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Preface

The project Co-designing Coasts using natural Channel-shoal dynamics (CoCoChannel), 
funded by the Dutch Research Council (NWO), commenced in 2015 with the broad aim 
of increasing knowledge on the nested scale behaviour of inlet and estuary coasts. The 
Texel inlet on the Dutch Wadden Sea coast was selected as the central case study of the 
project with two of the three sub-projects focussing here. The other sub-project, Multi-
actor Systems - Co-Designing Nature-based interventions in Coastal Systems, under the 
leadership of Delft University of Technology, undertook the development of a co-design 
approach on Texel, but also initiated an international cross-comparative study to anchor 
the knowledge development within international experience.

Seven case studies located in South Africa, Sri Lanka, California, Suriname, Ireland and 
the Netherlands (2x) form the objects of inquiry. The case studies, focussing on tidal inlet 
or estuary mouth management issues, were selected to provide learning on the biophysical 
and the social systems. For this reason each of the authors invited to contribute a chapter 
and engage in a week-long workshop was deeply familiar with their specific case study. 
The workshop, convened in September 2017, was designed to facilitate transdisciplinary 
learning through consecutive divergent and convergent knowledge exchange phases. This 
book documents the learning from this international cross-comparative component of 
the CoCoChannel project.

This book is intended for:

• Transdisciplinary scholars who are interested in interdisciplinary learning and 
knowledge exchange, 

• Policy analysts, environmental historians and coastal policy specialists who are 
interested in the role of science in the evolution of coastal policy and management,

•  Coastal scientists and engineers interested in the dynamics of tidal inlets and 
estuary mouths,

•  Coastal managers looking to learn about tidal inlet and mouth management 
practices,

•  Educators focussed on interdisciplinary skills or interested in using the case 
studies in coastal, management and engineering classes or as the basis for problem 
structuring exercises by policy students, and 

•  Students interested in coastal systems management and wanting to broaden their 
interdisciplinary competence. 

Enjoy learning from the reflective experience of the scientists involved in this 
transdisciplinary learning endeavour!
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The authors contributing to this transdisciplinary endeavour draw 
upon a broad spectrum of scientific backgrounds ranging from 
engineering, through the biophysical sciences to the policy sciences. 
They include (in alphabetical order): Janine Adams (Nelson Mandela 
University), Dane Behrens (Environmental Science Associates), 
David Dann (University of California, Davis), Trang Minh Duong 
(IHE Delft, Netherlands), Filipe Galiforni Silva (University of 
Twente, Netherlands), Kate Hewett (University of California, Davis), 
Floortje d’Hont (Delft University of Technology, Netherlands), 
Piet Huizinga (formerly CSIR, South Africa), Michael Koohafkan 
(California Department of Water Resources), Stephen Lamberth 
(Department of Environment, Forestry and Fisheries, South Africa), 
John Largier (University of California Davis, USA), Suzanne Linnane 
(Dundalk Institute of Technology, Ireland), Declan MacGabhann 
(), Priscilla Miranda (Staatsbosbeheer, Suriname), Jan Mulder 
(University of Twente, Netherlands), Rosh Ranasinghe (IHE Delft, 
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1. Introduction
By Jill Slinger, Susan Taljaard and Floortje d’Hont

1
1.1. Background
This book captures the learning from a cross-comparison of seven international inlet 
or estuary mouth management situations. The conceptual framing is provided by a 
focus on systems knowledge and its development and use within coastal management. 
Systems and systems knowledge have been described as holistic, embodied ways of 
conceptualising reality, forming “both a way of inquiry and an object of inquiry” (Nelson, 
2008). To date there has been little research focussing on the role of systems approaches 
in informing coastal management despite the early development of systems thinking 
(late 1950’s onwards) (Ison et al., 1997), the general acceptance of the adaptive learning 
cycle of integrated coastal management (Group of Experts on the Scientific Aspects of 
Marine Environmental Protection [GESAMP], 1996; Olsen et al., 1999), and ongoing 
engineering infrastructural and urban development along our coasts. Recently, Reis 
et al. (2014) undertook a study on systems approaches for implementing integrated 

Introduction
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coastal management principles in Europe, concluding that there is evidence that systems 
approaches provide a significant step in advancing multidisciplinary sustainability 
science. Accordingly, this study adopted a systems approach (the way of inquiry) in 
seeking to learn across a diversity of case studies (the objects of inquiry), each exhibiting 
complex bio-geophysical and social dynamics on multiple, nested spatial scales and time 
horizons. In particular, an international cross-comparison was undertaken to garner 
knowledge on the role of system understanding in designing and managing nature-based 
interventions (Slinger, 2016; Waterman, 2010) in a range of inlet and estuary systems. 
Here, the interventions are regarded as the product of the involved network of scientists, 
engineers and other stakeholders within the case studies, and their social dynamics over 
time. In this sense the interventions are knowledgeable actions (Ison, 2008).

Specifically, a transdisciplinary systems approach is reported, in which the linkages 
between the social, economic and biophysical (ecological) aspects that are studied 
in the coastal environment form the focus of inquiry, as well as the use of a range of 
different knowledge types (see Max-Neef, 2005). By explicitly recognizing different types 
of knowledge, such as model-based knowledge, technical design knowledge, and local 
community knowledge, new and deeply relevant insights for coastal management in 
the Netherlands and internationally are obtained. The embedding of deep case-based 
knowledge within a broad international perspective, yet with a focus on the role of system 
knowledge, makes the learning useful for coastal decision making worldwide. 

The case studies in the international cross-comparison satisfy the following criteria:

• There is an inlet management or estuary mouth management issue,
• The issue is understood to be nested within a broader ecological and social system 

context,
• Place-based knowledge is used,
• Scientists have been, and are, engaged with coastal management.

More generally, the coastal management situations in the case studies exhibit characteristics 
of  ‘wicked’, ‘messy’ or ‘unstructured’ problems where complexity is inherent, outcomes 
are uncertain, and there are diverse viewpoints on what is known, and which outcomes 
are desired (Ackoff, 1980; Enserink et al., 2010; Rittel & Webber, 1973). Schön & Rein 
(1994) claim that such situations are fundamentally about competing values rather 
than gaps in scientific knowledge. So developing comprehensive and deeper scientific 
knowledge in individual disciplines will not necessarily help in solving the coastal 
management problems. However, like Head and Alford (2015), we argue that partial, 
provisional solutions can be pursued through scientific learning within and across such 
situations. The aim of the book, therefore, is to engender such learning across a diversity 
of case studies in estuary and inlet management. 

The diversity of the case studies presents its own particular challenge to learning. Each 
of the case studies occurs within a different bio-geophysical coastal system and within a 
different socio-economic context. Which aspects can usefully be compared? In addressing 
this challenge, we examine a number of theoretical perspectives at the outset. Systems 
thinking (Ackoff, 1971; Checkland, 1981; Ison et al., 1997; Meadows, 2008) and policy 
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analysis (Thissen & Walker, 2013; W. E. Walker, 2000) are fundamental to our approach, 
so they are introduced first. These theoretical perspectives provide the analytical lens and 
the methods (the ways of inquiry) through which we seek to learn about the case studies. 
Next, a number of integrated environmental management paradigms that have been 
established as underpinning integrated coastal management (Frantzeskaki et al., 2010; 
Taljaard et al., 2011) are described. These paradigms include environmental assessment, 
objectives-based management, adaptive management and ecosystem-based management. 
Social-ecological systems theory is then described (Berkes & Folke, 1998; Redman et al., 
2004) and the move to include multi-disciplinary, place-based learning that rests upon 
system understanding in the management of the environment is highlighted. Each of 
the case studies (the objects of inquiry) is subsequently positioned against an integrated 
environmental management paradigm or social-ecological systems theory. 

1.2. Theoretical framing
1.2.1. Systems thinking 
Systems thinking tackles complex problems by treating the system - the set of interrelated 
and interdependent component elements (Ackoff, 1971) - as a whole (Checkland, 1981). 
In 1968, Von Bertalanffy (1968) stated that an entire system’s behaviour cannot be 
understood by understanding the behaviour of each of the component parts in isolation. 
Instead systems and their behaviour are more than the sum of the parts and they have 
emergent properties that do not exist in the parts but are found in the whole (Weinberg, 
1975). Many different types of systems have since been recognised in nature and society, 
ranging from ecosystems, through organisations and industrial systems to information 
systems and architectures (Costa et al., 2019; Ison et al., 1997). Common across these 
systems is the need to explore the implications of human interventions and decision 
making on the system properties and behaviour (Meadows, 2008). This has given rise 
to diverse fields of study such as cybernetics and simulation modelling (e.g., Forrester, 
1961), and policy analysis (Thissen & Walker, 2013; W. E. Walker, 2000), all informed by 
systems thinking.

1.2.2. Policy analysis
Policy analysis employs a purposeful, systematic process to assist public policy decision 
makers in choosing which interventions to adopt in a system by (i) clarifying the 
problem, (ii) outlining the alternative intervention solutions and (iii) displaying the 
trade-offs amongst the outcomes (W. E. Walker, 2000). Policy analysis has a problem 
focus, conceptualising the problem as a system (see Enserink et al., 2010), rather than 
a method focus. A wide range of methods are adopted in organising and presenting 
information to those involved in policy making to help them in decision making. Indeed, 
the field of policy analysis recognises that in most complex problems there are many 
potential interventions, many factors over which the decision maker has no control, 
many interested stakeholders and many potential outcomes of interest. Frequently, there 
is more than one decision maker involved and preferences regarding the desirability of 
the outcomes are diverse. In short, an optimal choice for an action or intervention is 
seldom possible (see Thissen & Walker, 2013). 

This contrasts with decision analysis, a rational, technical approach that assumes that 
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a logically consistent choice can be made based on adequate information and the 
careful specification of desired targets, provided appropriate methods are applied. The 
argument is that a knowledge-based approach supports high quality decisions, reducing 
the risk of ill-informed or emotionally-based decisions. While policy analysis employs 
techniques from decision analysis in identifying decision criteria, listing out the various 
alternatives, and deliberating the present and future consequences of each alternative, 
it does not always ascribe weights to each criterion and rate each alternative on each 
criterion. Instead the focus lies on understanding the problem. Policy analysis recognises 
that an individual cannot have complete information, nor can they fully comprehend all 
alternatives and their consequences. In addition, an individual’s preferences may fluctuate 
or alter over time. In reality, therefore, individuals do not exhibit fully rational decision 
making behaviour. Indeed, Simon (1955, 1957, 1991) defined an ‘administrative’ being 
rather than a purely ‘economic’ decision-maker, introducing the concepts of ‘bounded 
rationality’ and ‘satisficing’. Situations in which individuals hold divergent interests and 
values on the one hand and divergent perceptions of reality on the other hand continue 
to present a challenge to decision making (Kørnøv & Thissen, 2000; March, 1991; Van de 
Riet, 2003).

Currently, the field of policy analysis accommodates a range of styles, drawing on a 
systems thinking base (Mayer et al., 2004). Where rational, technical views predominate 
the choice amongst alternatives can be supported by decision analysis. Where differences 
in values, and different perceptions of the problem predominate, the problem structuring 
(Enserink et al., 2010) and game structuring approaches (Cunningham et al., 2014; Slinger 
et al., 2014) of participatory policy analysis are most applicable. Three cornerstones 
for realizing participatory decision making in complex problem settings have been 
identified, namely: (i) valid policy- or decision-relevant scientific knowledge, (ii) process 
management whereby the involved stakeholders consent to a process designed to achieve 
appropriate and information-based decision outcomes, and (iii) stable stakeholders 
participation that acknowledges different roles and contributions (Agre & Leshner, 2010; 
Kørnøv & Thissen, 2000; Miser & Quade, 1985; Van de Riet, 2003).

In addition to these participatory engagement methods, there are numerous methods and 
techniques available to support policy analytic decision making. In particular, a graphical 
representation method, the system diagram (Figure 1.1), can be used to depict: (i) the 
demarcation of the problem under consideration (the boundary), (ii) the relationship 
between factors influencing the system behaviour, (iii) whether these influencing factors 
are external, internal or comprise the interventions of (managing and other) actors in 
the system, (iv) the outcomes from the system and how these relate to management 
objectives. In the system diagram (see Enserink et al., 2010), the policy makers, scientists 
and societal actors are not included explicitly, but are viewed as sources of knowledge, or 
as controlling the interventions. 

1.2.3. Integrated Environmental Management
For a long time, the management of natural resources and the environment occurred via 
specific uses or sectors such as forestry, fisheries, agriculture, freshwater supply, wastewater 
discharge, and housing development (United Nations Environment Programme [UNEP], 
2006). Where this approach has persisted, increasing demands on limited natural 
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resources have resulted in conflicts between the different uses, aggravated by ineffective 
management. The concept of Integrated Environmental Management was introduced in 
the 1980’s to address these issues by adopting a more holistic and interconnective approach 
(Margerum, 1999; Margerum & Born, 1995), and focussing on system goals through a 
strategic approach (Born & Sonzogni, 1995; Lang, 1986). This conceptual development 

in environmental management was mirrored in the coastal environment. In the 1980s, 
the need became clear for an inter-sectoral approach to the coast taking account of all the 
activities affecting the coastal environment and its resources, and dealing with economic 
and social issues as well as environmental (ecological) concerns (Post & Lundin, 1996). 
Today, the Integrated Coastal Management approach aims to balance development 
and conservation, to ensure multi-sectoral planning, and to facilitate participation and 
conflict mediation (Christie, 2005).

Literature on the management of coastal environments emphasises the importance 
of country-specific knowledge and contextual factors in evaluating implementation 
of management policies (Cicin-Sain et al., 1998; Olsen et al., 1997; UNEP & Global 
Programme of Action for the Protection of the Marine Environment from Land-Based 
Activities [GPA], 2006). Indeed, Taljaard et al. (2011) note that there is no international, 
generic blueprint for integrated coastal (environmental) management that can be applied 
routinely to yield predictable and desirable outcomes. However, a number of paradigms 
have been established as underpinning integrated coastal (environmental) management 
(Frantzeskaki et al., 2010; Taljaard et al., 2011) and these provide a means of characterizing 
the predominant management approaches adopted in each of the research case studies.

Environmental assessment paradigm
Internationally, the National Environmental Policy Act of the United States in 1969, 
represents the first legal requirement for environmental assessment (Jay et al., 2007). 
Environmental assessments may be undertaken at two levels, namely the individual 

Figure 1.1. The system diagram
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project level, referred to as Environmental Impact Assessment (EIA) and the plans, 
programme or policy level referred to as Strategic Environmental Assessment (SEA) 
(Fischer, 2003). Essentially, environmental impact assessment is a systematic process 
for determining the potential environmental consequences of a proposed project (or 
action) (Jay et al., 2007). The primary purpose of this anticipatory and participatory 
environmental management instrument is to inform decision makers of the likely 
environmental consequences of a project (or action) so as to support environmentally 
sound development decisions (Fischer, 2003; Jay et al., 2007). Strategic environmental 
assessment encompasses a range of analytical and participatory approaches that aim 
to integrate environmental considerations into policies, plans and programmes so as 
to clarify the inter-linkages with wider economic and social systems and so include 
environmental considerations into strategic decision making (Partidário, 1996, 2008; 
Wallington et al., 2007). Actor participation, appropriate process management, and 
sound scientific knowledge are viewed as essential to environmental assessment (Taljaard 
et al., 2011). In this, the environmental assessment paradigm agrees with characteristics 
of the participatory policy analysis paradigm. 

Objectives-based management paradigm
The core concept of objectives-based management as outlined by Drucker (1954) is 
improving the performance of an organisation by clearly defining and agreeing objectives 
at all levels within an organisation. By aligning objectives across an organisation, 
managers and employees can avoid becoming so involved in day-to-day activities that 
their main purpose or objective is forgotten – the so-called ‘activity trap’. Fundamental 
to the objectives-based management approach is the call for participatory involvement 
in the strategic planning process, so that implementation is expedited. In applying this 
concept to environmental management, the participatory involvement of actors at all 
levels naturally comes to the fore. Involved actors aid in determining environmental 
objectives. Management strategies (or environmental management programmes) are 
then developed with the aim of attaining the objectives, which are specified in terms of 
outcome indicators and associated target values. The implementation and assessment for 
compliance is undertaken primarily by civil servants at national, regional, and local levels 
(Edvardsson, 2004; Wibeck et al., 2006). A strength of the objectives-based management 
paradigm is the emphasis placed on setting objectives holistically for the environment (i.e., 
incorporating the biophysical environment, the social and the economic environment). 
In this aspect, the paradigm differs from the primarily biophysical/ecological (and 
sometimes local social) focus of the environmental assessment paradigm.

Adaptive management paradigm
According to Haber (1964) and Bornmann et al. (1999), the adaptive management 
concept originated in the early 1900s when ideas of scientific management were 
pioneered. Fundamental to the adaptive management paradigm is a healthy scepticism 
regarding predictive environmental assessments, typically undertaken prior to action. 
Instead, the limitations of model-based or predictive assessments in dynamically 
uncertain environmental systems are understood, and the value of experiential 
learning is appreciated. Adaptive management builds on learning from experience, by 
experimenting and monitoring the results of experiments and then adjusting practices 
based on the learning attained (Bornmann et al., 1999). Sound environmental monitoring 
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and evaluation programmes to support learning and subsequent adaptation are central to 
this paradigm. By actively accommodating system changes and the unexpected (Noble, 
2000), adaptive management introduces the use of iterative, incremental adjustments as a 
requirement in managing complex environmental systems.

Ecosystem-based management paradigm
The realisation that natural resources and the environment can be managed more 
effectively if the ecosystem is placed centrally (Costanza, 1998; Pretty & Ward, 2001) and 
management occurs through cooperative governance between different sectors led to the 
concept of ecosystem-based management (UNEP, 2006). Ecosystem-based management 
recognises that plants, animals, and human communities are interdependent and 
interact dynamically within a particular physical environment forming distinct spatial 
units or ecosystems (UNEP, 2006). Humans and development are viewed as an integral 
part of an ecosystem. There is a shift from centralised, top-down governance of the 
environment to a decentralised regional and local approach to resource management in 
which multiple stakeholder groups are involved. Ecosystem-based management further 
requires that the carrying capacity of the ecosystem is not exceeded, but that development 
occurs sustainably (Balchand et al., 2007; United Nations, 1987). The ecosystem-based 
management paradigm supports participatory actor involvement, requiring multi-sector, 
cooperative governance systems to be established (Taljaard et al., 2011). Management 
of the environment in its biophysical, social and economic aspects characterises the 
ecosystem-based management paradigm. 

1.2.4. Social-ecological systems and transdisciplinarity
A social-ecological system is a coherent system of biophysical and social factors 
that regularly interact in a resilient, sustained manner, through coupled, non-linear 
interactions. Moreover, this coupled, complex system is dynamic, exhibiting continuous 
adaptation (Redman et al., 2004). So, the concept of social-ecological systems as linked 
systems of people and nature emphasises that humans are viewed as a part of, not apart 
from, nature (Berkes & Folke, 1998). Inherently a social-ecological system is a nested 
system with several spatial, temporal and organisational scales that may be hierarchically 
linked (Redman et al., 2004). The resilience of a social-ecological system is conceived as 
the capacity of a social-ecological system to absorb or withstand perturbations so as to 
maintain its structure and functions, and provides an indication of the degree to which 
the system is capable of self-organisation, learning and adaptation (Gunderson & Holling, 
2002; Holling, 1973; B. Walker et al., 2004). A set of seven principles have been identified 
for building resilience and sustaining ecosystem services in social-ecological systems, 
namely: maintaining diversity and redundancy, managing connectivity, managing slow 
variables and feedbacks, fostering complex adaptive systems thinking, encouraging 
learning, broadening participation, and promoting polycentric governance systems 
(Biggs et al., 2012). 

Social-ecological systems theory embodies a co-evolutionary view of the relationship 
between humans and nature. Humans and the whole social system are viewed as 
essentially part of the social-ecological system – an all-encompassing system present 
at multiple, nested scales. In Figure 1.2, a complex coastal system decomposed into a 
coupled ecological and social system is depicted. In this view, humans participate 
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Figure 1.2. A complex coastal system conceptualised in terms of its social and ecological 
components

naturally in decision making on the environment, and participatory approaches aimed at 
environmental stewardship are embraced. Social-ecological theory therefore represents 
an extension of ecosystem-based management, and simultaneously incorporates the 
incremental learning of adaptive management. Where objectives-based management is 
applied without accounting for other potential environmental objectives or long-term 
sustainability, this would lie outside of social-ecological theory. Social-ecological theory 
recognises multiple sources of (disciplinary) knowledge for system understanding 
namely, environmental and social science, practice, local stakeholder knowledge and 
governance or decision making knowledge. Place-based contextual knowledge is also 
explicitly valued. This leads naturally to the adoption of a transdisciplinary approach in 
studying complex social-ecological systems. 

Transdisciplinary is defined as a scientific approach that seeks to learn across disciplines 
(multi-disciplinary), using place-based knowledge, involving scientists and society, 
through convergent and divergent phases of learning and reflection. It seeks to usefully 
combine the reductionist thinking of scientific disciplines with the local knowledge of a 
place, and by reflecting on actions and effects now and in the past to make science and 
scientific practice relevant to society (Bergmann et al., 2012; Max-Neef, 2005). 

1.3. The seven case studies
Seven case studies form the basis for the analysis. The case studies are located in the 
following countries: The Netherlands (2x), The United States of America, Ireland, Sri 
Lanka, Suriname and South Africa (Figure 1.3). The case studies focus on inlet or estuary 
mouth management, comprising four micro-tidal estuaries, two larger inlets and a 
wetland lake intermittently connected to the sea. Each of the case studies is nested within 
the context of scientific engagement in their respective countries with certain author(s) 
having a deep familiarity with the study site and its biophysical and/or social context. As 
such, the material presented here is only a selection of the full range of knowledge on each 
of the systems and is presented with its own particular slant. Whereas the overarching 
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research approach draws on systems thinking and policy analysis, each of the case studies 
differs in terms of its predominant theoretical paradigm, as listed in Table 1.1. and 
described briefly per case study thereafter.

Case study 1: Texel Inlet, the Netherlands
Texel Inlet represents a case study in Dutch coastal management. The imperative to 
protect the Dutch coast from flooding has been the central issue in coastal management 
for centuries. The damming of the Zuiderzee, a salt water inlet of the North Sea, formed 
a fresh water lake - the IJsselmeer, and initiated a process of coastal sedimentary 
re-adjustment of which the Texel Inlet forms part. However, since 1990 Dutch coastal 
policy is aimed at preventing structural erosion by maintaining the Dutch coastline 
at the 1990 position through sand nourishments. This objectives-based policy and 
associated sand nourishment strategy now ensures that south-west Texel receives 
a large portion of the sand nourishment budget as it is an erosion hotspot. However, 

Case Study Country Predominant theoretical paradigm

Texel Inlet The Netherlands Objectives-based Management

Dundalk Bay Republic of Ireland Environmental Assessment

Maha Oya Sri Lanka Environmental Assessment

Russian River California, United States of 
America

Objectives-based Management

Groot Brak Republic of South Africa Adaptive Management

Bigi Pan Suriname Ecosystem-based Management

The Slufter The Netherlands Social-Ecological Systems

Table 1.1. Orientation of the case studies against the theoretical paradigms

Figure 1.3. Locations of the seven case studies 
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recent geomorphological insights on the dynamics of the ebb-tidal delta suggest that a 
large sandy shoal on the north-eastern margin of the ebb-tidal delta will in time attach 
to the south-western side of the island of Texel. This calls into question the wisdom of 
continuing to nourish this part of Texel. In essence, the Texel Inlet case study highlights 
how a single issue – flood risk management - can dominate in determining the objectives 
for coastal management. It draws attention to the role of scientific insights in improving 
management and highlights the need for collaborative, participatory approaches in 
designing alternative coastal management strategies that address multiple objectives. 

Case study 2: Dundalk Bay, Republic of Ireland
Dundalk Bay is located on the northeast coast of Ireland and is of social and ecological 
importance, particularly as a fishing resource and regional harbour. The water quality 
issues associated with the rivers flowing into Dundalk Bay are the primary driver for 
the study. There is a need for catchment management to improve the quality of the 
inflowing water as well as a need for holistic and integrated management approaches. 
Here, scientists are actively involved in supporting community-based engagement 
with a view to enhancing integrated management of the water and coastal systems. The 
case study highlights the need to progress from environmental assessment to engaged 
co-management approaches in an effort to support learning within a social-ecological 
system.

Case study 3: Maha Oya, Sri Lanka
The case study of the Maha Oya Estuary in Sri Lanka focusses on the issue of climate 
change. Modelling research on the effects of climate change on small, wave-dominated 
estuaries led to the understanding that the frequency, period and duration of mouth 
closure of the estuary could change owing to both sea level rise and changing river flows. 
This new knowledge represents a pro-active environmental assessment and serves as 
a signal to Sri Lankan coastal managers that these external factors cannot be ignored. 
Coastal management will have to alter to accommodate these effects, particularly as the 
subsistence fishermen, sand miners and tourism-dependent occupations rely on estuary 
functioning for their incomes. This case study illustrates the role of scientific knowledge 
in alerting coastal managers of the need for change.

Case study 4: Russian River, California, United States of America 
A 2010 Biological Opinion, a legal instrument, to ensure that the Russian River in 
California is managed for maintaining the habitat of the juvenile steelhead trout, 
represents a significant stage in the management of this estuary. Years of research by 
Californian scientists, particularly the Bodega Marine Laboratory (UC Davis), together 
with observation records of a citizen living near the mouth, are used to determine the 
relationship between the state of the mouth of this intermittently closed estuary and 
the habitat requirements for the endangered species. The biophysical system knowledge 
based on an extensive data set is shown to be crucial in managing for this single species 
objective. 

Case study 5: Groot Brak, South Africa 
Since the construction of the Wolwedans Dam upstream of the Groot Brak Estuary, 
South Africa, in 1990, this small, wave-dominated system has received both research and 
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management attention. Initially the attention focussed on designing a water release and 
mouth management policy for the estuary to prevent flooding and a decline in estuary 
health, and to ensure that local socio-economic activities were not impacted adversely. 
The focus of the case study presented in this book is the incremental learning on mouth 
management practices over a thirty-year period, and the adaptation of the management 
of water releases and mouth breaching in response to this. The case study reveals ongoing 
learning regarding the character and functioning of the estuary and highlights how this 
growing scientific understanding then influenced management practice and policy.

Case study 6: Bigi Pan, Suriname
The Bigi Pan in Suriname is a wetland lake that is intermittently connected to the 
sea. The case study analyses the implementation problems of the Bigi Pan Multiple 
Use Management Area (MUMA). The MUMA was designed to accommodate people 
living within, using and drawing benefit from, an ecologically significant conservation 
area. It embodies the principles of ecosystem-based management, and institutionalises 
co-management. The case study draws upon an extensive round of stakeholder interviews 
regarding the functioning of the MUMA. It highlights the need for system understanding 
as the foundation for effective coastal management, and identifies a number of strategies 
to address this gap and improve management. 

Case study 7: The Slufter, Texel, the Netherlands
New coastal modelling insights that the estuary mouth may not need to be straightened 
periodically as a means of mitigating the flood risk to the dike landward of the Slufter 
Estuary, led to a desire on the part of the Water Board to re-evaluate their mouth 
management strategy. A social-ecological systems lens was adopted by researchers from 
the outset. This means that the issue of mouth management was not interpreted only 
as a biophysical problem, nor only as a flood-risk management issue, but as a multi-
facetted issue arising from an increasing awareness of the ecological and social value 
of the Slufter Estuary, and a desire to work with nature rather than against nature - the 
Building with Nature philosophy (Ecoshape, 2019; Slinger, 2016; Waterman, 2010). A 
process of stakeholder engagement was undertaken in which the divergent perspectives 
and values of local stakeholders in regard to mouth management were explored with the 
aid of system dynamics modelling (D’Hont, 2014). In this case study, the role of system 
understanding is shown to be fundamental to learning on coastal management within the 
social-ecological system.

1.4. Transdisciplinary approach
Diverse environmental concepts (C) and methods (M) - ways of inquiry - are employed 
by the scientists involved in the seven coastal case studies that form the objects of inquiry 
in this endeavour (Table 1.1, Figure 1.4). However, the fundamental strategy of inquiry 
in this book is informed by the systems concepts and methods of the policy analysis 
scientists. Together, the coastal environmental scientists and the policy analysts have 
sought to learn from each case study and across the case studies by sharing experiences 
and reflecting jointly on the theoretical concepts employed, the methods applied, and 
the particularities of the individual coastal systems (S). The new insights from this 
transdisciplinary approach were reported in the proceedings of the intensive week-long 
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workshop held at Delft University of Technology in September 2017 (D’Hont & Slinger, 
2017). In this book, the learning from the full transdisciplinary research endeavour is 
synthesised by cross-comparing the coastal systems (S), the methods (M) applied and the 
concepts employed by the involved scientists (C). The cross-comparison is itself informed 
by concepts from systems thinking and policy analysis, with the aim of influencing coastal 
management and research practice internationally. 

1.5. Reading and use guide
This introductory chapter has established the theoretical underpinning of the book in 
systems thinking and policy analysis, and has positioned the seven coastal case studies 
against the paradigms underlying integrated environmental management or social-
ecological systems. Each of the case studies differs in terms of its predominant theoretical 
paradigm in combination with the insights offered and the type of biophysical and/or 
social system described. Readers primarily interested in big bay or inlet systems are 
advised to focus on the Texel Inlet and Dundalk Bay case studies. Readers interested in 
small, wave-dominated estuaries are invited to concentrate on the Maha Oya, Russian 
River, Groot Brak and Slufter estuaries. Those interested in the social aspects are 

Figure 1.4. The transdisciplinary learning process applied in the cross-comparison of the 
international coastal case studies
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directed towards the Bigi Pan and Slufter case studies, while those more interested in the 
biophysical aspects can focus on the other case studies. While each case study chapter 
can be read as a stand-alone unit, valuable insights are gained from cross-comparing and 
learning across the case studies as described in the concluding chapter.
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2.1. Introduction
Texel Inlet represents a case study in Dutch coastal management. The imperative to 
protect the Dutch coast from flooding has been the central issue in coastal management 
for centuries. The damming in 1932 of the Zuiderzee, a major salt water branch of the 
Dutch Wadden Sea, formed a fresh water lake –the IJsselmeer – and initiated a process 
of coastal sedimentary readjustment of which the Texel Inlet and adjacent coasts are 
parts. However, since 1990 Dutch coastal policy is aimed at preventing structural erosion 
by maintaining the Dutch coastline at the 1990 position through sand nourishments. 
This objectives-based policy and associated sand nourishment strategy now ensures that 
south west Texel receives a large portion of the national sand nourishment budget as it 
is an erosion hotspot. In this case study, we focus on the evolution of integrated flood 
risk management at Texel Island, showing how scientific insights into coastal dynamics 
have influenced coastal policy in the past (section 2.4), and how recent advancements in 

2
2. Texel Inlet Dynamics and 

Shoreline Management
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knowledge on the natural dynamics of the system (section 2.3) and on the importance 
of stakeholder involvement in environmental management, may play a role in a potential 
adaptation of the policy (section 2.5). In essence, the Texel Inlet case study highlights how 
a single issue – flood risk management – can dominate in determining the objectives for 
coastal management, and highlights the role that new scientific insights can potentially 
play in influencing coastal management into the future. 

2.2. Study area 
Texel island, Texel Inlet and the adjacent North Sea and Wadden Sea represent a coherent 
system of high natural value, largely protected under the European environmental law 
Natura2000. The Texel Inlet is a mixed-energy inlet system connecting the Wadden sea 
tidal basin to the North Sea (Figure 2.1). It is located in the north-western part of the 
Netherlands and is the largest inlet system of the Dutch Wadden sea. To the south, it is 
bordered by the city of Den Helder where the coastline is fixed by the use of groins and 
dikes (Figure 2.2). To the north lies the island of Texel, characterised by an eroding sandy 
shore with a dynamic sand flat at its southern tip - De Hors – covering an area of roughly 
3 km. Over the past 18 years a dune field has been establishing at De Hors. Just north of 
De Hors, the coast is protected by groins for 9 km (Figure 2.2). 

Figure 2.1. The Texel Inlet study area, showing the channel, ebb-tidal delta and shoals and 
the affected parts of the adjacent shorelines (after Elias et al., 2014)
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2.3. Natural dynamics of the inlet 
2.3.1. Hydrodynamics
According to Hayes (1979), the Texel Inlet can be classified as a mixed-energy, wave 
dominated inlet, although some tide-dominated characteristics such as a large ebb-tidal 
delta are evident. The tide-dominated features derive from the large tidal prism relative 
to wave energy (Elias and Van der Spek, 2017). The tide is semi-diurnal with a mean tidal 
range of 1.4 m, mean high tide level of 0.65 m NAP and a mean high spring tide level 
of 0.84 m NAP (Wijnberg et al., 2017). The average tidal prism is 990 x 109 m3, with a 
seaward directed residual prism of 17 x 109 m3 and peak ebb and flood velocities ranging 
from 1 to 2 m.s-1 (Duran-Matute et. al., 2014, Buijsman & Ridderinkhof, 2007). The 
system is influenced by meteorological distortion of the water levels due to air pressure 
and wind set-up or set-down, which can reach values of up to 2 m during major storm 
events (Elias and Van der Spek, 2017). Daily maximum water levels show median values 
of 0.69 m (Figure 2.3). Data from 1997 up to 2015 show a maximum water level of 2.71 m 
with values above 2 m occurring less than 0.37 % of the time. The wave climate in the area 
is dominated by wind-generated waves coming from the North Sea. The mean significant 
wave height is 1.3 m, with a corresponding period of 5 seconds and a mean direction 
of west-southwest (Elias and van der Spek, 2006). The largest waves are associated with 
energetic events coming from the west and northwest owing to the longer wind fetch of 
the North Sea over these stretches (Sha, 1989; Van der Vegt & Hoekstra, 2012). 

Figure 2.2.  Characteristics of the shoreline along the Texel Inlet indicating dunes in yellow, 
dikes in green, and groins together with year of construction (after HHNK, 2008 and Verhagen and 
van Rossum, 1990)
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Figure 2.4. The northern parts of the sandy shoal Noorderhaaks in 1986, 2003 and 2012 exhibit 
a landward movement (from: Elias et al., 2014)

2.3.2. Morphodynamics
Regarding the ebb-tidal delta and the bed sedimentology, average surface grain size 
varies from 150 µm to 450 µm, depending on the location. Shoals present the smallest 
average grain size, ranging from 150 to 200 µm, whereas coarser sediments can be found 
in the Marsdiep area (Elias and van der Spek, 2017). The system presents an asymmetric 
ebb-tidal delta (Figure 2.1). The closure of the Zuiderzee in 1932 changed overall 
characteristics of the area by increasing the tidal range and consequently the tidal prism. 
This led to morphological responses in both the channel and the ebb-tidal delta (Elias 
and Hansen, 2013). The main channel of the ebb-tidal delta switched southward and 
developed into two southerly directed channels: Schulpengat and Nieuwe Schulpengat, 
whereas the delta extended towards the south and north (Elias and Van der Spek, 2006). 

Figure 2.3. Left: Histogram of water level measured over the past 18 years. The median is 
located at 0.7 m to NAP. The 25 and 75 percentiles are at 0.56 m and 0.87 m, and the 2.5 and 97.5 
percentiles are 0.31 m and 1.47 m respectively.  
Right: Wave rose based on Eierlandse Gat buoy, near Texel.
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The sandy shoal Noorderhaaks altered dramatically on the seaward side with the concave 
southerly directed spit changing to a more northward direction. In contrast, the landward 
side remained relatively stable due to the high flows and sediment redistribution related 
to the Molengat channel (Figure 2.4). 

In previous centuries, parts of the Noorderhaaks periodically merged with the island 
extending the southern tip of Texel, De Hors. The closure of the Zuiderzee has affected 
this process, but recent interaction between Molengat and the adjacent coastline can be 
seen as an indication of a restoration of this bypassing mechanism. According to Elias 
and Van der Spek (2017), erosion of the southwest coastline of Texel can be attributed to 
a lack of sediment bypassing because of spit and channel migration. 

The sand flat De Hors exhibits a steady dune growth, with a net accretion of 1.2 x 106 m³ of 
sand over the last 18 years. The plain is stable in height, with more variation in shoreline 
movement in the west and the dune growth in the north. The average height of 0.89 (± 0.4) m 
between the waterline and the dune foot means that it is only flooded during energetic 
events. Since the east side of the plain is lower than the average height of the rest of 
the plain, thus being more prone to inundation. Morphologically, the dunes can be 
categorised in three zones: a western zone, with a high continuous foredune; a central 
zone, with a field of coppice-like dunes; and the eastern zone, with a continuous foredune 
that is lower than that in the west. The western zone accounts for around 60% of the total 
dune growth, followed by the central zone with around 30 percent and the eastern zone 
with only 10%. The observed spatial variability may be attributed to sediment supply 
limitations due to high groundwater levels and higher inundation frequency. Wijnberg 
et. al. (2017) hypothesise that two mechanisms are responsible for linking subtidal and 
subaerial sediment transfer and determining abundant dune growth regardless of beach 
plain stability. One mechanism is related to deposition of sand in the intertidal zone and 
consecutive transport by aeolian processes during lower tide levels. The second is related 

Figure 2.5. Average rate of change between 1997-2015, highlighting subtidal patterns of 
accretion and erosion, as well as dune growth on the northern end of the sand flat (left) with 
examples of yearly sand flat elevation changes observed on the west side of the sand flat (right). In 
each subplot, black and red contours represent the mean spring high tide level (MSHTL) of the first 
and second year, respectively. Subplot a (2014-2015) shows no deposition above MSHTL, whereas 
subplots b (2003-2004) and c (2009-2010) highlight deposition onto the flat in regions above 
MSHTL (Adapted from Wijnberg et.al., 2017)
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to deposition of sediment above spring high tide during flooding events. The sediment 
deposited during storm surge flooding, then is available for aeolian transport during 
non-energetic periods (Figure 2.5). 

2.3.3. Biodiversity 
The dynamics of the Wadden system are critical to the ecological functioning of Texel 
Island and its surroundings. In particular, the hydro- and morphodynamics, and the 
accompanying gradients in salinity and nutrients within the system, are responsible for 
mudflat, salt marsh- and dune development (Baptist et al., 2016; Van Puijenbroek et al., 
2017) as well as the rich biology and vast diversity of flora and fauna (IJsseldijk et. al., 
2015; Hoekendijk et al., 2015). Tidal effects have been observed on primary production, 
larval distribution and shellfish development (Cadée and Hegeman, 2002; Beukema and 
Vlas, 1989; Capelle et al., 2017). The area is an important breeding ground for juvenile 
fish and shellfish, an essential feeding ground for numerous migratory birds, and home 
to the largest population of seals in the Netherlands (Min. LNV, 2018). The dynamic dune 
development on SW Texel is rare in the Netherlands. This means that the sandy shoal of 
De Hors itself, the salt marshes along the Mokbaai just north of De Hors and the Texel 
Inlet including the dynamic shoal of Noorderhaaks are of high biological importance. 

2.4. Evolution of coastal policy in response to new 
scientific insights

2.4.1. Early policies
For centuries, coastal protection in the Netherlands has been mainly a matter of ‘trial 
and error’ (Bijker, 1996). The first written notice in the country Holland dates from 1105 
and refers to a Zanddijk (sand dike) near Egmond. The construction of primitive dikes 
using local materials like sand, clay sods and kelp reinforced by wooden piles, became 
common practice at locations where dunes were absent or very weak. The planting of 
marram grass from 1650 on, offered a first opportunity to stabilise and enhance growth 
of dunes and sand dykes. Up until the second half of the 18th century the use of stones for 
coastal protection was very rare. In 1776, the first stone groin was constructed at the coast 

Figure 2.6.  Schematic representation of the Dutch coast, indicating management objectives at 
three different scales (Mulder et al., 2011) 
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of South Holland, to counteract erosion. More were built until 1890 and more groins 
followed at the coast of Zeeland, North Holland, Texel (see Figure 2.2) and the island of 
Vlieland. 

It is most likely that originally individual landowners were responsible for the 
construction and maintenance of dikes. Very soon however, the complicated character 
of water management led to the development of Water Boards where all inhabitants 
shared equal responsibility for flood safety. Management of the dunes, for centuries 
mainly hunting grounds, has been very limited for very long. This changed in the early 
19th century when the national government (Rijkswaterstaat, founded in 1798) took 
increased responsibility. At Texel for instance, the dunes largely became state property. 
Rijkswaterstaat is responsible for maintenance of the most seaward dunes, and the State 
Forest Authority (SBB) is responsible for maintenance of the rest of the dune area. SBB 
plants marram grass and deciduous and pine forests, to prevent dune blow outs and to 
produce wood (RWS, 1950).

The knowledge and experience of the Water Boards has been documented. The ‘Tractaat 
van Dyckagie’ (Discussion on Dikes) by Andries Vierlingh (1507-1579) formed the 
state-of-the-art at the beginning of the 20th century (Bijker, 1996). The practice of flood 
protection gradually changed to accommodate learning from large engineering projects 
like the damming of the Zuiderzee (Afsluitdijk Project) and the inlets of the south-
western Netherlands (Delta Project). This led to the establishment of safety standards of 
flood defence in the Delta Act (1958). However, the maintenance of the sandy coast and 
dunes as flood defence barriers still rested on experiential knowledge.

2.4.2. Start of a nourishment policy 
Things gradually changed around 1965 with the start of a yearly monitoring programme of 
the Dutch coast, measuring coastal profiles at intervals of 250 m. Between 1985 and 1990, 

Figure 2.7. Definition sketch of dune strength calculation (after Technische Adviescommissie 
Waterkeringen [TAW], 2002)
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scientific research undertaken as part of the Coastal Genesis Programme (Kustgenese) 
put forward significant new insights (e.g., Bijker, 1996, van Koningsveld et al., 2003) on 
flood protection based on a geologically-informed, large scale understanding of coastal 
processes. The Coastal Genesis Programme represented the first multidisciplinary coastal 
research programme of the Dutch government, involving engineers, geologists, physical- 
and historical geographers. For instance, at Texel, hard structures like groins proved to 
be ineffective in preventing erosion (Verhagen and van Rossum, 1990). The underlying 
cause of coastal erosion appears to be a structural sand deficit in the wider coastal system.

Following a severe coastal storm in 1990, the government adopted a new coastal policy 
called ‘Dynamic Preservation’ (Hermans et al., 2013). This policy identified three 
different scales to be considered in coastal protection, namely the small-scale residual 
dune strength (‘reststerkte’), the medium-scale 1990 reference coastline (‘Basiskustlijn’) 
and the large-scale active coastal system concept (‘kustfundament’) (Mulder et al., 2011) 
(Figure 2.6). 

The test procedure to determine the actual strength of a dune is based on a model 
calculation of dune erosion under design conditions, i.e., a storm with a probability of 
occurrence of 1 in 3000 years (Figure 2.7). 

The model provides information to define the geographical characteristics of the dune 
water defence (the so called ‘legger’) which is then laid down in a legal document. The 
position of the flood defence reference line (‘waterkering referentielijn’) coincides with 
the erosion line under design conditions. The dune core (‘kernzone’) is the minimum 
volume required to meet the standard. In turn, the core comprises three components, 

Figure 2.8. The different zones within a dune water defence (TAW, 2002). 
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namely the erosion zone (A), a small zone to compensate for uncertainties (T), and a zone 
comprising the required residual dune volume (G) (Figure 2.7). Next, the total spatial 
extent of the existing dune water defence (‘waterstaatswerk’) is defined by extending the 
core zone to include the deposition zone at its seaward side and at its landward side, 
a reservation zone to account for developments in hydrodynamic conditions over the 
next 200 years. Finally, summing up all zones that are subject to restrictions in use, two 
protection zones are defined: landward of the ‘waterstaatswerk’ a 100 m wide zone, and a 
seaward zone down to a depth of 20 m or extending 2 km offshore (Figure 2.8).

The dune strength is determined using this procedure every 5 years. The standard for 
safety against flooding of Texel has been redefined in 2014 as a probability of flooding of 
1:3000 (Delta Programme, 2014). The standard applied in coastline management is the 
position of the coastline in 1990, referred to as the Base Coastline (Basiskustlijn [BKL]), 
based on principles as depicted in Figure 2.9. It relates the position of the momentary 
coastline to a volume around the Mean Low Water Level.

Figure 2.9. Definition sketch of momentary coastline (adapted from TAW, 2002)

Figure 2.10. Position of all transects on Texel in the JARKUS monitoring programme (left; RWS, 
2005). Right: results of coastline testing in 2017, indicating an erosive trend between km 9 and km 
11 (right; RWS, 2016) 
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Based on the realisation that any momentary coastline only represents a snapshot and is not 
fully representative of the dynamic behaviour of the coastline, the standard ‘basiskustijn’ 
(BKL) was defined as the average momentary coastline position derived from its trend 
over the period 1981 – 1990. The coastline position is determined analytically on a yearly 
basis by comparing the BKL position with a predicted trend coastline position (TKL) 
as derived at that time from the momentary coastline trend over the preceding decade 
(Figure 2.10). 

Coastline positions have been established and laid down in an appendix to the Water Law, 
at 250 m intervals along the entire sandy coast. An exception applies for SW Texel. To 
allow for natural dynamics at the southern tip of the island (De Hors) no BKL has been 
defined. The legal obligation to maintain the coastline only applies from Km9 northward 
(see Figure 2.10). This approach relies upon the yearly monitoring programme JARKUS 
that has been operational since 1965, and provides bathymetric transect data up to the  
5 m contour of transects along the coast at 250 m intervals (Figure 2.10)

In 2000, the total sand volume of the active coastal zone between a depth of 20 m and 
the dune body massive has been defined as the ‘kustfundament’ or coastal foundation 
(Figure 2.6). This concept arose from research showing that maintenance of the BKL 
would be insufficient to meet the policy objective of sustainably maintaining coastal 
safety and other dune functions (e.g., Mulder et al., 2011). To comply with the objective 
of sustainability and maintain the sand volume of the coastal foundation, the yearly total 
nourishment volume of the Dutch coast was raised from 6 to 12 million m3, from 2001 
onwards. 

2.4.3. Current legislative, organisational and social context 
Currently, safety standards for all flood defences in the Netherlands, including the 
dunes, have been established by law (Delta Act, 1958; Flood Defence Act, 1996; Water 
Act, 2009). The Flood Defence Act and the Water Act define the need to preserve 
the coastline, in terms of the policy of ‘Dynamic Preservation’ (MIN V&W, 1990). In 
addition, natural values of the area, including the tidal inlet, adjacent dunes and sandy 
shoals such as De Hors, are protected under the European legislation Natura 2000 (Bird- 
and Habitat Directives apply here), and related national and regional legislation (e.g., Wet 
Natuurbescherming, 2017). Preservation of flood defences of the sandy coast of Texel 
involves three governance levels: a) the State or national level, Ministry of Infrastructure 
& Water management, Rijkswaterstaat (RWS); b) at regional level the province of North 
Holland and the water board Hoogheemraadschap Hollands Noorderkwartier (HHNK); 
and c) at local level, the municipality of Texel. In the case of Texel, the state (RWS) is 
responsible for the design and implementation of nourishments. At regional level, the 
province is responsible for co-ordination of spatial, economic and nature developments. 
The regional office of the State Forest Authority (SBB) is responsible for the protection of 
the natural environment (Figure 2.12). The Water Board (HHNK) is tasked with ensuring 
coastal safety against flooding. At local level, the municipality of Texel is responsible for 
maintenance of local infrastructure and economic development. 

In implementing the coastal policy, repeated sand nourishments totalling 48 x 106 m3 have 
been applied along the entire Texel coast between 1990 and 2015, with some 9 x 106 m3 
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being applied between the transects 9 and 13 in the south-western part (Figure 2.11). 
The current coastal policy is successful in maintaining the coastline, but consideration 
of other aspects such as the natural environment and local economic development lags 
behind (Lubbers et al., 2007; Mulder et al., 2011). Indeed, where in other countries natural 
protection legislation generally constrains human interventions in the environment that 
affect protected habitats or species, Dutch legislation offers explicit exceptions for water 
safety objectives. The vital importance of flood protection in the Netherlands – where 
59% of the country is prone to flooding (Pieterse et al., 2009) – means that the natural 
environment and local economic development often are secondary to the primary 
objective of flood protection. 

Because Texel’s dune system and intertidal area have significant ecological value, changes 
in nourishments and maintenance of the dunes affect the delivery of ecosystem services. 
The water board tries to align flood protection measures and water quality management 
actions with nature conservation. Indeed, many stakeholders have an interest in, 
responsibility for, or are affected by management decisions regarding the Texel coast 
(Figure 2.12). These include nature managers, tourists, environmental organisations, 
and people living on Texel. Tourism is a main contributor to the Texel local economy, 
and Texel’s rich nature is what attracts tourist and recreants to the island. Also, visitors 
and owners of beach restaurants and beach houses have an interest in the width of the 
south-western Texel beach. A specific stakeholder is the Ministry of Defence, exploiting 
a training centre and small harbour at the north-eastern fringe of the sandy shoal De 
Hors. Additionally, the navy Harbour of Den Helder and local fisheries frequently uses 
the channel Molengat for navigation purposes.

Figure 2.11. Total nourishment amounts (million m3) on Texel between 1990 and 2013, divided 
between the northern and south western part of the island (after Elias et al., 2014)
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2.5. System understanding and insights gained
A structural sand deficit is determining the long-term evolution of the coastline of Texel. 
Recurring sand nourishments form an effective counter measure, as the coastline position 
has been maintained and safety against flooding from the sea has been guaranteed over a 
long period. However, the recurrence interval of nourishments and the associated costs 
are rather high, recreational beach widths are constantly under pressure and the lack of 
dynamics in the dune area has led to a deterioration of the natural environment. The 
latter is in strong contrast to the dynamic and highly valued area of De Hors where there 
is no legal obligation to maintain the coastline and no nourishments are applied.

New scientific insights shed more light on the relation between shoreline and dune 
development at De Hors (Section 2.3) and in general, on the link between inlet dynamics 
and ecological functioning. Present understanding is that the long-term, coastline 
movement at Texel may be regarded as a component of inlet dynamics (Elias and van der 
Spek, 2014, Van Heteren et al., 2006). In future, migration of the sandy shoal Noorderhaaks 
may have a significant effect on shoreline development (Cleveringa, 2001; Van Heteren 
et. al, 2006; Elias and Van der Spek, 2006). All in all, this challenges existing management 
approaches to take the (long-term) natural dynamics of the inlet into account. Questions 
that would need to be addressed include how channel-shoal dynamics in the inlet 
affect shoreline development, and whether manipulation of inlet dynamics is a feasible 
alternative to existing nourishment practices. Issues to be considered in addition to the 
sediment dynamics include flood safety, the status of Texel as part of a UNESCO world 
heritage area, biodiversity, tourism, navigation and fisheries. 

Figure 2.12.  Indication of the main actors responsible for maintenance of different parts of SW 
Texel: state (yellow), municipality (red), state forest authority (dark green). Another main actor, not 
indicated in the map, is the Water Board, responsible for maintenance of the dune water defence 
(HHNK, n.d.) 
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A coastal system is perceived differently by different stakeholders (Costanza et al., 1997; 
Farber et al., 2002), and the interests of these stakeholders are affected by changing policies 
and management strategies (Hermans et al., 2013). Accordingly, active stakeholder 
engagement is considered necessary for effectively managing the environment (Ostrom, 
2009). Since the single issue of flood protection has dominated the management of the 
Texel coast and inlet over time, different types and sources of knowledge (e.g., model-
based, technical design knowledge and local community knowledge) will be needed 
in expanding to address the full range of objectives held by local inhabitants and other 
relevant stakeholders. The south-western part of Texel provides a wide range of ecosystem 
services, such as flood protection, biodiversity, recreational opportunities, navigation. As 
such, the interests of different stakeholders will be affected, highlighting the need for 
a collaborative exchange of perceptions, knowledge and understanding of the coastal 
system for the purpose of designing new strategies for managing this part of the Dutch 
coast. 

2.6. Concluding remarks
The present coastal policy is effective in maintaining the coastline and ensuring safety 
from flooding. It requires frequent and costly sediment nourishments, particularly at 
south-western Texel. Scientific insights regarding large scale inlet dynamics indicate a 
future merging of the sandy shoal Noorderhaaks with the south-western tip of Texel. 
This holds implications for management approaches, implying that they should also take 
the (long-term) natural dynamics of the inlet into account. Perhaps, nourishments can 
be replaced by other methods aimed at steering large scale inlet dynamics. Scientific 
understanding of the sediment dynamics is essential in determining how alternative 
approaches could affect the natural dynamics of the coastal system. Similarly, governance 
knowledge is necessary to determine what is possible under existing regulations and what 
modifications to regulations might be necessary. Critical considerations involve balancing 
natural sediment dynamics, the long-term effects of climate change on the dynamic 
Wadden Sea system, and the envisaged human interventions. The south-western part of 
Texel provides a wide range of ecosystem services, such as flood protection, biodiversity, 
recreational opportunities, navigation, all of which dependent to some extent on the 
sediment cycle. The interests of different stakeholders will be affected by any changes 
in management approach. As such, the need for collaborative, participatory approaches 
in designing alternative multi-functional coastal management strategies into the future 
becomes apparent.
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3.1. Motivation for interest and approach
A shift in integrated management of the environment of Dundalk Bay in Ireland is being 
initiated through the development of a community-led process. Ireland’s implementation 
of the second cycle of the Water Framework Directive (Directive 2000/60/EC, 2000) 
has placed increased emphasis on Integrated Catchment Management as a mechanism 
for the management of its water resources (Department of Housing, Planning, Local 
Community and Government [DHPLCG], 2017). As water flows across jurisdictional 
boundaries into the sea and, given the significance of the catchment as the geographical 
unit of water management, increased collaboration and integrated coordination will be 
required to ensure the delivery of actions. This includes not just communication between 
scientists, statutory agencies and policy makers, but the introduction of ‘real’ and sustained 
engagement with local communities and other interested stakeholders - in partnership 
and with a support network comprising scientists, relevant government agencies and 
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others. Recent research has identified that although the majority of people wish to have a 
voice in local water management issues; most do not feel included in decisions regarding 
their local water environment. This is despite communities strongly valuing their local 
waters. Therefore an opportunity exists to facilitate stronger connections between local 
communities and their water environment, fostering bottom-up initiatives that empower 
and give ownership of local water management issues to these communities (Rolston et 
al., 2017). For this reason, a new community-led partnership, the Dundalk Bay Rivers 
Partnership is in the process of being established in the region, being based on the UK 
Rivers Trust model (The Rivers Trust, n.d.). The aim of the partnership is to:

•  Increase awareness of catchment management actions undertaken at the local 
scale,

•  Increase community involvement in such management actions, 
• Increase communication between governing agencies and communities through 

increased transparency, increased stakeholder engagement and the provision of 
opportunity for feedback and interaction at the local and regional scale. 

At the catchment scale, the importance of local rivers flowing into Dundalk Bay (with 
a catchment area of over 1,000 km2) is being highlighted. Although in its infancy, the 
Partnership has engaged multiple stakeholders to develop a series of community-led 
visions for the rivers that flow in to Dundalk Bay. The aim is to assemble priority 
community-identified themes which can subsequently be used to develop funding bids, 
local delivery projects and to identify management actions which can be implemented to 
achieve the community visions. 

The key management drivers acting within Dundalk Bay are principally its port, its 
fisheries, the WFD and its Natura 2000 status, although active management for the latter 
is limited due to resource restrictions. Unfortunately, the only WFD High Status River 
flowing in to Dundalk Bay has been lost since the previous WFD cycle, meaning that 
is more crucial than ever that locally-led schemes are launched to assist in addressing 
land management practices which are impacting on river and estuarine quality in the 
locality. Despite its frequent recreational use (with public walkways and beaches featuring 
strongly), the majority of inhabitants of Dundalk Bay and its surrounds could be unaware 
of the site’s environmental and economic importance. Indeed, despite an increased focus 
on integrated catchment management processes in water management in Ireland, the 
initial development of the aforementioned Rivers Partnership failed to include Dundalk 
Bay and its estuaries, instead focussing solely on the freshwater regions of the catchment. 
This case study adopts a holistic, integrated environmental management view in 
positioning current efforts towards a new community-led partnership, the Dundalk Bay 
Rivers Partnership.

3.2. Study area
Dundalk Bay is a large bay located on the north-east coast of Ireland, spanning some 
16km from the Cooley Peninsula in the north to Annagassan and Dunany Point in the 
south (Figure 3.1). While the Bay encompasses a number of habitat types, there are 
extensive saltmarshes and stretches of inter-tidal areas exposed at low water. The inner bay  
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(33.35 km2) is shallow, sandy and intertidal with up to 70% of its surface exposed during 
low tide. The hydraulics of the Bay are dominated by the sea but the Bay encompasses 
the mouths and estuaries of the Rivers Dee, Glyde, Fane, Castletown and Flurry. The Bay 
is designated under the EU Habitats Directive as a Special Area of Conservation (SAC) 
selected for the following habitats and/or species listed on Annex I/II of the EU Habitats 
Directive (Council Directive 92/43/EEC, 1992) such as perennial vegetation of stony 
banks, tidal mudflats and sandflats, Atlantic and Mediterranean salt meadows, Salicornia 
mud, and estuaries. These widespread mud and sandflats have a rich fauna providing an 
important food source to the tens of thousands of waterfowl inhabiting the Bay (National 
Parks and Wildlife Service [NPWS], 2014).

In addition, Dundalk Bay is designated a Special Protection Area (SPA)  under the EU 
Birds Directive (Directive 2009/147/EC, 2010), and is listed as a Wetland of International 
Importance under the Ramsar Convention.

3.3. Natural dynamics of bay 
3.3.1. Abiotic system characteristics
The tidal range at Dundalk is relatively large for Irish waters with a maximum spring 
range of 4.7 m and a mean neap range of 2.6 m (Marine Irish Digital Atlas [MIDA], 

Figure 3.1. Location of Dundalk Bay and its wider catchment, located on the north-east coast 
of Ireland - shaded areas represent those areas where engagement work is already ongoing 
(adapted from Veerkamp & Rolston, 2017)
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Figure 3.2. Dundalk Bay and approaches to Dundalk (Source: Ordinance Survey Ireland)

Figure 3.3. Dundalk Bay Navigation Channel into the Castletown Estuary (Source: Ordinance 
Survey Ireland)
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2017). The Bay is exposed to waves generated in the Irish Sea from an east north east to 
south east direction. The Castletown River cuts through the intertidal zone in the north-
west corner of the bay and provides a channel which has been used by boats to access 
the Harbour for many years. Figures 3.2 and 3.3 show the location of this channel within 
Dundalk Bay.

The National Ports Policy recognises the importance of smaller ports around the country 
such as Dundalk Harbour and how they fulfil an important role in the local economy. 
In fact, Dundalk Harbour is listed in the National Ports Policy as a port of regional 
significance. The National Ports Policy states that “while commercial shipping in Ireland 
is centred on the five Ports of National Significance, 14 other ports [including Dundalk 
Harbour] handle commercial traffic and function as important facilitators of trade for 
their regional and local hinterland”.

Dundalk Bay itself is of environmental, social and economic significance at both local 
and national scales. The cockle and razor fishing industry alone has been estimated as 
worth approximately €3 million per annum to the local economy and there is currently a 
proposal to extend the fishing area to 78km2. At present, the fishing area does not extend 
more than approximately 20-25km2.

The region is of national cultural importance given its multiple pre-historical 
archaeological sites (e.g., Proleek Dolmen) and has strong national folklore importance 
as the birthplace of mythological hero warrior Cú Chullain. The rivers around Dundalk 
Bay were the roadways of the Ancient East leaving behind an enviable heritage legacy 
from the Viking forts and the only castle in Ireland built by a woman - Castle Roche - to 
the land of legends and Irish chieftains.

The Bay’s importance as a Natura 2000 site and a Ramsar site along with its historical 
significance presents tourism and recreational opportunities, particularly with regard to 
birdwatching. A national integrated marine mapping programme, Infomar (Geological 
Survey Ireland & the Marine Institute, n.d.), undertook a bathymetric survey of Dundalk 
Bay, including the navigation channel of the Castletown Estuary (Figure 3.4). 

3.3.2.  Biotic system characteristics
Saltmarsh vegetation occurs in four main areas with two types represented - Atlantic 
and Mediterranean salt meadows. Shingle beaches are particularly well represented 
and support a wide variety of flora including species such as Spear-leaved Orache 
(Atriplex prostrata), Sea Mayweed (Matricaria maritima), Sea Beet (Beta vulgaris subsp. 
maritima), Sea Rocket (Cakile maritima), Wild Carrot (Daucus carota), Sea-holly 
(Eryngium maritimum), Sea Sandwort (Honkenya peploides) and Sea Radish (Raphanus 
raphanistrum subsp. maritimus) (NPWS, 2011).

Vast sandflats and mudflats occur over 4,000ha, with ecological communities such as 
muddy fine sand communities and fine sand community complexes well represented. 
These habitats host a rich fauna of bivalves, molluscs, marine worms and crustaceans 
and are the main food resource of the tens of thousands of waterfowl (including waders 
and gulls) which feed in the intertidal area of Dundalk Bay. The saltmarshes are used as 
high-tide roosts by all of these species, while the grazing birds (particularly Brent Goose 
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and Wigeon) feed on the salt marsh grasses, sea grass and other grassland vegetation. 
The site is internationally important for waterfowl because it regularly holds over 20,000 
birds (up to 57,000 have been recorded) and supports over 1% of the North-West 
European/East Atlantic Flyway populations of Brent Goose, Bartailed Godwit and Knot. 
Additionally, it is nationally important for Golden Plover, Great Crested Grebe, Greylag 
Goose, Shelduck, Mallard and many more (NPWS, 2014). 

Dundalk Bay was surveyed in 2009 as part of the fish monitoring programme for the 
WFD (Kelly et al., 2010). A total of 16 fish species were recorded in Inner Dundalk Bay 
in September 2009. Sprat was the most abundant species captured, followed by cod, 
plaice and founder. Dundalk Bay has been included in Irish Salmon, Celtic Sea Trout and 
Eel surveys in recent years (Celtic Sea Trout Project [CSTP], 2016; Standing Scientific 
Committee on Salmon [SSCS], 2017; Standing Scientific Community for Eel [SSCE], 2015) 
and is part of Inland Fisheries Ireland’s Marine Sportfish tagging programme (Clarke et 
al., 2016). In addition to this, Dundalk Bay was surveyed on a seasonal basis over a 5-year 
period (2007-2011) looking at the juvenile flatfish species which inhabit the intertidal 
areas (MacGabhann, unpublished). The Centre for Freshwater and Environmental 
Studies (CFES) at Dundalk Institute of Technology (DkIT) have also carried out fisheries 
surveys over the past three years (2014-2016) to supplement this data and have found 
flatfish to be abundant in shallow regions (various unpublished undergraduate theses). 
These shallow waters of the Bay are a vital nursery area for all the commercial fish species 
in the Irish Sea and the Bay is anecdotally considered to be the most important nursery 
area along the East coast of Ireland.

Furthermore, the Inner Bay receives the waters from the Castletown and Flurry Rivers. 
These rivers contain a number of important species which migrate through the Bay, 
including salmon, sea trout, eels and sea lamprey.

Figure 3.4. Bathymetric survey of Dundalk Bay undertaken by the Infomar Project (Geological 
Survey Ireland & the Marine Institute, n.d.)
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3.3.3. Human use
The major industrial uses of Dundalk Bay are the port and the fisheries (Figure 3.5). 
Leisure boats are unable to use the harbour for berthing as facilities do not exist at the 
existing piers for leisure craft to safely moor and for people to disembark easily. 

A number of fishing boats, particularly small trawlers, moor at the quays in Dundalk 
on a permanent basis (n=16). These boats are involved in shellfish fishing in Dundalk 
Bay. The fishermen are organised and represented at both local and national levels in 
the form of Local, Regional and National Inshore Fisheries Forums where they can feed 
directly into policy making decisions affecting Dundalk Bay. Feedback suggests that there 
is an amicable relationship between the fishery interests and commercial interests using 
Dundalk Harbour with both industries progressing without hampering or interfering 
with the other’s operations. 

Dundalk Bay is a classified shellfish production area for both razor clams (Ensis siliqua) 
and cockles (Cerastoderma edule) with the razor fishing taking place in the deeper waters 
and the cockles closer to the shoreline (Marine Institute, 2016). 

The entire bay is designated under the quality of shellfish waters regulations (Statutory 
Instrument Number 269 0f 2006 European Communities (Quality of Shellfish Waters) 
Regulations 2006 and its subsequent amendments). The current shellfish classification 
for razor clams allows the shellfish to be placed directly on the Asian, North American 
and European markets. The deeper waters outside of the Bay are very important in the 
Nephrops (Dublin Bay Prawn) fishery with up to 50 vessels operating on a seasonal 
basis. The cockle fishery has approximately 32 permitted vessels. Annual landings for the 
Razor fishery (approximately 81 vessels) is 300-700 Mt, but not all operate on a full time 
basis. The shrimp fishery comprises approximately 6-8 vessels with annual landings of  
250-500+ Mt, and 6 - 10 vessels operate on a full-time basis for brown crab.

The main items imported into Dundalk Harbour are coal, timber and animal feed. Bord 
na Mona (an Irish semi state company) operate a large coal importing business at the 
Harbour and import loose coal which they then pack onto pallets for the Dublin market. 
Bord na Mona imports in the region of 35,000 - 40,000 tonnes per year of coal into 
Dundalk Harbour. 

In addition to commercial fishery, the wider catchment of Dundalk Bay is host to a 
large number of angling clubs and recreational fishing is an important leisure activity 

Figure 3.5. Examples of fishing fleet and surrounding landscape of Dundalk Bay (Pictures: 
Declan MacGabhann)
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undertaken within each of the estuaries located within Dundalk Bay. Walking, swimming 
and beach use are also popular pursuits.

The catchment around the bay is of mixed agriculture and urban land use.

3.4. Human interventions
Maintenance dredging of the Castletown estuary navigation channel is undertaken 
annually under the management of the Port Authority in order to remove sediment to 
ensure the safe navigation of vessels entering/leaving the port. The types of vessels which 
can access the Harbour are naturally restricted by the draught and in recent years, this has 
become even more restrictive as the navigation channel is becoming shallower despite 
dredging efforts.

Without these operations, the accumulation of sand particularly in the area of Soldier’s 
Point (marked in red on Figure 3.2) causes difficulties for ships of certain draught entering 
and exiting the harbour. The navigation channel for Dundalk is currently maintained at 
a depth of -0.75 m CD. The berthing pockets at Dundalk Harbour are maintained at  
-0.1 m CD. Limited available historical surveys suggest that regular maintenance dredging 
will be required if the depths in the channel are to be maintained at a figure of -0.75 m 
CD. The amount and frequency of maintenance dredging required to keep the channel 
at -0.75 m CD depends upon prevailing weather conditions. According to a review of 
available historical data, bathymetric and sediment surveys, and modelling simulations 
undertaken prior to the latest foreshore application for maintenance dredging on behalf 
of the Dublin Port Company (RPS, 2011), a series of strong to gale south easterly winds 
could reduce the channel depth by 0.4 m in a relatively short period of time. The report 
also stated that in the past dredging has been poorly controlled and has resulted in humps 
and hollows in the sea bed rather than dredging to a consistent and required depth. The 
sediment analysis undertaken showed the material on the banks on either side of the 
channel to be mainly fine sand with a Dn50 size of 0.125 mm. 

Dredging cannot be carried out during an annual specified ‘closed period’ between March 
and May to facilitate downstream migration of smolts of Atlantic salmon.

Generally, flood risk is not high in Dundalk Bay region and dredging is specifically carried 
out for navigational purposes rather than flood mitigation. As part of the recent national 
flood risk assessments, areas of Dundalk Bay have been identified as ‘at risk’ of flooding 
during either extreme, 200 or 100-year events (The Office of Public Works [OPW], 2018).

To assist in the integrated management of Ireland’s coastal systems generally, the Irish 
Government has developed a web portal called FishingNET (Department of Agriculture, 
Food & the Marine, Ireland, n.d.) where it places all information pertaining to appropriate 
assessments for the Bay, its management plans, Natura 2000 determinations and vessel 
permits. From the food safety perspective, the Sea Fisheries Protection Authority (SFPA) 
has responsibility for shellfish production areas. The Marine Institute (MI) records 
harmful algal blooms in Dundalk Bay which may prevent the harvesting of shellfish and 
the Environmental Protection Agency (EPA) is responsible for Dumping at Sea permits 
which the port get for dumping the dredged spoil.
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3.5. Social context
Whereas the primary responsibility with reporting on EU legislation requirements 
rests with the DHPCLG, several statutory agencies are involved in formulating and 
implementing strategies in this area including the Department of Agriculture, Food and 
the Marine which holds key management interests in the region. 

National Agencies charged with implementing the management actions required for 
achieving relevant EU legislation and other international responsibilities (e.g., Ramsar) 
include the EPA and the NPWS. The SFPA Marine Institute (MI) and Bord Iascaigh 
Mhara (BIM) are responsible for the Natura 2000 fishing assessments. The SFPA are 
involved directly in the bi-annual classification of the shellfish beds through the national 
Molluscan Shellfish Safety Committee (MSSC). From a wider management perspective, 
the deterioration in water quality throughout the catchment from multiple stressors 
cannot be ignored.

From a stakeholder perspective, the newly formed Local Authorities Water and Community 
Office (LAWCO) are responsible nationally for water-related public engagement and 
have been driving the development of the Dundalk Bay Rivers Partnership (The Local 
Authority Waters Programme, n.d.). The Dundalk Bay Rivers Partnership is currently 
in the process of forming following initial public engagement activities which have 
developed a series of community-led visions for the rivers which flow into Dundalk Bay.

The fishermen in the catchment are well organised and as such there are two dedicated 
fishing association groups for Dundalk Bay - the North Irish Sea Razor Fishermen’s’ 
Association (NISRFA) and the Dundalk Cockle Fishermen’s’ Group (DCFG). The 
NISRFA feed directly into the National Inshore Fishermen Forum (NIFF) and also 
have representatives on the Regional Inshore Fishermen’s Forums (RIFF) on all aspects 
relating to the sustainable exploitation of the razor clams in the bay. Coordination and 
collection of monthly shellfish sampling is undertaken by the association for the bi-annual 
classification of the shellfish beds.

The Cockle group, in conjunction with the MI, BIM and the SFPA, coordinate annual 
cockle surveys as part of the system set up for exploiting the cockle fishing under the 
appropriate assessment management plans. Sample coordination and collection is also 
undertaken by the group in partnership with the MI and SFPA. The survey is usually 
a week-long event and estimates the total biomass of the stock which then splits into 
three – one third left available for the bird stocks, a third to maintain the future stock and 
a third to be fished.

Voluntary agencies also play an important role as stakeholders in Dundalk Bay. These 
include various non-governmental organisations (NGOs) including Birdwatch Ireland 
and Coast Watch who carry out yearly surveys on behalf of the NPWS, as well as local 
interest groups including local angling groups.

The local agricultural community is a key stakeholder given the requirements of the WFD 
and the current status of the Dundalk Bay waters.
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The CFES at DkIT has an academic interest in the environmental, social and economic 
aspects of Dundalk Bay and has been involved in environmental assessment, integrated 
environmental management, and catchment-scale initiatives in the region for over a 
decade.

3.6. System understanding and insights gained
The integrated management of Dundalk Bay is complex given its ecological status under 
the EU Habitats Directive and Ramsar, in addition to being a commercial fishery and 
working port of significant regional economic importance. Despite sound environmental 
assessment activities over many years and multiple stakeholder involvement, there is 
limited integrated information available in relation to the dynamics of the system as a 
whole, particularly the management of the estuarine environment. 

Figure 3.6. Above: current status of water bodies entering Dundalk Bay (note absence of high 
quality sites) (EPA Ireland, n.d.). Below: waterbodies in Dundalk Bay ‘at risk’ of not meeting their 
targets according to the WFD classification (EPA Ireland, n.d.)
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Although areas of the Bay have been identified as being at risk from flooding during 
extreme, 200 and 100-year events (OPW, 2018), dredging is carried out only on a 
maintenance basis as required for navigational purposes into the port. From an ecological 
and WFD status perspective, the loss of the only WFD High Status water body in the 
wider Dundalk Bay catchment is of concern. This, coupled with deteriorating water 
quality entering the Bay from its freshwater components, identifies catchment-scale 
management issues that cannot be ignored, and which are likely to drive much of the 
integrated management of water quality of the region, and the bay, into the future (Figure 
3.6).

The abiotic and biotic characteristics of the system are intrinsically interlinked, but 
an understanding of the social aspects of the system, particularly how individual 
stakeholders perceive its value (economic, social and environmental), will be key to 
successful and sustainable long-term management. Following an initial environmental 
assessment and characterisation process undertaken as part of Ireland’s second River 
Basin Management Plan, three catchments which flow in to Dundalk Bay have been 
prioritised for management actions to improve water quality (Figure 3.7). 

Local stakeholder contributions (from landowners, businesses, wastewater treatment 
providers, etc.) to the management of Dundalk Bay will be key for long-term improvements 

Figure 3.7. Priority areas identified in Dundalk Bay as part of Ireland’s second River Basin 
Management Plan (areas shaded in blue-grey) (Environmental Protection Agency of Ireland, n.d.)
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in water quality. Through targeted stakeholder engagement as part of the ongoing 
formation of the Dundalk Bay Rivers Partnership, it is becoming increasingly clear that 
the formation of such entities can act as a catalyst for those who may have wished to 
get involved in local environmental management but did not know how they might do 
so. Successful implementation of such systems has the potential to result in multiple 
social, economic and environmental benefits, while also improving government-citizen 
relationships and building a strong platform for integrated and holistic environmental 
management.

The Dundalk Bay Rivers Partnership has, for the first time within this region, initiated 
a bottom-up, community-integrated course of action with the aim of addressing a range 
of environmental and social concerns with a specific catchment focus. This process has 
highlighted that quite often people are looking for ways to get involved in local water 
management initiatives, but frequently guidance and initiatives which encourage their 
participation and welcome their viewpoints are missing and subsequently people remain 
disengaged. In addition, by exploring individual and community values in relation to 
catchments and water resources it can be noted that there are generational differences 
in how water resources are viewed and valued. Much of the sentiment and heritage 
associated with water resources as valued by older generations is missing in younger (<40 
years old) generations. However, often for older participants the chance to reminisce 
about how they used and ‘valued’ their water resources in the past can help to frame 
future management goals that work for everyone. Indeed, work undertaken in three 
sub-catchments of Dundalk Bay (Figure 3.1) has identified a ‘missing generation’ who 
have little or no interactions with their local water resources as a result of a water-related 
trauma and subsequent ingrained fear within the local community (Veerkamp & Rolston, 
2017). Subsequently, community-led visions have been developed which have resulted 
in the delivery of targeted educational resources aimed at reconnecting the missing 
generation with their local waters. Engagement processes associated with this local 
situation have highlighted that a one-size-fits-all approach should not be applied. Rather 
an understanding of the local situation is required to inform a multi-faceted engagement 
strategy which addresses specific, locally-focussed criteria. This approach is undoubtedly 
more resource intensive but allows a tailoring of solutions to achieve multiple objectives 
in a sensitive manner.

That is not to say that collaboration and engagement are easy to undertake, and it would 
be naive to suggest so. Often, political pressures and legislative drivers focus works and 
measures. In addition, there can be multiple difficulties in engaging stakeholders and 
communities: there can be legacy issues regarding previous poorly delivered engagement 
initiatives; often it can be the same groups and individuals that express an interest in 
being involved in initiatives; and it can be very difficult to ensure engagement across 
multiple socio-economic backgrounds (Rolston et al., 2017).



Integrated Coastal and Catchment Management of Dundalk Bay 59

3.7. Concluding remarks
Dundalk Bay is a habitat and resource of significant environmental, social and economic 
value. Multiple stakeholders are required to work together in order to achieve joined up, 
integrated management of the region to achieve multiple legislative and policy objectives 
and outcomes. Improving and maintaining the functioning of the Dundalk Bay ecosystem 
is vital not only to the future productivity of the shellfish industry but to the Bay’s status 
as an Special Area of Conversation and Special Protection Area. 

With a significant national policy shift in River Basin Management in Ireland leading to 
a greater focus on community-led initiatives, the development of the Dundalk Bay Rivers 
Partnership and the delivery of its agreed visions will clearly contribute to actions that are 
critical to achieving the targets and objectives set out in relevant legislation and policy. 
Including coastal communities into the wider catchment-scale engagement process 
ensures source to sea inclusion. This will facilitate the more holistic, integrated approach 
to environmental management being encouraged at the national water governance level. 
However, it must be recognised by all stakeholders that not everything can be done at 
once and that implementation (as well as tangible results) will take time. Therefore, the 
setting of expectations must be clearly and sensitively handled from the outset. 

The involvement of local communities in water resources management presents an 
opportunity to improve the cost-effectiveness of management actions across the triple 
bottom line of social, economic and environmental processes. Yet, it is imperative that the 
national policy shift in River Basin Management towards this more bottom-up focussed 
approach is supported by sufficient and accessible funding opportunities.

It is envisioned that over time the Dundalk Bay Rivers Partnership will enable multiple 
key local stakeholders to employ a targeted management approach underpinned by 
inclusive social mobilisation and robust pre-planning. This has been proven successful 
through the UK Rivers Trust model, which is actively being implemented in Ireland 
under strong encouragement from national Government under Ireland’s second River 
Basin Management Plan of the Water Framework Directive of the European Union.
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4.1. Motivation for interest and approach 
Maha Oya inlet is located on the south west coast of Sri Lanka, an island nation in the 
Indian Ocean, southeast of India. The inlet is connected to the 3rd largest river basin in the 
country. Maha Oya is an intermittently closed inlet, which closes whenever riverflow is 
low, regardless of the prevalent wave climate. It is either naturally opened when riverflow 
increases or artificially opened by the local community. The inlet and its surrounding are 
used for multiple purposes, such as sand mining, access to the ocean by fishing boasts, 
tourism including tourist hotels and recreation by both tourists and local people from 
the area. These activities bring significant economic and social benefits to local people 
and contribute to the national GDP. When the inlet closes, usually a few times per year, 
the main issues are flooding of low lying land and the problems for fishermen who can’t 
travel through the inlet to the sea. Mouth closure therefore has direct negative impacts 
on the economy, and affects the lives of local people and tourists. Although intermittent 
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Figure 4.1. Location of Sri Lanka (left) and the case study site Maha Oya river (right) (from: 
Google Earth)

mouth closure is a natural phenomenon and thus a component of the natural functioning 
of the ecosystem, climate change (CC) could cause these impacts to become more severe, 
particularly as there is low community resilience to coastal change impacts. Therefore, 
there is a demand for a better system understanding to support improved and sustainable 
inlet management. There are concerns about the potential impacts of CC on the system 
and uncertainty on how the system would behave in the future. This study about CC 
impacts on Maha Oya inlet was undertaken as a component of a comprehensive study 
about CC impacts on the stability of Small Tidal Inlets (STIs) (Duong, 2015). The broader 
study investigated potential impacts of different future CC scenarios on 3 main STI types 
based on their general morphodynamic behaviour. These include: Type 1 – Permanently 
open, locationally stable inlets, Type 2 – Permanently open, alongshore migrating inlets, 
and Type 3 – Seasonally/Intermittently open, locationally stable inlets. Maha Oya is a 
Type 3 inlet. Duong et al. (2016) defined STIs as systems with narrow (< 500 m wide) 
inlet channels, connected to shallow (average depth < 10 m) and less than 50 km2 surface 
area estuaries/lagoons. These STIs are also called bar-built or barrier estuaries (Bruun 
and Gerritsen, 1960) and are commonly found in wave-dominated, microtidal mainland 
coasts (Slinger, 1997; Slinger, 2017). They occur on about 50% of the world’s coastline 
(Ranasinghe et al., 2013) and are often present in tropical and sub-tropical regions (e.g., 
India, Sri Lanka, Vietnam, Florida (USA)), and South America (Brazil), South Africa, 
and SW/SE Australia) (Duong et al., 2016). These STIs and their adjacent coasts are 
dynamic systems, with complex feedbacks of system response to system forcing (Carter 
and Woodroffe, 1994; Slinger 1997). For decades there has been scientific interest in 
understanding the behaviour of these systems and the physical processes governing 
their behaviours (Bruun, 1978; Aubrey and Weishar, 1988; Prandle, 1992; Slinger et al., 
1994; Slinger, 1997; Ranasinghe et al., 1999; 2013; Fitzgerald et al., 2008; Bertin et al., 
2009; Dissanayake et al., 2012; Nahon et al., 2012; Zhou et al., 2014; Slinger et al., 2017). 
The CC driven variations in system physical processes and morphodynamic behaviours 
are of particular interest (Duong et al., 2016; Duong et al., 2017a; Duong et al., 2017b; 
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Figure 4.2. Maha Oya inlet, an intermittently open, locationally stable inlet, showing an open 
(left) and closed (right) state (from: Google Earth) 

Slinger, 2017). CC is likely to influence system forcing including sea level rise (SLR), wave 
conditions and riverflows, which are in turn likely to influence system behaviour such as 
changing the stability of the inlet itself, erosion of inlet adjacent beaches and/or of estuary 
margin shorelines, permanent or more frequent inundation of low lying areas on estuary 
margins, eutrophication, and water quality. This study adopts an environmental science 
paradigm and aims to increase understanding of CC effects and so help to avoid potential 
socio-economic and environmental losses. 

4.2. Study area
Maha Oya inlet is located in the southwest coast of Sri Lanka, 38 km North of the capital 
Colombo (Figure 4.1). Maha Oya river is the 3rd largest river basin in Sri Lanka. Sri Lanka 
is a wave-dominated, microtidal environment, with average offshore significant wave 
height of 1.12 m and mean tidal range of approximately 0.5 m (tides are predominantly 
semi-diurnal, 0.2 m neap and 0.8 m spring). It has a tropical monsoonal climate, with 2 
monsoon seasons southwest (SW) (from May – September) and northeast (NE) (from 
November – February) and 2 inter monsoons in between. The southwest coast normally 
has the most energetic wave condition during SW monsoon (with significant offshore 
wave heights from 1 – 2 m, and mean wave direction from SW-W). The beaches around 
the country are sandy with grain size (D50) from 0.2 – 0.45 mm. One third of the total 
annual rainfall falls in October – December period (Zubair and Chandimala, 2006). 
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4.3. Natural dynamics of inlet system 
Maha Oya river discharges (1571 million m3.yr-1) into the ocean via Maha Oya inlet. 
The behaviour of the inlet is governed by the balance of tide, wave and riverflow forcing. 
Maha Oya inlet is classified as an intermittently open and locationally stable inlet, which 
closes during low riverflows regardless of the wave climate. The inlet stays fixed in a 
location, not migrating along the coast (Figure 4.2). For example, via collected satellite 
images of the area, Maha Oya inlet was observed to open in August 2006 (SW monsoon); 
then it was closed in September (during SW monsoon) and also closed in October (inter 
monsoon) in the same year; and then it was opened again in November 2006 (Northeast 
monsoon). During the year 2006, the inlet stayed in the same location. Maha Oya inlet is 
considered to be a small tidal inlet (STI) with inlet width 100 m, inlet length 70 m, and 
inlet depth 3 m. It is connected to a lagoon with surface area of about 0.2 km2 and average 
depth of 3 - 4 m. The net longshore littoral drift in the area is about 500,000 m3.yr-1 to 
the north (GTZ, 1994). The sediment size D50 at Maha Oya location is about 0.25 mm. 
Maha Oya catchment (approximately 1528 km2) derives most of its riverflow during NE 
monsoon. The average river discharge is about 50 m3/s, and the peak discharge is about 
140 m3.s-1 in November (Duong et al., 2017b).

4.4. History of (mouth) management policies and 
practices

Maha Oya inlet is used for multiple purposes and activities including landing of small 
fishing boats, water front tourist hotels, dwellings, recreational boating, tourism, sand 
mining, and the exchange between fresh and sea water for water quality maintenance. 
It makes significant socio-economic contributions to the local community and to the 
country. Historically, there has been no official management plan from local authorities 
and also no thorough, detailed study about the system. A few times per year, there were 
problems when the inlet closed, such as the threat of inland flooding, water quality issues 
as well as obstruction of ocean access for fishing boats. The local community would 
then artificially open the entrance, sometimes with the help of the Coast Conservation 
Department (CCD). These activities represent ad hoc actions taken at moments of threat 
with no clear medium or long-term plan or system understanding. Over the years, the 
fast development of the area and the country have led to increased system usage. This, 
together with the anticipated CC impacts on the system, mean there is a need for research 
to support the management and planning processes of local authority and government. 

4.5. Social context
Maha Oya inlet is used for multiple purposes and by different sectors. The threats on 
the system will directly or indirectly affect relevant stakeholders in negative ways. Local 
people are affected directly by the flooding of low lying land around the river as it threatens 
their life and properties. Fishermen are also affected directly when they cannot navigate 
through the inlet to the sea when it is closed. The deterioration of water quality when 
the inlet closes affects local people and tourists who live there and/or in the surrounding 
areas. In general, inlet closure which creates flooding, water quality, and ocean access 
issues, would have a negative impact on tourism revenue, and directly or indirectly affect 
tourist hotel owners, recreational boat operators, as well as the Department of Tourism. 
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Moreover, it could have significant effects on the environment too. Since these threats 
affect people’s lives and jobs, there is a demand for improved management and policies 
on the part of the local authorities and government, particularly in view of the uncertain 
effects of CC.

4.6. Modelling climate change scenarios
The CC impacts on Maha Oya inlet were investigated using process based numerical 
modelling, particularly the state-of-the-art numerical model Delft3D (Lesser et al., 2004). 
Delft3D combines a short wave driver (SWAN), a 2DH flow module, a sediment transport 
model (Van Rijn, 1993), and a bed level update scheme. It is practically difficult to assess 
CC impacts on tidal inlets due to the limitations of numerical model ability and the 
long time modelling scales required for CC impact assessments (Ranasinghe and Stive, 
2009; Dissanayake et al., 2012; Dodet et al., 2013; Duong et al., 2016). Ideally, for CC 
study, the coastal area morphodynamic model Delft3D needs to be run with 50-100 year 
time varying water levels, waves and riverflow forcing. However to date, even a coastal 
area morphodynamic simulation with concurrent tide, wave and riverflow forcing for 
more than a few years have not been successful (Lesser, 2009). Only morphodynamic 
simulations of wave-dominated inlets for a few months have shown successful results 
(Ranasinghe, et al., 1999; Bertin et al., 2009; Bruneau et al., 2011). Duong et al. (2016) 
developed a practical solution to this problem, namely the strategic process based ‘snap-
shot’ modelling approach. Firstly, the contemporary morphodynamic model, forced with 
contemporary system forcing, is validated to reproduce system present condition. The 
model results are qualitatively validated with observed morphodynamic behaviour of the 
inlet using available aerial/satellite images of the area, and are compared against empirical 
relationships such as the A-P relationship (O’Brien, 1931; Jarrett, 1976), Escoffier curve 
(Escoffier, 1940), and the Bruun inlet stability criteria (Bruun, 1978). Subsequently, the 
validated model is used to simulate one year of system behaviour at the desired future 
time (such as 2050, 2100), with corresponding future CC modified forcing under different 
CC scenarios to assess potential CC impacts on the inlet. The CC forcing (wave and 
riverflow) was dynamically downscaled sequentially from Global Climate Model (GCM) 
projections, to Regional Climate Model (RCMs), then Regional wave/hydrodynamic/
catchment models, and local wave models, following the modified version (Duong et 
al., 2016) of the ensemble modelling framework of Ranasinghe (2016). SLR was adopted 
from global mean sea level projection of The Fifth Assessment Report AR5 of the IPCC 
(2013). In the CC snap-shot simulations with SLR, the ‘basin infilling’ process (i.e., the 
raising of estuary/lagoon bed level due to SLR (or land subsidence)), was implemented by 
adjusting the initial bathymetry such that the shape of contemporary basin hypsometry 
curve was preserved (Ranasinghe et al., 2013; Duong et al., 2017b). All Delft 3D model 
parameter values were defined via a set of carefully designed sensitivity tests (for details 
see Duong et al., 2017b).

Inlet stability (i.e., open, close, migrating conditions) is the key criterion used in this study 
to investigate CC impacts on the inlet, since this directly drives the dynamic behaviour of 
the estuary/lagoon behind the inlet as well as the adjacent coast. This criterion (the Bruun 
inlet stability criterion r) is governed by the annual longshore sediment transport (M) 
and flow through the inlet (including tidal prism and riverflow) (P), so r=P/M (Bruun, 
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1978). Inlet stability refers to both inlet locational stability and inlet cross-sectional 
stability. Cross-sectionally stable inlets are the inlets where inlet dimensions will remain 
mostly constant over time. Locationally stable inlets are those inlets that stay fixed in their 
locations over time.

Furthermore, a reduced complexity model was developed (based on the Bruun inlet 
stability criterion r) to obtain rapid assessments of the temporal evolution of STI stability 
under CC forcing. This model is easy-to-use and gives very fast results, simulating 100 
years in under 3 seconds on a standard PC. It is particularly useful for coastal zone 
managers and planners who need simple tools but can give reliable and fast results to aid 
the decision making process. (More details about methodology can be found in Duong, 
2015; Duong et al., 2016; Duong et al., 2017a; Duong et al., 2017b). 

4.7. System understanding and insights gained 
This study provides new insights on processes governing the stability of intermittently 
open inlets. First, previous findings of Ranasinghe et al (1999) and Slinger et al (1994) 
that riverflow is a critical process in determining the stability of this type of inlets, are 
confirmed. Second, this study shows that the wave direction, which governs longshore 
sediment transport rates, could be a deciding factor where the stability of intermittently 
open inlets is concerned, particularly when riverflows are generally low. SLR, however, 
appears to be of minor importance for the stability of this type of inlet. 

Detailed model results on CC impacts on the stability of Maha Oya inlet from the 
numerical modelling studies undertaken using the modelling approach described above 
can be found in Duong et al., 2017b. In summary, under CC scenario, Maha Oya inlet 
will not change inlet type by 2100, which means it will still be an intermittently open, 
locationally stable inlet. But the inlet stability level in 2100, which is measured by Bruun 
inlet stability criterion (r) as described above, will increase compared to the present, also 
with a longer open duration of the inlet than at present.

The results at 2100 of the reduced complexity model, developed specifically for this CC 
impacts study, also agree well with the modelling results that Maha Oya inlet won’t change 
inlet type. However, since reduced complexity models can provide more information 
about the temporal evolution of the inlet stability from present till 2100, these results 
show that Maha Oya inlet can temporarily change inlet type, to a permanently open, 
locational stable inlet type for few years (as criterion r increases) in the 2070-2080 decade.

The system understanding gained from this study, including knowledge of the system 
characteristics and knowledge of physical processes governed the dynamics of the 
system, as well as new insights of the potential future inlet behaviour under CC impacts, 
may be of benefit and could play a key role in decision making processes and developing 
management policies geared for sustainable development. With the temporal variation of 
the inlet stability predicted from the present to a desired future time (e.g., 2050, 2100), 
local authorities and government can develop long-term management plans, which could 
incorporate different interventions corresponding to different levels of inlet stability over 
the future decades. 
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4.8. Concluding remarks 
Due to the combination of rising sea levels, changing riverflow characteristics, wave 
conditions, increased utilisation of the waterway, lagoon and adjacent land, flooding of 
low lying land around Maha Oya has been increasing and more and more fishermen 
are affected by inlet closures and the lack of ocean access. Historically, whenever the 
inlet entrance was closed and created problems, either local people (such as: dwellers, 
fishermen) and/or the private sector (such as: sand mining companies, hotel owners, etc.), 
who were affected and suffering from the closure, would either individually or together 
open the mouth, sometimes with help from the Coast Conservation Department (CCD), 
without any scientific knowledge or awareness of the mechanisms and characteristics of 
the system. It is now recognised that this ad hoc inlet management is inadequate. Hence, 
the CCD has initiated the process of developing an efficient entrance management plan 
backed by sound science and designed with the involvement of local stakeholders with 
system knowledge. There is a significant concern about how climate change driven 
variations in mean sea levels (i.e., sea level rise), riverflow and wave conditions might 
affect entrance closure/open regimes (i.e., inlet stability). 

This study on climate change impacts on the stability of Maha Oya inlet has shown, 
via a detailed numerical study, that the Maha Oya entrance will experience significant 
temporal variations in its stability over the next 100 years. Results show that the inlet may 
change from an intermittently closed/open tidal inlet to a permanently open inlet (during 
the 2070-2080 decade) and then revert back to an intermittently closed/open system, 
albeit with longer open durations than at present. 

From a management perspective, these results seem to favour a ‘do-nothing’ approach for 
now, but highlight the importance of conducting detailed studies on the implications of 
the increased duration of the open state on inland flooding, water quality and associated 
local activities (inland fisheries, tourism), and ecosystem services. Knowledge from these 
studies may indicate that it is beneficial to artificially close the inlet from time to time 
during the 21st century and could lead to the development of new strategies for inlet 
management. Significantly, the results suggest that it is important not to develop new 
plans for a permanently open inlet as this condition is only likely to persist for about ten 
years from 2070 to 2080.

While this study provides indications on potential science-based management strategies 
appropriate to this particular system, in the modern era management strategies based on 
once-off studies may not gain local support. Therefore, it is imperative that the scientific 
results be considered together with local knowledge, local stakeholder views and 
preferences, in the light of national and local political considerations and socio-economic 
consequences. Thus, any future strategies should involve a comprehensive, participatory 
approach so as to ensure that the resulting interventions are environmentally, socially 
and economically appropriate to local conditions and needs, embracing the concept of 
co-design (Wijnberg et al, 2013).

The CCD is in the process of developing both short-term and long-term entrance 
management plans that take these new findings in to account to efficiently manage 
and use the Maha Oya system. For short-term management considerations, CCD has 
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initiated a series of stakeholder meetings involving the different stakeholder groups 
to develop more effective inlet management strategies based on critical lagoon water 
levels and critical inlet closed periods to trigger artificial inlet breaching by the CCD. 
For long-term management considerations, CCD is in discussion with other relevant 
government agencies regarding commencing more detailed studies on: optimal inlet 
open/closed durations for fisheries and tourism, impact of longer inlet open times on 
ecosystem services, effects of sand mining on inlet stability and the adjacent coastline, 
and an updated Global Climate Model downscaling study for Sri Lanka. 
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5.1. Introduction
For centuries the Russian River and its estuary has been used as a source of food, with 
impacts of human activity assumed to be minimal and transient. However, a more 
industrial era of resource extraction commenced in the mid-nineteenth century with the 
advent of forestry and extraction of old-growth redwood trees as well as more intense use 
of the salmon fishery. In spite of significant impacts, management interventions in this 
era were still transient and it is only a century ago that a more intentional, permanent 
management of the lower river and estuary started with the insertion of structures 
into the natural system. Although some structures were not fully implemented or did 
not stand the test of time, the intent was to tame the river permanently and allow for 
navigation, farming and water supply. This hubris is characteristic of an era of hydrological 
modification in many systems across the globe during a time when resources were seen as 
abundant and natural systems were seen as resilient (or not valued beyond their capacity 
to deliver water, food and transport opportunities).

5
5. Managing the Mouth of 

Russian River Estuary, California
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In the last half century, management has focussed increasingly on resources and ecosystem 
functions and services. Whether resource-oriented or conservation-oriented, it became 
clear that the Russian River and comparable natural systems were in decline. However, 
management is now constrained by permanent hydrological modifications in the form of 
dams on the river, jetties at the estuary mouth, and levees protecting agricultural lands. 
In addition, somewhat unwittingly, houses and other structures have been placed in the 
floodplains of the estuary and lower river. The challenge of contemporary management is to 
balance multiple objectives (resilient ecosystem, flood protection, water quality, resource 
extraction, use of waters for recreation and transport) within a variable environment (sea 
level, river flow, waves, loading of inflows) while constrained by permanent structures 
(buildings, jetties, dams, levees). 

The management of specific systems varies depending on the relative priority of these 
multiple objectives. While some systems are managed for system integrity and 'health', 
others are managed for a single species or objective – sometimes by design, and other 
times by the weight of stakeholder interests or the imperative of statutes, regulations and 
other legal tools. Permanent modifications may be removed through 'restoration', with 
the intent being to restore natural processes and ecosystem functions, but success is not 
assured and often not well tracked post-restoration. So, now we live in a management 
era that is again well intentioned, but with a focus more on ecosystems and resources – 
however, there are many examples of unintended consequences and a dearth of careful 
measurement and evaluation of the effects of management choices, whether soft (e.g., 
altering inflow rates and loading) or hard (e.g., insertion or removal of structures).

Management of the Russian River Estuary (RRE) is one example of this challenge to 
address multiple objectives, including issues related to flooding, water quality, fish habitat, 
and use of the waters for recreation. As elsewhere, this challenge is undertaken within a 
multi-agency landscape that includes many stakeholders, institutions and jurisdictions 
– each with their own priorities and approaches to the common aim of realizing the full 
potential of the RRE ecosystem and all the services it can provide.

5.2. Study area
The Russian River drains a 3850 km2 watershed in northern California, with the mouth/
inlet at 38.451oN and 123.127oW (Behrens et al., 2013). The 175 km long river exhibits 
a steep gradient, draining from an elevation above 1300 m. Precipitation is entirely via 
rainfall, which is heavy in winter months (specifically December to March) and typically 
absent in summer months (May to October). Rain and river flow is strongly pulsed with 
inflows exceeding 1000 m3.s-1 in the days following major rainfall events – the strongest 
due to 'atmospheric rivers'. However, during dry periods in winter the flow can be much 
lower (10-100 m3.s-1). Lowest flow occurs in late summer and is managed by the Sonoma 
County Water Agency (SCWA) in accordance with a multi-agency agreement – typically 
4 m3.s-1, but as low as 2 m3.s-1 during dry years. In contrast to estuaries further south in 
California (or estuaries with smaller watersheds), the water budget is still positive during 
low-inflow periods and the water level rises in the estuary when the mouth is closed.

The estuary of the Russian River is a prototype of the bar-built, intermittently closing, 
drowned-river-canyon estuaries that are common in California (and along comparable 
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steep-gradient, wave-exposed coastlines). The valley/canyon that the estuary occupies 
is blocked by a sand barrier at the mouth (Figure 5.1), constricting the flow of water 
between estuary and ocean. However, the river and estuary are larger than many 
comparable systems in California and it has received more attention than most, 
yielding a comprehensive set of monitoring data for science-based management. Recent 
classifications of west-coast estuaries have classed the RRE as a 'river mouth estuary' 
(Gleason et al., 2011; Sutula, 2011), but the propensity to close means the RRE has much 
in common also with 'lagoon estuaries' – together these two categories account for a few 
hundred small estuarine systems in California. An additional and often overlooked factor 
in California estuaries is the importance of ocean inflows that are biogenically important 
given the high natural loading of ocean waters in a coastal upwelling region (and the low 
organic loading of many unperturbed watersheds).

Management of intermittently closing estuaries in California has received considerable 
attention recently, after decades of ad hoc approaches. There is growing recognition of 
common drivers and responses across diverse systems – and an interest in learning from 
management in comparable regions, like South Africa and Australia. Recent activities 
include a state-wide assessment of nutrient criteria (Sutula, 2011), establishment of a 
Science Advisory Team for the multi-agency Wetlands Recover Project that addresses 
estuaries in southern California (Southern California Wetlands Recovery Project, 2018), 
a conservation assessment of estuaries along the US west coast (Gleason et al 2011), and 
a review of mouth breaching effects to advise permit decisions by the NOAA Fisheries 
(Largier et al., 2019). The most common drivers of inlet management are recognised as 
(i) water level and coastal flooding, (ii) water quality, specifically hypoxia, feacal bacteria 
and undesirable eutrophic smell/sight, and (iii) endangered species management. The 
impact of artificial breaching is felt in marsh and pelagic habitats that in turn impact 
broad ecological communities and specific endangered species.

Management of the mouth of the RRE is most active during the dry season, with SCWA 
obligated by a multi-agency agreement to open the mouth before the water level reaches 
2.75 m above NAVD (9 foot). This is known as Agreement 1610 and the aim is to preclude 
flooding of low-lying structures and grazing lands (and also the coastal highway when 
water levels exceed 3.5 m). Typically a breach is planned and instituted when the water 

Figure 5.1. Aerial photo of Russian River Estuary showing the constricted estuary mouth that 
penetrates the wave-built sand barrier across the mouth of the fluvial valley (photo credit: John 
Largier)
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levels exceeds 2.1 m (7 foot). However, since 2009 SCWA has been operating under a 
Biological Opinion that directs them to manage the mouth in a way that promotes a 
closed/perched state during summer months to support the rearing of juvenile steelhead 
trout (an anadramous salmonid) in the estuary. The idea is to establish a perched-estuary 
state with an overflow mouth, as is typical of smaller estuaries in California and which 
has been shown to be conducive to high growth rates for juvenile steelhead (Bond, 2006; 
Hayes et al., 2008; Matsubu et al., 2019; Serghesio, 2011). This single-species imperative 
dominates management decisions, although management is also constrained by other 
interests, including recreational use of the estuary and lower river that depends on water 
quality and water level, regulations and perceptions relating to water quality in the estuary 
(including oxygen, bacteria, algal blooms and more), protection of a seal haul out on the 
beach at the mouth, and water delivery to SCWA clients. 

The UC Davis Coastal Oceanography Group has been involved in studies of mouth state 
and controlling factors (Behrens et al., 2009, 2013), estuary circulation and stratification 
(Behrens et al., 2016; Largier & Behrens, 2010), dissolved oxygen (Hewett, 2014), and 
steelhead habitat (Largier & Koohafkan, 2016; Matsubu et al., 2019) – plus general advice 
to SCWA and collaborating agencies on the biophysical aspects of the estuary. To address 
hydrology and water quality during closures, we have deployed time series instruments 
and conducted hydrographic surveys (including BOD sampling) every year since 2009. 
Additional data is available prior to 2009. The RRE water column is markedly different 
between open-mouth and closed-mouth states (Figure 5.2): when open, a salt wedge 
intrudes tidally about 5 km from the mouth, occasionally delivering saline waters to the 
inner estuary; when closed, a 2-layer structure extends well into the inner estuary, with 
saline waters found in deeper regions and overlaid by a continuous and thickening layer 
of low-salinity water. 

5.3. Biophysical dynamics
5.3.1. Estuary mouth closure
The mouth of the RRE closes multiple times annually, as illustrated in Figure 5.3.

There is seasonality in closures with the highest probability of a closed mouth in fall and 
early winter (October-December) and lowest probability in mid-summer (July-August). 
The mouth closes in winter during dry periods when big waves rebuild the sand barrier. 
There is a small increase in closure probability in spring. In addition to seasonality there 
is a marked interannual variability with the mouth closed for two thirds of the days in 
1977 (a severe drought year) and zero days in 1982 (a high rainfall year). Other than in 
1977, closures persist for days to weeks, seldom more than a month. Many closures end in 
natural breaching after a few days, but longer closures are typically ended by a mechanical 
breach (orange shading in Figure 5.3).

Freshwater inflow to the RRE is highly seasonal, following Mediterranean-climate, winter 
rainfall. This flow seasonality interacts with the seasonality of waves in determining the 
state of the mouth of the RRE (Behrens et al., 2013). Tidal forcing does not vary seasonally, 
but tides only affect the estuary mouth when it is open, driving flows between estuary 
and ocean that can maintain or enlarge the inlet channel: a spring-neap cycle in channel 
width is observed during summer (Behrens et al., 2013). Seasonality and interannual 
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Figure 5.2. Longitudinal salinity structure in Russian River Estuary during representative 
open-mouth conditions (top panel: 19 July 2010) and closed-mouth conditions (bottom panel: 28 
September 2010) (adapted from Behrens et al., 2016)

Figure 5.3. Figure 5.3: Daily record of RRE mouth state (1973 to 2016). Yellow/orange 
shading indicates closures; orange indicates closures terminated mechanically (since 1996)
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variability is mostly related to the interaction of seasonal cycles in river flow and waves – 
the mouth tends to close during large waves and low river flow, but it will remain open if 
river flow is strong enough or if waves are small enough (in the absence of river flow, tidal 
flows can maintain an open mouth inlet). Closures happen most frequently in fall as wave 
power increases due to early winter storms in the Gulf of Alaska (October - November) 
while river flow remains very low until rainfall occurs in California some months later 
(November - December). In winter, both waves and river are strong, but closures may 
occur when river flow decreases during dry periods – however in both winter and early 
spring, closures are short-lived as inflow is high enough to fill the estuary basin and 
overflow the sand barrier within several days. In spring, closures occur if the seasonal 
hydrograph drops off earlier than the decrease in wave energy due to late storms in North 
Pacific. If a closure happens late enough in the season, river flow can be low enough to 
allow a prolonged closure before natural/artificial breaching occurs. However, if a closure 
does not occur in spring, the RRE mouth will remain open all summer. The interaction of 
river flow, tidal flows, and wave forcing in determining the probability of mouth closure 
has been further investigated by Behrens et al. (2013) and a conceptual model of mouth 
state has been outlined in a report on mouth state (ESA, 2016).

5.3.2. Estuary water level
In the RRE and most estuaries in northern California, there is a positive water balance 
so that the estuary basin fills during closures and the water level rises. The rate of water 
level rise is determined by river inflow, evaporation and seepage through the sand barrier 
(the exchange between surface waters and groundwater is unknown but assumed small) 
(Behrens et al., 2013; Slinger, 1996, 2017). Without intervention, the water level would 
rise to the height of the sand barrier, which is determined by the highest run-up event 
due to wave-tide concurrence since the mouth closed. A brief closure in spring 2014 
that ended in a natural breach and a pair of prolonged closures in fall 2014 that were 
terminated by mechanical breaches are shown in Figure 5.4. Water level rises quickly 
during the spring closure owing to higher river flow rate, and the breach occurs naturally 
when water level is below 2 m as the sand barrier has not been built high yet. In fall 
closures the water level rises quickly up to 1.5 m or 2 m, but then slows down within a 
week in early October 2014 and again in early November 2014 when water level does not 

Figure 5.4. Water levels in Russian River Estuary during 2014 dry season, showing a brief 
closure in May, tidal variability May-September and a couple of prolonged closures in September-
October and October-November.
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rise, indicating a steady water balance.

Recent efforts by the SCWA to develop an overflow channel and maintain a constant water 
level during closures (as required by the Biological Opinion) have been unsuccessful. 
While a perched state is common in smaller estuaries, the overflow rate in the RRE is too 
large and the critical shear stress for sand grains on the beach is exceeded, resulting in 
erosion and full breaching of the mouth. Higher through-barrier seepage occurs when 
estuary water levels are higher and it is possible that the residual overflow can be reduced 
sufficiently to allow non-eroding overflow (and over a berm that is above the height of 
any summer wave action that may close the mouth). However, high water levels impact 
a number of structures as well as some grazing land and also recreation facilities (e.g., 
submerging popular summer beaches along the lower river). Both the existing Agreement 
1610 and political will preclude this more natural option being explored further. Typically 
the mouth is now breached when water levels reach 2.5 m, but reduced rates of water level 
rise are only seen when water levels exceed 2 m (e.g., Figure 5.4), allowing only a narrow 
window of operation for such an exploration. It is more likely that a perched state and 
steady estuarine water level can be sustained when water levels are allowed to rise to 3 m 
or above. In addition to the option of removing these buildings, there is also debate about 
removing a relict stone jetty from the beach that may be limiting seepage rates (thus also 
precluding the aim of sustaining a perched state in most summers).

5.3.3. Estuary stratification
In addition to rising water level during closure, intense stratification develops due to 
the trapping of a layer of seawater in the estuary basin (Figures 5.5 and 5.6). Bottom 
salinity at Paddy’s Rock, about 2.4 km from the mouth, is persistently high (above 30) 
indicating the presence of seawater during both open and closed periods. However, 
tidally varying salinity during open-mouth periods gives way to persistent low salinity 
values near-surface during closures (below 10). A distinct low-salinity surface layer forms 
and thickens over time, resulting in a very stable water column that cannot be mixed by 
surface wind forcing, trapping the lower layer. Further, the salinity interface sharpens 
and turbulent mixing is suppressed in and immediately below this interface, precluding 
diffusive fluxes to/from the lower layer (Hewett, 2014; also see Slinger & Largier, 1990). In 
the week following mouth closure in mid-September, surface salinities drop from a tidal 
average of ~20 to below 5 while near-bottom oxygen drops from a tidal average of ~90% 
to zero (Figure 5.5). This rapid transition to deep-water anoxia was not observed in the 
brief closure in early May.

During closure periods a salt-stratified lake forms. This is evident in September 2010 
(Figure 5.2) and May 2013 (Figure 5.6). High-salinity water is most obvious at depth in 
the outer estuary, but some saline water is also trapped at depth in deeper sections of 
the inner estuary. These deep waters are hypoxic – and even anoxic below the euphotic 
zone. Without replenishment of dissolved oxygen by photosynthesis or vertical mixing, 
even low levels of biological oxygen demand (BOD) may account for net respiration and 
remove all oxygen from water at depth (and over time BOD may be topped up by settling 
of organic material into this lower layer from freshwater overflow). In contrast, oxygen 
levels can exceed saturation levels at the interface depth where light can penetrate and 
account for net photosynthesis, and the absence of mixing allows oxygen to accumulate 
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(e.g., Figure 5.6c, at a depth of -1 m and within 3 km of the mouth). On this day, a strong 
algal bloom is evident with the top of the chlorophyll layer at this depth (Figure 5.6d). 
At the stations at ~5.3 km and ~7.3 km from the mouth, the algal bloom blocks the 
light (Figure 5.6e - 5.6f) and contributes to anoxia at depth (Figure 5.6c). Both water 
temperature and dissolved oxygen vary between night and day. In other surveys, a 
temperature maximum was observed at mid-depth associated with penetration of thermal 
radiation into the interface where the absence of turbulent mixing allows accumulation 
of heat during the day. Oxygen increases in the interface during daylight hours when 
photosynthesis dominates respiration, but decreases at night when respiration dominates 
(Hewett, 2014).

5.4. Estuary water quality and habitat volume
The management of the RRE and other estuaries in California focusses on the role of 
these environments as a preferred rearing habitat for juvenile steelhead, an iconic fish 
in the region that is important both in conservation and fishing. In recent work, the 
ranges of temperature, salinity and oxygen in which these fish can tolerate or thrive have 
been identified (Boughton et al., 2017). These tolerances define water quality from the 
perspective of juvenile steelhead and are summarised in 4 categories for each variable 
(see Largier & Koohafkan, 2016) – differentiating between freshwater-acclimated 
younger juveniles and saltwater-acclimated older juveniles. Optimal growth occurs at 
temperatures between 14 oC and 18 oC, with positive growth at temperatures below 14 oC 
or between 18 oC and 21 oC. No growth or negative growth occurs at temperatures above 
21 oC, while temperatures above 25 oC are unsuitable. Similarly, minimal impairment 
occurs when dissolved oxygen concentrations exceed 6 mg.L-1, there is some impairment 
in the range 4 to 6 mg.L-1, severe impairment in the range 3 to 4 mg.L-1, and conditions 
below 3 mg.L-1 are unsuitable. When the salinity is below 10, or between 10 and 15, there 
is a low to negligible energy demand, whereas the brackish range from 15 to 28 poses a 
high energy demand for freshwater-acclimated younger juvenile salmonids and a low 
energy demand for saltwater-acclimated older juvenile salmonids. Likewise, a marine 
environment with salinity above 28 is unsuitable for the freshwater-acclimated younger 
juvenile salmonids and only imposes a moderate energy demand on saltwater-acclimated 

Figure 5.5.  Hourly RRE salinity (near-surface and near-bottom) and dissolved oxygen (near-
bottom) data from Paddy’s Rock (2.4km from mouth) during 2014. Closure periods are demarcated 
by grey shading
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Figure 5.6. Longitudinal-vertical sections showing the spatial patterns of temperature, salinity, 
dissolved oxygen, chlorophyll fluorescence, light transmission and photosynthetically active 
radiation (PAR) along the thalweg of the RRE on 28 May 2013.
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Figure 5.7. Longitudinal-vertical section showing temperature, salinity, dissolved oxygen, and habitat 
categories for freshwater-acclimated juvenile steelhead during survey on 30 September 2014. 

Figure 5.8. Time dependence of water-quality-defined habitat categories for freshwater-acclimated 
juvenile steelhead during closure from 4 September to 23 October 2014
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older juvenile salmonids. 

These physiological criteria allow quantification of water-quality habitat based on 
temperature, salinity and oxygen data at specific times in the estuary – and changes in 
the volume of available habitat can be tracked over time during a closure event (Figure 
5.8). At depth, habitat is not available for juvenile steelhead, primarily due to the absence 
of oxygen (e.g., 'unsuitable', Figure 5.7), and above the hypoxic layer, habitat is still 
marginal due to high salinities ('energy demanding') and warm water ('growth limited'). 
Near-surface waters are 'optimal' for the freshwater-acclimated juveniles that like cool, 
low-salinity, oxygenated waters. However, sub-surface waters are warmer and growth 
limiting (yellow shading in bottom panel of Figure 5.8).

Using these water-quality defined habitats, it is then possible to track changes in volume 
during a closure event, as in September-October 2014 (Figure 5.8). On 4 September, at the 
time of closure, more than half of the available volume of the estuary is unsuitable (1x106 
m3), but this volume changes over time as oxygen conditions improve in deep water. At 
the same time the optimal, near-surface layer thickens as the water level rises and it also 
spreads laterally eventually accounting for 4 x 106 m3 when the mouth breaches on 23 
October. While sub-optimal habitats shrink over time, there is an interesting temporary 
increase in growth-limited habitat as mid-depth waters warm in late September (yellow 
shading in Figure 5.8).

In addition to slow day-to-day habitat changes, there are day-night changes in habitat 
volumes associated with diurnal variability in temperature and oxygen at mid-depth. 
However, high-frequency variability is much higher in open-tidal conditions, and 
ongoing research is directed at determining to what extent fish move with tidal flows or 
remain in one geographical location, experiencing tidally varying water-column habitat 
(Matsubu et al., 2019). Juvenile steelheads are also subject to predation and dependent 
on prey availability. Following Boughton et al. (2017), by defining depth/bottom-depth 
categories (littoral, surface limnetic, epibenthic, subsurface limnetic and profundal), one 
can identify additional habitat categories that account for major habitat differences in 
terms of predation pressure and prey availability. 

These depth-defined habitat categories also vary over time (Figure 5.9), with little change 
in profundal and subsurface limnetic volumes, but major growth in the volume of the 
subsurface epibenthic habitat that represents a high-prey, low-predation environment. 
Although overbank flooding into vegetated areas is believed to provide excellent rearing 
habitat for juvenile steelhead, the shallow littoral zone does not expand significantly with 
rising water levels, but rather migrates landward and actually decreases in volume as the 
water line approaches steeper canyon banks. 

5.5. Stakeholders and mouth management
The estuary of the Russian River and adjacent watershed and ocean are valued by many 
people, arranged into groups that have different hopes and expectations from the estuary. 
The system supplies water to nearby towns and farms, low-lying land in the valley is 
used for buildings and farms but these may be inundated during high water levels in 
the estuary, the estuary and lower river provide recreational opportunities that can be 



84 Complex coastal systems

Figure 5.9. Time dependence of depth-defined habitat categories for juvenile steelhead during 
closure from 4 September to 23 October 2014

compromised by water levels or water quality, the estuary provides important fish habitat 
that can be diminished by low oxygen or high temperature, and the system provides 
important wildlife habitat that may be diminished by water quality or disturbance.

For each of these values, there are actors comprised of stakeholders including government 
agencies, non-governmental organisations, loose coalitions of local residents, and regional 
interest groups.

• Water: multiple stakeholders are primarily represented as clients of the Sonoma 
County Water Agency. There is limited additional extraction of water from the 
lower river and estuary. SCWA participates in community meetings.

• Land: inundation risk to buildings and farmlands is reduced through Agreement 
1610 that was negotiated between multiple parties in 1992, which obligates SCWA 
as management agency to breach the mouth before water level reaches 2.75 m. 
Landowners are typically no longer present at community meetings.

• Recreation: local residents and regional visitors enjoy estuarine and river beaches 
that may be flooded as well as kayaking and other modes of experiencing the 
natural surroundings and wildlife, including hiking and bird watching. State 
Parks representatives represent this group at community meetings, although their 
interest is focussed on lands owned by State Parks. The SCWA also represents 
local residents who provide comment to them on water levels in the system. In 
addition to facilities, water quality is perceived as an issue and of concern to 
the Regional Water Quality Control Board and local groups like the Sonoma 
Environmental Alliance in addition to participation of individuals in community 
meetings.

• Fish: the fish community in general and specifically the endangered steelhead 
trout are sampled by SCWA, with strong interest and specific responsibilities 
exercised by federal and state agencies (NOAA National Marine Fisheries Service 
and California Department of Fish and Wildlife) and also restoration groups (e.g., 
California Sea Grant). The impact of water quality on fish habitat is a central issue, 
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of interest also to the Regional Water Quality Control Board in addition to fish 
and wildlife agencies.

• Wildlife: the estuary, beach and nearshore provides important habitat for birds 
and mammals. Specifically the beach at the mouth of the estuary is an important 
harbour seal haul-out, with late spring a critical period owing to pupping. This 
priority is represented by both local organisations like Stewards of the Redwoods 
and federal agency NOAA Marine Mammal Commission.

• Ecosystem: in addition to specific interests like steelhead population and 
recreational water quality, there are also stakeholders with interest in the ecosystem 
as a whole – this includes California State Parks and local environmental groups 
like Stewards of the Redwoods.

Although there are many stakeholders pulling in different directions, most stakeholders 
are reasonably represented in community meetings and technical workshops that 
link water quality, water levels, wildlife health, fish habitat and recreation uses with 
management of mouth state and river flow. The contemporary dialog is centered on the 
value of the estuary as critical rearing habitat for juvenile steelhead, driven by the 2009 
Biological Opinion and constrained by the 1992 Agreement 1610 on management of 
water levels in the estuary. This focuses discussion and leads to action, but in this setting 
some issues have received less attention than others.

Fish habitat has not always been the focus of attention. Priorities and management choices 
have shifted over past decades. Several phases of human-environment interaction can be 
identified (phases are not distinct and timing of transitions are loosely determined):

• Prior to 1840: little is known about human impacts and use of resources, but they 
are assumed to be light and sustainable – within the capacity of the natural system 
to assimilate.

•  From 1840 to 1870: this is a period of intense logging of the watershed and banks 
of the lower river and estuary and one would expect that there was increase 
sediment loading. Historical records indicate seasonal closure of the mouth. 
Although there is no record of active management of the mouth, one can speculate 
that it would have been opened to allow transport of logs to the sea.

• From 1870 to 1940: timber harvest decreased and interest in the use of the estuary 
for navigation increased, which culminated in attempts to build jetties at the 
mouth of the estuary to ensure an open and navigable inlet. These efforts continued 
from 1920s until completion of a single jetty in 1941 (Behrens et al., 2013), after 
which there were no further attempts to develop the estuary in this way. Also, 
development of agriculture and towns in the watershed led to an increase in the 
use of the river as a large-scale water source, with inter-basin transfer from the 
Eel River to the upper Russian River implemented in 1908 (and increased later), 
enhancing summer flows. The local salmon fishery was also important.

• From 1940 to 1960: increasing value of the river as a source of freshwater with 
construction of Coyote Dam in 1958. The first records of breaching are from the 
1950s, implemented on an ad hoc basis by local residents.

• From 1960 to 1980: transition to explicit management by public agencies occurred 
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in the 1960s and breaching events were implemented by these agencies – and the 
inlet was also dredged to create a deeper channel. A daily record of mouth state 
and harbour seal presence was started in 1973 by local resident Elinor Twohy. 

• From 1980 to 2010: ongoing increase in the use of the river for water supply led 
to construction of the Warm Springs Dam in 1982 and increasing interest in the 
river and estuary as habitat led to implementation of minimum flow requirements 
in 1986. The majority of breaching events were artificial (Figure 5.4), conducted 
by the SCWA, and the current breaching protocol was implemented in 1994 
following the adoption of Agreement 1610. Also recreational use of the estuary 
and lower river increased with beach-going, kayaking and swimming becoming 
popular in summer months. During this period, many near-water residences 
were connected to centralised sewage systems, removing septic systems from 
impacting the lower river and estuary. This period also saw an increase in 
conservation interests and the role of conservation stakeholders in the system, 
specifically the formation of the Russian Riverkeeper organisation in 1995.

• From 2010: with declining salmon populations and recognition of the critical role 
of estuarine habitat for juvenile steelhead, the National Marine Fisheries Service 
wrote a Biological Opinion that obligates the SCWA to manage the estuary mouth 
in a way that promotes formation of a perched estuary with high water levels and 
retention of a thick freshwater/brackish water layer.

5.6. Towards systems understanding in management
In this case study we have described recent monitoring of the Russian River Estuary (RRE) 
and the capturing of this information in a management-oriented habitat-volume index. 
This decision-support tool explicitly states the goals of steelhead-oriented management 
and provides a metric that captures much of the biophysical space and time variability. 
Ongoing discussion and tool development is directed at potential use in forecasting the 
impact of policy choices, management decisions and changing environment (including 
climate change) on steelhead habitat and at potential use as an operational decision-
support tool. And in doing this, we should guard against managing for an optimal 
solution when the habitat has always exhibited high variability that is a critical element of 
the habitat diversity that supports a genetically diverse fish population – a key attribute of 
population resilience in changing environments.

While the approach is to consider the entire biophysical system in which juvenile steelhead 
are reared, it remains a single-species approach and may overlook or undervalue many 
other important dimensions of a complex social-ecological system. The value of taking 
a systems approach is well appreciated, linking multiple issues and factors. But to date 
there has been no rigorous systems analysis of the RRE to integrate biophysical and 
socio-economic considerations. Without this analysis we are left with questions whether 
the species-specific approach driven by the 2004 Biological Opinion is diminishing 
the ecosystem or social value in other ways. And, if there are concurrent losses, there 
are questions whether this is a desirable (or at least acceptable) trade-off for individual 
stakeholder groups and for a combined stakeholder forum. Beyond conducting a 
systems analysis, there is the challenge of transferring this insight to management and 
policy institutions, with the aim being improved delivery of ecological services both on 
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long-term and more immediate time scales.

Towards this broader aim, it will be useful to identify how scientific and stakeholder 
knowledge is actually used in management and policy decisions on the RRE – and how 
it could be used better. What changes are needed in the role of scientists, advisors, and 
managers to accommodate this? And how do we all work with nature to allow the natural 
variability to continue in a human-impacted system?
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6.1. Motivation for management
The early 1990s in South Africa were characterised by a strongly hierarchical and 
technocratic regime where planning and development decisions regarding the 
environment were made at national government level with little or no public consultation 
(Slinger et al., 2005). One such a decision was the construction of the 70 m high and 
270 m wide Wolwedans Dam (with a capacity of 23 × 106 m3) only 3 km upstream of 
the Groot Brak Estuary (also known as the Great Brak Estuary) by the South African 
Department of Water Affairs and Forestry (DWAF) (Figure 6.1). However, then the local 
community of the Town of Groot Brak feared the effects of reduced water supply on the 
health of the estuary, as well as the risk of flooding during dam failure. Increasing public 
pressure, and consequent media coverage, culminated in the DWAF setting up a steering 
committee, the Groot Brak River Environmental Committee (GEC). This committee was 
tasked to investigate the effect of the dam on the estuary, and to establish a management 
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plan for the optimal use of the reserved water (1 x 106 m3) to maintain current ecological 
health. The Council for Scientific and Industrial Research (CSIR) were commissioned to 
undertake this assessment (CSIR, 1990; Slinger et al., 2005).

In 1994 South Africa became a deliberative democracy, with a strong emphasis on 
environmental protection and public participation in decision making. Stringent 
environmental legislation followed, for example the National Water Act (Act 36 of 
1998) (Republic of South Africa, 1998) that gave the country’s water resources a ‘right’ 
to water for the protection of the aquatic ecosystem functions. This Act led to the 
development of official methods to determine ecological water requirements (freshwater 
requirements) of these resources which included estuaries. The National Environmental 
Management: Integrated Coastal Management Act (ICM) (Act 24 of 2008) (Republic of 
South Africa, 2009) was another important piece of legislation that facilitated integrated 
coastal and estuarine management in South Africa. From this came the National 
Estuarine Management Protocol (NEMP) that sets norms and standards for estuarine 
management, for example the requirement to develop estuarine management plans for all 
estuaries in the country (including mouth management plans). It was within this strong 
pro-environmental legal framework that estuarine scientists in South Africa were able 
to improve ecosystems understanding and incrementally advance mouth management 
practices in the Groot Brak Estuary – the focus of this case study (CSIR, 1992, 1993, 
1994, 1998, 2003, 2011). The refinement of mouth breaching practices in the Groot 
Brak Estuary, therefore, followed the adaptive management paradigm, acknowledging 
that incomplete knowledge on the system needs to be supplemented through long-term 
monitoring, and that management practices then need to be amended in accordance with 
the developing understanding to meet environmental objectives. Although not the focus 
of this study - and therefore not elaborated in this chapter - the adaptive management 
process was driven by a complex stakeholder coalition involving scientists, government 
and local citizens (Taljaard et al., 2012).

Figure 6.1. Wolwedans Dam, just upstream of Groot Brak Estuary (Source: DWS, South Africa)
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6.2. Study area
The Groot Brak Estuary (34°03’23”S; 22°14’18”E) is a temporarily open/closed estuary 
(TOCE) situated along the warm temperate south coast of South Africa (Figure 6.2). The 
estuary is about 6.2 km long covering an area of about 0.6 km2 at high tide with a tidal 
prism about 0.3 x 106 m3. The lower estuary is relatively shallow (0.5 m to 1.2 m deep) with 
a few deeper scour holes near the rocky cliffs and bridges. The middle and upper estuary 
is deeper (~2 m water depth), but also has scour holes (3-4 m water depth) (Slinger et al., 
2017). The mouth of the Groot Brak Estuary generally closes when high waves coincide 
with periods of low river flow. The estuary mouth is bound by a low rocky headland on 
the east and a sand-spit to the west. Immediately inland of the mouth, the estuary widens 
into a basin containing a permanent island with dimensions of about 400 m x 250 m.

The biodiversity importance of the Groot Brak Estuary is not high on a national scale, and 
it does not enjoy any statutory protection status (Turpie et al., 2002). However, the system 
is one of the larger TOCEs in the country with a high diversity of estuarine habitats 
(including salt marsh) and is of national importance as a fish nursery (Van Niekerk et al., 
2015). The Groot Brak is a popular coastal destination along the Garden Route, both for 
holiday makers and retirees. The permanent residents and the tourists rely on the estuary 
for recreation such as swimming, boating and fishing, with some limited subsistence use. 
Over the years low lying developments have been permitted by the municipality and, as a 
result, artificial breaching now also serves to prevent flooding of these properties.

6.3. Inlet dynamics
The Groot Brak Estuary is isolated from the sea by the formation of a sand berm across the 
mouth during periods of low, or no river inflow. The estuary stays closed until the basin 
fills up and the berm is breached, either as a result of high water level or flooding. The 
mouth of the Groot Brak Estuary generally closes when high waves coincide with periods 
of low river flow. High wave energy in conjunction with the generous supply of marine 
sand along this part of the coast suspends large amounts of marine sediment which is 
then transported into the estuary on the flood tides and deposited in the narrow mouth 
(Slinger et al., 2017). Under natural run-off condition breaching would have occurred 
when the water level in the estuary exceeded the berm height at levels estimated between 
+3.0 m and +3.5 m to MSL. The subsequent outflow velocities from the estuary would 
have been high, flushing large volumes of sediment out to sea. At such high berm levels 
back-flooding would have been extensive. Accordingly, artificial breaching has been 
practiced at Groot Brak for more than a century to reduce flooding in the floodplain.

When freshwater inflow to this system was dramatically reduced as a result of the 
construction of the Wolwedans Dam, the ability of the estuary to breach naturally was 
compromised. In an attempt to restore some of the natural functionality, the tactic 
of artificial breaching was introduced. The main difference between artificial and 
natural breaching is that in the case of artificial breaching, a channel is excavated at a 
pre-determined water level which allows outflow to begin earlier and usually at a lower 
water level than would be the case naturally. However, artificial breaching at lower levels 
compared with natural breaching, results in a reduced volume and duration of water 
flow out to sea, and reduced sediment scouring. Indeed, the sediment flushing potential 
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is known to decrease exponentially with a decrease in outflow velocities after breaching 
(Beck & Basson, 2008). This means that the long-term sediment erosion/depositional 
cycles in the estuary are altered as wave action still deposits the same volume of marine 
sediment in the mouth, but less is scoured out by artificial breaching. In the long-term, 
the tactic of artificial breaching therefore results in increased sedimentation in the lower 
estuary. There is an additional complication. As even more low-lying development occurs 
there is a need to breach artificially at even lower levels. This reduces the volume of 
sediment flushed from the mouth even more, posing a major threat to the inlet dynamics 
and sedimentation processes in this estuary in the long-term. The challenge to estuarine 
scientists, therefore, is to design artificial breaching practices acknowledging the ever 
increasing human pressures on the estuary.

6.4. Building systems understanding for management
Following the construction of the Wolwedans Dam, a volume of 1 x 106 m3 per annum 
was allocated as environmental flows to maintain connectivity and estuarine ecological 
function in the Groot Brak Estuary (Slinger et al., 2005). Initially the environmental flow 
allocation was not envisaged as an adaptive management process. However, through 
greater awareness of potential environmental consequences, it evolved into an adaptive 
management process in which new scientific learning was incrementally embedded in 
refining the mouth management practices. The scientific learning is reported in Table 6.1, 
with an overview of reports and published articles on the Groot Brak Estuary summarising 

Figure 6.2. Groot Brak Estuary, indicating the estuarine functional zone (below +5 m MSL 
contour) (from: Google Earth)
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major findings on hydrodynamic, water quality and ecological responses. 

Knowledge gained Reference

Estuary environmental study of the effects of the Wolwedans Dam on the Groot Brak 
Estuary. Reports on the creation of a water release management plan for the estuary 
along with future monitoring requirements. The plan also takes into account the 
socio-economic effects of the dam construction.

EMATEK (1990)

The hydrodynamics and water quality of the Groot Brak Estuary were studied under 
various seasonal inflow conditions. 

Taljaard & Slinger 
(1993)

The effects of a planned freshwater release in summer 1990 on the water quality of 
the Groot Brak Estuary was monitored. Only the surface water was flushed by the 
release; efficacy of flushing was enhanced by tidal intrusion. A volume of freshwater 
comparable to the volume of the tidal prism should be released. 

Slinger et al. 
(1994)

The integrated research approach of the Consortium for Estuarine Research and 
Management (CERM) is discussed along with the importance of an integrated 
modelling approach when considering the freshwater requirements of estuaries.

Slinger & Breen 
(1995)

A discrete simulation model for the dynamics of a submerged macrophyte, Zostera 
capensis is presented. This can be used to analyse the response to various freshwater 
inflow scenarios and mouth breaching scenarios.

Wortmann et al. 
(1997)

A cellular automation model was used to analyse the distribution and growth of 
estuarine macrophytes (Zostera capensis, Ruppia cirrhosa and Phragmites australis). It 
models vegetative spread and above ground biomass.

Wortmann et al. 
(1998)

Overview of the management programme, flow releases, mouth condition and 
transect monitoring for salt marsh and invertebrates.

Huizinga (2003)

The review of the original management programme highlighted importance of open 
mouth condition for mud prawn and marsh crabs. Under these conditions the salt 
marsh flourishes and brackish submerged macrophytes are replaced by seagrass 
(Zostera capensis).

CSIR (2004)

The Contingent Valuation Method (CVM) was applied to the Groot Brak Estuary 
under various inflow scenarios. This method uses the economic and social value of 
changes in estuarine services and a ‘willingness to pay’ for water quality changes. 

Dimopoulos 
(2005)

Overview of the lessons learnt from the construction of the Wolwedans Dam, its 
management plan, monitoring and the revision of the environmental management 
plan to incorporate greater public participation.

Slinger et al. 
(2005)

Preliminary Environmental Flow Requirement study (ecological water requirement 
study. Detailed sampling in winter and summer showed that biotic stress occurred 
during the closed mouth winter periods as a result of hypoxia/anoxia and elevated 
ammonium levels. Monitoring protocol adjusted to reflect this stress.

Department of 
Water Affairs and 
Forestry (2008)

The first record of the invasive grass in South Africa (Spartina alterniflora) is 
documented in the Groot Brak Estuary. Sediment and plant characteristics were 
reported for the years 2009 to 2011.

Adams et al. 
(2012)

The role of monitoring information on policy-orientated decisions are reviewed. 
Results showed that monitoring information generally focusses on issues relating to 
core responsibility of decision makers and often overlooks other role players.

Hermans et al. 
(2013)

Table 6.1. Reports and published articles on the Groot Brak Estuary summarising major 
findings on hydrodynamic, water quality and ecological responses.
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Knowledge gained Reference

The decomposition characteristics of the dominant submerged macrophytes Zostera 
capensis and Ruppia cirrhosa and a macroalga Cladophera glomerata are documented. 
There was a high release of DIN within 28 days and this increased with temperature. 
The study showed that the health of the Groot Brak deteriorates during macroalgal 
blooms.

Lemley et al. 
(2014)

The effect of a prolonged period of mouth closure (2009 to 2011) was investigated. 
Nutrient input into the Groot Brak Estuary has increased due to urbanisation and 
industry development resulting in an increase of micro- and macroalgae. Reduced 
tidal exchange further exacerbates the problem. Macroalgal mats smothered salt 
marsh and open water where submerged macrophytes would normally establish. 

Nunes & Adams 
(2014)

A multi-metric approach was used to classify estuaries with variable nutrient 
inputs. Indicators (dissolved oxygen, DIN, DIP, phytoplankton, epiphytes and 
microphytobenthos) were used to develop critical thresholds to classify estuaries 
into good, fair and poor conditions. The Groot brak Estuary has high daily inorganic 
nutrient input and low flushing time. The overall classification was given as fair to 
poor. 

Lemley et 
al.(2015)

Benthic regeneration; the flux of inorganic nutrients, as well as total N and P were 
investigated across the sediment-water interface using microcosms. The estuary was 
found to act as a source of N and P in both summer and winter and any increased 
organic load would increase this flux. The authors recommended that increased 
flushing would reduce this.

Human, Snow, 
Adams, & Bate 
(2015)

A nutrient budget approach of the Groot Brak Estuary was used to determine the 
effect of submerged macrophytes and macroalgae on the storage of N and P in the 
estuary during 2011. Sediment contributed between 30 to 40 % of nutrients while the 
macrophytes between 20 to 38 %. 

Human et al. 
(2015)

The adaptive potential of the invasive grass Spartina alterniflora is documented as well 
as the effectiveness of control measures on the plant.

Adams et al. 
(2016)

The effects of an artificial breach versus a natural breach are documented. Artificial 
breaching did not flush the estuary as well as the natural breach and as a result a 
macroalgal bloom still persisted. This was flushed out after the natural breach/flood 
event.

Human et al. 
(2016)

Synthesis of management/control and complete removal of the invasive halophytic 
grass Spartina alterniflora between 2013 to 2015. Regular and repeated control has 
greater success than previous attempts.

Riddin et al. 
(2016)

The hydro-morphological modelling of small, wave dominated estuaries is discussed. 
A simple, parametric, system dynamics model to simulate the opening and closure of 
the mouths of small, wave-dominated estuaries is reported on.

Slinger (2017)

Modes of flushing in the Groot Brak Estuary - salinity, temperature, dissolved oxygen 
and nutrient changes before, during and after a breach.

Slinger et al. 
(2017)

Table 6-1 (continued). Reports and published articles on the Groot Brak Estuary summarising 
major findings on hydrodynamic, water quality and ecological responses.
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Progress in system understanding Adaptation of mouth management practice

1988: Confirmation of Construction of Wolwedans Dam (1988) for oil refinery and urban development

 » Government allocate 1 x 106 m3 per annum as 
environmental flows to maintain estuarine ecological 
function.

1990: Environmental Impact Assessment (EIA)

 » Realised annual volume of 1 x 106 m3 was insufficient 
to keep estuary mouth open for long periods

 » First link made between river flow and mouth 
dynamics, previous perception was that high waves 
open mouth, but monitoring showed differently 

 » Invertebrate and fish recruitment require open mouth 
condition early summer (September/October)

 » Early summer breaching partially ties in with 
aesthetic requirements for holiday season providing 
tidal flushing to limit presence of excessive 
macroalgal blooms and objectionable smells.

 
Optimum distribution of 1 x 106 m3 to maintain 
mouth open in spring/summer.

2004: Review of Original Management Programme (as required in EIA study)

 » Long-term monitoring of mouth dynamics and 
water level showed importance of breaching at the 
highest water level possible to scour sediment from 
the estuary and keep mouth open for longer. 

 » Small releases at neap tide enhance tidal flow that, 
subsequent to breaching, can further extend period 
of mouth opening

 » At onset of mouth closure a relatively small pulse 
release from the dam can be used to re-open the 
inlet, rather than a major release at a later stage when 
the berm has built up again.

 » At onset of mouth closure a relatively small pulse 
release from dam can be used to re-open the inlet, 
rather than conducting a bigger release to breach at a 
later stage when the berm has built up again.

 » Abundance of mud prawns (e.g., Upogebia africana) 
and marsh crabs (e.g., Sesarma catenata) fluctuate 
significantly depending on duration of mouth 
closure. These invertebrates have a marine larval 
development phase which ceases to happen if mouth 
closure extends across their summer recruitment 
period (Wooldridge, 1994).

 » Fluctuating water levels during open mouth periods 
were found to decrease submerged macrophyte 
biomass and extent in the estuary whereas high water 
level for more than 3 months caused die-back of the 
succulent salt marsh (Adams et al., 1999). 

Neap tide release increase open period.

Actual releases (based on surplus water being 
available during this period). Government 
provisionally allocated 3 - 4 x 106 m3 (volume 
used).

Table 6.2. Incremental progress in systems understanding and subsequent adaptation of inlet 
management practices in the Groot Brak Estuary – driven by various assessment and legislative 
processes

This informed mouth management practices in the estuary, as well as associated 
environmental flow allocations, as is illustrated in Table 6.2. 
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Progress in system understanding Adaptation of mouth management practice

2008: Preliminary Environmental Flow Requirement study (requirement under National Water Act)

 » Seasonal monitoring of abiotic and more extensive 
biological study (i.e., including fish and birds for the 
first time) showed biotic stress during closed periods 
as a result of hypoxia/anoxia and elevated ammonia 
levels. 

 » Thus, earlier assumptions that only monitoring of the 
system in summer will pick-up worst-case condition 
after the summer holiday was incorrect, as typical 
winter closed periods (associated with hypoxia/
anoxia and elevated ammonia) can be even more 
detrimental to the ecology.

 » Proper assessment of flow requirements showed  
11 x 106 m3 was realistic to prevent further 
deterioration in estuary health. 

 » Effects of drought on ecological health were evident 
during 2009-2010 when no flow releases were made 
to the estuary.

Recommended ecological flow requirements 
(dotted line - 11 x 106 m3) relative to provisional 
allocation (at the time).

2014/2015: Development of Estuary Management Plan (requirement under ICM Act)

 » Human et al. (2016), Human, Snow, Adams, & Bate 
(2015), Human, Snow, Adams, Bate, et al. (2015) 
and Slinger et al. (2017) showed inability of current 
mouth breaching practices to effectively flush 
estuary, thus not accounting for re-setting water 
quality in the entire system.

 » Identified need to improve stormwater runoff 
to estuary as a means of reducing additional 
nutrient and organic inputs, thus also addressing 
management of riparian activities, in addition to 
mouth management

 » Filamentous macroalgae showed to be an important 
storage compartment for nutrients, releasing it back 
into estuary through benthic remineralisation 

 » Excessive macroalgal blooms cause dieback of salt 
marsh during closed periods (Nunes & Adams, 
2014). 

 » Without effective flushing estuary will continue 
to experience macroalgal ‘boom-and-bust’ cycles 
(Human et al., 2016; Human, Snow, Adams, & Bate, 
2015; Human, Snow, Adams, Bate, et al., 2015).

Recommended flow allocation was not approved, 
allocation remained at 3 - 4 x 106 m3.

2017: Development of Estuary Mouth Management Plan (supplementary to EMP under ICM Act)

 » Identified the need to commence mouth breaching 
in early spring (1 September) to improve juvenile fish 
recruitment.

Shifted breaching to early September to 
accommodate juvenile fish recruitment.

Table 6-2 (continued). Incremental progress in systems understanding and subsequent adaptation 
of inlet management practices in the Groot Brak Estuary – driven by various assessment and 
legislative processes



The original environmental impact assessment study commissioned by the government 
in 1990, set out to investigate the impact that the construction of the dam would have 
on the estuary, as well as to develop a management plan to mitigate, as best as possible, 
the envisaged impacts – the 1st Groot Brak Estuary Management Plan. This study 
included the evaluation of hydrodynamics, sediment processes and water quality (e.g., 
nutrients, dissolved oxygen, turbidity), but also two ecological components, namely 
estuarine macrophytes and invertebrates. It became one of the first environmental studies 
in South Africa that included ecological components in an assessment of this nature. 
Initially high waves were assumed to assist with keeping the inlet open, but monitoring 
showed the opposite – the mouth closed under high wave conditions. A socio-economic 
assessment was also included to identify and account for local community needs in the 
future management of the system; for example, having good water quality conditions 
during holidays and no nuisance algal blooms. A 1-dimensional hydrodynamic model 
was used to numerically simulate salinity distributions in the estuary for different 
freshwater flow regimes. Monthly freshwater flow scenarios for a 64-year period were 
simulated for natural, pre-Wolwedans Dam, and post-Wolwedans Dam hydrological flow 
distributions. Specifically, the effect of various flow scenarios on mouth state was also 
included in this assessment to inform a mouth breaching plan for later implementation 
by responsible managers. The primary objective of the initial Groot Brak Management 
Plan was to maintain connectivity and ecological health as best as possible. Specifically, 
the mouth had to be opened during early summer (October) to allow invertebrate and 
fish recruitment. Early summer breaching partly tied in with requirements from the 
socio-economic assessment, namely to have good water quality, limited presence of 
excessive macroalgal blooms and objectionable smells during the holiday season. This 
was achieved through tidal flushing during the open state. The study also included the 
development of a detailed long-term environmental monitoring programme (including 
mouth conditions, river flow, water levels, water quality, vegetation, invertebrates) to 
guide refinement of the initial findings in accordance with the adaptive management 
paradigm. A key conclusion, however, was that the 1 x 106 m3 allocation environmental 
flow to the estuary was insufficient to maintain ecological health, especially during dry 
years.

The review of the 1st Groot Brak Estuary Management Plan in 2004 represented the next 
major refinement focussing on mouth management (CSIR, 2004). The review included 
an assessment of the ecological status of the system (in terms of hydrodynamics, water 
quality, estuarine macrophytes and invertebrates), but also of the public perceptions on 
the effectiveness of mouth management practices. Breaching procedures were upgraded 
to incorporate incremental learning from the monitoring over the preceding 10 years. 
One of the refinements was the requirement to increase pre-breaching water levels as 
high as possible to optimise sediment scouring for the lower estuary and mouth, and to 
extend the duration of the open state. Breaching the estuary a few days prior to spring 
tide to obtain optimum tidal flushing and facilitate the development of an outflow 
channel was another refinement. Breaching at neap tides was found to lead to premature 
closure. The best moment to breach is at high tide, or as near as possible after high tide, 
waves permitting. If it appears unlikely that waves will interfere, breaching can even be 
undertaken up to two hours earlier to allow for good channel formation. Small pulse 
releases over neap tides (~0.4 m3.s-1 for 4 to 6 days) were also to be found sufficient to 
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maintain open mouth conditions. Monitoring revealed that at the onset of mouth closure, 
a relatively small pulse release can re-open the inlet. Following the review process, the 
Groot Brak Management Plan was updated, including mouth management practices 
that incorporated new learning. The roles and responsibilities of all the relevant parties 
assisting with regular and emergency breaching were specified. 

An open mouth is also important for the input of larvae into the estuary from the marine 
environment for recruitment and vice versa. Estuaries serve as nursery for estuarine and 
marine fish. Migration of juvenile fish into estuaries requires open mouth conditions in 
spring and summer. The abundance of mud prawns (e.g., Upogebia africana) and marsh 
crabs (e.g., Sesarma catenata) fluctuate significantly depending on the duration of mouth 
closure. These invertebrates have a marine larval development phase which ceases to 
happen if mouth closure extends across their summer recruitment period (Wooldridge, 
1994). The impact of extended mouth closure over a 28-month period on Upogebia 
africana recruitment is shown in Figure 6.3. Recruitment ceased during this period 
resulting in discontinuous distribution of size classes. Recruitment only occurred when 

Figure 6.3. Size class distribution of Upogebia africana population in the Groot Brak Estuary on 
four sampling occasions (Jan 1992, Aug 1992, May 1993 and Aug 1993) (DWAF, 2008)
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the mouth was open to the sea. The smallest cohorts (16-18 mm carapace length) again 
sampled in January 1992 were about 17 - 21 months old, indicating that recruitment 
last occurred in April 1990, shortly before the period of extended mouth closure. Some 
recruitment occurred in November 1991 when the mouth opened for 30 days; reflected 
in the three smallest size classes (12-14 mm carapace length) shown in Figure 6.3. Good 
recruitment occurred after the mouth again opened during most of the summer of 1993 
(2C and D) (DWAF, 2008).

The Groot Brak Estuary has extensive salt marsh areas which germinate in spring and 
summer (Figure 6.4). Open mouth conditions during this period facilitate the development 
of intertidal habitat for salt marsh as well as reed and sedge growth. Whereas high water 
level during closed mouth conditions for greater than 3 months caused die-back of the 
succulent salt marsh (Adams et al., 1999). Open mouth conditions are linked to increased 
salinity values and opportunities for marine and brackish invertebrate species to increase 
in biomass and abundance if salinity increases from a low base (<10). Artificial breaching 
and lower water levels advantage waders and piscivorous birds that are associated with 
tidal and more saline conditions. While closed mouth conditions and associated high 
water levels and lower salinities tend to advantage waterfowl species and the spread of 
submerged macrophytes.

In 2007/08 an ecological water requirement (EWR) study was conducted on the Groot 
Brak Estuary to review and determine the ecological water requirements of the system 
(DWAF, 2008). As part of this study a summer (open mouth) and winter (closed mouth) 
assessment was done on nine parameters – hydrology, hydrodynamics, water quality, 
physical habitat, microalgae, macrophytes, invertebrates and for the first-time fish and 
birds. The study showed that while the system was functioning relatively well under 
the open conditions, it showed signs of severe stress under the closed state. This was 
especially the case for the higher trophic levels which were responding to poor water 
quality such as anoxia and high ammonium concentrations. This study also showed that 
earlier assumptions that only the summer conditions (after peak holiday season) need to 
be monitored to track ecosystem condition were erroneous and provided a false picture 
of the condition of the estuary.

Figure 6.4. Macroalgal blooms (left) and succulent salt marsh (right) in the Groot Brak Estuary 
(Photo credit: Janine Adams)
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Also emerging from the EWR study was the importance of addressing ecosystem 
functions, such as important fish nursery habitat. In addition to the general benefit 
estuaries provide to coastal and estuarine fish, some of South Africa’s important and often 
critically overexploited fish species (<5% of historical levels) are dependent on estuaries 
in their first year (e.g., white steenbras and dusky kob). Although estuaries should not 
be managed for single species, nursery requirements of threatened species need to be 
addressed, especially in the larger systems, in an effort to rebuild these fish stocks. 

In 2018, a comprehensive Estuarine Management Plan (a legal requirement under the 
Integrated Coastal Management Act) was developed for the estuary that incorporates 
all incremental leaning to date and more of the social-economic considerations (Anchor 
Environmental, 2018). For example, this plan highlights the importance of nutrient 
management and water quality monitoring and the need to reduce nutrient inputs, as 
well as proposing a zonation plan for the estuary.

Also in 2018, the provincial government (Western Cape Province) initiated a process to 
review all the estuary mouth breaching plans in the province, including the Groot Brak 
Mouth Management Plan. The Groot Brak Estuary served as a critical case study and 
formed the ‘Blue Print’ for most of the other breaching plans, but with relevant, site-
specific adjustments. These plans are intended to assist with acquiring pre-approval for 
artificial breaching under South Africa’s Environmental Impact Assessment legislation. 
The plans also clearly assign roles and responsibilities to ensure that there is no 
unnecessary confusion during emergencies, e.g., floods. The review process reinforced 
the need for long-term monitoring and regular feedback to residents and other concerned 
parties. Under current legislation all mouth management plans needs to be reviewed 
every 5 years. An important update in the Groot Brak Mouth Management Plan, based 
on scientific learning through monitoring, was that breaching should be done in early 
September to accommodate the peak fish recruitment window (September to November) 
(unpublished data, Department of Environment, Forestry and Fisheries).

Long-term monitoring of the water levels in the estuary has shown that flooding can 
occur through river flows from land, but also as a result a result of high waves and storm 

Figure 6.5. Water levels to mean sea level in the Groot Brak Estuary from November 2007 to 
November 2008 showing major flooding events from the land (river flow) and sea
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surges from the sea, especially during winter. Water level data from 2007/2008 shows one 
of the five highest water levels ever recorded in the system was as a result of high waves 
that occurred in late winter (Figure 6.5). Therefore, keeping the inlet closed during winter 
also acts as a buffer to dampen flooding effects on the estuary from winter storms at sea.

Artificial breaching is not advocated as a solution to water quality problems (e.g., low 
oxygen levels) under the Mouth Management Plan. Instead water quality problems 
should be fixed at source as the reductions in water level associated with breaching can 
expose the remaining fauna to even poorer water quality conditions post-breaching. If 
the water depth of an estuary is lowered, the buffer between oxygen-depleting organic 
bottom material and the surface layer that can be oxygenated by wind is reduced. A 
similar response can occur in eutrophic estuaries where low oxygen events are linked to 
high loads of decaying plant material. 

6.5. Concluding remarks
The Groot Brak Estuary has been negatively impacted by flow reduction (Wolwedans 
Dam), artificial breaching at low water levels, increased nutrient loading (e.g., agricultural 
return flow, storm water and septic tanks), ongoing sedimentation and high fishing 
pressure. Over 30 years of monitoring and research has resulted in more 20 scientific 
publications on the system to validate the science and disseminate the insights gained. 
This in-depth system understanding has incrementally advanced the mouth management 
practices over the decades. In addition, the South African legislative framework has 
provided the opportunity to integrate the learning on mouth breaching into formal 
approaches, with specified roles and responsibilities. 
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By Priscilla Miranda and Jill Slinger

7.1. Motivation for interest and approach
Over time, protected area management has moved from excluding people from ecologically 
valuable and vulnerable areas to multiple use management areas where humans are viewed 
as an integral part of the ecosystem (United Nations Environment Programme [UNEP], 
2009). However, such ecosystem-based management is not without problems (Leech et al., 
2009). Issues of conflicting resource uses, confusion in roles and responsibilities, issues of 
scale and local versus regional or national interest are commonplace (Walters & Ahrens, 
2009). In recent years, sustainability has become an explicitly stated, even legislatively 
mandated goal of the institutions charged with ecosystem management (Christensen et 
al., 1996; The International Union for Conservation of Nature [IUCN], 2017). In practice, 
however, finding the balance between maximizing short-term gains on the one hand and 
long-term sustainability on the other seems harder. 

7
7. The Practice of Managing 

the Bigi Pan Multiple-Use 
Management Area in Suriname
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Christensen et al. (1996) identify several factors that contribute to this gap between goals 
and practices, including: 

• gross under sampling. Few monitoring activities are carried out in ecosystem 
environments, resulting in poor baseline data and information on biological 
diversity,

• widespread ignorance of the functioning and dynamics of ecosystems. Attention 
mostly goes to the output of the ecosystem,

• the openness and interconnectedness of ecosystems on spatial and temporal 
scales that exceed greatly the bounds of any management authority, and 

• managing exploitation of presumably renewable resource ecosystems, is far more 
difficult than was assumed at the time that resource management institutes were 
established.

These factors mean that management strategies are derived from a simplified 
understanding of the structure and composition of the ecosystem, and tend to focus on 
immediate benefits instead of the sustained ecosystem functioning with the continuing 
and alarming loss of biodiversity as a result (Christensen et al., 1996; IUCN, 2017).

This is exemplified by the loss of thirty-five percent of the mangrove forests on a global 
scale (Valiela et al., 2001). In particular, the Guianan mangroves, stretching from the 
mouth of the Amazon River to the mouth of the Orinoco River are under threat. The 
386 km coastline of Suriname, where eighty-five percent of the population resides, forms 
a component of this complex and extensive ecosystem (McGinley, 2014). In several 
areas along the coast of Suriname, e.g., the mouth of the Nickerie River and in Coronie, 
the estuarine ecosystems and their associated mangrove forests have been damaged by 
drainage and agricultural cultivation (Teunissen, 2008). In an attempt to redress the loss 
of biodiversity and accommodate the integral role of local communities in ecosystem 
management, the Surinamese government declared several areas along the entire coast 
Multiple-Use Management Areas (MUMAs) in 1987 (Suriname Coastal Protected 
Area Management Project [SCPAMP], 2013). The specific management goals for these 
MUMA’s were formulated as:

• protection of the coast against erosion,
• protection of the nursery function of the estuarine area for the benefit of the 

coastal and sea fishery, and
• conservation of biodiversity.

In this chapter we explore the practice of managing a particular MUMA, the Bigi Pan 
MUMA in Suriname. We analyse the original management plan and the extent to which 
it has been implemented in practice over the two decades from 1990 to 2010 (Miranda, 
2010). We follow Scharpf (1997) in distinguishing the system to be managed (the Bigi 
Pan MUMA and its local social and ecological system) from the managing system (the 
regional and national authorities concerned with the overarching management of the 
Bigi Pan MUMA). Drawing on the perspectives of the people involved in management up 
till 2010 or living in the area, we identify problems and clarify their underlying causes. We 
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contribute to the body of knowledge on ecosystem-based management and indicate how 
this study informed the new Bigi Pan Management Plan 2013-2023 (SCPAMP, 2013). 

Information on the envisaged ecosystem-based management of the Big Pan was collated 
from McCormick (1990). Primary data on existing and past management practices 
in the Bigi Pan MUMA were collected through face-to-face interviews. A total of 25 
in-depth interviews were conducted in the period November 2009 to February 2010. The 
interviewees were selected from the five groups of actors (cf. Enserink et al., 2010) listed 
below, covering the time span from plan formulation to practice up till 2010 and the full 
range of involvement from inhabitants of the area to strategic and operational managers:

• actors involved in the design of the Bigi Pan MUMA management plan (1990 
and 1996),

• actors involved in the actual management on the national level (past and present),
• actors involved in the actual management on the local level (past and present), 
• actors using the area (past and present), and
• other interested actors (e.g., researchers, media).

The semi-structured interviews (Verschuren & Doorewaard, 2005) were conducted in the 
working or home environment of the interviewees. The interviews lasted approximately 
1.5 hours and covered the topics of the formulation and implementation of the MUMA 
plan and the use and biophysical condition of the area. Insights were accumulated 
regarding the practice of managing the Bigi Pan MUMA with each subsequent interview. 
Refinement of the insights occurred through cross-checking with subsequent interviewees 
or existing literature, or through scheduling of extra interviews. The interviews were 
recorded and the digital voice files were transcribed into text files. These were returned 
to the interviewees for checking. Thematic analysis (Boyatzis, 1998; Silverman, 2010) was 
subsequently performed on the text and a composite picture of management practice and 
the existing problems in the Bigi Pan area emerged. These are represented by 124 issues, 
categorised into 22 sub-themes and four main themes.

The practice of managing the Bigi Pan MUMA from 1990 to 2010 is analysed in the light 
of the four main themes that emerged from the thematic analysis, namely: the biophysical 
condition of the ecosystem (Section 7.3.1), the original MUMA plan (Section 7.4.1), 
existing management of the area (Section 7.4.2) and existing use of the area (Section 
7.5.1). 

7.2. Study area
The Bigi Pan is located in north-western Suriname, in the districts of Nickerie and 
Coronie (Figure 7.1). The Bigi Pan is an estuarine ecosystem influenced by tides and 
experiencing variations in salinity. The Bigi Pan MUMA (Figure 7.1) has a terrestrial area 
of 68 300 hectares and extends to the 6 m-depth contour along the coast. The population 
living in the Nickerie district is approximately 37 000 people, whereas 3 000 people live 
in the Coronie district (Opdam et al., 2006). Several communities in the surrounding 
the area depend directly on the Bigi Pan MUMA for their livelihood (Parahoe & 
Wortel, 2009). Human activities in, and uses of, the area include rice and cattle farming, 
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commercial fishery, apiculture, sand mining, hunting, tourism and research. In addition, 
the East-West access road was constructed in the area in 1964. Commercial fishing has 
been practiced in the Bigi Pan for over 40 years, employing as many as 185 full-time and 
part-time fishermen in 1990. Today, commercial fishing and tourism are the dominant 
activities.

Despite the existence of the Bigi Pan MUMA, problems with the management of the area 
have been reported in the media. These problems, including poaching, inaccessibility of 
the area and conflicts over dike breaching by fishermen, acted to trigger our interest in 
the practice of ecosystem-based management in the Bigi Pan, Suriname.

The mangrove forests that characterise the Bigi Pan estuarine ecosystem are important for 
shoreline stabilisation. They accelerate the accretion of the coastline when large mudflats 
are passing westward along the Surinamese coast (at an average speed of 1.5 km.yr-1). 
The accreted sediments also retard shoreline erosion when the mudflats have moved 
further along the coast leaving the mangrove areas exposed once again (Winterwerp 
et al., 2005). Parwa (Black Mangrove; Avincennia germinans) is the dominant pioneer 
vegetation. White Mangrove (Akira; Laguncularia racemosa) and Red Mangrove 
(Mangro; Rhizophora mangle) are also recorded in the area, mainly along the tidal creeks 
and the Nickerie River (Parahoe & Wortel, 2009; SCPAMP, 2013).

The productivity of the mangrove forests is related to the periodicity and frequency of 
tidal flushing and to the quality of the inundating waters. Mangrove forests are highly 
dependent on fresh water to maintain an optimum salinity balance and for the import of 
inorganic nutrients, which are present in terrestrial runoff (McCormick, 1990; Rajkaran 
& Adams, 2012). The mangrove forests produce organic matter, which forms the basis 
of a complex food web. The mangrove-covered estuarine ecosystem forms an excellent 
breeding area and nursery of juvenile fish and crustaceans before they migrate to the 
open sea waters in sub-adult or adult stage (SCPAMP, 2013). At least two species of 
shrimps are found in the area, one of which is the Penaeus subtilis. Twenty-nine fresh and 
brackish water species of fish are known to occur in the Bigi Pan (based on commercial 
fishing statistics) and an additional three coastal species occur in the nearshore zone. The 
important commercial fish include the Tilapia (Oreochomus spp.), Snook (Centropomus 
spp.), Trapon (Trapon altanticus) and the Brasilian Mullet (Mugil brasiliensis).

A total of 122 bird species have been recorded in the Bigi Pan. Fifty are migrant species 
from either North America or other parts of South America. The remaining 72 bird 
species are year-round residents. The area is considered to be of international importance 
to at least 16 species and is home to three range-restricted species, namely: Guyanan 
Piculet, Blood-coloured Woodpecker, and Rufous Crabhawk (SCPAMP, 2013). The 
colony of Scarlet Ibis is the second largest in the world and accounts for 25% of the world 
population. The Bigi Pan currently has the status of Hemispheric Reserve within the 
Western Hemisphere Shorebird Reserve Network.

In addition, 38 mammal species occur in the MUMA and the area is known for its large 
population of white tailed deer, brown brocket and jaguar (SCPAMP, 2013). 
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7.3. Natural dynamics of system 
7.3.1. Biophysical condition
The freshwater-salt water balance in the Bigi Pan has altered over the period 1990 to 2010. 
Different reasons for this change were given by interviewees. First, the altered connection 
with the sea was mentioned as one of the major causes. Many creeks that connected the 
area with the sea are now silted up. A person familiar with the area over many years stated 
that about 40 years ago when the mud bank was positioned in front of Coronie, there 
were between 30 and 40 creeks open. Now, only a handful of creeks are still open. The 
altered position of the mud bank was identified as the underlying cause of this change. 
The result is that the inflow of saltwater has decreased and now it is only at spring tide that 
salt water enters the system. Second, the changed freshwater inflow was mentioned as a 
cause of alterations in the freshwater-salt water balance in the Bigi Pan. The construction 
of the East-West road in 1964 completely cut off the inflow of freshwater from the 
Coronie swamp. This resulted in high salinity levels within the estuary and associated 
changes in vegetation and the occurrence of freshwater fish in a particular area. One 
person gave an example of the change in vegetation, saying that the north side of the road 
used not to have Parwa-trees. This is confirmed by McCormick (1990). In 1993, culverts 
were introduced in an attempt to restore the freshwater inflow from the Coronie swamp 
(Naipal et al., 2008). This caused a shift in the freshwater-salt water balance, only this 
time towards freshwater dominance in some areas. The combination of creeks silting up, 
reducing the influence of the sea, and increased freshwater inflow resulted in an expansion 
of the freshwater areas. The colonisation of areas previously under salt-tolerant species 

Figure 7.1. The Bigi Pan Multiple-Use Management Area
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by freshwater vegetation is indicative of this change, as is the clogging and obstruction of 
waterways by freshwater reeds (Naipal et al., 2008).

A further change in the biophysical conditions within the Bigi Pan lies with the fish 
population. Six interviewees from the fisheries sector indicated that fish numbers have 
changed over time. There are now less fish in the Bigi Pan area than in the past. These 
statements refer to the areas in which swamp fishing is undertaken. The fish population 
and the associated fish catches have declined. A fisherman gave an explicit example. In 
earlier years, he said that a fisherman could harvest 2 to 3 iceboxes of fish in about 2 hours 
with 2 net lengths. Now he says that he can barely harvest 1 icebox with 7 net lengths. 
Another indication of the declining fish population is found by comparing the effects of 
droughts, namely a drought that occurred 10 years ago (late 1990s) and the drought that 
occurred in 2009. Interviewees stated that during the drought of 10 years ago, massive 
fish deaths occurred, whereas only minor fish deaths occurred in 2009.

Besides the decline in the fish population, a shift in fish diversity has also been noticed. 
This shift applies to both swamp fishing areas and the coastal fishing areas. Interviewees 
stated that economically valuable fish are more difficult to catch these days. People 
had different, but non-conflicting opinions about the cause of the changes in the fish 
population. Both human and natural causes were identified. People identified the reduced 
connection with the sea as a natural cause of the decline in fish diversity. Overfishing 
was identified as the human cause of these changes. A variant of overfishing that several 
people identified as causing a change in fish diversity over the years is fishing down. Not 
all of them call it fishing down, but their description fits with the concept. Overfishing 
of the commercially valuable fish species which are bigger and slow-growing causes 
declining stocks, in response commercial fishermen choose to fish down the food chain 
and start to catch the fish and prawn species upon which the more commercially valuable 
fish prey (Pauly et al., 1998).

Related to the decline in the fish population (numbers and diversity) is the decline in the 
bird population. The first reason for this change identified by interviewees is the decline 
in their food source. Causes identified in addition to the decline in their food source are 
habitat disturbances. One of these disturbances is noise nuisance from the hunting sector. 
This is exacerbated by poaching. A further cause was stated to be the pollution by the 
pesticides used in the farming of rice in adjacent fields. This could not be confirmed by 
ancillary scientific sources.

7.4. History of (mouth) management policies and 
practices

7.4.1. The 1990 MUMA plan
According to interviewees, the 1990 MUMA plan is a paper plan because the strategies 
necessary to reach the management goals are not implemented for the most part. This 
is confirmed by Parahoe & Wortel (2009). The three main causes identified by the 
interviewees for the plan not being implemented are: (i) the plan had no ‘leader’, (ii) the 
implementation and management of the area was not a priority on the political agenda, 
and (iii) there was a poor transfer of the plan to the responsible actors. 
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7.4.2. Issues with the management of the area
Many of the authorities envisaged as being involved in the management of the Bigi Pan 
MUMA, as stated in the management plan of 1990, did not take up their responsibilities 
(Miranda, 2010). The tasks linked to these responsibilities are also not divided as the 
plan envisaged. For instance, the responsibility for the maintenance of the waterways 
was allocated to the Ministry of Public Works, but they have no permanent presence in 
the area. Instead, before the area was declared a MUMA and up until the early nineties, 
the Fisheries Service was active in the area and undertook this task. When a district 
commissioner with affinity for the area held office in the period of 1997, he took this task 
under his wing. Now that the Nature Conservation Division is active in the area, they 
have taken on this task in addition to their allocated tasks. 

Further, the responsibility for water management has not been taken up explicitly. The 
quantity and quality of the water is fundamental to the continued health of the estuarine 
ecosystem, yet the responsibility for such an important aspect is not adequately addressed. 
In the original MUMA plan, a local authority responsible for the water management 
of the rice sector, the Multi-purpose Corantijn Project (MCP), was assigned this role. 
However, they have little knowledge or interest in nature conservation or estuarine 
systems and a long-term interest in using water for rice cultivation. They do have some 
practical experience with the management of the water of the Bigi Pan. However, by late 
2009 and early 2010 there was no local authority with the willingness and capability to 
undertake the water management of the Bigi Pan.

Collaboration problems were named as one of the main issues concerning the 
implementation of management. These problems occur particularly on a regional level 
between the actors involved in management, but also between the national and regional 
actors. No structural cooperation exists on either level. A number of explanations for 
the lack of collaboration exist. First, there have been shifts in the active participation 
and presence in the area of the actor groups over time. These shifts have not always 
been agreed and have led to clashes. Second, differences in opinions about how the 
area should be managed have also led to clashes. For example, the Fishery Service is 
in favour of measures that promote the fishery sector, while Nature Conservation takes 
the precautionary approach and is against any interference in the natural processes. 
Third, conflicts of interest are present. Nature Conservation is supposed to facilitate 
all use functions in Bigi Pan. However, they are accused by interviewees of favouring 
the tourism sector above the other sectors (e.g., fishery), who state that staff of Nature 
Conservation are involved in, and profit from, tourism themselves. A final reason, which 
applies only within the region, is the strong identification with their role in managing Bigi 
Pan that local managers exhibit. This personal involvement and the associated emotions 
have led to clashes between people who in their private life are citizens of the same town, 
for instance. 

Concerning the operational phase of the MUMA management, few surveillance activities 
are undertaken in the area. Reasons for the limited surveillance include the shortage 
of staff and equipment in relation to the size of the area - in short, there are capacity 
problems. Several people blamed the shortage of staff on the unattractiveness of the job. 
Game wardens have to be away from home for relatively long periods and stay overnight 
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in rough terrain with all the dangers this entails. One person gave an example of the 
‘chicken and egg’ situation that leads to a shortage of equipment. When staff members 
are creative in solving the equipment shortage and take actions like borrowing boats 
from private owners, the response of the government is hands-off. Supplying a boat 
for surveillance activities then receives a lower place on the priority list. This hampers 
operational surveillance and enforcement of compliance with the MUMA regulations. 
Fifty-six percent of interviewees stressed the importance of enforcement of regulations, 
stating that sanctions should be severe enough to have a discouraging effect.

Besides surveillance activities, Nature Conservation also focuses on education and 
building awareness. They aim to educate people to make sustainable choices. For instance, 
to stop hunting the Scarlet Ibis, because they understand how rare the bird species has 
become worldwide.

In late 2009, early 2010 people were of the opinion that management measures did not 
follow logically from the 1990 management plan. This was confirmed by the authority 
charged with general management of the area. Apart from surveillance activities, very 
few management activities are executed. Instead, political willingness and priorities are 
catalysts for the execution of measures. As one of the interviewees said, “Other countries 
cope with natural disasters, we have politics!” Over half of the interviewees mentioned 
the effects of political influences. They also said that with political support (political will) 
a lot more can be realised. 

7.5. Social context
7.5.1. Use of the area
Due to the declining fish catch and the declining value of the catch, the swamp fishing 
activities have also reduced and become economically less feasible. Fishermen have 
moved to other sectors to earn their living (tourism, construction or banana farming). 
Fishing families however, always return to the fishing when possible. There is export 
potential for the Bigi Pan MUMA, but they cannot live up to export standards in quality 
and quantity. Export standards are a driving force to improve their fishing methods and 
make them more sustainable. However, this positive influence is disrupted by the existing 
illegal export to Guyana. To maintain the fishing activities, people indicated that the 
availability and diversity of fish, accessibility of the area and facilities like fishing camps 
need improvement.

The tourism sector is an upcoming sector. Activities are seasonal, mainly held in the wet 
seasons because the area is less accessible in dry seasons. This sector is not yet regulated 
or organised in the Bigi Pan MUMA. Anyone with a boat can access the area without 
registering. To maintain tourism activities, the beauty of nature, accessibility of the area, 
and facilities like tourist camps were identified as necessary.

Local communities do not depend on hunting for their livelihood, except when the 
rice and banana sectors are struggling economically. Then excessive poaching occurs. 
Otherwise recreational hunting occurs, mostly for people from Paramaribo. Hunting is 
heavily regulated. Hunters object to the restrictions, because they go against customary 
practices and increase the costs. This statement was based on an example that a hunter 
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gave. When hunting for birds, it is almost impossible to find an isolated bird because 
birds live in flocks. So aiming at one bird with a shotgun is almost impossible, because 
the bullet scatters and will definitely kill more than one. The bag limit that applies will 
be exceeded. Hunting activities can have a noise nuisance for tourism. Tourism however, 
can have an awareness effect on people involved in the tourism sector who (used to) 
go hunting for recreation. By seeing the negative reaction of tourists towards hunting 
and their love of nature, the hunters become aware of the intrinsic value of the natural 
ecosystem.

Although a large part of Bigi Pan is dedicated to cattle and rice farming, these activities 
have declined enormously. This has to do with declining rice prices. It was indicated that 
when rice prices are up again, rice farming will be expanded. Buffer areas, which have 
not yet been cultivated, could be cultivated. These areas are located near to the nursery 
area of the Bigi Pan MUMA and when cultivated, the nursery function of the area could 
be severely affected with implications for the fishery sector. Also, large parts of state-
owned rice farm (SML) were sold to Staatsolie (the national oil and gas company of 
Suriname), who will use the area for the production of bio-fuel (ethanol). The effects of 
this development on the Bigi Pan in the future require consideration.

7.6. System understanding and insights gained
Characteristics of the practice of managing the Bigi Pan MUMA in the period 1990 to 
2010, include:

•  The greater part of the Bigi Pan MUMA plan of 1990 was not implemented, 
because it had low priority on the political agenda, there was no leader for the 
implementation of the plan and there was an incomplete transfer of the plan to 
the actors involved,

•  The existing management problems arose because the management authorities 
did not take up the responsibilities as envisaged by the plan, there are collaboration 
problems between managing authorities, surveillance activities are limited and 
management measures do not follow logically from the plan but from political 
willingness and priorities,

•  Users of the Bigi Pan MUMA are not satisfied, they expect more from the area,
•  There are detrimental changes in the biophysical conditions, namely: the altered 

freshwater-salt water balance in the Bigi Pan, a decline in fish numbers and 
diversity, and a decline in the bird population.

The identified issues are in partial agreement with the observations of Christensen et 
al. (1996). In particular, we confirm that few monitoring and surveillance activities 
are undertaken, that there is a fundamental lack of understanding of the ecosystem 
functioning and dynamics of the Bigi Pan, and that the management of the ecosystem is 
far more difficult than was imagined at the time that the MUMA institution was formed. 
We were not able to clearly distinguish the spatial and temporal scale effects mentioned 
by Christensen et al. (1996).

So the management plan formed an initial step in determining how to manage the area. 
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To assess the coherence between the plan and management activities up till 2010, we 
distinguish the planning phase, the implementation phase and the operational phase 
of the management of the Bigi Pan MUMA (Figure 7.2). As indicated at the top of the 
diagram, we view the design phase as answering the questions ‘What do we want?’, 
‘How do we get there?’ and ‘How do we stay there?’ The implementation phase is all 
about ‘Getting there’ and the operational phase is about ‘Staying there’. The blue arrows 
connecting these phases at the top of the diagram represent the ongoing learning cycle 
associated with Integrated Coastal Management (Olsen et al., 1997, 1999; Taljaard et 
al., 2013). The problems identified via the textual analysis with each of the phases are 
summarised in the lower boxes of Figure 7.2.

In Figure 7.3 we specify the components required to move from the design of a 
management plan through the implementation phase to the operational phase of 
successfully managing the Bigi Pan MUMA. First, we identify the primary goals of each 
of the phases and the requirements for achieving these phases, including the necessary 
information and resource inputs. The process-based activities undertaken in each of the 
phases are identified. Most importantly, the outputs from one phase that are necessary for 
the subsequent phase are indicated by the connecting arrows in the lower part of Figure 
7.3. The issue identification per phase in Figure 7.2 together with the structured analysis 
in Figure 7.3, reaffirm that to increase the interconnectedness between the design of the 
MUMA plan, its implementation and operation, the following aspects need to improve 
in future:

• the understanding of the system,
• the social support.

7.7. Concluding remarks 
This study has established that the promulgation of the Bigi Pan Multiple-Use Management 
Area (MUMA) and the management plan formed an initial step in determining how to 
manage the area. However, the next steps of ensuring that the plan was accepted and 

Figure 7.2. Analysis of the issues associated with the design, implementation and operational 
phases of managing the Bigi Pan MUMA from 1990 to 2010 (adapted from Miranda, 2010)
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followed through by the actors concerned, or adapted to make it workable were not taken 
consistently. Attention for the subsequent implementation phase, and the operational 
phase, of the Bigi Pan MUMA was lacking. Failure to recognise and consistently 
undertake these steps from planning to practical management in the period from 1990 
to 2010 has meant that the Bigi Pan MUMA was managed in an ad hoc fashion for about 
twenty years.

The management plan for the Bigi Pan MUMA was adapted in 2013. The engagement 
with diverse stakeholders and the analysis undertaken in our study (Miranda, 2010, 
this chapter) spawned a reassessment of the efficacy of the management of the Bigi 
Pan, as exemplified by the following quote: “less than 10% of the original plan of 1990 
has been implemented” (SCPAMP, 2013). Finally, a recommendation from this study 
on a composite intervention likely to exert a positive influence because it combines 
interventions focussed on improving the understanding of the biophysical system, and 
increasing the social support, is the establishment of a local committee. This committee 
can be constituted so as to improve structural cooperation between actors, and can be 
tasked with developing and implementing a joint vision for management of the area that 
is based on an understanding of the inherently dynamic biophysical conditions (Miranda 
2010). This recommendation was incorporated into the new Bigi Pan Management Plan 
in the form of a “local-based foundation, governed by representatives from government 
authorities and agencies, as well as local user groups” (SCPAMP, 2013) tasked with 
implementation. It remains a challenge to ensure that the collaborative efforts required 

Figure 7.3. Required components for the design, implementation and operational phases of 
managing the Bigi Pan MUMA (adapted from Miranda, 2010)
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for locally supported management of the Bigi Pan Multiple Use Area are sustained and 
indeed lead to both improved understanding of the biophysical system and increased 
social support.
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By Floortje d’Hont and Jill Slinger

8.1. Motivation for research approach
8.1.1. Location, type of coast
The Slufter is an estuary located within a nature reserve in the North Sea dunes of the 
island of Texel, the most westerly Wadden Sea island of the Netherlands (Figure 8.1). The 
Slufter comprises coastal dunes, an estuarine channel, a salt-marsh and an intertidal zone 
landwards of the coastal dunes. The entire Slufter area is about 1 km wide (from mouth to 
sand dike) and over 2 km long. The Slufter is a small system, with an intermittently closed 
mouth and seasonal freshwater inflow of unknown total volume. The dynamic intertidal 
zone is bounded by a sand dike and sandy dunes. Diversity in the substrates and a lack 
of disturbance mean the Slufter exhibits high species richness in its vegetation (Pedroli 
& Hoekstra, 1992). The Slufter area, including the sand dike, forms a component of the 
primary flood defence of Texel, and protects the hinterland from flooding from the North 
Sea. 

8
8. On the Role of System 

Understanding in the Slufter, 
Texel, the Netherlands
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8.1.2. Purpose of mouth management: Flood defence
According to Dutch law (Water Act, 2009), the water board Hollands Noorderkwartier 
(HHNK) is formally responsible for managing parts of the Dutch coast, including the 
Texel coast and ensuring that it adheres to the legally prescribed safety standards for flood 
defence (see Chapter 2). For the purpose of flood defence, HHNK’s existing management 
policy for the Slufter is to excavate a straight mouth channel to the west of the existing 
mouth every four to six years. The aim is to maintain the integrity of the dune front to 
the northeast, and to reduce the penetration and potential erosive action of storm waves 
at the sand dike. 

However, simulations from new storm wave models (van Rooijen & van Thiel de Vries, 
2013) indicate that it may not be necessary to intervene in this way as the mouth dynamics 
have only a limited effect on flooding safety. Because of these indications, and because 
flooding safety is not the only issue at stake, HHNK is considering intervening less with 
the mouth of the estuary as part of their coastal policy and letting nature take its course 
in the Slufter in the future. 

8.1.3. Additional societal and ecological value
Indeed, the Slufter is a tourist attraction, drawing nature lovers, particularly bird watchers, 
as well as hikers and cyclists to the island of Texel, and generating economic value for 
medium and small business enterprises. There are more sluſters and sluſter-like nature 
areas in the Netherlands, but the Sluſter is the largest natural salt-marsh and the most 
stable one in the Netherlands (Pedroli & Hoekstra, 1992). As a protected nature area, the 
Slufter forms part of several ecological networks established and safeguarded by national 
and European legislation. 

Other stakeholders include governmental authorities, environmental organisations, 
nature managers and the citizens of the island. However, the value of such an estuary is 
perceived differently by the different actors (Costanza et al., 1997; Farber et al., 2002), 
each of whom may have an interest in, some responsibility for, or be affected by decisions 
regarding the Slufter. The multi-actor environment and the formal and informal 
responsibilities of HHNK result in a playing field in which HHNK wants to enhance 

Figure 8.1. Figure 8.1: The Slufter is situated along the North Sea coast of Texel, the 
Netherlands (Picture: Flying Focus)
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(collaborative) long-term decision making about the Slufter. For HHNK this means 
maintaining safety standards efficiently and effectively, while minimizing the negative 
effects on the ecosystem, and maintaining good relations with the stakeholders.

8.2. Research motivation and approach
As researchers at Delft University of Technology, this case study provided a unique 
opportunity to explore the role of system understanding in support of integrated 
management of a small estuary. The Slufter and similar small estuary systems are 
under-researched in the Netherlands. By gathering a wide range of knowledge from 
different sources and sharing new knowledge in a collaborative workshop setting, we 
aimed to deepen understanding of both the social and the ecological aspects of the small 
estuary system, with the end objective of including values besides flood defence in the 
policy making process. We investigated social-ecological knowledge via the design and 
application of an action research study that aimed to improve system understanding and 
influence policy in the long term. This study is extensively reported in D’Hont (2014) and 
D’Hont et al. (2014). Although there was no need for policy change purely from a flood 
defence perspective, there was an opportunity for more natural dynamics in the area and 
a resulting regime that is more in line with societal and ecological values. As such, the 
case study of the Slufter represents a small exemplar of the friction between ecological 
and safety values in Dutch coastal management, as well as signalling a larger scale trend 
of increasing integration and stakeholder consultation in coastal management. The 
undertaken approach is characterised by a combination of a stakeholder analysis and 
problem modelling, and requires the adoption of a dynamic, multi‐actor, and social‐
ecological systems conceptual lens. In particular, the utility of combining information 
gathered through desk research, a simulation model study and stakeholder interviews 
for enhancing system understanding is explored. We designed and applied a knowledge 
intervention in the form of a workshop, where stakeholders were able to use this 
synthesised understanding of the dynamic system, as well as information from the 
stakeholder analysis, as starting points for discussions. 

We view the Slufter as a social‐ecological system (SES), where system knowledge among 
stakeholders is important. The structure of this book chapter follows the steps undertaken 
in the case study research. Following some theoretical background, a systems analysis 
was performed, so as to be able to assess the functioning of the Slufter with respect to 
ecological and social aspects. Values, interests, functions, system understanding and 
individual perspectives were elicited through stakeholder analysis and stakeholder 
interviews. In the interviews stakeholders were encouraged to explain their view of 
the system, revealing their own scale perspectives and preferences, and supplying 
information‐rich insights and answers (Vreugdenhil et al., 2010). Desk research 
revealed a high degree of nestedness of the Slufter as hydro-morphological system (cf. 
Slinger 2017) and as multi-level governance system (Section 8.4). Accordingly, part of 
the research involved using a system dynamics modelling study to illustrate how the 
abiotic dynamic processes that occur within archetypical estuaries such as the Slufter, 
influence the biotic environment. The hydro-morphological (abiotic) processes are the 
main driver for the dynamic behaviour of the Slufter, particularly the Slufter mouth, as 
sediment disposition and erosion shape the landscape, enhancing freshwater‐seawater 
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gradients and contributing to the highly valued biodiversity (i.e., diversity in vegetation, 
invertebrates and birds). Then, we move on from describing the ecological system and its 
abiotic and biotic natural dynamics to consider the origination of the Slufter, and the role 
that humans interventions have played, and are playing, in the physical system and the 
social, governmental and institutional structures in Section 8.5.

Then the results from the first two analytical stages are synthesised and reported back to 
selected stakeholders, forming the knowledge intervention (Section 8.6). The knowledge 
intervention was designed with the aim of increasing the shared understanding and 
enhancing individual system understanding in a stakeholder setting. In D’Hont et al. 
(2014), we describe the design and application of the knowledge intervention within 
a potentially contentious situation, owing to the existing degree of discussion among 
stakeholders and the extent and variety of the values associated with the nature reserve, 
the Slufter. Clearly, the long-term influence of the knowledge intervention cannot be 
understood fully immediately after the workshop, nor can it be understood in isolation of 
other knowledge acquisition opportunities or events. Instead, this book chapter focuses 
on the shifting social values and perspectives regarding human interventions in the 
ecological and social aspects of the Slufter estuary. 

8.3. Theoretical background
The choice for knowledge-sharing is grounded in scientific literature and policy practice. 
The field of integrated coastal management (ICM) has a substantive issue-based focus 
(e.g., coastal erosion issues, flood defence issues, and conservation issues). ICM is also 
characterised by extensive evaluation of issue-based pilot projects and their contribution 
to integrated management programmes (Olsen et al., 1997; Olsen, 2009), delivering 

Figure 8.2. Dynamic behaviour of the Slufter channel and mouth from 1939 to 1958 
(Rijkswaterstaat, n.d.)
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insights at the national and regional level. Findings from these evaluations indicate 
that a participatory approach can have success in generating public acceptance for new 
national policies or programmes, e.g., the South African Coastal Policy (Department of 
Environmental Affairs, 2008) and the Dutch New Delta Programme (Delta Commission, 
2016). We therefore research a knowledge-based, stakeholder-inclusive approach to 
coastal management aimed at deepening system understanding. For this, the case study 
of the Slufter is suitable, because the Netherlands has a strong tradition in collaborative 
governance. Activities to encourage inclusion and consultation of the public are 
increasingly favoured, although claims are made regarding success based primarily on 
the personal experience of the initiators or on the number of people informed (Newig & 
Fritsch, 2009; Reed, 2008). Accordingly, we aimed at an intervention in a collaborative 
and transdisciplinary setting, combining knowledge of local stakeholders and specialists 
of different backgrounds to think together on an area they all know, either personally or 
professionally, using a social-ecological perspective. We know that local actors perceive 
and value complex systems differently (Costanza et al., 1997; Farber et al., 2002; Mayer et 
al., 2004). Ostrom (Ostrom, 2009) famously argues that increased system understanding 
can lead to better long‐term management supported by local stakeholders: “When users 
share common knowledge of relevant SES attributes, how their actions affect each other, 
and rules used in other SESs, they will perceive lower costs of organizing” (Ostrom, 
2009). Acordingly, we choose to focus on increasing the system understanding of local 
stakeholders using a three stage analysis process, namely (i) system analysis, (ii) system 
dynamics simulation, and (iii) a knowledge intervention with stakeholders in the form 
of a workshop. The results of the system analysis and the knowledge intervention are 
described in Sections 8.4 and 8.5. respectively. The results of the system analysis were 
communicated to the stakeholders through an oral presentation and discussion during 
the workshop. 

8.4. Natural dynamics of inlet 
The Slufter has a highly dynamic character with a narrow and sinuous channel meandering 
through a dune valley. Pioneer plant species grow on the bare areas, succeeded by other 
species over time. The Slufter mouth is particularly dynamic, as sediment disposition 
and erosion shape the inlet and associated intertidal landscape, enhancing freshwater‐
seawater gradients and contributing to the highly valued biodiversity (i.e., diversity in 
vegetation, invertebrates and birds). Figure 8.2 provides a representation of the changing 
location of the Sluſter mouth and the meandering behaviour of the Sluſter channel in the 
early to mid 20th century (Rijkswaterstaat, n.d.). 

8.4.1. Abiotic characteristics and dynamics
The Slufter is located in a coastal area with semidiurnal and spring-neap tidal variations, 
which are associated with high-low variations in water level on a 12 hour 40 minute 
and 28 day time scale respectively. The sill height increases when sediment is deposited 
in the mouth channel and decreases when erosion occurs in the mouth channel. The 
sediment is transported by the water flowing through the mouth on the ebb and flood 
flows. During the ebb, sediment is eroded from the mouth channel and transported out 
to sea. This erosion causes the sill height to decrease. During flood flows, the action of 
waves in the breaker zone means that the capacity of the seawater to transport sediment 
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is enhanced. As the water floods into the estuary, it is no longer able to transport all the 
sediment that it is carrying in suspension. This excess sediment is deposited and causes 
the sill height to increase and the mouth cross-section to decrease. It is this mechanism 
which can cause the mouth to close and the tidal influence on the estuary to be cut off. 
This usually happens under high wave conditions, but not necessarily storm conditions. 
Communities and authorities can intervene in such a situation by choosing to breach the 
mouth. 

Storms typically occur in the winter season between October and March. For the Slufter, 
the highest storm wave intensity near the sand dike (within the Slufter basin) would be 
caused by surges during spring tide with a North Westerly wind direction. High waves 
during storms can deposit sandy sediments deep within the Slufter area. For instance, 
the ‘Sinterklaasstorm’ of 5 December 2013 happened during the course of the case study 
research, elevating water levels to 2.54 m above NAP in the Slufter, and causing concern 
that the sand dike would burst (From: stakeholder interviews in D’Hont, 2014). This did 
not occur. Indeed, as mentioned before, the district water board HHNK maintains safety 
levels through intervening in the Sluſter to reduce the storm wave intensity near the sand 
dike by maintaining the integrity of the dune front.

8.4.2. Biotic characteristics and dynamics
In the Sluſter, the combination of wind- and water-driven sediment transport and the 
transition from fresh to salt water results in a high diversity of vegetation types in a relatively 
small area (Balke, 2013). There is valuable vegetation in the salt-fresh water transition 
areas near and in the Sluſter channel, as well as in the brackish habitats (Balke, 2013, 
p. 13), for instance the Dutch-termed ‘Fraaiduizendguldenkruid’, ‘Hertshoornweegbree’, 
‘Zilte rus’, ‘Rood zwenkgras’ en ‘Engels gras’ (Pranger, 1999). The Sluſter area attracts a 
wide diversity of bird species. This is mainly due to the peace and quiet in the area and 
the wide diversity of biotopes (Durieux, 2004). The area is a birds habitat, as it is used 

Figure 8.3. Texel (here spelled Teßel) and Eierland (here spelled Eyerland) on a northern 
fragment of a map of The Netherlands, published circa 1743. Sand embankments between 
Eierland and Texel later connected the two islands to form Texel as we know it today (Image: 
Wikipedia - Eierland, 2018) 
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for incubation by birds, such as eider ducks, the common shelduck, and the pied avocet. 
Other organisms that live in The Sluſter channel are crabs, shrimps and flounder. Sheep 
and cattle graze the Sluſter area (Nationaal Park Duinen van Texel, 2010).

The ecological situation in the Sluſter was measured and mapped by Pranger and Tolman 
(Pranger & Tolman, 2011; Balke, 2013). The largest part of the salt-marsh is taken up by 
vegetation types from the middle salt-marsh. The pioneer zone is characterised by an 
abundance of species. The humid dune slacks and typical brackish salt-marsh vegetation 
indicate the presence of freshwater near the dune front. The vegetation and bird species 
are indicative of the presence or absence of abiotic factors such as wind, freshwater and 
seawater. The Sluſter serves a foraging function; animals, such as geese, ducks, waders, 
gulls and other birds search for food resources and exploit them. These food resources 
include vegetation, insects and benthic organisms (Durieux, 2004, p. 28). Additionally 
the area serves a refuge function; water birds and waders seek refuge on the high dunes 
when the water rises high (Durieux, 2004, p. 28).

8.5. The role of human interventions on the Slufter
Aside from the ecological value of the Slufter area, the nature reserve is also socially 
valuable. First and foremost, the sand dike of the Slufter functions as a primary 
flood defence barrier and is an important link in Texel’s flood defence infrastructure. 
Historically, the Slufter is arguably a remnant of a ‘failed’ land reclamation centuries ago. 
The area has a cultural-historical value, and is an area of pride to the islanders. Poems 
have been written about the area which is unique along the Dutch coast. Its dynamic (a)
biotic richness attracts educational school excursions to teach children about different 
species and ecosystem dynamics. Lastly, associated with its rich vegetation and highly 
dynamic character, the Slufter attracted tourism and recreationists.

8.5.1. Origin of the Slufter
Present-day Texel and the Slufter have been shaped by consecutive geomorphological 
processes from the penultimate glacial period and by human interactions from the 17th 

century. Settlement on Texel has adapted to the elevation differences. The villages and 
older buildings are located on the higher areas, whereas agricultural lands are mostly 
located in the polders (Municipality of Texel, 2006). 

Pleistocene
The Wadden Islands are the result of the effects of the tides, waves, wind and a rising sea 
level in the time period after the last glacial period, approximately 11 000 years ago. An 
increasingly warmer climate caused the North Sea to fill up with melted land ice. The 
irregular pleistocene landscape was flooded with sea water and waves and streams formed 
a beach ridge (‘strandwallenreeks’) along the Dutch coast from present day Belgium to 
the Elbe river mouth in Germany. New primary dunes were shaped from new, fresh sand 
on the beach areas and the beach ridge evolved into a island ridge with local openings. 
The area between the islands and the Dutch coast became an intertidal zone, comparable 
to the present day Wadden Sea (Rijkswaterstaat, 2013b). 

Texel is the only Dutch Wadden Island that is positioned from southwest to northeast. 
This is mainly caused by the origin and geological structure of the island: Texel is the only 
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Wadden Island with boulder clay (keileem) close to the surface. Boulder clay bulges kept 
the West coast of Holland and Texel from moving towards the east, not following the 
movements of the other Wadden Islands. Another determining factor in the morphology 
of the present day Wadden Islands was the occurrence of storm surges in the 10th to 12th 
century A.C. that divided the beach ridge up into islands (Hoogheemraadschap Hollands 
Noorderkwartier, 2013). 

Land reclamation attempts
Where present-day Texel is shaped through land reclamation and embankment 
constructions, the Slufter can be considered to be a remnant of a “failed” land reclamation. 
Centuries ago, the island consisted of two separate, smaller islands: Texel in the south and 
Eierland (or: Yerland) in the north, with washover systems in between the two. Around 
1630, the Staten van Holland decided to connect Eierland to Texel by constructing a sand 
embankment (Figure 8.3. and Figure 8.4.), to prevent the development of a new inlet 
from the North Sea to the Zuiderzee (i.e., present-day Wadden Sea) (Rijkswaterstaat, 
n.d.). Through natural sediment accretion and human interventions (e.g., planting of 
marram grass), dunes on the North Sea side of the connecting sand dike were formed 
and, in line with the Dutch reclamation tradition of those times, attempts were made to 
empolder the area in 1855 (Water Act, 2009). However, the closing was unsuccessful and 
three tidal channels came into being: ‘De Muy’, the small Slufter and the large Slufter. 
The Dutch persisted in trying to close the North Sea dune ridge, aiming for a continuous 
sandy flood defence line. As such, the smaller ‘De Muy’ was closed relatively easily (Water 
Act, 2009). The large Slufter, located near the ‘Krimduinen’ on former Eierland, proved 
to be a bigger challenge, with failed enclosure attempts in 1886 and again 1888. Closing 
these tidal inlets affected the freshwater discharge in the others. After the large Slufter and 
the Muy were closed through dune and dam ridge construction, the small Slufter channel 
experienced rapid growth, because it had to process much more water than before. After 
the final attempt to close the small Slufter in 1925 failed, the State decided to leave the 
estuary open. The Slufter evolved into the nature area we know today – a highly dynamic 

Figure 8.4. Elevation on Texel in metre above NAP (Hoogheemraadschap Hollands 
Noorderkwartier, 2013)
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nature reserve, by Dutch standards (Hoogheemraadschap Hollands Noorderkwartier, 
2013). 

The map in Figure 8.4 represents the range of elevation with respect to NAP; the vertical 
datum that approximately equals the Mean Sea Level along the Dutch coast (Ministry of 
Defence, 2013). The map shows the dunes and the sand dike forming the main coastal 
barrier on the island. The lower parts are most likely to flood in case of a dike break and 
high tide. The Slufter forms an inlet in the line of North Sea dunes. The sand dike behind 
the Slufter, which is the same sand dike that was built in the 17th century, protects the 
polders behind the Slufter. The elevation of the lands behind the coastal barrier vary from 
2 m below NAP in the polders to 23 m above NAP at the top of the dunes (Municipality 
of Texel, 2006). The Slufter area comprises approximately 700 hectare of land. The Slufter 
area has silted up during the past 50 years, caused by natural processes and by the addition 
of sediment to the coastal system through interventions such as shore-face nourishments 
or beach nourishments (Rijkswaterstaat, 2013a). However, the exact effect of human 
interventions in the North Sea on the Slufter nature reserve is unknown. 

8.5.2. Institutional context
The nature reserve the Sluſter is part of the primary water barrier, i.e., the part of the coast 
that protects the island of Texel from high water levels in the North Sea. The Delta Act 
(1958), Flood Defence Act (1996), and Water Act (2009) establish the safety standards 
against flooding in the Netherlands. Mulder et al. (Mulder et al., 2011) describe the 
institutionalisation of coastal erosion management (see section 2.4). The water board 
HHNK is one of 25 water boards in the Netherlands. These regional governmental 
authorities are amongst the oldest forms of government, the earliest ones known existed 
in the 13th century, forming collectives of local people with an interest in water safety. 
Now the water boards lay down the conditions for achieving the strategic objectives of 
flood defence, they define concrete measures to achieve these objectives and they execute 
projects. 

In addition to its function in flood defence, the Slufter’s unique natural characteristic and 
location make it the object of environmental protection as well. The legislative context 
regarding the flood protection and environmental protection of the Slufter is complex, 
because it is not an isolated ecosystem, but embedded in a larger nature network. On the 
European level, the Sluſter is part of the Natura 2000 area ‘Duinen and Lage Land Texel’, 
and is protected under both the Habitat Directive (92/43/EEC) and the Birds Directive 
(2009/147/EEC) (Rijkswaterstaat, 2013a). Natura 2000 forms the core of European 
Union nature and biodiversity policy. Further, the Ramsar Convention (an international 
convention on protection of wetlands) applies to the Slufter, and it is included in the 
broader objectives for the Wadden Sea and the North Sea as specified in the Fifth 
White Paper on Spatial Planning (Vijfde Nota Ruimtelijke Ordening [VIJNO], 2001). 
The Slufter forms part of a National Park that is in turn part of the Ecological Network 
(Ecologische Hoofdstructuur, EHS). Additionally, there are many institutionalised 
forms of cooperation between managers of nature reserves on the regional, national and 
international levels (e.g., Wetlands convention, EHS, National Park Dunes of Texel). 
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8.5.3. Current management practice
Within current management practices, the district water board HHNK is formally 
responsible for maintaining the sandy coast of Texel so that it adheres to the legally 
prescribed safety standards for flood defence. Most notably, HHNK intervenes in the 
physical system by straightening the channel near the opening every four to six years. 

The interventions in the Slufter (periodical dredging of the mouth) to maintain the 
integrity of the flood defences have negative side-effects on the ecological system in 
the area. In line with the more dynamic approach to Dutch coastal management in the 
recent past, and new insights from flood risk models, the water board is considering a 
less drastic way of intervening in the system. This change is likely to have only limited 
effects on flooding safety and could potentially have substantial beneficial effects on the 
bio-geomorphological dynamics of the Slufter. The simulations from new storm wave 
models commissioned by HHNK (Rooijen & van Thiel de Vries, 2013) indicate that the 
sand dike is in principal strong enough to protect the hinterland from flooding even if the 
Slufter opening becomes larger. Their simulation study reveals that a wider Slufter channel 
at different locations will not create unsafe situations, and thus provides the district water 
board with a justification to review the current practice of channel straightening.

Although the current practice of HHNK includes stakeholder management in relation 
to flood management, HHNK is interested in discovering whether another type of 
stakeholder involvement could deliver deeper insights or enhanced engagement. 
Although environmental protection legislation is in place, water managers have the 
right and obligation to intervene if (water) safety is at stake, even when this affects a 
protected ecological system. However, HHNK aims to keep flood protection measures 
and water quality management aligned with nature preservation, and only wants to have 
to cross ecological boundaries when this is absolutely necessary. HHNK partners with 
other actors, such as governmental authorities, environmental organisations and nature 
managers on the island. These actors may hold different opinions. Besides water safety, 
broadly speaking, stakeholders of the Slufter are interested in other aspects, such as 
ecology, economy, tourism and recreation.

Owing to the natural dynamic nature of the Slufter, the vegetation growth in the Slufter 
can change significantly over the course of 6 years (Balke, 2013). Human interventions 
influence the natural dynamics too: the vegetation, and the proportions between bare 
sand, water, and pioneer vegetation differ from 2005 to 2011, because the Sluſter channel 
was straightened in 2010. 

8.6. The knowledge intervention – intervening in the 
social system

The synthesised understanding from the preceding system analysis was combined with 
simulation model outcomes and a stakeholder analysis and presented to a selection of 
participants in a workshop setting, forming the knowledge intervention. After some 
deliberation, we chose for a level of detail of supplied information that was thought to 
be appropriate for the participants with real-world understanding of the estuary, but 
limited specialised, disciplinary or abstracted conceptual knowledge. The participants 
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group was a mixture of researchers familiar with modelling techniques and local actors 
from the island, all with individually different viewpoints and substantial, ready, real-
world knowledge of the Slufter. An ex ante survey of what participants valued about the 
Slufter was conducted. Thereafter, we presented three archetypical estuary characteristics 
and estuary behaviour (Figure 8.5 and Figure 8.6), followed by discussion on estuary 
dynamics in relation to the Slufter. Participants were encouraged to consider the situation 
of normal weather conditions and ordinary tidal dynamics, as opposed to other meetings 
and workshops on the Slufter that commonly emphasised flood defence and consequently 
the situation of exceptional storm weather conditions. The aim in this regard was to 
increase dynamic system understanding of the participants by discussing known dynamic 
behaviour and system boundaries that related to the individual real‐world experiences 
of the participants. As expected, the discussion quickly diverted from water safety, and 
participants were able to communicate regarding the potential consequences of dynamic 
estuary behaviour on vegetation and birds, based on the information supplied on the 
abiotic dynamics.

Next, information on stakeholder perceptions and values derived from the interviews 
were presented and discussed. Contrary to expectations that the discussion would 
focus on differences in the perceptions of stakeholders and what they could learn from 
each other, participants repeatedly came back to discussing the importance of wild 
nature versus human interference. They agreed that finding a balance between human 
interventions and wild nature remains difficult. Participants did communicate their 
individual values and exchanged some knowledge on the system, thereby creating some 

Figure 8.5. Archetypal estuary systems – a) small estuary with a shallower basin form and 
a higher sill height b) mudflat-like, perched, shallow formed basin c) long, deep estuary (from: 
D’Hont, 2014)

Figure 8.6. Archetypical estuary bathymetries were used in a stakeholder setting alongside 
summarised descriptions of estuary behaviour (from: D’Hont, 2014)
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common knowledge. For example the unknown volume and seasonal variability of the 
freshwater inflow to the Slufter estuary was discussed and whether the freshwater inflow 
should be considered significant was debated. An additional discussion was started 
regarding the values of a participant who emphasised the function of the Slufter as a bird 
habitat and a link in global migration routes. After a coffee break and a stroll outside 

Figure 8.7. Participant voting before and after the knowledge intervention (Participants each 
had 12 votes to rank the qualities of the Slufter before and after the knowledge intervention) (from: 
D’Hont, 2014)

Figure 8.8. The ex-ante and post workshop voting distribution (Participants each had 3 positive 
votes and 1 negative vote to express how their preferences were to be translated to (hypothetical) 
policy options) (from: D’Hont, 2014)
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during which the discussion and sharing continued, the participants voted again by 
sticking dots on the posters hanging in the room, which provided the same options as 
the ex-ante measure. As depicted in Figure 8.7, the greatest change in the participants’ 
perceptions lay in the increased recognition of the nature reserve’s function as a habitat 
and migration route for birds, vegetation and other animals, as well for the flood defence 
function of the Slufter. This change can be explained by the topics discussed during the 
session. In reacting to proposed policies, the participants agreed almost unanimously 
that the Slufter mouth should not be closed for the purpose of embankment (Figure 8.8). 
Figures 8.7 and 8.8 reveal that participants’ opinions did not change radically, although 
the quality of the Slufter as a bird habitat or migration route was more valued than before 
the event. However, the knowledge intervention undertaken provides an indication that 
a shared understanding of the ecological and social functions of the Slufter estuary can be 
enhanced by an integration of a stakeholder approach and problem modelling.

8.7. Conclusions: system understanding and insights 
gained

This intervention brought new system knowledge on stakeholders’ perceptions and estuary 
morphodynamics into a collaborative setting in which current practices in managing the 
inlet of the Slufter were under discussion. In this research, we used system knowledge 
in an experimental setting, with stakeholders within a potentially contentious situation. 
The system was understood in terms of its social-ecological system characteristics, the 
biophysical and social components, and their interactions. Participants were recognised 
as forming an integral part of this system. There was a high level of discussion ongoing 
amongst policy makers and stakeholders. The diversity and extent of the values that 
stakeholders associate with the island and the nature reserve the Slufter is such that it is 
an emotive issue. Despite this connection to the Slufter, there was a lack of urgency, which 
could also have affected the engagement of actors with the new knowledge (De Bruijn 
& Herder, 2009; Roeser, 2012). Additionally, the insights from the focussed knowledge 
intervention and its prior system analysis were later not fully adopted by the water 
board ‘Hoogheemraadschap Hollands Noorderkwartier’ (HHNK). HHNK initiated the 
research project, and also hosted, facilitated and controlled the intervention. Although 
HHNK gladly accepted this role, and strives for participation, they appear unaware that 
stakeholders would not necessarily perceive the activity as neutral. This could affect the 
efficacy of policy activities in the Netherlands (Deelstra et al., 2003; Kolb et al., 2008). 
The duality of the role of the water board (i.e., governance authority vs. stakeholder, task-
oriented and stakeholder-engagement-oriented),and their habit of being in the driving 
seat are issues to consider when designing such activities. Different workshop participants 
(e.g., stakeholders with less connections to policy makers), small or one-on-one groups 
might be more effective conditions for knowledge interventions to improve system 
understanding and support ongoing coastal management (Andersen et al., 1997). Also, 
changing the way participants work with the supplied information, creating a more 
interactive approach or a comparison between different kinds of knowledge interventions 
could be implemented (Hommes et al., 2009; Reddel & Woolcock, 2004). 

In conclusion, well-designed collaborative engagement interventions add local knowledge 
and stakeholder involvement in early design phases. This fits with the current practice 
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of stakeholder management, especially for smaller projects that include interventions 
in coastal, ecological systems. The developed approach is useful to assess human values 
and use functions, in addition to biophysical qualities of these systems. The choice to 
conceptualise a dynamic coastal nature reserve as a social-ecological system allowed for 
the involvement of a wide range of stakeholders and accommodated dealing with the 
dynamic behaviour of the ecological system.

Today, the Integrated Coastal Management approach (ICM) aims to facilitate participation 
and conflict mediation, to ensure multi-sectoral planning and to balance conservation 
and development (Christie, 2005). The contextual nature of implementation means 
that site-specific knowledge is valued in the ICM field, and that articles describing the 
evolution of learning on, and about, ICM stress this notion (Cicin-Sain et al., 1998; Olsen 
et al., 1997). Engaging stakeholders to elicit knowledge, and other forms of participation, 
are becoming common practice (Reed, 2008) especially in water and coastal governance 
(Morinville & Harris, 2014; Taljaard et al., 2013).

As described in the previous sections, when discussing the flood defence in the 
Netherlands, we are mainly talking about interventions in the physical system. While 
safety levels are meeting basic levels of flood protection, there is room and recognition for 
societal values, such as ecosystem values, environmental protection, and other forms of 
(anthropocentric) human enjoyment of ecosystems. Consequently in more recent years, 
the focus on resolving flood defence issues has shifted from morphological solutions, to 
more inclusive interventions in the social system.
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By Jill Slinger and Susan Taljaard

Seven international case studies in coastal management are examined in this book. Each of 
the case studies dealt with an inlet or mouth management issue, but they were not selected 
based on similarity in their ecological (biophysical) or social systems. The case studies 
also differed in terms of the dominant environmental paradigm used by the scientists 
in their original analyses, as clarified in the introductory and other chapters. During the 
international cross-comparative workshop, aimed at transdisciplinary learning within 
and across the case studies, the marked differences in the research emphasis placed on 
the ecological and/or the social system (the object of inquiry), in the connections made 
to management practice and policy decision making (the theoretical lenses informing the 
way of inquiry), and in the knowledge sources used (the way of inquiry), became apparent. 
Accordingly, in the following sections the learning from the transdisciplinary research 
endeavour is synthesised by cross-comparing the coastal systems (S), the methods (M) 
applied and the concepts employed by the involved scientists (C). The cross-comparison 
is itself informed by concepts from systems thinking and policy analysis, with the aim of 

9
9. Transdisciplinary Learning 

Across Case Studies
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influencing coastal management and research practice internationally. 

9.1. Insights from the case studies 
In this section, the insights deriving directly from each of the case studies are summarised. 
The focus of each of the case studies, conceived as nested within a broad social-ecological 
system, is clarified and the relevance for coastal management practice is explained. 

The two case studies of big bays or inlet systems, namely Texel Inlet and Dundalk Bay, 
reveal a move to involve stakeholders and communities in the integrated planning and 
management of these large systems. So, the focus shifts from the biophysical system 
alone to encompass an integrated social-ecological system. The case studies involving 
small, wave-dominated estuaries, namely the Maha Oya, Russian River, Groot Brak and 
Slufter estuaries, are more diverse in their emphases, varying from science pro-actively 
signalling a need for management, to intensive co-management of an estuary and its 
mouth. All case studies highlight the need for improved understanding of the estuaries as 
social-ecological systems, with due consideration for interlinkages between the social and 
ecological systems. As such, they also indicate a shift towards a broader contextualised 
understanding of the inlet and mouth management issues. Indeed, the Bigi Pan reveals 
that biophysical system understanding is fundamental to effective and sustainable 
management, and the Slufter case study reveals the value of social system understanding 
in moving to new integrated management strategies.  

The Texel Inlet case study highlights how flood risk management has dominated other 
potential concerns in determining the objectives for coastal management. This single issue 
focus and the intensive and sustained collection of monitoring data to enable analysis of 
the efficacy of management interventions, has succeeded in the goal of protecting the 
inhabitants of south west Texel from flooding over a long period of time. Scientific insights 
on the geomorphological dynamics of the ebb-tidal delta at the inlet reveal that continued 
investment in ongoing sand nourishments may not be required to maintain coastal safety 
in the near future. Indeed, there is an indication that the sandy shoal Noorderhaaks 
may conjoin with the adjacent coastline delivering vast quantities of sand in a natural 
manner. Uncertainty remains as to the timing of this anticipated dynamic change and 
the precise mechanisms by which it could occur (Wijnberg et al., 2017). The societal 
costs and consequences are not addressed in this case study. Instead, the need to move 
to a collaborative, participatory approach in designing alternative coastal management 
strategies that take this new understanding into account is highlighted. 

The Dundalk Bay case study rests on a thorough environmental assessment of the 
catchment and bay systems, but also highlights a move towards engaged co-management 
approaches at the community level. These efforts are directed at learning and supporting 
sustained social involvement with the integrated management of the catchment-bay 
system. 

The Maha Oya case study illustrates the role of scientific knowledge in alerting coastal 
managers of the need to plan for future environmental change, because of the strong 
effects on the linked social system.  The intermittent closure regime of the Maha Oya 
Estuary mouth is anticipated to change, affecting local fisherman, sand mining, tourism 
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and many other livelihood associated functions in the future. The strong influence of 
mouth condition on the ecological health of the estuary is similar to the Russian River in 
California. Here, the biophysical system knowledge drawn from an extensive data set is 
used to determine habitat suitability for an endangered species, and the management of 
the mouth is then optimised for this single species objective. Science thus serves to give 
form to policy, and mouth management is focussed on one critical indicator.

In the Groot Brak Estuary the condition of the estuary impacts the social system 
associated with it. Activities and (dis)services deriving from the estuary such as tourism, 
aesthetic value, fishing and flooding are affected by the condition of the mouth. The case 
study reveals ongoing learning regarding the character and functioning of the estuary, 
and highlights how the growing scientific understanding, commencing in the late 1980’s 
with the construction of an upstream reservoir, has influenced management practice and 
policy. The co-evolution of the Groot Brak Estuary and her people (see Slinger et al., 
2012) highlights the strong interlinkages in a social-ecological system. 

The Bigi Pan case study evaluates the management of the Multiple Use Management Area 
(a social-ecological system), drawing upon an extensive round of stakeholder interviews 
amongst people living in the area and the managing authorities. It highlights the need for 
(biophysical) system understanding as the foundation for effective coastal management, 
and identifies a number of strategies to address this gap and improve the existing 
ecosystem-based management of the Bigi Pan wetland in Suriname.  

An extensive process of stakeholder engagement also characterises the Slufter case 
study. Here, the divergent perspectives and values of local stakeholders in regard to inlet 
management were explored with the aid of system dynamics modelling (D’Hont, 2014). 
The role of (social-ecological) system understanding is shown to be fundamental to 
learning in regard to coastal management.

9.2. Framing the case studies in terms of the system 
diagram of policy analysis

The seven international case studies were undertaken within diverse theoretical 
paradigms, leading to diversity in their focus - which object of study, or system (S) they 
see. As the overarching goal of this book is to learn within and across case studies, we 
adopt a broad social-ecological systems lens and draw upon systems thinking and policy 
analysis methods to locate each of the case studies on the system diagram.  This enables 
us to clarify the emphasis of each of the studies relative to one another, and to understand 
which insights they contribute towards coastal management practice.

First, we locate Texel Inlet at the interface between actions/interferences and the system 
box (ellipse 1 in Figure 9.1), because this case study focuses on interventions to maintain 
coastal safety taking the physical dynamics of the environment into account. The 
objectives for coastal safety are even formulated in terms of the physical environment, 
although there is growing awareness of managing for multiple objectives. Indeed, the 
case study highlights the need to move towards more stakeholder-inclusive approaches in 
coastal management. The Dundalk Bay case study provides an overall assessment of the 
bay system, including the inflowing rivers, examining the impacts of actions and relating 
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these outcomes, but focussing on the state of the environment of the bay system itself. It 
is therefore located entirely within the system box (ellipse 2 in Figure 9.1). In contrast, 
the Maha Oya case study provides a pro-active environmental assessment focussing on 
an external driver, namely climate change, and its effects primarily on the mouth of the 
estuary. It is therefore located at the interface between external drivers and the system 
box (ellipse 3 in Figure 9.1). The Russian River case study investigates the implementation 
of proposed actions in the system to achieve given objectives, elucidating the physical 
dynamics, water quality and biotic (single species) responses. Some associated social 
issues, e.g., fisheries, conservation are also addressed. Accordingly, this case study 
encompasses actions/interferences and protrudes into the systems box (ellipse 4 in 
Figure 9.1), to accommodate the depth of environmental systems knowledge that is used. 
The Groot Brak case study adaptively implements flow release and mouth management 
actions in the system focussing on physical, water quality and multiple biotic components 
(vegetation, invertebrates and fish) and associated social use, e.g., flood protection, 
tourism, and ecosystem health linked to aesthetics. It therefore encompasses actions/
interferences and also protrudes into the systems box a little further than the Russian 
River to indicate the multiple species considerations (ellipse 5 in Figure 9.1). The Bigi Pan 
case study used an ecosystems-based approach to engage with stakeholders in seeking to 
identify improved actions/interventions than those implemented at the time of the study, 
to deal with the problems then experienced with the management of the coastal wetland. 
The understanding of the biophysical system held by those interviewed was not extensive, 
and the case study is therefore located at the interface between actions/interventions 
and the systems box (ellipse 6 in Figure 9.1). The case study highlighted the need for 
system understanding in informing actions. Finally, in the Slufter case study a social-
ecological systems approach was used to engage with stakeholders on their expectations/
values as potentially affected by management actions in the system, so as to negotiate 
desirable outcomes. Knowledge on biophysical systems functioning was also used in the 
engagement process. This means that the Slufter is located at the interface between the 
system box and the outcomes (ellipse 7 in Figure 9.1).

Figure 9.1.  Framing the dominant focus of the case studies in terms of a system diagram
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The location of the case studies on the system diagram enables us to understand that 
just as the underlying theoretical paradigms (C) were diverse, each of the case studies 
differs in their focus (their object of study - S), yielding a range of insights and using 
different types of knowledge in doing so (their strategy of inquiry - M). Some focus on 
the biophysical system, signalling to the social system, some focus on the social system 
emphasising the need for biophysical understanding, and others reveal co-evolutionary 
management of the social-ecological system. Next, the contribution of key knowledge 
sources to each of the case studies will be explored.

9.3. Framing the key knowledge sources of the case 
studies

In coastal management practice and research, three generic groups of stakeholders 
(termed actors) are involved, namely scientists, policy makers and coastal citizens. It 
follows that three actor-based knowledge sources can be distinguished. First, there 
is scientific knowledge, encompassing the many disciplines concerned with the coast. 
These include (i) the empirically focussed disciplines of geology, geomorphology, 
physics (hydrodynamics), (water and soil) chemistry and ecology, (ii) the pragmatically 
oriented disciplines of resource management, policy analysis, simulation modelling and 
agriculture, (iii) the normative disciplines of planning, engineering design, law, and 
education, as well as the purposive disciplines of ethics and philosophy (cf. Max-Neef, 
2005). The actor-based knowledge of scientists includes knowledge of the research 
methods (M) appropriate to their disciplines, how to conduct field work, and methods 
for communicating their research findings, for instance.

Second, there is the knowledge of policy makers regarding the decision making processes 
operative in the context within which they work. This knowledge is founded on their 
underlying disciplinary expertise and training, but in the context of coastal management 
we take it as including the experiential knowledge of their own governance context and 
how to work effectively within this context (M). It therefore includes knowledge on the 
formal and informal rules at play, who has what influence, who controls which resources 
and the distribution of power relations (Ostrom, 2009). Furthermore, it includes 
knowledge of the actor-network of citizens, scientists and (local) coastal management 
practitioners in their area.

Third, there is the knowledge of citizens resident in the coastal area of interest. This 
knowledge is place-based and spread amongst different people. It is often integrated in 
nature, rather than reductionist, having to do with living in the particular coastal area 
and experiencing the effects of different coastal management interventions over time. 
This knowledge can reveal the unexpected side effects of interventions as opposed to the 
effects envisaged at the time of their introduction. As such, it represents valuable input 
to effective coastal management, but requires social science methods and policy analysis 
expertise (M) to access and involve appropriately.

A comparison across the case studies reveals that the key knowledge sources that 
were used differ substantially. This is reflected in Figure 9.2, which depicts the ex-post 
positioning of the case studies undertaken using policy analysis methods. The further 
a case study is from an actor-based knowledge node, the less this knowledge source has 
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Figure 9.2. Relative contribution of three actor-based knowledge sources to the case studies.

been used in the case study. A case study located in the middle of the triangle would have 
an equal contribution from all knowledge sources.  A case study located at the middle of 
a border between two knowledge sources would have a relative contribution of 50% from 
each of the adjacent knowledge sources and 0% from the opposing node. A case study 
located at a node would have a relative contribution of 100% from this knowledge source. 

The case studies drawing most extensively on knowledge from society (local, place-based 
knowledge of citizens) are the Bigi Pan in Suriname and the Slufter in the Netherlands 
(Figure 9.2). Both case studies employed interviews with stakeholders as a research and 
knowledge acquisition strategy. The case study with the most knowledge sourced from 
policy is the Texel Inlet in the Netherlands. Although, it should be remembered that this 
analysis merely reflects the knowledge delivery as presented in these case descriptions. 
A wider issue focus than mouth management in the Groot Brak Estuary in South Africa 
would have revealed strong policy knowledge sources in the estuary management (see 
Slinger et al., 2005, 2012). In this instance, however, the Groot Brak Estuary case study 
is positioned as drawing very equally on knowledge sources from science and policy, as 
is the Russian River in California (Figure 9.2).  In contrast, the Maha Oya Estuary in Sri 
Lanka is located close to the scientific knowledge node, because it is scientific knowledge 
that is being used to alert coastal managers and policy makers to the potential changes in 
mouth closure owing to climate change and the associated potential impacts on citizens 
(Figure 9.2).  In effect, it is a wake-up call.  The Dundalk Bay case study is similar in that 
scientists are collating information, assessing environmental status in order to begin to 
engage effectively in a dialogue about the integrated management of the bay system and 
its catchment (Figure 9.2).
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The positioning of the case studies in terms of the relative contribution of actor-based 
knowledge sources is useful for clarifying (i) the means of learning employed within 
the case studies (M), and (ii) indicating potential additional sources of information and 
knowledge to supplement the existing efforts in coastal management (potential new M). 
At the same time, it sheds light on the extent of the object of study within the broad social-
ecological coastal system (S). Where scientists have been involved for a longer period of 
time and the subject of involvement is well established, the knowledge sources accessed 
seem to be more distributed. Where new issues are raised or scientists are in the early 
stages of involvement, the knowledge sources are localised between one or two nodes. 
This is not to imply that studies will or should necessarily broaden their focus over time. 
The reason for scientists engaging in these case studies at the outset remains an inlet or 
mouth management issue. This study has highlighted that engaging with environmental 
management on the part of scientists, policy makers and local stakeholders is beneficial 
even when the state of knowledge of the ecological system is still a limiting factor. Such 
engagement appears to stimulate the development of different types of knowledge that 
then act to anchor the management approach within the social system, arguably making 
it more robust owing to the distributed learning of the involved stakeholders. So it is not 
necessarily the passage of time that engenders this effect, but the experiential learning of 
the people involved and its distribution amongst the actor-groups concerned. This serves 
to widen the object of study (S), that is it broadens the focus of the system that is seen.

9.4. Stepping towards the future
The goal of this research was to learn from a number of coastal case studies. The 
case studies in the international cross-comparison are each characterised by an inlet 
management or estuary mouth management issue that is understood by the involved 
scientists to be nested within a broader ecological and social context. We did not require 
the case studies to be located within similar biophysical or social systems. This means that 
specific, disciplinary insights were unlikely to emerge from cross-comparison. Instead, 
drawing upon systems thinking and policy analysis approaches (the way of inquiry of the 
overarching transdisciplinary endeavour), similarities and differences in the foci of the 
coastal case studies (S), and the types of knowledge employed (M) based on the diverse 
theoretical paradigms (C) adopted by the researchers, were distinguished. 

In all of the case studies, deep place-based knowledge was used. Sometimes this came 
primarily from the scientists through measurements and modelling (e.g., Maha Oya, 
Texel Inlet) and sometimes this derived from local citizens and scientists (e.g., Russian 
River, Groot Brak). Some cases were predominantly focussed on the social aspects and 
some on the environmental system only. In summary, these analyses:

•  reveal that no case study examined the social-ecological system as a whole, 
•  identify which aspects would need to be address should the focus broaden to 

address the whole system, and
• clarify the under-utilised actor-based sources of knowledge.

Drawing on this cross-comparative analysis with its social-ecological systems view and 
policy analytic strategy of inquiry, we can infer strengths and weaknesses of the individual 
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case studies, and so clarify which aspects, deriving initially from the predominant 
paradigm underlying each case study, should still be maintained in their further study 
and management. In Table 9.1, we also identify which aspects need to be included in 
taking steps to broaden the case studies to address the full social-ecological system and 
strengthen coastal management into the future.

Finally, we conclude by reflecting that the transdisciplinary research synthesised in this 
book represents an endeavour to learn by action research and policy analysis methods (M) 
across a (nested) social-ecological research system comprising scientists with their case 
studies. We trust that this endeavour will inspire others to undertake transdisciplinary 
learning and contribute to wise coastal research and practice.

Table 9.1. Stepping into the future – which aspects need to be maintained and included as 
the predominant paradigm underlying each of the case studies is broadened to the full social-
ecological system

Case Studies Predominant 
theoretical 
paradigm per case 
study

Transdisciplinary learning implies the following actions per 
case study

Texel Inlet Objectives-based 
Management

Include Multiple objectives
Co-design with stakeholders

Maintain Environmental monitoring

Dundalk Bay Environmental 
Assessment

Include Community engagement
Enhanced integration of catchment and bay

Maintain Environmental monitoring

Maha Oya Environmental 
Assessment

Include Engagement with authorities and community 
Environmental monitoring

Maintain Climate change predictive science

Russian River Objectives-based 
Management

Include Multiple objectives

Maintain Environmental monitoring  
Community engagement

Great Brak Adaptive 
Management

Include Co-design

Maintain Adaptive scientific and community learning 
Environmental monitoring

Bigi Pan Environmental 
Assessment

Include Biophysical system understanding
Stakeholder-engagement at local level
Ecosystem-based management implemen

Maintain Ecosystem-based management planning

The Slufter Social-Ecological 
Systems

Include Co-design
Stakeholder perception monitoring

Maintain Environmental monitoring
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