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Abstract

Although the consideration of socio-economic demands with biodiversity conservation is now high on
the environmental policy agenda, it is not yet standard practice in spatial planning. This is argued to
be related, amongst others, to a lack of awareness among stakeholders and practitioners of the
underpinning role of ecosystem functioning and biodiversity to support human well-being. Meanwhile,
there is mounting critique on the absolute focus of biodiversity conservation on static properties such
as species and habitats. The establishment of more ecologically sensible objectives that include
ecosystem processes besides species and habitats is put forward as a more effective way of
environmental conservation. Methodological approaches increasingly consider ecosystem processes.
However, the processes that are included mostly relate to aspects of biodiversity such as dispersal and
productivity, and rarely do they include abiotic mechanisms that underlie biodiversity. We here report
on the development of a method that integrates two principles which we identify as key to advance
the integration of ecosystem services with biodiversity conservation in planning practice: (1) consider
the variety of ecosystem processes, biotic as well as abiotic, that support biodiversity and ecosystem
services, and (2) link the ecosystem processes to biodiversity and to socio-economic benefits to identify
the common ground between seemingly conflicting objectives. The methodology uses a stepwise
approach and is based on an extensive review of available knowledge on ecosystem functioning, expert
consultation and stakeholder involvement. We illustrate how the methodology supports the setting of
strategic goals to accomplish a healthy coastal ecosystem in Belgium, and exemplify how this may
affect spatial plans. The aim of this paper is to demonstrate how including processes opens
opportunities to align biodiversity and ecosystem services and how this increases chances to provide
long-term benefits for biodiversity and human well-being. The paper may provide inspiration to

advance current spatial planning approaches.
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1. Introduction

Given the fast growth of the world population, safeguarding the necessary space to protect
biodiversity and ensuring natural processes is a major challenge worldwide for spatial planning both
on land and at sea. Over the past decades, different concepts have been established that aim to find
compatibilities between nature conservation and socio-economic development. The ecosystem
approach (CBD, 2004), marine spatial planning (MSP) and ecosystem-based management (McLeod et
al., 2005) all focus on combining biodiversity conservation and sustainable and equitable use rather
than onisolated, sectoral objectives such as individual species/habitats or economic benefits. In recent
decades, the notion of ecosystem services (ES), which connects aspects of ecosystem functioning to
human well-being and underlines the dependency of humans on ecosystems, gained a lot of attention.
Highlights are the publications of the Millennium Ecosystem Assessment (MEA) in 2005 and The
Economics of Ecosystems and Biodiversity (TEEB) in 2010, and the foundation of the Intergovernmental
Panel on Biodiversity and ES (IPBES) in 2012. Although they have contributed to increasing awareness
on the contribution of nature to human well-being, conservation and spatial planning are still often
focused on achieving sectoral objectives (Liu et al., 2015; Ortiz-Lozano et al., 2017; Pires et al., 2018)

and true integration of ES with biodiversity is not yet standard practice (Guerry et al., 2015).

Biodiversity conservation has long focused on the preservation of individual species (assemblages) and
habitats (Jepson, 2016). However, ecosystems evolve through biophysical interactions and complex
ecological processes taking place on spatial and temporal scales beyond the boundaries of a single
habitat. It is increasingly recognized that conservation efforts are more successful if also ecological
processes are considered (Klein et al., 2009; Bennett A.F. et al., 2009; Magris et al., 2014; Perring et
al., 2015; Watson et al., 2016; Pettorelli et al., 2018). Likewise, research in ES has shown that decision-
making based solely on structural properties such as land use and habitat can result in strongly adverse
effects (Eigenbrod et al., 2010; Van der Biest et al., 2015) and calls for a consideration of ecosystem

processes (Kremen et al., 2005; Nicholson et al., 2009; Rieb et al., 2017).
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Conservation approaches that take into account processes often only consider biotic processes such
as dispersal and succession (Tulloch et al., 2016; Pires et al., 2018), while abiotic processes tend to be
underrepresented (e.g. Edwards et al., 2010; Berglund et al., 2012; D’Aiola et al., 2017). Ockendon et
al. (2018) identify the inclusion of the variety of natural processes, both biotic and abiotic, as an
essential progress towards biodiversity and landscape restoration. Especially when integrating ES, the
role of including biotic and abiotic processes becomes more prominent as they are the driving
mechanisms for these benefits (Kremen et al., 2005; Nicholson et al., 2009; Haines-Young and Potschin,
2010; Rieb et al., 2017). Management of ecosystem processes thus constitutes a key approach for both
biodiversity and ES optimization (Reyers et al., 2012; Liu et al., 2015; Perring et al., 2015; Truchy et al.,

2015).

Recent work that integrates ES with biodiversity is often based on co-occurrence mapping of high
values for both objectives (Martinez-Harms et al., 2015; Schréter and Remme, 2016; Hermoso et al.,
2018; Hou et al., 2018). However, this may result in conflicts between competing objectives (Egoh et
al., 2010), without providing guidance on how to deal with these trade-offs. In some cases, a distinction
is made between biodiversity-compatible and non-compatible ES (e.g. Hermoso et al., 2018) and win-
wins for both (e.g. Naidoo et al., 2008; Lanzas et al., 2019). Mostly provisioning ES are considered not
to be compatible with biodiversity and with other ES (Rodriguez et al., 2006; Raudsepp-Hearne et al.,
2010). This requires an a priori decision on how trade-offs will be dealt with in planning, leaving
opportunities for multifunctionality and for turning trade-offs into synergies (Maes et al., 2012)
underexplored. A more clear representation of the underlying processes that cause the trade-offs and
information on the different links of these processes to ES and biodiversity values is needed to advance

the integration of ES with biodiversity in spatial planning.

We here report on the development of a method that integrates two principles which we identify as
key to advance the incorporation of ES with biodiversity conservation in spatial planning: (1) consider

the variety of ecosystem processes (biotic and abiotic) that support biodiversity and production of ES
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and (2) link the ecosystem processes to biodiversity and to socio-economic benefits to identify the
common ground between these seemingly conflicting objectives. By considering ecosystem processes
in early stages of spatial planning, the method aims to support the development of spatial plans that

safeguard long-term benefits to biodiversity and ES.

We illustrate its use in light of the development of a future vision for the Belgian coastal ecosystem
which is an intensively used area with high pressures on remaining important biodiversity values and

show how this may affect spatial planning using two detailed examples.

2. Methodology

2.1. Study area

The methodology is explained using the case-study of the Belgian coastal ecosystem. The terrestrial
limit is formed by the transition from polder to dunes, and the marine limit coincides with the boundary
of the Belgian part of the North Sea (Fig. 1). The land part (80 km?) is dominated by dunes under a
protected status as well as degraded dunes used as pasture or private gardens. The dunes are
intersected at two places by estuaries with tidal flats and marshes. The marine zone (3600 km?) is part
of the Southern North Sea and the seafloor is mainly made up of soft sediments with a series of parallel
sand banks hosting a high benthic diversity as a result of the variable topography and sediment
composition (Degraer et al.,2008; Vanden Eede et al., 2014). Densely urbanized areas are left out from
the study as management of open space is the main purpose of the application in the case-study. The
relatively small size and high population density create intensively used land- and seascapes and
jeopardize remaining biodiversity values. Several developments are taking place which will further
increase spatial claims or change the ecosystem (Douvere et al., 2007; Vanden Eede et al., 2014; Van
de Velde et al., 2014) such as blue growth initiatives (e.g. aquaculture, marine biotechnology) and

harbor developments.
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Fig. 1 — Location of the study area consisting of a marine part (continental shelf) and a dune part

2.2. Stepwise approach

Central in the approach is the focus on ecosystem functioning as the motor of a healthy ecosystem
(cfr. the ecosystem approach by CBD, 2004). A well-functioning ecosystem can be defined as a system
which has the ability to maintain its structure and processes over time in the face of external stress
(CBD, 2004). Ecosystems are characterized by structural properties and shaped by underlying
processes that allow them to adapt to changes. Ecosystem processes are here defined as changes in
the stocks or in the fluxes of products and energy resulting from interactions among organisms (incl.
humans), between organisms and their abiotic environment as well as among abiotic parameters.
Ecosystems consist of different habitats, which the Convention of Biodiversity defines as “essential to

the concept of biodiversity conservation, where the aim is to conserve natural habitats supporting the
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preservation of the ecological processes which underpin ecosystem function”. Ecosystem services
likewise result from structural characteristics and underlying ecological processes that form these
structures (Haines-Young & Potschin, 2010). As processes are the drivers of both biodiversity and ES
(Nicholson et al., 2009), they enable to integrate objectives for biodiversity and for ES. This is the key

rationale of the proposed methodology which is described as a stepwise procedure (Fig. 2).

o~

AlM
HEALTHY AND SUSTAINABLE ECOSYSTEM

|

TARGETS

Stepwise approach —<

ECOSYSTEM HABITATS -
SERVICES BIODIVERSITY

STRATEGIC GOALS
ECOSYSTEM PROCESSES

Fig. 2 — Schematized overview of the rationale of the proposed methodology. The stepwise approach supports in the
creation of a future vision described by a series of strategic goals. These strategic goals can be used as guidance in the

development of actual spatial plans.

2.2.1. Step 1: Set term and identify external drivers of change

The first step consists of setting the time scale by which the aim of a healthy ecosystem and associated
goals should be accomplished and identifying the external drivers of change. External drivers of change
refer to processes taking place on large temporal and spatial scales beyond the boundaries of the

ecosystem under consideration, and which are difficult to control by governance only on the local scale
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and within the established term. Both the targeted time frame and the drivers of change will influence
future socio-economic demands (Step 2) and the capacity of the ecosystem to provide certain ES and

to develop habitats and maintain biodiversity goals.

For the low-lying Belgian coast where protection against floods is a major challenge, it was opted to
set the time scale at 2100, which corresponds to the long-term climate change scenario of the
Intergovernmental Panel on Climate Change (IPCC, 2014). Following external drivers of change were
identified: (1) effects of climate change related to more winter rainfall, warmer and drier summers,
ocean acidification due to increased CO,-uptake (Van der Aa et al., 2015) and sea level rise; and (2)
demographic growth (FPB-FOD, 2015). Although an increase in population size in the coastal zone is
expected, the spatial demand for housing is considered not to increase because of restrictions related

to building in dune areas and a tendency to urban infill in Flanders.

2.2.2. Step 2: Identify habitat and ecosystem services targets

In a second step, the habitats and relevant ES are identified. Habitats include all natural or non-natural
environments that host species of biodiversity conservation importance or wild fauna and flora
species. In some ES classification frameworks, biodiversity is included as an ES, e.g. in the category of
non-use values or option values (Gémez-Baggethun et al., 2014). However, biodiversity is not always
positively correlated with ES (Mace et al., 2012), and the benefits of biodiversity-related non-use
values or option values to human well-being are not always tangible (Small et al., 2017). Participatory
spatial planning solely to support ES may thus lead to adverse effects on biodiversity. Therefore,

biodiversity is included as a target aside ES in this methodology.

Habitats can be identified based on biodiversity targets of conservation frameworks for which they
provide opportunities. These include habitats occurring naturally in the ecosystem and non-natural
habitats with important biodiversity values, as well as habitats that are expected to occur in the future,

for example because of active management or environmental changes. The scale on which habitats



171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

are defined should be such that variable effects of processes between habitats (see Step 3) can be
distinguished. If a process has mixed effects within one habitat, it is recommended to divide it into

separate habitats.

Relevant ES are selected based on the capacity of the particular ecosystem and its habitats to provide
these ES and based on socio-economic demands. As the aim of the method is to develop a strategic
vision for the future, it is important not only to consider today’s capacity and demand for ES, but also
future potential demands and needs which may alter under the external drivers of change identified
in Step 1. An ES is considered to be relevant if its economic or social value is (expected to become)

high, or if it is specific to the ecosystem (e.g. fisheries production in marine ecosystems).

For the case study, the identification of habitats was largely based on the NATURA2000 habitat types
and the European habitat classification EUNIS which distinguishes in more detail marine habitats.
Twelve habitats were identified (Table 1) of which distribution and total surface area were derived
from monitoring data and existing cartographic information (Van der Biest et al., 2017b). Artificial
marine structures (jetties, ship wrecks, groynes, wind turbine foundations, ...) were additionally
included because of their ubiquity, potential ecological values (Perkol-Finkel et al., 2012), distinct
ecological functions and ES they may facilitate (Wetzel et al., 2014). A large differentiation was applied
to dune ecosystems in which processes related to sand dynamics and soil development strongly

influence species assemblages (Brunbjerg et al., 2015) and ES (Van der Biest et al., 2017a).

Table 1 — Habitats identified in the development of a strategic plan for the Belgian coastal ecosystem, with indication of
their approximated total surface area in the Belgian coastal zone (km?) and cartographic source. * the definition of the

habitat is based on the definition of EUNIS or NATURA2000 and complemented with additional criteria in this study

Habitat Code EUNIS/NATURA2000 Description Surface

type area

10



(km?)

Pelagic EUNIS A7
Gravel EUNIS A5.13, A5.14, A5.15
beds

Submerged NATURA2000 1110
sandbanks
and

foreshore

Tidal flats NATURA2000 1140, 1310, 1320,
and 1330

marshes

(Artificial)  NATURA2000 1170

reefs *

Estuary NATURA2000 1130

The water column of the Belgian

part of the North Sea

Accumulation of loose grind and

pebbles at the edge of a sand bank

Permanently submerged sandbanks

at variable depths

Habitats of fine sediment in the tidal
zone above low tide and below
spring tide, ranging from bare flats
to densely vegetated on the least

frequently flooded parts

Biogenic reefs formed by dense
concentrations of the sand mason
worm Lanice concilega
(NATURA2000) or fouling
communities on permanently

submerged artificial hard substrata

Downstream part of a river that
discharges in the sea and is subject
to tidal forces and characterized by

a salt gradient, including tidal flats

max.

526.2

524.8

141.4

0.4

11
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194

195

Lower
beach and
emerged

sand banks

Upper
beach and

dune foot

White

dunes

Grey dunes

herbaceous

Grey dunes

—shrub

Dune slacks

NATURA2000 1140

NATURA2000 2110

NATURA2000 2120

NATURA2000 2130, 2150

NATURA2000 2160, 2170, 2180

NATURA2000 2190

and marshes and sand banks with

varying salt gradient

Sand banks above low tide and

below high tide, including beaches

Part of the beach above high tide
where vegetation starts to develop +

embryonic dunes

Young, dynamic dunes dominated
by dune building species such as

marram grass

Dunes fixed by moss or grass, with

reduced sand dynamics and

increasing soil development

Older dunes fixed by shrub and

woodland, with important soil

development

Depressions in the dune landscape
which are temporarily or

permanently flooded by fresh water

1.7

1.2

3.1

5.8

9.1

0.9

Relevant ES were identified using the Common International Classification of Ecosystem Services CICES

v4.3 (EEA, 2016) as reference framework. Additionally, marine-specific ES that were not included in

12
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CICES were selected from the marine typology of ES of Bohnke-Henrichs et al. (2013). An initial
selection of the most relevant ES was made based on the expected demand now and by 2100. From
this list, the ES whose consumption does not threaten ecosystem functioning and sustainability were
not retained (e.g. several cultural ES such as spiritual value and health benefits), since the overall aim
is a strategic vision for a healthy and sustainable ecosystem. This resulted in a list of 8 ES, of which 4
provisioning ES (agricultural production, fisheries production, aquaculture production, drinking water
provisioning), 3 regulating ES (flood protection, climate regulation, water quality regulation) and 1
cultural ES (recreation). This preliminary list was proposed to a multidisciplinary group of experts
(detailed in Supplementary Information Table S2) who added 2 provisioning ES (renewable energy

production and sediment supply), so in total 10 ES were considered.

2.2.3. Step 3: Prioritize ecosystem services and habitats

Next, the ES were given a weight for their anticipated demand in the ecosystem within the defined
time frame and taking into account the external drivers of change (Step 1). A variety of methods exists
to assess socio-economic priorities, but stakeholder involvement is strongly recommended (Keune et
al., 2015). Depending on local conditions and on the goal of application of the method, habitats can be
considered equally important or they can also be attributed a weight. A weight can for example be
attributed based on the biological value of the habitat (number of (rare) species, particular species,
etc.), its desired surface area, etc. In the case study, a group of stakeholders (see Supplementary
Information Table S3) was invited to individually give a score of 1 (not important) to 10 (extremely
important) to each ES, reflecting what they believe are the socio-economic benefits the coastal
ecosystem will need to provide by 2100. The final priority score per ES was calculated as the average
of all respondents (Table 2). The different habitats were considered equally important (weight [10])

since the overall aim is a healthy ecosystem.

Table 2 — Priority scores attributed to ES by stakeholders (average, minimum and maximum of all respondents)

13
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229
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231

232

233

Priority score

(average)

Provisioning  Agricultural production 1 0 8
Fisheries production 7 2 8
Aquaculture production 3 3 9
Drinking water provisioning 5 1 10
Renewable energy from wind 8 5 9
Sediment supply 6 0 7

Regulating Flood protection 10 7 10
Water quality regulation 8 2 10
Climate regulation 3 3 10

Cultural Recreation 9 6 10

2.2.4. Step 4: Describe ecosystem processes

For each habitat and ES, the processes are identified that contribute to their development,
maintenance or delivery. Natural processes are essential for the development and the functioning of
the ecosystem and the production of ES. Anthropogenic processes also have an impact on ecosystem
functioning (positive or negative), but they are, in contrast to natural processes, not essential for the
development and maintenance of a sustainable ecosystem. Most of the anthropogenic processes are
directly or indirectly related to the demand and consumption of ES. Only those processes should be
included that have a significant contribution to or impact on the identified habitats and ES, and that
do not fall under external drivers of change (Step 1). A score is assigned that expresses the magnitude
and direction of the impact of a process on the occurrence and the quality of a habitat or the provision
of an ES, referred to as the impact score. This can be based on quantitative information such as derived

from models or measurements, or expert judgment when no quantitative data is available. Contrasting
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effects of processes (positive and negative effects on a habitat or ES) should be avoided as much as
possible, to prevent loss of information when combining them into a single score. This can be done in
several manners: 1) Divide into narrower defined habitats when parts react differently to disturbance
or provide different ES (e.g. tidal areas into vegetated tidal marshes and non-vegetated tidal flats). 2)
Subdivide ES that affect habitats in different ways (e.g. pelagic fisheries has less impact on the seabed
than benthic fisheries; fish production can accordingly be split into benthic and pelagic fisheries). 3)
Specify processes to more detail when the general process is important for different and/or conflicting
reasons in habitats (e.g. greenhouse gas emissions can be split into different types of emissions: nitrous
oxide production reduces the amount of nutrients in the ecosystem and impacts climate regulation,
whereas methane production is only related to climate regulation). Alternatively, positive and negative
effects can be weighed against each other resulting in a single overall score that takes differences into
account. Uncertain processes regarding effect sizes are either merely identified but not included; the
range of the expected effects can be provided; or the weight of the expected effect can be corrected

based on its probability.

For the case study, an extensive literature and model review was performed (Van der Biest et al.,
2017b) to gain insight into the processes. Based on this review, a preliminary impact score was
attributed to each relationship process-habitat and process-ES by the project partners. This score was
either derived from quantitative data found in literature, based on descriptive literature, or using
expert judgment in case no literature was available. The impact scores for the processes (described in
Supplementary Information Table S1) on habitats and ES were synthesized in an impact matrix (Table
3, Table 4). Each of these preliminary scores was then presented to a group of experts from multiple
disciplines (natural and socio-economic sciences, see Supplementary Information Table S2) who
adapted the score based on their own knowledge and expertise. The scores were adapted based on

consented discussions within the group of experts.
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Processes with multiple and contrasting effects were given a score +/- with a numeric value of 0
(positive and negative effects are expected to be equally large), or the effects were weighed against
each other resulting in a single overall score which takes the differences into account. Uncertain
relationships were included by attributing the lowest possible score for the anticipated direction of the

influence (£ 0.5).
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Table 3 — Impact matrix of the impacts of processes on habitats and ES in the Belgian coastal zone. Dark blue: marine
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Table 4 — Score and numeric value per type of impact of processes on habitats and ES.

Score | Type of impact Numeric value
-- important negative impact -2
- moderate negative impact -1

-/0 relationship is uncertain, rather negative impact is expected |-0.5

0 no relationship 0

+/- positive and negative effects are expected to be equally large | 0

0/+ |relationship is uncertain, rather positive impact is expected 0.5

+ moderate positive impact 1

++ important positive impact 2

2.2.5. Step 5: Identify synergies, trade-offs and conflicts

Per habitat and ES (Step 4) the impact score of a process is multiplied with the priority score for the
habitat or ES (Step 3). Per process a sum is made of its effects on habitats and of its effects on ES,
resulting in two (weighted) sums: 1) ES sum, which is a proxy for the degree to which the process
contributes to (multiple) ES and 2) habitat sum, which is a proxy for the degree to which a process
contributes to the development or maintenance of (multiple) habitats that host species of
conservation importance or wild fauna and flora. Both sums are plotted relative to each other in an
XY-diagram (Fig. 3). The graph shows a trend of multi-functionality from the bottom left to the top
right (blue arrow). Processes in the upper right corner mostly create synergies between ES and

habitats. In the lower left corner are processes that mostly cause conflicts between ES and habitats.
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Trade-offs occur when (1) a process has negative impacts on habitats but positive on ES (upper left) or

(2) a process has negative impacts on ES but positive on habitats (lower left).
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Fig. 3 —Step 5 applied to the Belgian coastal zone. Habitat sum and ES sum represent the contribution of the processes to

resp. habitats and ES. Underlined: anthropogenic processes, not underlined: ecological processes. Blue arrow: degree of

multi-functionality. See Table 3 for abbreviations.

2.3. Setting strategic goals

The ranking of the processes according to their multifunctionality and the identification of trade-offs,

synergies and conflicts (Fig. 3) supports the process of setting goals to accomplish a healthy ecosystem.

For the case study, 8 strategic

goals were identified and 2 main backbones to which these goals are

linked (Fig. 4, 5). Together these goals are the key elements that describe the vision for a healthy

ecosystem.
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Afirst set of goals was defined for the processes (hereafter abbreviated and written in italics; see Table
3 for abbreviations) in the far top-right corner which create mostly synergies between biodiversity and
ES. Many of these processes are related to transport of sediment (HD, MD, LW, SW) or dynamic biotic
processes (BeP, PeP, POP, VEG, PP, T). Transport of sediment in the sand-dominated ecosystem of the
Belgian coastal zone is a key driver of diversity at sea and in the dunes (Provoost et al., 2011). Natural
erosion and sedimentation processes create variation in topography, grain size, turbidity and hence
vegetation and benthic biomass producing heterogenic landscapes that drive biodiversity at the
landscape scale (Gingold et al., 2010; Hewitt et al., 2010; Brunbjerg et al., 2014, 2015). Also many ES
depend on sediment dynamics. Sand transport is crucial to create new dunes (DUNE) and, in
combination with vegetation development, maintain a resilient coast which is able to adapt to external
stress such as sea level rise (Van der Biest et al., 2017a). Sedimentation also is an important underlying
mechanism of carbon and nutrient buffering in intertidal soils in estuaries and tidal marshes (Adams
et al.,, 2012; Fagherazzi et al., 2013). Biotic processes and fluxes are crucial to create and sustain
diversity, and to develop the self-regulating capacity of ecosystems via ecological engineering (EE) and
reef development, which is the driver of ES such as water quality regulation (DEN) (Adams et al., 2012;
Fagherazzi et al., 2013; Chambers et al., 2017; Erikkson et al., 2017), climate regulation (GHG) (Adams
et al., 2012; Fagherazzi et al., 2013; Howard et al., 2017), coastal stabilisation and safety (EE, DUNE)
(van Leeuwen et al., 2010; Borsje et al., 2011) and fish production (BeP, PeP) (Koenig et al., 2000;
Rabaut et al., 2013). Hence, providing space for dynamic processes and connectivity are defined as
the two backbones of the future vision to which all other goals can be linked. Management should

primarily focus on sustaining and enhancing these to safeguard ES and biodiversity.

The debate on formulating recommendations for the processes that create trade-offs and conflicts
was more challenging. For these processes a choice needed to be made whether to accept trade-offs,
avoid these processes or minimize negative impacts by restricting or adapting the process. Many
anthropogenic processes are located in the upper left corner, illustrating the potential multi-

functionality of certain anthropogenic interventions and — depending on the location along the habitat
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axis — benefits for some habitats. For example, nourishing of beaches creates opportunities for the
development of young, embryonic dunes and for multiple ES (artificial reef formation provides benefits
for water quality regulation through the filtering capacity of fouling communities). However, regular
sand nourishing at the same site negatively impacts benthic communities and thus trade-offs with
other habitats (Martin et al., 2005). Adaptation to reduce trade-offs is possible by 1) decreasing the
consumption of the ES so that the process reduces in intensity, frequency or geographical extent or (2)
search for alternative forms, location or timing to produce the ES. For example, beach recreation may
involve trampling of embryonic dunes (TR), hampering the development of dunes with Amophila
arenaria which host a high endemic diversity and allow to develop a resilient coast in view of sea level
rise. Access to the most critical areas could be restricted by creating (temporary) no-go zones, while in

less fragile zones access could be allowed.

Very few processes have only positive effects on habitats and negatively affect ES (lower right corner),
underpinning the dependence of human well-being on ecosystem functioning. Drinking water
provisioning, flood regulation, climate regulation and water quality regulation are ES that are most
affected by anthropogenic pressures. This is in line with conclusions from other studies that regulating
ES present highest trade-offs with provisioning services (Bennett E.M. et al., 2009; Howe et al., 2014),

to which most of the anthropogenic processes are linked.

Urbanisation (PAV) should be minimized as it poses a threat to a healthy ecosystem: less space is
available, sedimentary and biotic processes get interrupted, habitats fragmented and disturbed by
noise (DIS). Biological invasions (INV) post important threats to local biodiversity and should be
controlled to avoid potential drastic changes in ecosystem functioning (Ehrenfeld et al., 2010) and ES
(Vila and Hulme, 2017). Based on our approach, we recommend drastic changes in coastal zone
management in light of climate change, i.e. to develop strategies to advance or retreat rather than to

maintain the current line.
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Fig. 4 — lllustration of how the strategic goals are deduced from the ranking of processes in Fig. 3. Underlined:
anthropogenic processes, not underlined: ecological processes. Ovals represent groups of processes that are essential to

achieve the strategic goals.
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Fig. 5 — Scheme of the vision on a sustainable coastal ecosystem for the Belgian coastal zone indicating how key goals are

connected to each other.

3. lllustration of impacts on spatial planning: two show-cases

We illustrate how the methodology could lead to different outcomes in spatial planning using two
examples. This step from translating strategic goals into concrete spatial plans or management
measures does not fall within the scope of the methodology itself as it requires a much more
elaborated process including scenario development, advanced participatory trajectory, financing
mechanisms, legal considerations, ... (Ehler and Douvere, 2009). The two examples that are
demonstrated here have the purpose to show the merits of including processes and integrating
biodiversity and ES in spatial planning, which the methodology supports by providing an approach to

create a shared vision as guidance in the development of the actual management plan.

23



385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

First, we demonstrate the effect of including ES on the spatial allocation of target habitats. Second, we
show how including processes can change the range of target habitats and scale requirements for long-

term habitat maintenance.

3.1. Example of including processes: restoration of sand transport

Hard engineering structures along the shoreline have originally been constructed to protect the coast
against erosion (e.g. dykes, groynes). However, a collateral effect of such structures is that they block
supply of sand from the sea to the beach and from the beach to the dune. As sea level rises, the
capacity of the dune to protect the hinterland against flooding will gradually reduce as the dune is not
able to grow without sand supply (Temmerman et al., 2013; Van der Biest et al., 2017a). Typical
habitats and species of the shoreline dunes also depend on this sand dynamic (Howe et al., 2010;
Brunbjerg et al., 2014; Keijsers et al., 2015). In Belgium, one of the few remaining dynamic dune areas
has been protected as nature reserve since 1957 (“Westhoek’, Fig. 6). Embryonic and shifting dunes
are European habitat targets (H2110, 2120) for the area and they depend on sand dynamics. However,
today the area is still largely cut off from the beach by the presence of a dike, resulting in a domination
of fixed dunes with moss, grass and shrub. Nature management to protect the target habitats is now

dominated by active removal of fixating vegetation.

The presented methodology highlights the need to restore the natural process of sand transport
between sea, beach and dune to support the target habitats of young dunes in a sustainable way. This
safeguards long-term benefits for biodiversity and human well-being, as the young dune habitats and
species are kept viable by regular sand burial and the dune can regain its natural capacity to protect

against flooding as sea level rises. In the latest nature management plan, removal of the obstructing
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dike along the entire zone where H2110 and H2120 are target habitats has been included as a measure
for a more efficient and long-term restoration of these dynamic habitats and of the natural capacity of

the dune to protect against flooding.

This example shows that explicitly considering processes besides protection of species and habitats in
spatial planning provides additional arguments to convince decision-makers for spatial rearrangement
of habitats and artificial structures. Especially when the benefits for human well-being of these

processes are made explicit, arguments for process restoration can become even more convincing.

Dike
INature reserve

Belgium

Fig. 6 — Aerial photograph and location of the Westhoek nature reserve (Belgium) with indication of the dike. White zones:
dynamic, bare dunes; patchy, light brown-green vegetation: dynamic, marram grass dunes; dark green zones: densely

vegetated, fixed dunes.

3.2. Example of including ecosystem services: Belgian MSP 2020-2026

25



424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

In Belgium, the first true MSP was adopted in 2014. The plan document which areas can be used for
different types of activities and tries to reconcile the spatial impact of the multiple users to one another
to optimally protect the marine ecosystem (Van de Velde et al., 2014). Although the MSP did not add
extra areas for nature conservation to the already existing protected areas, it aimed to improve the
coordination of activities with disturbing effects on the ecosystem by specific measures in subzones
within the protected areas. For example, bottom disturbing activities are limited to protect and restore
biogenic (Lanice concilega aggregations) and geogenic reefs (gravel beds) in 4 delineated areas within
the ‘Vlaamse Banken’ nature reserve (Vanden Eede et al., 2014). While the MSP mentions the potential
of future developments at sea for additional nature creation outside the boundaries of protected areas
(e.g. value of artificial reefs within wind farms to attract fish and other animals), it is not compulsory
for obtaining a license for the construction of infrastructure for these activities (Van de Velde et al.,

2014).

In 2019, a preliminary draft for a new MSP was presented (FOD Leefmilieu, 2019). In comparison with
the first MSP, more attention is paid to multifunctional use of space, naturalness and ES, and they are
even defined as the key principles for the development of all new activities in the Belgian part of the
North Sea. For these key principles, a recommendation is included in the MSP, which aims to improve
habitat development and biodiversity also outside the boundaries of the special protected areas. Each
new activity anywhere in the BPNS should be evaluated based on its potential for multifunctionality
and working-with-nature in function of nature protection or development. Additionally, one zone
outside the boundaries of the special protection areas is delineated where measures should be taken

to ensure sea-floor integrity, allowing to enhance biodiversity and provision of ES.

Legally binding actions included to accomplish the second MSP are the restoration of the biodiverse
gravel beds and research for the restoration of oyster reefs in designated zones both inside and outside
the boundaries of the protected areas. The second MSP explicitly mentions the exceptional value of

these habitats not only for biodiversity but also for several ES (e.g. water quality regulation: Jansen
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(2012), Rose et al. (2015), van der Schatte Olivier et al. (2018); carbon sequestration: van der Schatte
Olivier et al. (2018), Filgueira et al. (2019) and nursery function for fisheries production: Peterson et al.
(2003), zu Ermgassen et al. (2016)), in contrast to the first MSP that considers nature conservation only
from the perspective of biodiversity support. The second MSP not only targets to avoid negative effects
from bottom-disturbing activities but also aims to stimulates active habitat restoration. Another
addition that can (partly) be ascribed to the consideration of ES, is the inclusion of a criterion for
multifunctionality and working-with-nature. Although the criterion is not legally binding, the MSP
explicitly states that all new activities within the BPNS should strive to comply with the working-with-
nature principle, i.e. to create added for the ecological, the physical and the societal system by making

use of the natural processes and/or stimulate nature development (FOD Leefmilieu, 2019).

4. Discussion

The main objective of the methodology is to support in the creation of a shared vision that guides in
the long term development of a region. The method is intended to be applied in early, strategic stages
of spatial planning. Its primary focus is to build understanding among different stakeholder groups and
find support for solutions that balance biodiversity conservation and socio-economic goals (McKenzie
et al., 2014). The output of the method can be used in later stages of the planning process to facilitate
the negotiation of compromise on specific actions and measures as part of a spatial plan. The method
identifies the key processes that should be considered in spatial planning besides structural properties.
This makes the methodology also useful to define additional criteria in spatial prioritization of
conservation areas making it more likely that they guarantee long term benefits for ES and biodiversity

(e.g. Klein et al., 2009).
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4.1. Guidance in finding common ground

Starting from an inventory of scientific knowledge on how ecosystem processes underlie the
development of ES and biodiversity values, the methodology identifies (i) the key ecosystem processes
that support both conservation values and socio-economic demands, and (ii) the processes that result
in conflicts between both objectives. Processes are thus represented as the mechanisms that link
biodiversity and socio-economic demands, allowing to find common ground or to balance trade-offs.
Explicitly considering the production mechanisms of biodiversity and ES and emphasizing the common
ground between both objectives provides more guarantee for long-term benefits to biodiversity of
conservation efforts and spatial planning than solely considering structures (Klein et al., 2009; Arkema
et al.,, 2015; Manea et al., 2019). The methodology explicitly takes into account the multiple
consequences of trade-offs and ranks the underlying processes that cause the trade-off accordingly:
the position of the process along the blue arrow Fig. 3) gives information on the degree to which a
process creates multiple benefits or trade-offs. For example, pelagic fishing (PeF) is located relatively
high along the arrow, indicating that in the Belgian coastal zone pelagic fisheries creates multiple
additional benefits such as opportunities for recreation associated with visits to the local fish mines
and fish restaurants. However, PeF also has some negative impacts on habitats, but these can be
reduced to a minimum by proper management of the ecosystem, or even turned into opportunities
for synergies (Maes et al., 2012). For example, artisanal fishing causes less impact on biodiversity due
to reduced catch efficiency and usage of more sustainable fishing techniques. Allowing limited fisheries
in certain zones can also reduce pressure in intensively exploited fishing areas elsewhere, creating

opportunities for biodiversity at these sites.

Focusing on the underlying production mechanisms that produce the trade-offs instead of on
(seemingly conflicting) end goals changes the subject of the spatial planning debate. Processes are

prioritized by ordering them according to a degree of multifunctionality, based on the sum of the
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multiple effects they have on ES and on habitats. This shifts the debate on choosing over priorities
from a focus on conflicts between sectors to a common goal of multifunctionality (Egoh et al., 2012;
Hermoso et al., 2018). It also facilitates communication among stakeholders as (1) sectors are not
explicitly targeted in the discussion, (2) potential co-benefits are also taken into account and may
compensate minor negative effects (Egoh et al., 2010; Hermoso et al., 2018) and (3) benefits for human
well-being of biodiversity conservation are made explicit (Albert et al., 2019). A more comprehensive
overview of the multiple roles that processes play in supporting biodiversity and ES provides a more
solid basis to balance trade-offs (Mastrangelo et al., 2014). Sand transport can for example be
negatively experienced by local people when sand is blown into gardens or on agricultural fields.
However, it is an important underpinning process for multiple ES such as flood prevention and
recreation, and it is the underlying mechanism that resets ecological succession and promotes diversity
of plants and arthropods (Brunbjerg et al., 2015). This is shown by the location of the process of sand
dynamics in Fig. 3. In spite of the negative impacts of sand blowing, the process is located far along the
arrow of multifunctionality in the upper-right corner of the graph. It is indeed argued that there is a
lack of transparent information and awareness among stakeholders and spatial planners of the
underpinning role of ecosystem processes and biodiversity to support human well-being (Ortiz-Lozano
et al.,, 2017), and that this may explain why integration of ES and biodiversity is yet to be
operationalized in everyday decision-making (Guerry et al., 2015; Dick et al., 2018; Saarikoski et al.,

2018).

4.2. Including biotic and abiotic processes

The need to incorporate ecological processes in spatial planning has been highlighted by many recent
studies (e.g. Bennett A.F. et al., 2009; Klein et al., 2009; Hughes et al., 2012; Syrbe and Walz, 2012;

Watson et al., 2016; Kukkala and Moilanen, 2017; Rieb et al., 2017; Lanzas et al., 2019), but often only
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biotic processes are taken into account (Lawler et al., 2015; Tulloch et al., 2016; Ockendon et al., 2018;
Pires et al., 2018; Albert et al., 2019). Especially when integrating ES into conservation planning it
becomes important to also explicitly consider abiotic processes, as some ES are more strongly
controlled by physical processes than by biological processes (Hooper et al., 2005; Midgley, 2015). For
example, services related to water flow (e.g. drinking water supply, flood regulation) are primarily
driven by abiotic processes (e.g. infiltration, hydrodynamics). Lawler et al. (2015) explain how including
abiotic drivers allows to more explicitly take into account global changes in conservation efforts that
may result in changes in species composition. However, studies where restoration of abiotic processes
is targeted together with biodiversity conservation are scarce and mostly restricted to floodplains (e.g.
Schiemer, 1999; Rood et al., 2003; Maris et al., 2004; Beauchard et al., 2014; Oosterlee et al., 2018).
By following the ecosystem approach (CBD, 2004), the method unravels the development of
biodiversity values and ES in a systematic way. This provides a more structural and objective approach
for selecting the processes that need to be considered and is an essential change associated with the
transition from sectoral towards more holistic approaches to spatial planning. In the case study of the
sandy coastal ecosystem of Belgium, the method identifies processes related to sand dynamics (MD,
SW, HW) as having a crucial role in providing ES and in maintaining biodiversity (Fig. 4). However, in
Belgium coastal zone planning traditionally focused on stabilizing the coastline with hard structures
such as dikes and groynes that reduces sand dynamics. This can partly be explained by a lack of
awareness of the underlying role of sand dynamics for several ES and biodiversity among different

stakeholders (Nordstrom et al., 2015).

4.3. Methodological approach

The structure of the presented approach is comparable with the DPSIR framework (Drivers-Pressures-

State-Impact-Response) and other frameworks that link human activities to ecological processes and
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ES. However, the presented framework starts from an analysis which processes are essential to create
ES and habitats and from there defines targets to stimulate ES and habitats, in contrast to the DPSIR
framework which starts from an identification of driving forces and pressures that have a negative
effect on the ecosystem processes. The difference thus lies in a focus on avoiding negative impacts
(DPSIR) versus a focus on creating opportunities by stimulating processes (presented framework).
Although the presented framework also includes anthropogenic processes, most of them being similar
to pressures in DPSIR, and negative impacts on the ecosystem, it explicitly identifies which processes
are beneficial. This framework also allows to include processes that can be stimulated by human
intervention and result in benefits for ES and habitats (nature-based solutions), but that are not

necessarily under threat by human activities.

An important limitation of the method is related to knowledge availability. The relationships between
the processes and the habitats and ES are now expressed using expert-based scores and thus strongly
depend on the knowledge of the involved experts, and of the knowledge available for a certain
ecosystem. The Belgian coastal ecosystem is one of the most intensively monitored and studied coastal
ecosystems in the world. Applying the method may be more challenging in other areas where less

knowledge is available.

Also, more complex relationships such as non-linear effects of processes and interactions between
processes that reduce or increase the impact of a process on a habitat or ES are not included. This is
related to the usage of coupled matrices that are not capable of dealing with feedback loops. Petri-
nets (Rova et al. 2019) or causal loop diagrams (Dambacher et al. 2002) can be a potential solution to

account for more complex relationships.

5. Conclusion
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The main aim of this paper is to demonstrate how including biotic and abiotic ecosystem processes
opens opportunities to find common ground between seemingly conflicting objectives of biodiversity
conservation and socio-economic demands. The paper present a stepwise methodology to support the
early, more strategic stages of spatial planning and guides in the creation of a shared vision among
different stakeholders. The application of the methodology on the Belgian coastal zone shows how
explicitly considering ecosystem processes in spatial planning is more likely to safeguard long-term
benefits for biodiversity and human well-being than taking only structural properties into account. The
paper aims to provide inspiration to advance current approaches for integrating biodiversity and ES in

spatial planning.

6. Acknowledgments and contributions

The research is part of the project on the development of a strategic vision for the Flemish coast
(Belgium). The authors wish to thank the institutes that conceived and financed the project: Maritime
Access Division and Agency for Nature and Forests, Flemish Government, Belgium. Special thanks go

to the experts and stakeholders that were involved during different stages of the project.

KVDB, BD, TS, TV, DB, TY and PM developed the method. KVDB wrote the manuscript, PM, DB, TS, TY

and BD contributed critically.

7. References

Adams, C.A., Andrews, J.E., Jickells T., 2012. Nitrous oxide and methane fluxes vs. carbon, nitrogen and
phosphorous burial in new intertidal and saltmarsh sediments. Science of the Total Environment 434,

240-251

32



594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

Agardy, T., Notarbartolo do Sciara, G., Christie, P., 2011. Mind the gap: Addressing the shortcomings

of marine protected areas through large scale marine spatial planning. Marine Policy 35, 226-232

Albert, C., Schroter, B., Haase, D., Brillinger, M., Henze, J., Herrmann, S., et al., 2019. Addressing
societal challenges through nature-based solutions: How can landscape planning and governance

research contribute? Landscape and Urban Planning 182, 12-21

Arkema, K.K., Verutes, G.M., Wood, S.A., Clarke-Samuels, C., Rosado S., Canto M., et al.,, 2015.
Embedding ecosystem services in coastal planning leads to better outcomes for people and nature.

Proceedings of the National Academy of Sciences 112(24), 7390-7395

Beauchard, O., Teuchies, J., Jacobs, S., Struyf, E., Van der Spiet, T., Meire, P., 2014. Sediment Abiotic
Patterns in Current and Newly Created Intertidal Habitats from an Impacted Estuary. Estuaries and

Coasts 37: 973-985.

Bennett, A.F., Haslem, A., Cheal, D.C., Clarke, M.F., Jones, R.N., Koehn, J.D., et al., 2009. Ecological
processes: a key element in strategies for nature conservation. Ecological Management and

Restoration 10(3), 192-199

Bennett, E.M., Peterson, G.D., Gordon, L.J., 2009. Understanding relationships among multiple ES.

Ecology Letters 12, 1394-1404

Berglund, M., Nilsson, M.N., Jonsson, P.R., 2012. Optimal selection of marine protected areas based

on connectivity and habitat quality. Ecological Modelling 240, 105-112

Bohnke-Henrichs, A., Baulcomb, C., Koss, R., Hussain, S., de Groot, R.S., 2013. Typology and indicators
of ecosystem services for marine spatial planning and management. Journal of Environmental

Management 130, 135-145

Borsje, B. W., van Wesenbeeck, B. K., Dekker, F., Paalvast, P., Bouma, T. J., van Katwijk, M. M., de Vries,
M.B., 2011. How ecological engineering can serve in coastal protection. Ecological Engineering, 37(2):
113 -122

33



618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

Brunbjerg, A.K., Svenning, J.C., Ejrnaes, R., 2014. Experimental evidence for disturbance as key to the

conservation of dune grassland. Biological Conservation 174, 101-110.

Brunbjerg, A.K., Jorgensen, G.P., Nielsen, K.M., Pedersen, M.L., Svenning, J., Ejrnaes, R., 2015.
Disturbance in dry coastal dunes in Denmark promotes diversity of plants and arthropods. Biol.

Conserv. 182 (1), 243-253.

CBD, 2004. The Ecosystem Approach (CBD Guidelines). Montreal: Secretariat of the Convention on

Biological Diversity

Chambers, L.G., Gaspar, S.A., Pilato, C.J., Steinmuller, H.E., McCarthy, K.J., Sacks, P.E., Walters, L.J.,
2017. How Well Do Restored Intertidal Oyster Reefs Support Key Biogeochemical Properties in a

Coastal Lagoon? Estuaries and Coasts, DOI 10.1007/s12237-017-0311-5

Dambacher, J.M., Li, H.W., Rossignol, P.A., 2002. Relevance of community structure in assessing

indeterminacy of ecological predictions. Ecology 83, 1372-1385

Dick, J., Turkelboom, F., Woods, H., Iniesta-Arandia, |., Primmer, E., Saarela, S.R., et al. 2018.
Stakeholders’ perspectives on the operationalisation of the ecosystem service concept: Results from

27 case studies. Ecosystem Services 29, 552-565

Degraer, S., Vefaillie, E., Willems, W., Adriaens, E., Vincx, M., Van Lancker, V., 2008. Habitat suitability
modelling as a mapping tool for macrobenthic communities: An example from the Belgian part of the
North Sea. Continental Shelf Research 28, 369-379Douvere, F., Maes, F., Vanhulle, A., Schrijvers, J.,
2007. The role of marine spatial planning in sea use management: The Belgian case. Marine Policy 31,

182-191

D’Aloia, C.C., Daigle, R.M., Coté, .M., Curtis, J.M.R., Guichard, F., Fortin, M.J., 2017. A multiple-species
framework for integrating movement processes across life stages into the design of marine protected

areas. Biological Conservation 216, 93-100

34



641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

Edwards, H.J., Elliott, I.A., Pressey, R.J., Mumby, P.J., 2010. Incorporating ontogenetic dispersal,
ecological processes and conservation zoning into reserve design. Biological Conservation 143, 457-

470

EEA, 2016. CICES V4.3 Common International Classification of ES, www.cices.eu, consulted august 2017

Egoh, B.N., Reyers, B., Carwardine, J., Bode, M., O’Farell, P.J., Wilson, K.A., et al., 2010. Safeguarding
Biodiversity and ecosystem services in the Little Karoo, South Africa. Conservation Biology 24(4), 1021-

1030

Ehler, C., Douvere, F., 2009. Marine Spatial Planning: a step-by-step approach toward ecosystem-based
management. Intergovernmental Oceanographic Commission and Man and the Biosphere

Programme. I0C Manual and Guides No. 53, ICAM Dossier No. 6. Paris: UNESCO.

Ehrenfeld, J.G., 2010. Ecosystem Consequences of Biological Invasions. Annual Reviews of Ecological

and Evolutionary Systems 41, 59-80

Eigenbrod, F.P., Armsworth, R.B., Anderson, J.A., Heinemeyer, S., Gillings, D., Roy, B.C.,Thomas, D.,
Gaston, K.J., 2010. The impact of proxy-based methods on mappingthe distribution of ecosystem

services. J. Appl. Ecol. 47, 377-385.

Eriksson, B.K., Westra, J., van Gerwen, |., Weerman, E., van der Zee, E., van der Heide, T., et al., 2017.
Facilitation by ecosystem engineers enhances nutrient effects in an intertidal system. Ecosphere 8(12),

e02051

Everard, M., Jones, L., Watts, B., 2010. Have we neglected the societal importance of sand dunes? An

ecosystem services perspective. Aquatic Conserv. Mar. Freshw. Ecosyst. 20, 476-487

Fagherazzi, S., Wiberg, P.L., Temmerman, S., Struyf, E., Zhao, Y., Raymond, P.A., 2013. Fluxes of water,

sediments, and biogeochemical compounds in salt marshes. Ecological Processes 2:3

35


http://www.cices.eu/

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

FPB-FOD, 2015. Federal Plan Bureau and Federal Government Service Economy SME, local businesses

and Energy. Population — Demographic Prognoses 2014-2060.

Filgueira, R., Strohmeier, T., Strand, @., 2019. Regulating Services of Bivalve Molluscs in the Context of
the Carbon Cycle and Implications for Ecosystem Valuation. Chapter in Goods and Services of Marine

Bivalves, pp. 231-251

FOD Leefmilieu, 2019. Preliminary draft of the marine spatial plan for Belgium, 2020-2026.

Downloaded from www.health.belgium.be, September 2019

Gingold, R., Mundo-Ocampo, M., Holovachov, O., Rocha-Olivares, A., 2010. The role of habitat
heterogeneity in structuring the community of intertidal free-living marine nematodes. Marine Biology

157, 1741-1753

Gdémez-Baggethun, E., Martin-Lépez, B., Barton, D., Braat, L., Saarikoski, H., Kelemen, M., Garcia-
Llorente, E., van den Bergh, J., Arias, P., Berry, P. L., Potschin, M., Keene, H., Dunford, R., Schroter-
Schlaack, C., Harrison, P., 2014. State-of-the-art report on integrated valuation of ecosystem services.

European Commission FP7, pp. 1-33.

Guerry, A.D., Polasky, S., Luchenco, J., Chaplin-Kramer, R., Daily, G.C., Griffin, R., et al., 2015. Natural
capital and ecosystem services informing decisions: From promise to practice. PNAS 112(24), 7348-

7355

Haines-Young, R., Potschin, M.B., 2010. The links between biodiversity, ecosystem services and human
well-being, in: Raffaelli, D.G., Frid, C.L.J. (Eds.), Ecosystem Ecology: A New Synthesis. Cambridge

University Press, Cambridge, UK, pp. 110-139.

Hermoso, V., Cattarino, L., Linke, S., Kennard, M.J., 2018. Catchment zoning to enhance co-benefits
and minimize trade-offs between ecosystem services and freshwater biodiversity conservation.

Aquatic Conservation: Marine and Freshwater Ecosystems 28, 1004-1014

36



686

687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

Hewitt, J., Thrush, S., Lohrer, A., Townsend, M., 2010. A latent threat to biodiversity: consequences of

small-scale heterogeneity loss. Biodiversity Conservation 19, 1315-123

Hooper, D.U., Chapin, F.., Ewel, J.J., Hector, A., Inchausti, P., Lavorel, S., et al., 2005. Effects of
Biodiversity on Ecosystem Functioning: A Consensus of Current Knowledge. Ecological Monographs

75(1), 3-35

Hou, Y., Li, B., Miller, F., Fu, Q., Chen, W., 2018. A conservation decision-making framework based on
ecosystem services hotspot and interaction analyses on multiple scales. Science of the Total

Environment 643, 277-291

Howard, J., Sutto-Grier, A., Herr, D., Kleypas, J., Landis, E., McLeod, E., Pidgeon, E., Simpson, S., 2017.
Clarifying the role of coastal and marine systems in climate mitigation. Frontiers in Ecology and the

Environment 15(1), 42-50

Howe, M.A., Knight, G.T., Clee, C., 2010. The importance of coastal sand dunes for terrestrial
invertebrates in Wales and the UK, with particular reference to aculeate Hymenoptera (bees, wasps &

ants). J. Coast. Conserv. 14, 91-102

Howe, C., Suich, H., Vira, B., Mace, G.M., 2014. Creating win-wins from trade-offs? Ecosystem services
for human well-being: A meta-analysis of ecosystem services trade-offs and synergies in the real world.

Global Environmental Change 28, 263-275

Hughes, F.M.R., Adams, W.M., Stroh, P., 2012. When is Open-endedness Desirable in Restoration

Projects? Restoration Ecology 20(3), 291-295

IPCC, 2014. Climate Change 2014: Synthesis Report. Contribution of Working Groups |, Il and Il to the

Fifth Assessment Report of the Intergovernmental Panel on Climate Change. Geneva, Switzerland.

Jansen, H.M., 2012. PhD Thesis Bivalve nutrient cycling - Nutrient turnover by suspended mussel

communities in oligotrophic fjords. Wageningen University

37



709

710

711

712

713

714

715

716

717

718

719

720

721

722

723

724

725

726

727

728

729

730

Jepson, P., 2016. A rewilding agenda for Europe: Creating a network of experimental reserves.

Ecography, 39, 117-124

Keijsers, J., De Groot, A., Riksen, M., 2015. Vegetation and sedimentation on coastal foredunes.

Geomorphology 228, 723-734

Keune, H., Dendoncker, N., Popa, F., Jacobs, S., Kampelmann, S., Boeraeve, F., et al., 2015. Emerging
ecosystem services governance issues in the Belgium ecosystem services community of practice.

Ecosystem Services 16, 212-219

Klein, C., Wilson, K., Watts, M., Stein, J., Berry, S., Carwardine, J., et al. 2009. Incorporating ecological
and evolutionary processes into continental-scale conservation planning. Ecological Applications,

19(1), 206-217

Koenig, C.C., Coleman, F.C., Grime, C.B., Fitzhugh, G.R., Scanlon, K.M., Gledhill, C.T., Grace, M., 2000.
Protection of fish spawning habitat for the conservation of warm-temperate reef-fish fisheries of shelf-

edge reefs of Florida. Bulletin of Marine Science 66, 593—616.

Kremen, C., 2005. Managing ecosystem services: what do we need to know about their ecology?

Ecology Letters 8, 468-479

Kukkala, A.S., Moilanen, A., 2017. Ecosystem services and connectivity in spatial conservation

prioritization. Landscape Ecology 32, 5-14

Lawler, J.J., Ackerly, D.D., Albano, C.M., Anderson, M.G., Dobrowski, S.Z., Gill, J.L. et al., 2015. The
theory behind, and the challenges of, conserving nature’s stage in a time of rapid change. Conservation

Biology 29(3), 618-629, DOI: 10.1111/cobi.12505

Liu, J., Mooney, H., Hull, V., Davis, S.J., Gaskell, J., Hertel, T., et al., 2015. Systems integration for global

sustainability. Science 347 (6225), 963 - 972

38



731

732

733

734

735

736

737

738

739

740

741

742

743

744

745

746

747

748

749

750

751

752

Mace, G.M., Norris, K., Fitter, A.H., 2012. Biodiversity and ecosystem services: a multilayered

relationship. Trends in Ecology and Evolution 27(1), 19-26

Maes, J., Paracchini, M.L., Zulian, G., Dubar, M.B., Alkemade, R., 2012. Synergies and trade-offs
between ecosystem services supply, biodiversity, and habitat conservation status in Europe. Biological

Conservation 155, 1-12

Magris, R.A., Pressey, R.L., Weeks, R., Ban, N.C., 2014. Integrating connectivity and climate change into
marine conservation planning. Biological Conservation 170, 207-221,

http://dx.doi.org/10.1016/j.biocon.2013.12.032

Manea, E., Di Carlo, D., Depellegron, D., Agardy, T., Gissi, E., 2019. Multidimensional assessment of
supporting ecosystem services for marine spatial planning of the Adriatic Sea. Ecological Indicators

101, 821-837

Maris, T., Cox, T.J.S., Temmerman, S., De Vleeschauwer, P., Van Damme, S., De Mulder, T., Van den
Bergh, E., Meire, P., 2007. Tuning the tide: creating ecological conditions for tidal marsh development

in a flood control area. Hydrobiologia 588: 31—43.

Martin, D., Bertasi, F., Colangelo, M.A., de Vries, M., Frost, M., Hawkins, S.T., et al., 2005. Ecological
impact of coastal defence structures on sediment and mobile fauna: Evaluating and forecasting

consequences of unavoidable modifications of native habitats. Coastal Engineering 52, 1027-1051

Martinez-Harms, M.J., Bryan, B.A., Balvanera,P., Law, E.A., Rhodes, J.R., Possingham, H.P., Wilson, K.A.,

2015. Making decisions for managing ES. Biological Conservation, 184, 229-238.

Mastrangelo, M.E., Weyland, F., Villarino, S.H., Barral, M.P., Nahuelhual, L., Laterra, P., 2014. Concepts
and methods for landscape multifunctionality and a unifying framework based on ES. Landscape

Ecology 29, 345-358

39



753

754

755

756

757

758

759

760

761

762

763

764

765

766

767

768

769

770

771

772

773

774

McKenzie, E., Posner, S., Tillmann, P., Bernhardt, J.R., Howard, K., Rosenthal, A., 2014. Understanding
the use of ecosystem service knowledge in decision making: lessons from international experiences of

spatial planning. Environment and Planning C: Government and Policy 32, 320 — 340

MclLeod, K. L., Lubchenco, J., Palumbi, S.R., Rosenberg, A.A., 2005. Scientific Consensus Statement on
Marine Ecosystem-Based Management. Signed by 221 academic scientists and policy experts with

relevant expertise and published by the Communication Partnership for Science and the Sea

Midgley, G.F., 2015. Biodiversity and ecosystem function. Science 335, 174-177

Naidoo, R., Balmford, A., Costanza, R., Fisher, B., Green, R.E., Lehner, B., Malcolm, T.R., Ricketts, T.H.,
2008. Global mapping of ecosystem services and conservation priorities. Proceedings of the National

Academy of Sciences of the United States of America 105, 9495—-9500.

Nicholson, E., Mace, G.M., Armsworth, P.R., Atkinson, G., Buckle, S., Clements, T., et al., 2009. Priority

research areas for ecosystem services in a changing world. Journal of Applied Ecology 46, 1139-1144

Nordstrom, K., Armaroli, C., Jackson, N.L., Ciavola, P., 2015. Opportunities and constraints for managed
retreat on exposed sandy shores: examples from Emilia-Romagna, Italy. Ocean Coast. Manag. 104, 11-

21.

Ockendon, N., Thomas, D.H.L., Corina, J., Adams, W.A., Aykroyd, T., Barov, B., et al., 2018. One hundred

priority questions for landscape restoration in Europe. Biological Conservation 221, 198-208

Oosterlee, L., Cox, T.J.S., Vandenbruwaene, W., Maris, T., Temmerman, S., Meire, P., 2018. Tidal Marsh
Restoration Design Affects Feedbacks Between Inundation and Elevation Change. Estuaries and Coasts

41, 613-625

Ortiz-Lozano, L., Olivera-Vazquez, L., Espejel, I., 2017. Legal protection of ecosystem services provided

by Marine Protected Areas in Mexico. Ocean & Coastal Management 138, 101-110

40



775

776

777

778

779

780

781

782

783

784

785

786

787

788

789

790

791

792

793

794

795

796

797

Perkol-Finkel, S., Ferrario, F., Nicotera, V., Airoldi, L., 2012. Conservation challenges in urban seascapes:
promoting the growth of threatened species on coastal infrastructures. Journal of Applied Ecolog 49,

1457-1466

Peterson, C .H., Grabowski, I.H., Powers, S .P., 2003. Estimated enhancement of fish production
resulting from restoring oyster reef habitat: Quantitative valuation. Marine Ecology Progress Series

264, 249-264.

Pettorelli, N., Barlow, J., Stephnes, P.A., Durant, S.M., Connor, B., Schulte to Biihne, H., et al., 2018.

Making rewilding fit for policy. Journal of Applied Ecology, 1-12, DOI: 10.1111/1365-2664.13082

Pires, A.P.F., Amaral, A.G., Padgurschi, M.C.G., Joly, C.A., Scarano, F.R., 2018. Systems integration for

global sustainability. Ecosystem Services 34, 68-73

Provoost, S., Jones, M.L., Edmondson, S.E., 2011. Changes in landscape and vegetation of coastal dunes

in northwest Europe: a review. J. Coast. Conserv. 15, 207-226.

Rabaut, M., Audfroid Calderén, M., Van de Mortel, L., van Dalfsen, J., Vincx, M., Degraer, S., Desroy,

N., 2013. The role of structuring benthos for juvenile flatfish. Journal of Sea research 84, 70-76

Reyers, B., Roux, D.J., Cowling, R.M., Ginsburg, A.E., Nel, J.L., O’Farrell, P., 2009. Conservation Planning

as a Transdisciplinary Process. Conservation Biology 24(4), 957-965

Rieb, J.T., Chaplin-Kramer, R., Gretchen, D.C., Armsworth, P.R., Bohning-Gaese, K., Bonn, A., et al. 2017.
When, where, and how nature matters for ecosystem services: challenges for the next generation of

ecosystem services models. BioScience 67(9), 820-833

Rodriguez, J.P., Beard Jr., T.D., Bennett, E.M., Cumming, G.S., Cork, S.J., Agard, J., Dobson, A.P.,

Peterson, G.D., 2006. Trade-offs across space, time, and ES. Ecology and Society 11, 28

Rood, S.B., Gourley, C.R., Ammon, E.M., Heki, L.G., Klotz, J.R., Morrison, M.L., et al., 2003. Flows for

Floodplain Forests: A Successful Riparian Restoration. BioScience 53(7), 647-656

41



798

799

800

801

802

803

804

805

806

807

808

809

810

811

812

813

814

815

816

817

818

819

Rose, J.M., Bricker, S.B., Ferreira, J.G., 2015. Comparative analysis of modeled nitrogen removal by

shellfish farms. Marine Pollution Bulletin 91: 185-190.

Rova, S., Meire, P., Miiller, F., Simeoni, M., Pranovi, F., 2019. A Petri net modeling approach to explore
the temporal dynamics of the provision of multiple ecosystem services. Science of the Total

Environment 655, 1047-1061

Saarikoski, H., Primmer, E., Saarela, S.R., Antunes, P., Aszalés, R., Bard, F., et al., 2018. Institutional

challenges in putting ecosystem service knowledge in practice. Ecosystem Services 29, 579-598

Schiemer, F., 1999. Conservation of biodiversity in floodplain rivers. Archiv fur Hydrobiologie

Supplement 115(3), 423-438

Schroter, M., Remme, R.P., 2016. Spatial prioritisation for conserving ES: comparing hotspots with

heuristic optimization. Landscape Ecology 31, 431-450

Small, N., Munday, M., Durance, I., 2017. The challenge of valuing ecosystem services that have no

material benefits. Global Environmental Change 44, 57-67

Syrbe, R., Walz, U., 2012. Spatial indicators for the assessment of ES: Providing, benefiting and

connecting areas and landscape metrics. Ecological Indicators 21, 80-88

Temmerman, S., Meire, P., Bouma, T.J., Herman, P.M.J,, Ysebaert, T., De Vriend, H., 2013. Ecosystem-

based coastal defence in the face of global change. Nature 504 (7478), 79-83

Truchy, A., Angeler, D., Sponseller, R.A., Johnson, RK., McKie, B.G., 2015. Linking biodiversity,
ecosystem functioning and services, and ecological resilience: towards an integrative framework for

improved management. Advances in Ecological Research 53(1), 55-96

Tulloch, A.LT., Sutcliffe, P., Naujokaitis-Lewis, I., Tingley, R., Brotons, L., Ferraz, K.M.P.M.B,,

Possingham, H., Guisan, A., Rhodes, J.R., 2016. Conservation planners tend to ignore improved

42



820

821

822

823

824

825

826

827

828

829

830

831

832

833

834

835

836

837

838

839

840

841

842

843

accuracy of modelled species distributions to focus on multiple threats and ecological processes.

Biological Conservation 199, 157-171

Vanden Eede, S., Laporta, L., Deneudt, K., Stienen, E., Derous, S., Degraer, S., Vincx, M., 2014. Marine
biological valuation of the shallow Belgian coastal zone: A space-use conflict example within the

context of marine spatial planning. Ocean and Coastal Management 96, 61-72

Van de Velde, M., Rabaut, M., Herman, C., Vandenborre, S., 2014. Something is moving at sea... A

marine spatial plan for the Belgian part of the North Sea, FPS marine Environment, Brussels.

Van der Aa, B., Vriens, L., Van Kerckvoorde, A., De Becker, P., Roskams, P., De Bruyn, L., et al. 2015.
Effects of climate change on nature and forest (in Dutch). Institute for Nature and Forest,

INBO.R.2015.9952476, Brussels.

Van der Biest, K., Vrebos, D., Staes, J., Boerema, A., Bodi, M.B., Fransen, E., Meire, P., 2015. Evaluation
of the accuracy of land-use based ecosystem services assessments for different thematic resolutions.

Journal of Environmental Management 156, 41-51

Van der Biest, K., De Nocker, L., Provoost, S., Boerema, A., Staes, J., Meire, P., 2017a. Dune dynamics

safeguard ES. Ocean and Coastal Management 149, 148-158

Van der Biest, K., D’hondt, B., Schellekens, T., Vanagt, T., Kamermans, P., Bonte, D., et al. 2017b.
Ecosystem vision for the Flemish coastal zone — Part | Functional description of the coastal ecosystem
and ecosystem services(in Dutch). Study commissioned by the Flemish Agency for Nature and Forest

Management and by the Flemish authority for Maritime Access.

van der Schatte Olivier, A., Jones, L., Le Vay, L., Christie, M., Wilson, J., Malham, S.K., 2018. A global

review of the ecosystem services provided by bivalve aquaculture. Reviews in Aquaculture, 1-23

van Leeuwen, B., Augustijn, D., van Wesenbeeck, B., Hulscher, S., de Vries, M., 2010. Modeling the
influence of a young mussel bed on fine sediment dynamics on an intertidal flat in the Wadden sea.
Ecological Engineering 36(2):145 — 153.

43



844

845

846

847

848

849

850

851

852

Vila, M., Hulme, P.E., 2017. Impact of Biological Invasions on ecosystem services. Invading Nature -

Springer Series in Invasion Ecology. Springer. ISBN 978-3-319-45121-3

Watson, J.E., Darling, E.S., Venter, O., Maron, M., Walston, J., Possingham, H.P., Dudley, N., et al., 2016.

Bolder science needed now for protected areas. Conservation Biology 30(2), 243-248

Wetzel, M.A,, Scholle, J., Teschke, K., 2014. Artificial structures in sediment-dominated estuaries and

their possible influences on the ecosystem. Marine Environmental Research 99, 125-135

zu Ermgassen, P.S.E., Grabowski, J.H., Gair, J.R., Powers, S.P., 2016. Quantifying fish and mobile
invertebrate production from a threatened nursery habitat. Journal of Applied Ecology 53, 596-606.

https://doi.org/10.1111/1365-2664.12576

44



