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ABSTRACT. Marine environments have undergone large-scale changes in recent decades as a result of multiple anthropogenic pressures,
such as overfishing, eutrophication, habitat fragmentation, etc., causing often nonlinear ecosystem responses. At the same time,
management institutions lack the appropriate measures to address these abrupt transformations. We focus on existing examples from
social–ecological systems of European seas that can be used to inform and advise future management. Examples from the Black Sea
and the Baltic Sea on long-term ecosystem changes caused by eutrophication and fisheries, as well as changes in management institutions,
illustrate nonlinear dynamics in social–ecological systems. Furthermore, we present two major future challenges, i.e., climate change
and energy intensification, that could further increase the potential for nonlinear changes in the near future. Practical tools to address
these challenges are presented, such as ensuring learning, flexibility, and networking in decision-making processes across sectors and
scales. A combination of risk analysis with a scenario-planning approach might help to identify the risks of ecosystem changes early
on and may frame societal changes to inform decision-making structures to proactively prevent drastic surprises in European seas.
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INTRODUCTION
Marine environments have undergone large-scale changes during
the past decades because of multiple anthropogenic impacts, such
as overfishing, eutrophication, habitat fragmentation, etc. Often
the ecosystem response to these multiple pressures is nonlinear,
which may lead to unexpected behavior by the ecological system
(deYoung et al. 2008) and to sudden, ecosystem-wide shifts, i.e.,
regime shifts (Francis et al. 1998, Lees et al. 2006, Beaugrand et
al. 2008, Kirby et al. 2009, Alheit and Bakun 2010). There is little
doubt that, in the future, the pressure on marine systems may
increase due to acceleration of climate-induced changes that—
synergistically to other human and natural processes—affect the
ecosystem dynamics, with major consequences for the provision
of ecosystem services (Philippart et al. 2011). To prevent regime
shifts, with resulting disruptions of ecosystem services in the
future, an adaptive ecosystem-based management (EBM)
framework has been proposed (Folke et al. 2004). For European
seas, the Marine Strategy Framework Directive (MSFD) is aimed
at implementing such an approach. The MSFD requires member
states to achieve “good environmental status” (GES) for their
marine waters by 2020. According to Article 3(5), GES means
"the environmental status of marine waters where these provide
ecologically diverse and dynamic oceans and seas which are clean,
healthy and productive within their intrinsic conditions, and the
use of the marine environment is at a level that is sustainable, thus
safeguarding the potential for uses and activities by current and
future generations." Good environmental status is to be achieved
using adaptive management on the basis of an ecosystem
approach (Article 3, paragraph 5). Farmer et al. (2012) define an
ecosystem approach as resource planning and management that
integrates the connections among land, air, and water and all
living things, including people, their activities, and institutions.
At the heart of current environmental debate is a trade-off
between the often short-term benefits of drawing down natural
capital for economic and social development and the more long-
term benefits of maintaining resilient marine social–ecological
systems (SES).  

In this perspective, it is important to have information available
that warns the manager of potential ecological regime shifts. One
approach is the development of early warning indicators, which
have been proposed to provide information about the risk of a
regime shift in the near future (Scheffer et al. 2009). This
interesting approach has been tested on many ecosystems but
requires a high temporal or spatial resolution of monitoring data,
a prerequisite that is seldom realized in marine ecosystems
(Lindegren et al. 2012). An alternative approach in EBM may be
to build a high resilience to prevent abrupt changes and
ecosystem-wide regime shifts. It is important to note that the
resilience of a current undesirable ecosystem state might be high
due to ecological feedbacks that reinforce the degraded state
(Scheffer et al. 2001). In this situation, management needs to steer
the system in a direction that will break these feedbacks to achieve
a good environmental status (Nyström et al. 2012). A further
advantage of a highly resilient system is that the changes are not
drastic, and future states may therefore be easier to forecast,
particularly important for fisheries that benefit from more
predictable fish stocks (Stenseth and Rouyer 2008).  

Here, we will provide some information of how the existing
experiences from the social–ecological system of the European
seas can be used to inform and advise future management. We
will provide first some social–ecological examples that have been
observed in European seas. Then, we discuss future challenges,
including potential nonlinear responses that can be expected to
affect marine ecosystems and ecosystem-based management.
Finally, we offer some approaches that can help in steering future
marine ecosystem management.

EXAMPLES OF PAST NONLINEARITIES
There are several examples of nonlinear system changes reported
in literature (Hare and Mantua 2000, Heymans et al. 2007,
deYoung 2008, Kenny et al. 2009). Here, we discuss two examples
from the past with impacts relevant for today and in the future.
One example refers to ecosystem changes due to human
interaction from the Black Sea. The second example focuses on
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a nonlinear change in the institutional setting in HELCOM,
illustrating the relevance of changes in ecosystem management
structures due to political change.

Eutrophication and fisheries in the Black Sea
Loss of resilience and nonlinear ecosystem responses are
described in both the benthic and the pelagic systems of the Black
Sea. In Mee et al. (2005), a simple conceptual model illustrates
the nonlinear response of the Black Sea benthic system to
eutrophication. Initial pristine conditions consist of a
phytobenthos-dominated benthic system, with a high nutrient
assimilation potential, a net oxygen production by the algae, and
a high filtering capacity of bivalves. The ecosystem crossed a
critical threshold (threshold 1), at which algal beds become
shaded by the increased water-column phytoplankton, and the
algal beds collapse. The system transforms into a bivalve-
dominated benthic regime. The bivalve community is able to
cope with excessive food supply and buffer eutrophication until
heavy blooms and detritus create a large oxygen demand, leading
to large anoxic sea floors. Under these hypoxic conditions,
mussels close and may ultimately die and their filtering capacity
is lost (threshold 2), leading to a regime where the benthic system
collapses. The degraded regime is characterized by massive
development of endobenthic organisms (species that live buried,
or burrowing in the sediment), accompanied by a significant
decrease in epibenthic species (crustaceans and mollusks). The
system may exhibit hysteresis, i.e., changes in internal feedbacks
stabilize a state so that extra effort is needed to bring the
ecosystem back to its prechange state (Scheffer et al. 2001), or
even irreversibility when the human pressure is removed (Mee et
al. 2005), especially when available niches are occupied by
invasive species.  

The pelagic ecosystem of the Black Sea underwent major regime
shifts, occurring first because of overfishing of top predators
and middle trophic levels, causing system-wide trophic cascades
(Daskalov et al. 2007). The overfishing of the pelagic top
predators in the 1970s and of planktivorous fish in the 1990s
resulted in regime shifts and caused changes in the abundance
of the zooplankton, jellyfish, and phytoplankton, as well as in
surface oxygen and phosphate concentrations. Llope et al. (2011)
identified the removal of top predators as a key element in terms
of loss of resilience that inevitably leads to reorganization of the
food web. Historically, the fishery-driven trophic cascade first
disturbed the structure of the system from higher trophic levels
and then the already disturbed food web was further degraded
by eutrophication. Simulation results demonstrated that
increased productivity could have been more efficiently handled
by a more complex ecosystem including viable top predators
(Llope et al. 2011). For that reason, a regeneration of the food
web structure by rebuilding the top predator stocks could
improve the system’s ability to counterbalance fluctuations
driven by climate or eutrophication.  

Interestingly, initial recovery of the Black Sea ecosystem, i.e.,
the reduction of the anoxic “dead zone” on the northwest shelf,
resulted from a collapse in the social and economic system in
formerly centrally planned economies of the Soviet Union and
Warsaw Pact. The economic and political collapse led to
undesirable step changes in the social system (including birth
rate and life expectancy) but also in the ability of farmers to

obtain fertilizers or to maintain huge formerly state-owned
intensive animal breeding units. This reduced the nutrient load to
the Black Sea, which, however, did not recover fully, partly
because fishing pressure (largely by Turkey, unaffected by the
sociopolitical crisis) was maintained. Without a complete
reorganization of the regional social system (through effective
agreements), recognizing the need for joint fisheries management
and marine protected areas, further ecological improvements are
unlikely. However, transnational governance structures, which
could approach such problems, are weak in the Black Sea
compared with, for example, the Baltic. Although new
institutions, in particular the Black Sea Commission, came into
being and have been supported by the European Union (EU) and
the United Nations (UN), these are constrained in terms of
actions and political influence by political problems between
member states. Indeed, a new push for agricultural development
without sufficient measures to limit nutrient inputs could return
the system to its collapsed resilient state (Mee 2006, Langmead
et al. 2009).

Changes in HELCOM and Baltic Sea transnational structures
after 1990
The Baltic Marine Environment Protection Commission
(Helsinki Commission, HELCOM) has formed a platform for
intergovernmental collaboration between the Baltic Sea states
since its foundation in 1974. HELCOM functions as the governing
body of the Helsinki Convention. The contracting parties to the
1974 convention were Denmark, Finland, the German
Democratic Republic, the Federal Republic of Germany, the
Polish People's Republic, Sweden, and the Union of Soviet
Socialist Republics.  

Since its inception, HELCOM has been recognized for its
remarkable institutional stability. Change occurs gradually where
new ideas are layered upon preexisting structures (Valman 2013).
However, due to rapid changes in the geopolitical landscape
caused by the fall of the Iron Curtain, the reunification of
Germany, and the dissolution of the Soviet Union, the Helsinki
Convention needed to be revised. A new Convention was signed
in 1992 by Denmark, Estonia, the European Community (EC),
Finland, Germany, Latvia, Lithuania, Poland, Russia, and
Sweden (Fitzmaurice 1993, Poutanen 1996).  

The need for a revision of the Helsinki Convention due to
formation of new states and new state borders also opened a
window of opportunity to revise some of the drawbacks of the
old Convention. For example, before 1992, internal waters and
the states’ territorial seas were not part of HELCOM. However,
when addressing land-based pollution and eutrophication, the
sources are in internal waters and along rivers. Therefore, a
breakthrough in the new 1992 Convention was to include all
internal waters. This change enabled the new Convention for the
first time to address land-based pollution and the introduction of
new paradigms and principles, such as the term “ecosystem”
(ecosystem-based management was then subsequently defined
together with the Oslo-Paris Conventions, OSPAR, in 2003), the
polluter pays principle, and the use of “best environmental
practice” and “best available technology.”  

In terms of action, the 1992 Convention paved the way for the
Joint Comprehensive Environmental Action Programme (JCP).
This program was signed at the same Ministerial meeting as the
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revision of the Convention and set out to control pollution from
so-called “hotspots.” Hotspots had been identified as point sources
of pollution from, e.g., municipal facilities and industrial plants,
agricultural areas. The list of hotspots was continuously reviewed
and revised, with the final goal, the elimination of all hotspots, to
be completed by 2012 (108 out of 162 hotspots were eliminated in
June 2012; Berbalk 1996, Helsinki Commission 2013).

FUTURE TRENDS AND POTENTIAL PATHWAYS
In the previous section, we looked into environmental and
institutional changes in the past, illustrating that both systems
experience sudden change. However, in a dynamic world, new
challenges constantly emerge within the panarchy of systems, i.e.,
interlinked system elements change in continual adaptive cycles of
growth, accumulation, restructuring, and renewal (Gunderson and
Holling 2002) and can be expected to affect marine ecosystems and
ecosystem management. There are currently at least two major
management challenges facing Europe's regional seas, which are
considered in detail in the following two sections.

Future climate change
Interannual variation in climate and climate change affect marine
ecosystems by, e.g., the poleward species range expansions, changes
in local species compositions due to physiological intolerance to
new conditions (e.g., a shift from marine to brackish or freshwater
species with decreasing salinities) and arrival of nonindigenous
species, observed across a large number of marine ecosystems
(Beaugrand et al. 2002, Drinkwater 2002, Daskalov et al. 2007,
Drinkwater et al. 2010). However, more specific changes in climate
conditions and, consequently, in the marine environment are often
largely determined by the location and general characteristics of
the sea (Philippart et al. 2011). In Europe, for example, warming
has primarily been higher in the northern and enclosed seas than
in the southern or open ones (Belkin 2009).  

Future climate projections indicate sea-surface temperature
increases from 1 to 4 degrees Celsius (in some extreme cases, even
7 degrees), with large spatial variation (for an overview, see
Philippart et al. 2011). Besides temperature-induced changes,
salinity in semienclosed seas, like the Baltic Sea, can be of major
importance for species distribution. Meier et al. (2012) projected a
significant lower salinity and deep-water oxygen concentrations
until 2100, which may lead to a shift from marine to more brackish
or even freshwater species, negatively affecting the abundance of
commercially important fish species, such as cod (Niiranen et al.
2013). Also, in the Mediterranean and Black Seas, endemic species
may disappear, and there is a high risk that associated niches will
probably be filled by species originating from adjacent waters
(Philippart et al. 2011). Occupation of niches tends to be nonlinear,
as illustrated by the massive arrival of the comb jelly, Mnemiopsis
leidyi, in the Black Sea or the spread of the invasive algae, Caulerpa
taxifolia, in the Mediterranean, both in the early 1990s. Climate
change may suddenly make such invasions viable; for example, the
Pacific oyster, Crassostrea gigas, was cultured in northern Europe
on the assumption that the water was too cold for it to propagate.
This assumption was invalidated by climate change, and the species
is spreading in the Wadden Sea and other areas, where it is
fundamentally transforming the ecosystem (Diederich et al. 2004).

Use intensification of energy
A significant trend toward an increase in number and intensity of
human activities in marine areas can be observed, also by a growing

set of policies and economic incentives. For example, the
European Commission recently released its proposal for a
directive on maritime spatial planning (MSP) and coastal
management (COM 2013). The COM explicitly names a number
of sea uses to be recognized in MSP and emphasizes the
contribution of marine areas to economic growth: namely, the
promotion of maritime transport, development of renewable
energies, and growth of the fisheries and aquaculture sectors.  

Renewable energies are one of the most significant drivers
affecting marine systems, particularly in the North Sea (Kannen
2014), but also on the West Coast of Scotland.  

The move toward renewable energy is partly a response to global
climate change (Wiser et al. 2011), thus demonstrating the
interconnectedness between climate change and its societal
adaptation. Although large-scale offshore carbon capture and
storage (CCS) developments, tidal, wave, and osmotic energy
production are still at the pilot project stage, the offshore wind
farm sector has already become a significant part of energy
politics, and several sites have become operational. In all North
Sea countries, installation plans of offshore wind farms exist. For
example, the largest developments currently planned are in the
UK territorial area of the Dogger Bank, with an agreed size of 9
GW until 2020, and in Germany, with an expected capacity of
20–25 GW by 2030, covering an estimated sea area of 2000–4000
km² (Bundesministerium für Umwelt, Naturschutz und
Reaktorsicherheit (BMU) 2002). These numbers demonstrate
that a significant amount of marine space could be turned into
wind farm sites in the next 20 years. Shipping, fisheries, and birds
are particularly affected by the construction of offshore wind
farms. This is of importance as “the North Sea has some of the
busiest shipping lanes in the world and maritime transport
continues to increase” (OSPAR 2010: 154). For fisheries,
Berkenhagen et al. (2010) concluded that more than 50% of sole
catches in the German North Sea come from areas for which wind
farms are planned. In these two cases, spatial planning and
analysis of economic trade-offs might provide solutions, but only
if  long-term as well as short-term costs and benefits are
considered. Ecological impacts of offshore wind farms, in
particular on marine mammals and birds, are related as well to
cumulative effects of a large set of wind farms (Busch et al. 2013),
or even to combined effects of wind farms and shipping (Garthe
and Mendel 2010), but are poorly understood. As these examples
show, the cumulative and interacting effect of drivers might
significantly increase the risk for nonlinear and unexpected
system changes in the future. In addition, the social structure of
the local society might affect the social impact that marine
renewable energy will have on the area (Alexander et al. 2013).

TOOLS FOR PREPARING FOR THE FUTURE
In the following section, we will discuss different approaches and
tools that can help anticipate or avert nonlinear changes and
surprises in marine ecosystems. In particular, we will elaborate on
adaptive marine planning with stakeholder participation and on
scenario planning as an explorative tool.

Dealing with nonlinearities and uncertainty in planning and
management
In the context of the adaptive approach for management (Mee
2005, Mee et al. 2008), now incorporated in the MSFD, one
practical way of dealing with uncertainties and nonlinearities is
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to ensure learning, flexibility, and networking in decision-making
processes. This not only includes information exchange and
collaboration across sectors but also across scales.  

The example of use intensification and emergence of new uses,
such as marine renewables development discussed above, not only
shows areas of risk for nonlinear unintended impacts from single
activities but also the cumulative impacts of an increasingly
complex pattern of many activities (see also Kannen et al. 2010,
Kannen 2014). The risk may originate from many individual
decisions at national or even subnational scales. This is what
Swaney et al. (2012) have called the “tyranny of small decisions.”  

The regional sea conventions are one way to promote
transnational cooperation and planning as a step toward the
development of more coherent policies at the level of large
ecosystems. However, conventions such as OSPAR for the North-
East Atlantic and HELCOM for the Baltic focus on well-
established environmental issues. They often lack mechanisms to
deal with seas serving multiple functions for society, functions
that are perceived differently by the diverse actors and societal
groups and between different countries (Kannen 2014). van
Tatenhove (2013) proposes developing more integrated
governance arrangements for European seas along several
building blocks, recognizing the currently fragmented and
sometimes conflicting patchwork of maritime policies in Europe
(in particular the MSFD, the MSP, and the coastal zone
management (CZM) directive, and the integrated maritime policy.
Such “institution building,” which does not necessarily mean new
organizations, but change in existing arrangements and
institutional settings is in itself  a nonlinear process in many cases,
as the example from HELCOM indicates. A positive example for
an institution successfully undergoing continuous evolution is
illustrated by the Trilateral Wadden Sea Cooperation (TWSC,
analyzed by Fischer 2011). This analysis also revealed some
success factors for the cooperation in the TWSC (Kannen et al.
2012):  

. common and shared interests; 

. a physically available coordination office with long-term
staff  members to generate trust and provide organizational
support; 

. limited group size (in the case of TWSC, three member
states); 

. legally nonbinding cooperation to support flexible solutions
in the sense that individual parties can decide in each case
to join the common way or not; 

. use of informal structures to derive more flexibility and
openness for new issues; 

. thematic and spatial identity among the actors, both of
which are linked to a degree of emotional identity and
motivate cooperation toward common goals. 

With these experiences, adaptive management first deals with
communication processes not only to inform but also to enable
and stimulate collaborative learning among actors, including
scientific and nonscientific (e.g., local knowledge) information,
and different problem frames of relevant societal groups (Kannen
2014). Learning for adaptive management also relies on

continuous improvement and evolvement of the information
base, including monitoring of changes in ecosystem status and
socioeconomic change in order to understand the development
of potential shifts in social–ecological interactions. It also relies
on the ability to set realistic goals. The scientist–stakeholder
dialog should be facilitated in a way that manages expectations,
particularly in systems such as the southern North Sea that have
already experienced change that is difficult to reverse (Gilbert et
al. 2014).  

The approach outlined above relies heavily on participation of all
actors and stakeholders in the communication and learning
process. Increasing stakeholder participation in the management
of natural resources is regarded as inherently desirable by many
authors (e.g., Garcia and Cochrane 2005, Walker et al. 2002,
Pomeroy and Douvere 2008, Carollo and Reed 2010) and has been
demonstrated to enhance the quality of decisions (e.g., Brody
2003, Koontz and Johnson 2004).  

In general, policy makers have to justify and account for their
decisions to other actors that are directly or indirectly affected by
their decisions. With planning, however, many decisions are
effectively irreversible; the huge investment in establishing a
windfarm is unlikely to be reversed after a 5-year term of office!
On the other hand, the intention to designate the Eratosthenes
seamount near Cyprus as a marine protected area (Hoyt 2011)
was swept aside following the 2013 financial crisis in the country
and the realization that concessions for oil and gas reserves in the
area could provide some economic relief. Such asymmetries in
commitment can undermine resilience and make the aspirations
of adaptive management challenging.  

Several issues of quality assurance to secure accountability in
planning and decision making for coastal and marine
environments have been discussed in International Council for
the Exploration of the Sea (ICES) (2012). In this report, the
planning process is composed of multiple steps, each requiring
aspects of decision making, peer review, consultation,
communication, and validation. Quality assurance elements refer
to the usability of data and scientific advice, the input from
stakeholder perspectives and advice, as well as policy formulation.
Structured quality assurance concepts provide some level of
assurance that the resulting plan will have high acceptability
among regulators, stakeholders, and the public. Adequate
enforcement measures are needed to ensure that the plan is
implementable from the perspective of the effectiveness and
feasibility of the management measures, together with guarantees
of transparency and traceability.

Scenarios, learning, and resilience
A large part of current planning and modeling is based upon the
notion of a world in equilibrium, predominantly governed by
linear or predictable cause–effect relationships. It is particularly
difficult to explore the potential consequences of human social
and economic drivers on marine systems, but a scenario analysis
can be applied, ranging from impact assessment of certain
developments to providing a decision support system assessing
potential future development for politicians and decision makers
(e.g., World Business Council for Sustainable Development
(WBCSD) 1997, Raskin et al. 1998, Intergovernmental Panel on
Climate Change (IPCC) 2000, Rotmans et al. 2001, Shell 2002,
Millennium Ecosystem Assessment 2003, Meier et al. 2012).  
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Examples where scenarios have been used to analyze conditions
for different development pathways of offshore wind energy along
the German North Sea coast (Kannen et al. 2009) or used by the
trilateral Wadden Sea Forum (Wadden Sea Forum 2006) to
develop a common vision and joint activity targets among a wide
range of governmental and nongovernmental stakeholders, exist.
The scenario approach in general can therefore aid the
development of long-term visions for coastal and marine areas
and contribute to consensus-oriented management (Glaeser et al.
2005).  

At a European regional seas scale, Langmead et al. (2009) applied
scenarios to model the potential environmental consequences of
changes in social and economic drivers in the 16-country Black
Sea basin. (Five different sociopolitical scenarios were modeled,
most of which projected an increase in nutrient loads to the Sea
and a return of the “dead zone” unless explicit actions were taken
to curb them and to correct current overfishing. Recent data used
in KnowSeas (Friedrich, personal communication) suggest that
the northwest shelf  of the Black Sea has areas of hypoxia once
again, and this demonstrates the usefulness of the approach.  

Another example from the North Sea (Heymans et al. 2011)
indicates the possible trade-offs between a future focused on
maximizing the profitability of fisheries vs. a future pursuing a
vision of a more “resilient” ecosystem with more long-lived
species. The study found that a totally different fleet structure
would be needed to achieve these scenarios and that there would
be major effects on the overall redundancy in the ecosystem. The
study further revealed that, by increasing the fishing effort,
subsidies have a negative effect on the profitability of fisheries
and the underlying supporting ecosystem. Removing fishing
subsidies might therefore be a viable management strategy that
would increase the overall resilience of the system and the
profitability of the fisheries.

BUILDING MORE RESILIENT SOCIAL–ECOLOGICAL
SYSTEMS IN EUROPE’S SEAS
Much of our discussion has focused on the role of the MSFD in
moving toward GES in Europe’s Seas. However, this legislation,
although innovative, largely responds to the adverse implications
of environmental pressure on individual ecosystem components
and is reactive rather than proactive. Furthermore, the use of
marine systems is the domain of the integrated maritime policy
of the EU (common fisheries policies; CFP) and a myriad of
initiatives by member states within their territorial waters and
their exclusive economic zones (EEZ). Some policy statements
have attempted to correct this imbalance. The green paper on the
reform of the CFP (Commission of the European Communities
(CEC) 2009), for example, declares that “Ecological sustainability
is a basic premise for the future of European Fisheries.” Largely,
however, economic development is tensioned against its
environmental impacts, rather than trying to optimize economic
and environmental potential in tandem from the outset, as the
ecosystem approach would imply. The experiences we outlined
before, on past changes as well as future challenges, suggest a
more proactive and inclusive planning and management
approach, and the tools we discussed provide mechanisms to move
in this direction. Moving toward a fully integrated approach could
allow SES resilience to be taken seriously as a factor underpinning
decision making. Tools such as scenario development and

modeling would play a greater part in planning, just as originally
suggested by Holling (1978) when he developed the concept of
adaptive management. Assessment of the capacity of the system
to deliver ecosystem services without exceeding thresholds should
be a critical component in planning (see Cormier et al. 2013 for
implementing a structured risk-based approach in this direction),
as should assessment of the sociopolitical system for governing
and complying with agreed policies. A combination of risk
analysis with a forward-looking scenario approach might help to
identify the risks of ecosystem changes, such as discussed for the
Black Sea, early on and frame societal changes in order to inform
decision-making structures, which follow adaptive and learning-
based approaches as outlined before. However, as discussed before
and shown for the Baltic, this also depends on the institutional
system and its constituents. Here, we face the reality that, with
political attention directed toward economic growth as a remedy
for the current financial crisis, social–ecological system resilience
is difficult to prioritize. The financial crisis and global recession
may have started a vicious circle in which further degradation of
ecosystem services due to accelerated short-term exploitation may
lead to an even worse global crisis and depletion of resources. On
the other hand, development of regional cooperation mechanisms
might help determine appropriate reaction and identify solutions
at regional sea scales, as the example of HELCOM illustrates. In
particular, this might be necessary for renewable energies from
the sea (wind, wave, tidal) and related implications on marine
systems. One example of cooperation in this context is the
BaltSeaPlan Vision 2030 for Baltic Sea MSP (Gee et al. 2011).
The need to agree on basic principles for enhancing the resilience
of ecosystem services has also become part of the climate change
narrative, particularly because of the trade-offs between
ecosystem services at different scales (Biggs et al. 2012).
Furthermore, the mix of ecosystem services society considers will
change in the future with changing societal values and preferences.
Such thinking has yet to become a significant and explicit part of
the debate on how best to manage marine systems. Consideration
of the role of democracy, human rights, and capacity building to
enhance the socioeconomic resilience of a country could also play
a part in the development of a regional and global vision for
optimizing socioeconomic development within resilient
ecological systems in Europe and beyond.

Responses to this article can be read online at: 
http://www.ecologyandsociety.org/issues/responses.
php/7246
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