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Abstract Ecosystem-Based Management (EBM), intended to restore, enhance
and/or protect the resilience of ecosystems, is gaining momentum. It is often argued,
though, that some of the difficulties to provide practical guidance to conduct EBM
stems from the lack of a clear definition. EBM emphasises on factoring in complex
linkages in social-ecological systems; dealing with adequate scales (both time and
space wise); promoting adaptive management of complex and dynamic systems; and
adopting integrated assessment and management frameworks. This chapter shows,
on one side, challenges to build consensus on a definition that is both conceptually
and theoretically sound as well as practicable; on the other, the enabling factors that
make EBM actually happen.

Lessons Learned

• Ecosystem-Based Management (EBM) moves away from a limited (partial)
consideration of natural systems and society as separate entities.

• Society will face increasing levels of uncertainty—EBM is a more flexible
approach that allows for the identification of some of those uncertainties, so
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that they can be considered in decision-making, hence allowing society to adapt
to error.

• EBM is a recognition of the need to “juggling all balls” at once. Since reality is
complex, responses will also have to be so.

• EBM is an integrated approach in many different ways: acknowledging for the
recognition of linkages between society and ecosystems, between different types
of ecosystems, throughout time and space, looking at things from multiple
standpoints.

• Enhanced governance is critical to make EBM happen. This is not just about
transparency, accountability and meaningful social participation. It is also about
using the right incentives, cooperating, coordinating decisions between sectors,
improving our knowledge and information base, uptaking innovations, etc.

Needs to Advance EBM

• We need to better understand the complexity of the social, behavioural side of
social-ecological systems, to match our understanding of the ecological side.

1 Defining Ecosystem-Based Management: Minding Mice
at a Crossroads or Not Quite?

Ecosystem-Based Management (EBM) has gained increased popularity in recent
years; yet, it has been argued that lack of consensus on its definition is precluding
progress in terms of design and practical implementation of such approaches. EBM
emphasises on considering ecosystem connections; dealing with appropriate spatial
and temporal scales; fostering adaptive management of complex social-ecological
systems; managing those systems in an integrated way; accounting for the dynamic
nature of ecosystems and society, etc. There is no single agreed-upon definition for
EBM, which sometimes is even referred to as the ecosystem approach (EA) itself.
What seems common to all definitions, though, is the acknowledgement of the
complexity and interspecies relationships within ecological systems, although
broader governance elements are also of great importance in most definitions. This
chapter does not develop a linguistic, nominal investigation of different definitions
of EBM but rather aims at adding conceptual clarity while, at the same time,
focusing on enabling factors for their effective uptake in decision- and policy-
making for biodiversity and aquatic ecosystem services conservation.

We often demand clear-cut definitions: obvious, without any need of proof,
unambiguous, unequivocal. However, demanding rigidly defined areas of doubt
and uncertainty is a challenging exercise. Grasping at straws to some extent.
Social-ecological systems such as aquatic ecosystems are highly adaptive and
complex. How could one expect their management to be defined in an indisputable
way if characterised by adaptability and complexity (Preiser et al. 2018)? Nonethe-
less, this is far from being a futile exercise since it also provides useful insights for
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the practical implementation of these management approaches (see Robinson and
Culhane 2020 for further details on complexity, EBM and a framework to assess
linkages).

1.1 The Many-Sided Definition of Ecosystem-Based
Management

According to the outcomes of the AQUACROSS research project,1 Ecosystem-
Based Management (EBM) can be understood (Gómez et al. 2016) as

any management or policy option intended to restore, enhance and/or protect the resilience
of the ecosystem.

As such, EBM would stand for any course of action intended to improve the
ability of an ecosystem to remain within critical thresholds, to respond to change,
and/or to transform, so that a new equilibrium or a new evolutionary path follow
(ibid.).

When applied to aquatic ecosystems, EBM can be said to set the foundations for
effective and widely applicable management concepts and practices. Yet, one may
think that EBM actually lacks a definition (and a universal ‘grammar’), which may
hinder implementation (Long et al. 2015, 2017; Willaert et al. 2019); that EBM
requires extensive data and sophisticated modelling (Addison et al. 2019); that EBM
is linked to naïve attempts to describe complex and adaptive systems, squeezing the
universe between our fingers; and, on more practical grounds, that there are neither
enough resources to deliver EBM approaches (Curtice et al. 2012) nor a clear
mandate and institutional setup for EBM in prevailing legislation (Nilsson and
Bohman 2015; Link et al. 2019). Harwell (2020) presents a non-exhaustive overview
of the broad suite of U.S. federal environmental laws and regulations linked to
ecosystem services and a survey of the legal scholar literature on the topic in the
U.S. environmental law. The combined outcome of all these premises, whether
utterly true or false, is definitely limiting the ability of EBM to deliver, let alone in
aquatic ecosystems as shown in Langhans et al. (2018). As a matter of fact, EBM is
often defined using combinations of underlying principles (Long et al. 2017). EBM
aims at ensuring that choices do not negatively affect ecosystem functions, so that
the delivery of aquatic ecosystem services and benefits stemming from them can be

1AQUACROSS was a Horizon 2020 project aimed to support EU efforts to protect aquatic
biodiversity and ensure the provision of aquatic ecosystem services. As such, AQUACROSS
sought to advance knowledge and application of ecosystem-based management (EBM) for aquatic
ecosystems to support the timely achievement of the EU 2020 Biodiversity Strategy targets.
AQUACROSS has received funding from the European Union’s Horizon 2020 Programme for
Research, Technological Development and Demonstration under Grant Agreement no. 642317.
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sustained in the long term. This makes EBM highly relevant to maintain and restore
connections between social and ecological systems (Keesstra et al. 2018).

Social-ecological systems (SES) are therefore complex and adaptive systems that
should be analysed in a holistic, integrated way (see Ostrom 2009). On the one hand,
through the notion of SES, one can analyse the detrimental consequences over
ecosystems that result from the satisfaction of multiple demands of services provided
by nature and to society. As in Fig. 1 (see below), this could be seen as the demand
side of the “butterfly” used to represent a SES. It shows how the demand and use of
naturally provided services is an outcome of social processes, including markets and
governing institutions, and determined by multiple factors (such as population and
economic growth, climate change, technological progress, etc.). These demands of
services result in pressures over ecosystems and further changes in their structure.
On the other hand, one can analyse the potential of ecosystems to continue delivering
ecosystem services on which human life, the social system and the ecological system
itself depend upon, and how this all affects human wellbeing. This is the supply side,
which if analysed can shed light on the functioning of ecosystems and how changes,
induced by human actions, are linked to human wellbeing and sustainability.

EBM is also a way to address uncertainty and variability in ecological systems
(Link et al. 2012) that, by definition are dynamic (DeFries and Nagendra 2017), in an

Fig. 1 Social-ecological systems as interlinked, complex, adaptive systems. Source: Gómez et al.
(2016)
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attempt to embrace change, to learn from the past and to design and implement
adaptive policies throughout the management process (Schultz et al. 2015). In other
words, in the absence of sound governance frameworks and inclusive models
(covering a wide range of social actors), EBM seems deemed flawed, as in the
case of relevant sectoral policies such as the EU Common Agricultural Policy (Pe’er
et al. 2019) or the Common Fishery Policy (Lado 2016). On the contrary, if properly
designed and implemented, EBM rather shows the flexibility to identify uncer-
tainties and incorporate those into decisions (through exploration of alternatives),
and to adapt to error or uncertainty through an iterative review of progress toward the
goal for which an EBM-based plan was developed.

By explicitly factoring in the full range of ecological and social interactions and
processes necessary to sustain ecosystem structure, functions and services, EBM
seems to offer great expectations for aquatic ecosystems management (Tallis et al.
2010; Langhans et al. 2018, 2019). One of the potential advantages of EBM is that,
in principle, it should go well beyond conventional scientific and policy practice.

All dimensions of this multi-layered definition of EBM foster integration across
ecological and social systems (Collins et al. 2011), explicitly address the need for
sustainable patterns of resource use (Grehan et al. 2009), acknowledge interspecies
relationships (Long et al. 2015), and call for the consideration of ecological thresh-
olds and other environmental limits (Samhouri et al. 2017; Möllmann et al. 2015).
Basing management decisions on the ecosystem entails that planning needs to be
adapted to the dynamics of the whole ecosystem to at least preserve, if not to
enhance, their potential to delivering services and benefits society depends upon.

Albeit difficult, describing is always simpler than analysing; defining may also be
easier than understanding. Stefan Zweig, in Chess Story (Zweig 2011) said:

We are happy when people/things conform and unhappy when they don’t. People and events
don’t disappoint us, our models of reality do. It is my model of reality that determines my
happiness or disappointments.

It is critical to note that all definitions of EBM have some common features but
mainly differ in their view of the connections between ecosystems and society,
which has clear implications in terms of modelling (see Fulford et al. 2020 for a
detailed discussion on mathematical modelling for EBM and ecosystem services).

1.2 Disambiguation of the Concept

There may be good reasons to believe that EBM does not add too much value if
compared with the so-called ecosystem approach (EA), such as introduced by the
Secretariat of the Convention on Biological Diversity (CBD 2008) (see Enright and
Boteler 2020 for a deep review of the implicit origins of the approach and its
subsequent adoption in marine International Law). As a matter of fact, a number
of authors still use the latter expression rather than the former (Bennett et al. 2015;
McIntyre 2019). According to CBD (ibid.)
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the ecosystem approach is a strategy for the integrated management of land, water and living
resources that promotes conservation and sustainable use in an equitable way. Thus, the
application of the ecosystem approach will help to reach a balance of the three objectives of
the Convention: conservation; sustainable use; and the fair and equitable sharing of the
benefits arising out of the utilization of genetic resources.

The EA can be considered as a management approach that takes the ecosystem
itself as the relevant scale (time and space wise, but also on organisational grounds)
but this can only be inferred from some of its 12 principles. For instance, principle
5 states:

conservation of ecosystem structure and functioning, in order to maintain ecosystem ser-
vices, should be a priority target of the ecosystem approach.

Principle 6 in turn adds:

ecosystems must be managed within the limits of their functioning.

Finally, principle 7 stresses upon the fact that

the ecosystem approach should be undertaken at the appropriate spatial and temporal scales.

Beyond linguistic flourishes, the EA could certainly be considered an ecosystem
approach to management, hence quite close to the notion of EBM, although other
authors add some nuances (Kirkfeldt 2019). Do fine distinctions between these terms
essentially matter? Not quite, within this context. . . One may actually argue that the
EA does not preclude any other conservation approaches applied to aquatic ecosys-
tems; hence, it may be compatible and consistent with such approaches, such as
EBM (if considered a beast of a different coat), integrated water resources manage-
ment (IWRM), integrated coastal zone management (ICZM), etc. In fact, these
approaches may support the implementation of the EA in different biomes (Gómez
et al. 2016).

As above, EBM emphasises on considering ecosystem connections (something
that is actually coherent with the EA), dealing with adequate spatial and temporal
scales, promoting adaptive management, deepening integration, accounting for the
dynamic nature of ecosystems, etc. As in Sect. 1.1, there is no single agreed-upon,
canonical definition for EBM, which sometimes is even referred to as the EA itself
(Kirkfeldt, op. cit.).

Unlike the Common Classification of Ecosystem Services (CICES) (Haines-
Young and Potschin 2018), for example, which was created ad hoc to homogenise
a typology, not more than an accounting system, just as many other typologies,
indicator sets, mapping exercises, databases, etc., this book is meant to shed light on
available conceptual and management approaches, rather than to create a new
‘taxonomy’ of EBM definitions.

Further to the notions of EA and EBM, not more than a decade ago practitioners
such as the International Union for the Conservation of Nature (Cohen-Shacham
et al. 2016) and the World Bank (MacKinnon et al. 2008; Browder et al. 2019; Erin
Gray et al. 2019) did coin the term Nature Based Solutions (NBS) (Davies and
Lafortezza 2019), which has pervaded global discussions on water resources
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management since the release of the World Water Development Report 2018
(UNESCO 2018).

Some of those NBS, for instance, aim at restoring and conserving aquatic
ecosystems via natural means. Those NBS can take the form of green infrastructures
intended to maintain and enhance landscape, soil cover, and groundwater sources in
order to improve their natural traits, the ecological services and other abiotic
components they deliver, and to favour climate change adaptation and reduced
vulnerability to extreme events and water quality degradation. The distinctive
character of NBS would then have to do with their single purpose (i.e. conserving
aquatic ecosystems), but also with a specific set of means (i.e. natural ones).

This example clearly underlines some distinctive features of NBS. On the one
hand, not every solution that is effective on environmental grounds (e.g., increasing
water recharge rates in groundwater bodies) is a NBS. On the other hand, NBS are
interventions over ecosystems: they use natural processes rather than replacing
nature, hence emulating ecological functions. It is also clear that, as in the case of
the example above, the intended environmental outcome (i.e. recharging an aquifer)
is not the end but the means that makes these NBS relevant for EBM of those aquatic
ecosystems. Last but not least, it should also be mentioned that NBS are not simply
means to reset a spoiled ecosystem to its pristine state, which is often not a feasible
endeavour (if possible at all), but rather to adapt prevailing developments so as to
enhance or to recover ecosystem functions that were either fragile or have been lost
altogether.

As in EC (2015), NBS are

living solutions inspired by, continuously supported by and using nature, which are designed
to address various societal challenges in a resource-efficient and adaptable manner and to
provide simultaneously economic, social, and environmental benefits.

Maes and Jacobs (2017), in turn, add further conceptual clarity when defining
NBS as

any transition to a use of ecosystem services with decreased input of non-renewable natural
capital and increased investment in renewable natural processes.

Nesshöver et al. (2017) stress, though, that NBS need to be developed and
discussed in relation to existing concepts to clarify their added value.

Along these lines, Integrated Water Resources Management (IWRM) can argu-
ably be presented as an empirical concept more than a theoretical one (Smith and
Clausen 2015). It was also built up from the actual experience of practitioners. The
concept has now long been used (since the first global water conference, the United
Nations –UN– Water Conference, in Mar del Plata, Argentina, on March 14th,
1977), even if practice is still limited to some areas of the world such as the
European Union or Australia, to name a few. However, it was not until the UN
Conference on Environment and Development (Rio, Brazil, 1992) that the concept
was refined and became the object of wide discussions as to its practical implica-
tions. GWP (2000) states:
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IWRM is a process which promotes the co-ordinated development and management of
water, land and related resources, in order to maximize the resultant economic and social
welfare in an equitable manner without compromising the sustainability of vital ecosystems.

IWRM could therefore be seen as a wider notion, which could benefit from the
design and implementation of EBM approaches.

Quite the same applies to Integrated Coastal Zone Management (ICZM). EC
(2012), concerning the implementation of ICZM echoed the previous recognition of
EC (2000) that coastal management lacked vision and was based on a very limited
understanding of processes and dynamics in coastal ecosystems, as a result of the
gap between scientific research and data collection, and end-users (see also Lewis
et al. 2020 for a detailed review on the complexity and disparity of results from
applying the existing coastal and estuarine ecosystem goods and services models and
tools).

To cover the aquatic ecosystems continuum, Marine Spatial Planning (MSP, see
Pauli 2010), has often been mentioned as an ecosystem-based approach. Through
analysing and allocating parts of marine ecosystems to specific uses in order to meet
ecological, economic, and social objectives, MSP integrates across economic sectors
and among agencies, delivers adaptive approaches, and is focused on longer time
frames. Le Tissier (2020), provides an insightful review on the relationship and
contradictions regarding the juxtaposition of EBM and ICM and MSP.

IWRM and ICZM, let alone MSP, are all processes that entail a new fashion of
governance, one that goes well beyond conventional and restrictive views based on
integrity, stakeholder engagement, transparency and accountability or mere institu-
tional reforms, and progresses towards mastering complexity, thus considering the
redesign of incentives, horizontal and vertical coordination of sectoral policies,
promoting innovation at different levels, etc. (such as in the OECD Water Gover-
nance Programme, for instance: OECD 2011).

Further to these conceptual approaches, a number of policy initiatives have
sparked the development of a wide range of assessment frameworks and decision
support systems for EBM (Harvey et al. 2017; Link and Browman 2017; Alexander
and Haward 2019; Lago et al. 2019). Yet, a major challenge remains as to the design
of an operational framework that links, in an efficient way, the assessment of
biodiversity and ecological processes and their meaningful consideration in
decision-making processes (and not just in policy making), despite recent progress
(Langhans et al. 2018; Gómez et al. 2017; Do Yun et al. 2017). EBM faces both
conceptual and functional limitations, in particular with regards to the lack of explicit
acquaintance of the ecosystem services concept (Jordan et al. 2012), critical to
connect ecological analyses with social wellbeing; a certain bias towards ecological
dimensions rather than a balanced approach embedding social-ecological processes
(Berkes 2012), which would enhance a more holistic understanding of relevant
dynamics and feedback loops. Trade-offs, uncertainties, and non-linearities inherent
in the management of aquatic ecosystems are somehow downplayed, when not
overlooked at all (Curtin and Prellezo 2010; Culhane et al. 2020).
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2 Distinctive Features of Ecosystem-Based Management
of Aquatic Ecosystems

Despite a certain amount of uncertainty and lack of conceptual clarity, there has been
some evolution in the policy use of EBM (Gelcich et al. 2018). There is an actual
policy need for a consolidated, practical definition of the term that addresses its
different dimensions: understanding complex and adaptive social-ecological sys-
tems, resilience thinking (Curtin and Parker 2014), accounting for ecosystem func-
tions and services, favouring multi-functional responses, etc.

EBM of aquatic ecosystems should therefore be assessed, designed and
implemented so as to solve specific problems, and these solutions are often likely
to maximise contributions to the resilience of social-ecological systems as a whole.
Understanding the enabling conditions (see Sect. 3.3 of this chapter) that foster
cooperative behaviour, or the factors that hinder it, is of chief importance for the
design and implementation of EBM approaches. Progress in evolutionary theory
(Di Marco et al. 2019; Wasser 2013) and game theory (Arfanuzzaman and Syed
2018; Punt et al. 2014) have been considered as particularly auspicious.

Identifying biodiversity policy challenges and assessing different alternatives to
address them is far from being just a purely scientific or political endeavour. This
daunting task requires both a conducive policy process and harnessing scientific
knowledge to face stakeholders throughout with the outcomes of their own choices
and to support them across the whole policy cycle. There is no such thing as good
science or good policy: the former should address societal challenges; the latter, in
turn, should be based on evidence.

Due to the complexities involved in aquatic social-ecological systems, it is clear
there is neither a design of a one-size-fits-all EBM approach nor just one EBM
implementation path. Additionally, it is critical to understand that more science may
not necessarily close the existing knowledge gaps. Rather, each individual situation
may need to be considered in its institutional and political setting and requires
consideration of site-specific trade-offs.

Under an EBM approach science is neither only intended to inform nor to make
technically feasible and sound decisions. It is rather a means to build a credible
knowledge base through dialogue between stakeholders and scientists. Sharpe et al.
(2020) provide more information on the benefits of Structure Decision Making–
SDM and Decision Support Tools–DST in engaging with stakeholders and
supporting decision makers; Lewis et al. (2020) also shed light on a community-
based decision support framework and tool for quantifying trade-offs in ecosystem
goods and services.

It is often argued that EBM approaches are characterised by their contribution to
ecological integrity, biodiversity, resilience and (in some versions, as in Granek et al.
2010 for coastal ecosystems) to ecosystem services delivery; by their use of scientific
knowledge and appropriate spatial scales (Qiu et al. 2018), their acknowledgement
of social-ecological connections, stakeholder engagement and accountability
(Nunan et al. 2018); by transdisciplinarity and integrated management (Pires et al.
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2018; Carmen et al. 2018) and by their adaptiveness (Long et al. 2015). However,
unlike common wisdom, EBM does not exclusively show those features and several
approaches that are not based on the ecosystem may well do so.

What could be said to be specific of EBM for aquatic ecosystems?

• Holistic. EBM gives consideration to ecological and social factors, which
demands interdisciplinary knowledge and prominence to water governance
and the relationship among aquatic species as well as with their abiotic
environment. EBM protects the integrity of aquatic ecosystems as a means
to preserve a complementary array of ecosystem services as well as to
preserve aquatic biodiversity in its own right. EBM thus acknowledges
social-ecological interactions (necessarily including terrestrial ecosystems
too) and seeks inclusive policy-making processes that favour transparency,
accountability and provide a better framework so as to make different
stakeholders understand why they make the decisions they make.

• Multi-functional. Unlike more conventional approaches to biodiversity and
ecosystem conservation that focus on single benefits, EBM is characterised
by multiple functions and benefits, thus being able to strike the balance, at
once, between different policy domains. To put it in a different way, EBM
aims at maximising the joint value of all aquatic ecosystem services and
abiotic components, rather than focusing only on the delivery of single
services, such as drinking water, water for irrigation, natural assimilation
capacity of pollution, etc.).

• Based on evidence. Just like other management approaches, EBM is based
on scientific knowledge. This is but solemnising what is obvious, though.
What makes EBM stand out is the kind of scientific knowledge that is
mobilised, as well as the way in which this is factored into decision-making
processes. The role of science in EBM is two-fold: on one side, it is
intended to be relevant for policy —and decision-making—; on the other,
it is essential for the credibility of social knowledge and for the legitimacy
of policy decisions it intends to inform and improve. Needless to say, in
addition to scientific knowledge, traditional knowledge on ecosystem man-
agement (Joa et al. 2018) also provides critical insights.

• Mindful of the spatial scale (and ecological organisational levels). Man-
agement based on the aquatic ecosystem is much more challenging and
sophisticated than managing single water bodies (or even watersheds). This
might imply devolution to local communities, but may also require action at
higher levels through, for example, transboundary or even global cooper-
ation. EBM decisions are to take place at the appropriate level and scale,
taking into account aquatic ecosystem boundaries but also complex
interlinkages and adaptive processes. Actually, EBM keeps a close rela-
tionship with the notion of meta-ecosystem (Loreau et al. 2003). This

(continued)
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concept provides a powerful theoretical tool to ascertain the emergent
properties that arise from spatial coupling of local ecosystems, such as
global source-sink dynamics, diversity-productivity patterns, stabilisation
of ecosystem processes, and indirect interactions at landscape or regional
scales.

• Across the water continuum. Not only complex interactions within the
social-ecological system are considered, but also the relationships among
aquatic realms (i.e. freshwater ecosystems, coastal ecosystems and transi-
tional waters, marine ecosystems), including unknown and unpredictable
effects.

• Calling for policy coordination. By definition, EBM calls for (horizontal—
across sectoral policies— and vertical—in multi-level governance systems,
across different levels of government within the same sectoral policy —)
policy coordination. As EBM requires cooperative agreements and collec-
tive action to share the range of aquatic ecosystem services obtained across
different stakeholders and policy domains, and by seeking to balance
ecological and social concerns, as above, these approaches open new
opportunities of concurrently pursuing different policy objectives.

• Adaptive and dynamic. EBM is a way of adaptive management. Aquatic
ecosystem processes and functions are complex and variable. Through
acknowledging that there are no optimal solutions and that the future is
uncertain, EBM seeks to build or strengthen adaptation capacities by
restoring critical aquatic ecosystems and supporting social abilities to
respond to a range of possible future scenarios. Low-hanging fruits of
management interventions in the short term should be weighed against
longer-term benefits of alternative actions. Uncertain events may alter
long-term goals or show new, alternate lines of action. As a result of that,
not only those aims but also management approaches to reach them should
be regularly revisited, hence making monitoring critical so that indications
of potential opportunities or difficulties are spotted sufficiently in advance.

3 Enabling Factors for the Effective Uptake
of Ecosystem-Based Management

Beyond contributions to conceptual clarity, what seems more important is what
makes EBM feasible, i.e. the enabling conditions for this kind of management
approaches to happen in practice. Other chapters in this book (quote) will address
some of those practical dimensions more specifically. In this chapter we discuss
these factors from a conceptual point of view.
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3.1 Moving Away from Conventional Praxis in Ecosystem
Management

It is very often the case that management toward a single goal often underestimates
consequences or dependencies on other parts of ecosystems. For instance, traditional
approaches to biodiversity conservation tend to focus on single pressures and
specific impacts, flagship umbrella species (Kalinkat et al. 2017), hotspots (March-
ese 2015), lack of integration of traditional and scientific knowledge (Sutherland
et al. 2014). This is not to say that there is not utility in species-centred conservation
approaches. Surrogate species remain popular as they provide useful and necessary
shortcuts for some conservation programmes (Caro 2010). As a matter of fact, it is
not only a question of the object of conservation programmes but rather about
management approaches themselves. Those programmes achieve measurable out-
comes (Herzon et al. 2018); however, positive results in the conservation of
emblematic species may come at the expense of degrading resilience and increasing
vulnerability.

From a management and policy perspective, conventional approaches are based
on sectoral (and frequently conflicting) policies. On the contrary, EBM offers a
promise of making the multiple co-benefits linked to the enhancement of the
ecosystem overall visible. EBM opens new possibilities to meet different policy
objectives simultaneously and quite often through cooperative approaches and
policy synergies. The so-called nexus perspective is a good example of this (see
Venghaus and Hake 2018, for an overview of nexus thinking in EU policies, or
Zhang et al. 2018, for a specific application to hydropower generation).

Traditional ecosystem management approaches also tend to maximise the deliv-
ery of some ecosystem services (with a bias towards productive ones, such as
drinking water, water for irrigation. . .) whilst impairing the ecosystem’s capacity
to deliver other services, including those linked to self-regulation and support.
Traditional management has overreached in altering ecosystems for a single pur-
pose. Emerging EBM, in contrast, finds opportunities in benefits stemming from the
restoration of natural features. See, for instance, Sklar et al. (2019), where coastal
risk reduction (i.e. storm protection through wave attenuation) and resilience
(i.e. flood storage compensation schemes) come in the form of protection, enhance-
ment and restoration of natural features such as mangroves, coral reefs, seagrass
beds, sand dunes, inter-tidal and sub-tidal wetlands, mudflats, floodplains, salt
marshes, etc.

An additional feature of conventional approaches is the neglect (to a very
different extent) of the inherent uncertainties of social-ecological systems and the
adoption of mostly deterministic approaches to future challenges when modelling
the consequences of future scenarios. EBM necessarily separates from optimality
(see Heal et al. 2001 for a seminal discussion on challenges posed by the transition
from optimality to sustainability) and, through acknowledging irreducible uncer-
tainties, emphasises on the relevance of building adaptability. The idea of building
adaptation capacities, by the way, is far from being just one of restoring critical
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ecosystems (or ecosystem functions and processes), but also of strengthening social
abilities (i.e. investing in social capital) to respond in a robust way to a range of
possible futures.

In summary, EBM underlines the trade-offs between focusing on one single
species, pressure, impact, sector, or ecosystem service, and adopting a more complex
approach. In other words, EBM offers the possibility to discern between planning for
the long-term or get caught in a series of lock-ins: technological, analytical, and
institutional (Lukasiewicz et al. 2016), which clearly hinder adaptability.

3.2 Adaptive Governance of Aquatic Ecosystems

Schultz et al. (2015) defined governance as “the structures and processes by which
people in societies make decisions and share power, creating the conditions for
ordered rule and collective actions, or institutions of social coordination” (p. 7369).
It is precisely the recognition of the above-mentioned lock-ins that supports the idea
that ecosystems have to be governed. This implies, among other things, overcoming
(impact) remedial, reactive, mostly unplanned, ad hoc approaches to ecosystem
management in favour of pre-emptive, proactive, planned, collective, and coordi-
nated decisions. To put it in a different way, EBM provides an opportunity for
adaptive governance leading to higher social-ecological resilience (as Boyd et al.
2015 suggested).

There is a binding constraint for collective action, though: EBM is a leap in the
dark or, at best, a chimera in the absence of a strong and enabling institutional setup
(Börgström et al. 2015). As DeFries and Nagendra (2017) put it, ecosystem man-
agement is very much a “wicked problem”, with no straightforward solution.
Focusing on ecosystems rather than on single species or functions or processes
requires defining specific spatial, temporal and organisational scales of ecosystem
services provision. This, of course, has implications in turn for the appropriate scale
and structure of ecosystem management institutions.

“Good governance” has gained momentum in the discussion about EBM (Long
et al. 2015; Soma et al. 2015; Schultz et al. 2015; Gunderson et al. 2016; Bodin
2017; Bundy et al. 2017; Link et al. 2019). As Grindle (2010) pointed out,

good governance is a good idea. We would all be better off, and citizens of many developing
countries would be much better off, if public life were conducted within institutions that
were fair, judicious, transparent, accountable, participatory, responsive, well-managed, and
efficient [. . .] Who, after all can reasonably defend bad governance? [. . .].

Good governance, though, carries a similar virus to EBM: the appeal of the idea
somehow outpaces its capacity to deliver. It is sure-fire that EBM demands trans-
parency, inclusiveness, a good knowledge base, the appropriate spatial scale, policy
coordination, etc. Yet, aren’t these defining characteristics of good public policy
overall?
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An effective uptake of EBM requires adapting prevailing institutions and policy-
making processes and jumping the fence to address challenges of a political nature.

Firstly, it is important to stress upon the idea that EBM is a means to an end. This
entails that the objectives of EBM need to be defined and this requires the identifi-
cation of what set of ecosystem services may be sustainably delivered as well as their
relative importance. Beyond what Irvine et al. (2016) call shared values, it is a fact
that there is a number of asymmetries (information, preferences, etc.) that explain
why different individuals value ecosystem services in a different way (see Harwell
et al. 2020 to deepen on the role of Strategic Communication in EBM for overcom-
ing information asymmetries). Key to achieving mutually beneficial situations for
biodiversity and ecosystem services is identifying those differences and trade-offs
between users (Cavender-Bares et al. 2015, and also DeWittt et al. 2020 for a
discussion on beneficiary-centric orientation supporting EBM). Indeed, what is
special about EBM is that it gives prevalence to this collective choice, which
makes everyone accountable for her or his own decisions.

Secondly, balancing trade-offs between ecosystem services and users requires
finding the best way to meet pre-defined environmental objectives. This can be done
through a number of alternatives. Choices between alternative courses of action are a
collective endeavour, which also entails trade-offs: between short-term opportunity
costs and long-term benefits, mitigated pressures and weaker provision of productive
services or enhanced long-term water security, tackling critical events or managing
risks and resilience, etc.

Foremost, seizing opportunities stemming from EBM demands a meaningful
change of our mind-set. Whilst traditional measures are designed to respond to a
particular challenge, EBM is linked, as above, to multiple ancillary benefits and may
simultaneously contribute to various policy objectives, well beyond their intended
outcome. The essence of EBM is precisely to be able to reap off the benefits of
synergies across different ecological and policy realms. Nonetheless, current assess-
ment methodologies such as optimisation models or cost-effectiveness analysis tend
to be limited to account for multiple benefits, hence biasing decisions against EBM
solutions, but also for uncertainty (Borgström et al. 2015), consideration of local
trade-offs and disservices (Traoré et al. 2018), integration of ecosystem services in
land and landscape planning and management (Turkelboom et al. 2018; Grêt-
Regamey et al. 2017; Arkema et al. 2015), non-linearities (Grêt-Regamey et al.
2014), and non-convexities (Hyytiäinen et al. 2015).

4 Conclusion

Most of us do not internalize that a social-ecological system is a complex entity,
dynamic and adaptive both on ecological and social grounds. Virtually all readers
would be willing to say they are perfectly aware of that assertion; some could even
explain what it connotes beyond its primary or more literal meaning. Yet, most of us
would overlook that evidence when making choices affecting ecosystems. Similar to
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our brain which has one side (left) that helps us think logically and organize thoughts
to build sentences, and another one (right) that helps us experience emotions and
interpret nonverbal cues, our way of approaching the management of social-
ecological systems responds in many ways to that dualism. As Kahneman (2011)
would put it: we think fast and slow.

On the one hand, we feel driven to make decisions related to survival
(i.e. withdrawing water from ecosystems for irrigation agriculture or drinking
water supply). On the other, another part of us leads us to connection, complexity,
and relationships. The key to progress in aquatic biodiversity and ecosystem con-
servation is to contribute, within the context of EBM, to both dimensions operating
altogether. For the ecosystem to be genuinely healthy, all (specialized) elements of
the social-ecological system must be integrated. That is, each element of the system
has to perform its individual function while operating as part of the whole. Integra-
tion is neither more (but not less) than that: to bond different elements, already
combined de facto (although sometimes they may have been disconnected, the
reason why some interventions are aimed at restoring connectivity), so that the
whole system works properly. Integration, inherent in EBM approaches, coordinates
and balances those individual parts.

In recent decades, scientists from different disciplines have managed to develop
assessment frameworks and even technologies that allow us to better understand the
causal relationships between biological diversity and ecosystem services, between
different types of ecosystem services, or between ecological processes and functions
and social well-being (precisely through the notion of ecosystem services). How-
ever, none of them seems to guarantee that trends in biodiversity loss in aquatic
ecosystems are reversed or that they are managed in a more integrated way. We have
more information about aquatic ecosystems, somehow we know them better; yet,
this does not always ensure that we understand how these complex and adaptive
social-ecological systems do work.

Following the analogy regarding our brain, as above, one of the most relevant
findings in scientific literature is the plasticity and ductile nature of our brain. The
same applies to social-ecological systems to some extent: that is, they are systems
that always change and not only at certain stages of their evolution. What modifies
those systems? In essence, a series of experiences does. Depending on decisions and
pressures on aquatic ecosystems, different parts of the ecosystem are activated and
the way they do so to respond (as is also the case in social systems) determines the
health of these socio-ecological systems and their level of biodiversity. Different
connections then become more sophisticated and the system is reconfigured. There is
some good news in that evidence: no social-ecological system, provided certain
thresholds are not irreversibly exceeded, is a slave to each of these decisions and
responses (both human and ecological). Thus, EBM approaches can intervene so that
ecosystems become healthier and we result happier. The genetic diversity of aquatic
ecosystems at stake plays an important role in how to respond to multiple pressures.
However, as decisive or more than that genetic component is everything that
happens in these social-ecological systems. In other words, beyond the basic
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‘architecture’ of ecosystems, it is our choices that truly determine whether social-
ecological systems evolve in a resilient and integrated way or not.

The integration inherent to the EBM concept precisely consists in facilitating the
above-mentioned reconfigurations of social-ecological systems, in favouring the
connections between the different parts of them. When these links are cooperative,
the elements that integrate are created and strengthened.
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