contested. Altogether these developments constitute extrinsic constraints that render transcending
disciplinary boundaries a conditio sine qua non for future marine research. Better comprehension of these trends and their implications may help
us to understand marine science’s functioning in the near future, particularly the relationship between disciplines involved.

Keywords: cross-discipline interaction and communication, function of social sciences in marine research, globalization of knowledge,
integrating disciplinary research, interdisciplinarity, international contestation of scientific research.

Introduction branches which are highly specialized, while at the same time
Developments over the last five to six decades have substantially ~ there is a growing awareness of the interaction between social and
changed the amount, scope, and purpose of marine research, as  ecological systems, as well as cumulating multiple pressures on
well as the relative weight and role of disciplines involved. Marine  ecological systems that create complex environmental problems.
research has come to a point where there are many diverse =~ Two more significant and yet largely unexplored trends are the
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internationalization of knowledge and growing international conflict
over marine research activities and results, both of which are
causing the various branches of marine research to undergo dra-
matic changes. We argue that these developments constitute
strong extrinsic motivators for marine researchers to communi-
cate and integrate their highly specialized disciplinary knowledge
into different scientific, political, legal, or practical contexts.
Though these trends were already set in during the late 20th cen-
tury, they have become even more relevant in several recent polit-
ical, legal and institutional actions such as the establishment of
the IPBES, the inclusion of an explicitly ocean-focussed sustainable
development goal into the UN 2030 Agenda, the International
Court of Justice’s decision on what constitutes “scientific
purposes” under the Whaling Convention, the international regu-
lation of ocean fertilization experiments, the establishment of the
world’s largest marine protected area in Antarctic waters, the
United Nation’s efforts to protect marine biodiversity in areas
beyond national jurisdiction, the regulatory actions regarding
deep seabed mining, and the adoption of several national and
regional integrated ocean policies. Such actions indicate a grow-
ing urgency to develop tools and skills to communicate and inte-
grate disciplinary knowledge. Better understanding these trends
and their implications may help us to comprehend marine scien-
ce’s functioning in the near future, particularly the relationship
between disciplines involved. Accordingly, this article traces the
change in the functionality and disciplinary composition of
marine research, explains why marine scientists increasingly have
to be able to communicate disciplinary knowledge as well as inte-
grate it into other disciplines, and finally outlines important
mechanisms and strategies that foster coherence and the integra-
tion of research agendas, results, and expertise.

Marine research in flux

Present social and ecological developments demand different sci-
entific expertise concerning the seas and coasts than they did half
a century ago. Traditionally, marine-related research was mainly
carried out by biologists, chemists, geologists, and physicists (as
well as non-scientific occupations such as naval officers, colonial
seafarers, merchants and fishers) whose various goals included
the documentation and better understanding of natural processes
in the sea and of marine fauna and flora, as well as gaining an
edge over competitors with improved navigation and military
and commercial technologies (Deacon, 1997; Reed, 2009).
Developments over the last five to six decades, however, have sub-
stantially changed marine research’s overall character and
functionality.

A growing world population, technological advances, and
globalising markets’ increasing demands for raw materials have
led to what Hance Smith in 2000 called “the industrialization of
the oceans” (Smith, 2000). Along these lines, competition over
watercourses, fisheries, mineral and biological resources, and
large marine areas have escalated and led to environmental, dis-
tributional, and geostrategic conflicts—a trend which is likely to
continue in the future (WBGU, 2013). One example among
many such conflicts over securing marine resources is the current
political dispute between China and Vietnam with reference to
several reefs and small islands in the South China Sea claimed by
Beijing as Chinese territory (Roszko, 2015). In response to the
growing number of such conflicts, national and international reg-
ulations, institutions, and juridical decisions of regional and
global courts have proliferated (Harrison, 2011; Oxman, 2015).

T. Markus et al.

Altogether, these developments have intensified existing
research in the marine natural sciences and ignited new eco-
nomicg, sociological, anthropological, political, and legal investiga-
tions which analyse actors’ interests and strategies, their
behavioural patterns and negotiation practices, as well as the
design, structure and functioning of political, and judicial institu-
tions governing these issues (Hoagland and Ticco, 2010;
Hallwood, 2014; Zacharias, 2014). In particular, marine manage-
ment and conservation-related research activities have advanced
significantly in both the natural and social sciences. As for the
former, biological, ecological, physical, and chemical research
increasingly analyses the quality and the extent of the effects of
single and multiple pressures on the marine environment (Norse
and Crowder, 2005; Halpern et al., 2008; Levin et al., 2009; Long
et al., 2015). As for the latter, sociology, political and legal scien-
ces, and economics systematically evaluate social drivers behind
exploitation and conservation, approaches to distribution, and
the often contentious effects of depleting resources and deterio-
rating ecosystems on societies as well as possible mitigation strat-
egies (Hornidge and Scholtes, 2011; Markus and Salomon, 2012;
Schliiter et al., 2013).

The urgent need for integrating research

The growing demands, competition, and conflicts regarding
marine resources in addition to increasing environmental issues
have not only intensified both natural and social science research
but have also created the need for researchers to integrate their
highly specialized disciplinary knowledge into different scientific,
political, legal, or practical contexts. To be able to orient, com-
municate, justify, and legitimize research activities is at the core
of these efforts. This holds particularly true where scientific
research is supposed to directly support economic, governance,
or judicial endeavours, and where its expenses and potential
effects need to be justified to the satisfaction of funding agencies
or the public.

The increasing recognition of interdependence of social
and ecological systems

The imprint of human activities on the environment, including
oceans, has become substantial. This is evident in the prominent
discourses on the “limits to growth,” “sustainability and pre-
caution,” “the planetary boundaries,” “shifting baselines,” and
lately the “Anthropocene” epoch (Steffen et al., 2011; Rockstrom
and Klum, 2014). Besides the fundamental assumption that

» o«

nature’s capacity to provide for resources and recover from
human interventions is limited, discussions around these con-
cepts have made clear that social and natural processes are nowa-
days recognized as inextricably linked to one another and that
neither of them can be fully appreciated without understanding
the other (Berkes et al., 2000; Berkes et al., 2003; Ostrom, 2009).
Scientists have become increasingly aware over the last decade
that most ecosystems and resources are embedded in complex
social-ecological systems and that effective research, governance
and conservation activities urgently require the integration and
communication of scientific knowledge between different actors,
disciplines, and governance processes (Cash et al, 2003;
Schellnhuber et al., 2004; Glaser et al., 2012).
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Disciplinary diversity in marine sciences

The increasing recognition of cumulating environmental

pressures

Another development necessitating the integration and commu-
nication of disciplinary knowledge is the pressing need to manage
multiple activities and cumulating environmental pressures as a
whole to maintain or restore good environmental status in
marine environments (Underdahl, 1980; Halpern ef al., 2008;
Markus et al., 2011; Long et al., 2015). Not least, this develop-
ment has significantly changed the scientific underpinnings of
nature conservation and ecosystem management, particularly
concerning motives and purposes (see generally Mace, 2014;
Abelson et al., 2016). The focus has shifted from merely analysing
and considering the effects of single damaging events on specific
habitats or species in order to understand how to protect or max-
imize their use value, to instead acknowledging that there are
multiple, sometimes cumulative or overlapping pressures, and
that specific species and habitats form parts of more complex eco-
systems. In response, various international conventions, pro-
grammes and scientific reports throughout the last decades have
highlighted the need to consider the interplay between different
exploitation and use activities and their effects on the marine
environment. The recent establishment of the world’s largest
marine protected area in Antarctic waters as well as the UN’s
effort to develop an instrument to protect biodiversity in areas
beyond national jurisdiction constitute two important examples
in this regard (Ardron et al, 2014; Freestone et al, 2014;
CCAMLR, 2016). In addition, governments have increasingly
adopted national or regional programmes and instruments that
acknowledge the importance of holistic policies that allow for a
comprehensive and coordinated governance of the different activ-
ities and interests related to the seas. For example, in the 1990s,
Brazil, the United States, Australia, and Canada began to develop
comprehensive national maritime policies, in 2007 Japan intro-
duced its Basic Act on Ocean Policy, and in 2008 the European
Union adopted its Marine Strategy Framework Directive (Juda,
2003; Markus et al., 2011). Such policies and instruments have
included the adoption of measures aimed at sustainable use and
conservation of marine biodiversity, in particular the establish-
ment of marine spatial plans and marine protected areas. The
underlying rationale of all of these initiatives is that use and con-
servation conflicts in the seas cannot be solved by measures
addressing single activities, sectors or species.

The internationalization of marine knowledge

Another trend demanding the integration and communication of
disciplinary knowledge is the changing relationship between
research and policy-making. Research has always been guided and
prioritized to some extent by policy-making and its resultant
budgetary incentives (Longino, 1990, 2002). But scientific research
and knowledge, in turn, has also influenced, catalysed, and framed
political discourses and legal processes (Haas, 1992; Bocking,
2004; Pielke, 2007; Campbell Keller, 2009). It is argued here that
this reciprocal relationship is presently changing in a process
which we refer to here as the internationalization of knowledge.
The process may best be described as one in which the identifica-
tion, framing, assessment, and valuation of contemporary marine
research results and demands is increasingly carried out in a partly
scientific, partly political process at the international level. We
argue that this process is particularly obvious in the area of marine
research (see e.g. Haas, 1990; Walsh, 2004; Markus, 2013).

Given that marine ecosystem services and the effects of anthro-
pogenic impacts on the marine environment often extend beyond
national borders, the exploitation, management, and conserva-
tion of marine ecosystems and resources demand internationally
coordinated approaches. To this end, different regional or global
legal regimes and organizations are recognizing the importance of
a shared scientific knowledge base for cooperation (see already
Livingston, 1968). To inform political decision-making processes,
some regimes require: (i) the ad-hoc analysis and assessment of
specific issues, (ii) the identification of further research demands,
(iii) the exchange of scientific information and data between
states and other actors, (iv) the development of a common scien-
tific understanding based on aligned scientific criteria and meth-
odological standards, and (v) providing a continuous flow of the
desired information. All of these activities require the establish-
ment of some form of governance arrangement. The institutional
design of such arrangements usually depends on their functions
and tasks. Accordingly, the many existing arrangements
vary quite substantially. The international organizations listed in
Box 1 on the next page are examples of some of the major fora in
which scientific expertise intersects with policy-making.

Most of these arrangements are not purely scientific. They are
often composed of scientists as well as experts from national gov-
ernments and their usual tasks are to prepare scientific informa-
tion for political decision-making, identify needs for further
political action, and make specific reccommendations to govern-
ments for decision-taking. Accordingly, these governance
arrangements can be understood as fora or social arenas in which
scientific expertise intersects with policy-making. For example,
the aforementioned Subsidiary Body on Scientific, Technical and
Technological Advice (SBSTTA) prepares regulatory options and
decision-making for the CBD’s Conference of the Parties (COPs).
It has been estimated that ~90% of all its proposals are later
adopted by the COP with only few minor modifications or none
at all. The SBSTTA thus strongly influences decision-making-
practices of the CBD-parties. Accordingly, political negotiations
have largely shifted to the SBSTTA-meetings which also have
been referred to as “pre-COP-exercises” (Johnston, 1997). But
these kinds of governance arrangements do not only directly
influence political decision-making. By analysing and assessing
specific issues, identifying research demands, and aligning scien-
tific criteria and methodological standards they shape the genera-
tion and use of scientific knowledge and thus contribute to the
establishment of a standardized regional or even global under-
standing, perception, and valuation of specific topics and issues
(Stokke and Coffey, 2004; Walsh, 2004; Gillespie, 2006; Markus,
2013; Hornidge, 2014). Where experts and scientists participate
in deciding which type of knowledge is generated (particularly
which research is being funded), which results matter, and which
scientific insights and expertise will be considered in policies (and
which are left out), they direct and influence the thoughts and
actions of those actors engaging with the respective knowledge
(Kitcher, 2011; Barker and Kitcher, 2014).

The increasing contestation of marine research activities
In recent years, marine research activities have more and more
frequently been contested and have increasingly come into the
focus of international politics and law (Gorina-Ysern, 2004;
Stephens and Rothwell, 2015). The increased role of marine scien-
tific research in international regulatory and judicial decisions is
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\

Relatively loosely integrated short and long-term working groups, networks, and programmes based on international agreements or
created by international organisations

ﬂux 1: International governance arrangements shaping the generation and use of marine scientific knowledge

. Millennium Ecosystem Assessment (1998-2005).

. The Joint Underwater Noise Working Group of the Convention of Migratory Species (CMS), the Agreement on the Conservation of
Cetaceans in the Black Sea Mediterranean Sea and Contiguous Atlantic Area (ACCOBAMS) and the Agreement on the Conservation of
Small Cetaceans in the Baltic, North East Atlantic, Irish and North Seas (ASCOBANS);

. The Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection [GESAMP].

More integrated committees and bodies institutionalised under issue-specific treaties:

. The Technical and the Legal Expert Committees on Ocean Fertilization (London Convention/Protocol on Dumping);
. The Legal and Technical Commission of the International Seabed Authority;

. The scientific committees of the many different Regional Fisheries Management Organisations [RFMOs], such as the International
Commission for the Conservation of Atlantic Tunas (ICCAT); the Western Central Pacific Fisheries Commission (WCPFC), or the North
East Atlantic Fisheries Commission (NEAFC)

. Subsidiary Body on Scientific, Technical and Technological Advice ary Body of the Convention on Biological Diversity (SBSTTA)
. Scientific and Technical Review Panel of the Ramsar Conventionon Wetlands (STRP)

. Scientific Committee Antarctic Research of the Antarctic Treaty

. Scientific Committee under the International Whaling Convention

. International for Conservation of Nature’s Global Marine and Polar Programme (IUCN-GMPP).

Long-standing and relatively independent international or intergovernmental research organisations, with or without legal personality

under international law:

. The Intergovernmental Oceanographic Commission (10C);

\o International Council for the Exploration of the Seas (ICES).

*  The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES);

o

evidence that scientists are more often required to communicate,
justify, and legitimize their research to the public, to funding
agencies, to political institutions, and even to courts.

Two recent events illustrate the necessity of several states to
take political and legal action in order to define and defend legiti-
mate scientific research. In the first case, the fear of unilaterally
authorized commercial ocean fertilization as well as adverse and
irreversible environmental impacts of scientific fertilization
experiments compelled the international community under the
London Convention and Protocol on Dumping to regulate the
issue during the years between 2007 and 2012. To ban fertilizing
for commercial purposes and yet allow environmentally sound
research, states had to establish criteria and procedures which:
(i) distinguished between what has been termed “legitimate scien-
tific research” and “commercial activities” and (ii) ensured that
experiments would not negatively affect the marine environment.
In essence, they created an assessment framework which requires
a scientific quality check to ensure that experiments have “proper
scientific attributes” and an environmental impact assessment
(Markus and Ginzky, 2011). The second example concerns
Japan’s practice of catching whales “for scientific purposes.” The
meaning of what actually constitutes scientific research was

disputed between Australia and Japan before the International
Court of Justice between 2010 and 2015. Basically, Australia
argued that Japan’s practice of hunting whales neither constituted
“science” nor was it carried out “for scientific purposes” as
understood under the International Convention for the
Regulation of Whaling. In abstaining from giving a general defini-
tion as to what constitutes scientific research, the Court decided
that Japan’s whaling programme was not reasonable in relation to
its officially claimed scientific objectives and therefore was not
carried out “for the purpose of scientific research” (International
Court of Justice, 2014).

In addition, it has been pointed out that marine scientific
research activities are increasingly met with scepticism for their
environmental effects and trade-offs (e.g. Verlaan, 2007; Hubert,
2015). Though marine environmental threats posed by scientific
activities are generally deemed low compared with industrial
ones, some research experiments—including seismic surveying,
ocean fertilization, the introduction of genetically modified
organisms into marine waters, and the killing and study of large
animals such as whales or tunas, as well as all other kinds of inva-
sive research in sensitive areas (e.g. seabed areas in which hydro-
thermal vents exist)}—have been subject to public criticism.
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Disciplinary diversity in marine sciences

Accordingly, marine scientific research activities often have to be
justified against public concerns and criticism and are increas-
ingly subjected to national and international environmental regu-
lation (Hubert, 2015).

Strategies and techniques for marine researchers
under new conditions

Against the background of these drivers and trends that are
changing marine research we argue that it would be in the interest
of scientists involved in marine research to develop the necessary
skills to be able to solve complex ecological problems, and to
communicate, justify, and legitimize research activities to scien-
tists from other disciplines, policy makers, funding agencies, and
the public.

A concrete example highlighting the importance of integrating
disciplines and communicating between them, and also between
science and governance, is the concept of “ecological stability.”
Natural scientists have developed multiple loosely defined meas-
ures of stability to capture the ability of ecosystems to absorb or
withstand environmental change, making stability a cornerstone
of ecological research, especially in a global change context
(Pimm, 1984; Ives and Carpenter, 2007; Timpane-Padgham et al.,
2017). Donohue et al. (2016) conducted a systematic literature
review and detected a tendency within ecology towards reduc-
tionist approaches where each study focused on a single driver of
change and a single aspect of stability in isolation. Even more
striking, however, is that the different stability aspects used in
ecology were not at all congruent with the stability concepts used
in major environmental policy documents addressing conserva-
tion, ecosystem management, and services. Thus, because the dif-
ferent scientific communities have not yet been able to develop a
complex and generalizable approach to measure stability, the sci-
entific and regulatory communities are not guided by a common
analytical framework.

Several steps may be undertaken to promote the objective of
communicating between and integrating disciplines. First, scien-
tists may consider formulating research questions and designing
experiments in ways that allow and encourage collaboration with
different disciplines. Different disciplinary perspectives should be
able to work together to provide integrated ‘answers’ to larger
umbrella questions. Second, researchers may strive toward gain-
ing a basic understanding of governance processes and developing
techniques to connect their results to these processes (Boesch,
1999; Cash, 2003; Ostrom, 2009). For both, a basic understanding
about other disciplines, their epistemological perspectives, and
problem foci constitutes a substantial asset for all involved
researchers. On a basic level, this requires a continuous and insti-
tutionally supported interdisciplinary exchange, the clarification
of terminologies, research practices and methods, and the various
disciplines’ concrete contributions to the joint research question,
as well as jointly developed models (Kohler, 2002; Cash, 2003
here speak of conscious and systematic “boundary work” for
crossing disciplinary gaps). This can best be achieved if research-
ers have been socialized into a community where they have the
opportunity to develop the required interdisciplinary language,
conceptual, and methodological skills, and thus can interact in a
mutually respectful and productive manner. Building such a
community includes measures reaching from educational pro-
grammes to establishing institutions that continuously engage in
knowledge integration and interdisciplinary work (Lentsch and

Weingart, 2011). It also requires education in the theory of sci-
ence, introduction to rudiments and basic ideas, terms, and con-
cepts of other disciplines related to one’s own research field, and
the teaching of analytical and methodological approaches for
integrating research results from different disciplines (Lang et al.,
2012; Ne3hover et al.,, 2013; Ciannelli et al., 2014; Pohl et al.,
2017).

On a scientific level, disciplinary knowledge integration
demands an analytical or classificatory framework that allows the
organization of research results from different disciplines
(Ostrom, 2009). Future marine research and conservation efforts
may thus gradually be designed in a transdisciplinary and synthe-
sising way, acknowledging the causal links between societies and
ecosystems as well as the complexity of ecosystems and the differ-
ent types of cumulative and overlapping pressures from different
sea-, air-, and land-based sources (Levin et al., 2009; Tallis et al.,
2010; Long et al, 2015). With respect to marine conservation,
this suggests in practical terms the development of ecological,
economic, and social indicators and environmental scientific cri-
teria based on current marine environmental and socio-economic
statuses, and an ideal status and management strategy (ibid). It
also argues in favour of identifying and quantifying ecosystem
services, evaluating social demands and interests of different
actors from different sectors, and identifying and evaluating
trade-offs among management options (ibid). In this regard,
bridging different spatial, ecosystem, and administrative scales
and sectors is often necessary (Krause, 2014; Schwerdtner Manez
et al., 2014). It is important to stress in this context that interdis-
ciplinary work must not in any way reduce the quality of specific
disciplinary research results but must instead find ways to link
and accumulate it.

Scientists must become more aware that their work is neces-
sary to solve the problems of our time, that it is a pertinent part
of complex political and economic processes, that it may have
substantial impacts on the marine environment, and that it may
influence future scientific knowledge generation and use. These
aspects make scientific research more than ever subject to contest-
ation, both in national and international public, political, and
even legal contexts. Scientists should prepare to communicate
and legitimize their work in these contexts and in light of these
kinds of demands and concerns. The following is a general list of
strategies that may help scientists to communicate and justify
research activities within public, political, regulatory or even judi-
cial processes:

(i) making the purpose of scientific endeavours transparent to
allow a clear distinction between scientific ends and com-
mercial interests (who benefits?);

(ii) clearly articulating the potential environmental, socio-
economic, and socio-cultural effects of the research; and

(iii) participating constructively in the regulation of scientific
endeavours where negative effects on the environment or
society cannot be ruled out.

(iv) outlining the underlying rationale and the data used in
decision making processes, and disclosing value judgments
and uncertainties;

(v) including distinguished and independent experts to guar-
antee that research results and arguments are based on
well-founded expertise;

Downl oaded from https://academ c. oup. conii cesj ms/ advance-articl e-abstract/doi/10. 1093/ cesj ns/ f sx201/ 4642977
by SuUB Brenen user
on 21 Novenber 2017


Deleted Text: s
Deleted Text: `
Deleted Text: '
Deleted Text: .
Deleted Text: -
Deleted Text: s
Deleted Text: and 
Deleted Text: `
Deleted Text: '
Deleted Text: s
Deleted Text: s

(vi) including representatives from different cultures and scien-
tific backgrounds;

(vii) consider making research methods and results publicly

available (if commercial interests in carrying out experi-

ments should be ruled out);

(vili) granting permission to those affected by the research proj-

ects to voice their interests.

Conclusion

Changing research demands have redefined contemporary marine
research. Natural scientific research has become more specialized
and is increasingly complemented by research in the social sciences
and the humanities. Greater recognition of the interdependence of
social and ecological systems, rising demands for enhancing marine
environmental conservation, the internationalization of knowledge,
and the growing conflicts over marine scientific research are
making it essential for marine scientists to design their research
questions in such a way that they may be integrated with other
disciplinary perspectives in order to achieve a more holistic under-
standing of the interdependences between the ocean and the social,
economic, and political world.

Recent incidents indicate an acceleration of these trends and
issues as well as a growing urgency to be able to communicate and
integrate disciplinary knowledge. These trends require mechanisms
that foster coherence and integration of research agendas, results
and expertise. Such mechanisms may be either of a more proce-
dural type or more of a methodological type. Interdisciplinary inte-
gration and boundary crossing, however, must not in any way
reduce the quality of specific disciplinary research results but
instead must find ways to link and systematically synthesize. This
can only be achieved if there is a community of researchers which
has been socialized into and developed the required skills for inter-
disciplinary work, and thus can meaningfully interact accordingly.
Building that community requires educational programmes and
institutions that continuously engage in interdisciplinary work; it
furthermore encourages scientists to become more aware of the
theory of science, to become more literate in the rudiments and
basic ideas, terms, and concepts of other disciplines related to one’s
own research field, and to acquire an analytical and classificatory
framework for integrating research results from different disci-
plines. The benefits of a basic integration of increasingly specialized
research activities are hard to estimate, though it is possible that
inconsistencies and inefficiencies may for the most part be avoided
while synergetic and mutual benefits may be reaped. Interdiscipli-
nary research has for a long time been carried out by intrinsically
motivated scientists and it has been seen as a necessary addendum,
adding some “extra flavour” to disciplinarily designed projects in
order to systematically diminish the blind spots created by the dis-
ciplinary boundaries guiding our thoughts. We have entered a new
era of interdisciplinarity, where extrinsic constraints make tran-
scending disciplinary boundaries a conditio sine qua non for future
marine research.
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