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Summary
This MSc-thesis studies the area of Lac, a
bay on the Caribbean island of Bonaire.
Lac is a major ecological area on the island,
as the combination of the habitat types of
mangroves, seagrass beds and coral reefs
provides important nursery and feeding
grounds for protected animal species and
reef fish. However, the ecosystem of Lac is
under pressure of large-scale mangrove dieoff in the back of the bay, and a decrease
in the area of seagrass beds. Apart from
ecological impacts, an increasing tourism
pressure is expected to impact more and
more upon this vulnerable environment.
This landscape architecture thesis therefore
aims to make a landscape design for Lac’s
catchment, creating a synergy of recreational
developments and modifications in the ecohydrological system where both elements
reinforce each other. Through a combination
of observations, interviews and desk study,
both the natural and the social landscape
system of Lac were studied thoroughly in
order to understand the landscape dynamics
and tourism desires. Both studies were put
in the perspective of the larger landscape
and tourism system of Bonaire.
The landscape of Bonaire is characterized
by a semi-arid climate and a generally
permeable soil, which limits the amount of
freshwater runoff. This limits the amount
of water circulation in Lac, which is further
enhanced by blockages in the tidal flows,
caused by extensive mangrove growth and
ongoing sedimentation. The limited water
flow decreases the water quality in the
back of the bay, causing mangrove die-off in
that area. The processes of sedimentation
furthermore cause the bay to become more

shallow, decreasing the available area for
seagrass beds.
Tourism numbers on Bonaire are increasing
rapidly, especially due to an increase of cruise
tourists. This thesis distinguishes five groups
of tourists visiting the island, each having
their own desires and their own impacts on
the ecosystem. Even though these groups
have completely different interests, they
generally visit the same specific spots on
the island, which concentrates the tourism
impact. Also in Lac, tourism in limited to
two major locations, where tourists impact
by disturbing birds and trampling seagrass
beds. On the other hand, kayak tourists are
helpful in maintaining canals that reinforce
water circulation in the bay.
In the design, the three major processes
(lack of water circulation, sedimentation and
tourism disturbance) in the bay were used
as a starting point for a series of Potential
Design Interventions. These interventions
were then combined in Design Variants,
which each had a different focus which was
systematically derived via a prioritizationmethod. By combining the different
interventions, each variant sought for
another way of creating a synergy between
the three major processes. Via Multi-Criteria
Assessment, a final variant was chosen
which was the most effective in creating
this synergy. This was elaborated into a final
design, which uses new water extraction
points which reinforce the water circulation
as tourism attractions for specified tourism
groups.
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PART I

INTRODUCTION

Chapter 1

Study Area: Lac, Bonaire

Fig. 1
Location of Bonaire in
the Caribbean Sea

Throughout the thesis that lays before you,
I would like to take you to the Caribbean
island of Bonaire. Bonaire is part of the
Leeward Antilles in the south of the
Caribbean Sea, around 80 kilometers north
of Venezuela (Fig. 1). It used to be part of the
Dutch Antilles, but after the dissolution of
this autonomous country within the Dutch
Kingdom, the island decided to become
a part of The Netherlands as a ‘special
municipality’.
From my personal interest in tourism,
Bonaire is a very interesting case study,
since it is working hard on developing and
diversifying its own tourism product (see
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Eilandgebied Bonaire, 2010). The tourism
sector on Bonaire is mainly based upon
diving, because of the outstanding quality of
the coral reefs that surround the island. The
sea surrounding Bonaire is protected as the
Bonaire National Marine Park, and managed
by Stinapa (Stichting Nationale Parken
Bonaire, translated as Bonaire National
Parks Foundation).
Via my supervisor Klaas Metselaar I came
into contact with Stinapa, who provided me
with an interesting assignment for my thesis.
The study area for this assignment is Lac, a
700 ha bay in the southeast of the island
(see Fig. 2). Lac is an interesting ecosystem,
consisting of various important habitat
types; apart from coral reefs, seagrass beds
and mangrove forests can also be found
in the bay (see Debrot et al., 2010). Lac is
not only protected as part of the Marine
Park, but it is also a designated RAMSARsite as wetland of international importance.
However, as Debrot et al. (2012a) outline,
Lac is suffering from an increasing tourism
pressure. The assignment for my thesis
was therefore to research how the tourism
pressure and ecological values of Lac can be
balanced again.

500 km
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Introduction to Lac
Lac is situated on the windward eastern
coast of the island of Bonaire, and protected
from the strong waves by a shallow coral
plateau. This ridge leaves a channel of 5
meters deep in the north, which connects
the shallow (0-5 meters deep) bay with the
Caribbean Sea (Debrot et al., 2012a). The
coral that grows on this plateau is part of the
reef that surrounds the entire island.

the inland. These specific environmental
preconditions make mangroves rather
vulnerable to environmental change (Thom,
1967).
Just like seagrass beds, mangroves serve
as major nursery areas for coral reef fish,
offering shelter between the tree roots

Chapter 1: Study Area: Lac, Bonaire

Fig. 3, 4 and 5
The three habitat types
of Lac: the coral, the
seegrass beds and the
mangroves

WASHINGTON-SLAGBAAI
NATIONAL PARK

Habitat types of Lac

What makes Lac special for Bonaire, is the
combination of the coral reef with other
habitats (Nagelkerken et al., 2000). Large
parts of the bottom of the bay is covered
with seagrass beds, which have important
ecological functions as nursery ground
for coral reef fish, and as feeding areas
for threatened sea turtles. In that way,
this habitat is strongly related to the coral
reefs and the open sea outside the bay.
The seagrass beds are furthermore a main
habitat of the Caribbean Queen Conch, an
endangered species of sea-snail (Debrot et
al., 2010).
Apart from the coral reefs and seagrass
beds, Lac is the only place in Bonaire with
extensive mangrove forests. Mangroves are
very particular group of tree species, growing
along tropical seashores. They survive in
brackish water, fed both by the tides of
the sea and the influx of freshwater from

Fig. 2
Map of Bonaire indicating
the location of Lac
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(Nagelkerken et al., 2000). They also serve
as major bird areas on Bonaire, and are
therefore designated IBAs (Important Bird
Areas) (Debrot et al., 2013; Wells & Debrot,
2008). Moreover, mangroves are known
for their ability to trap sediment, thereby
building new land (Lugo & Snedaker, 1974).

Fig. 6
Estimated size of Lac’s
catchment according to
Debrot e.a., 2012

Fig. 7
Extensive farm in the
north, more hilly part
of Lac’s catchment

The ecological uniqueness of Lac lies in the
proximity of these habitats, allowing them to
offer important ecological services to each
other, in combination with the clear and
calm water in the bay (Nagelkerken et al.,
2000). Because of the close interrelations
between the habitats, each of them is of
vital importance in Lac’s ecosystem. In
order to get a better understanding of this
ecosystem, it is however important to look

at Lac as a dynamic landscape system rather
than a static entity (see Barnett, 2013), as I
will do in the following paragraph.

Ecosystem Dynamics in Lac
In order to thoroughly understand the
dynamics of Lac’s ecosystem, we need to
zoom out to see the entire catchment of Lac,
encompassing the entire hydrological system
of the bay. Debrot et al. (2012a) estimated
the size of this catchment at 2260 ha (excl.
the bay and mangroves), based on digital
elevation models (Fig. 6). The terrestrial
freshwater runoff from this area has a major
influence on the water conditions in Lac.

Erosion and sedimentation

The north, more hilly area of Lac’s catchment
is used for agricultural purposes (see Fig. 7).
Most farms, locally called kunukus, focus on
extensive animal husbandry. The extensive
husbandry of goats entails that roam freely
across the inlands of Bonaire, which is often
claimed to cause overgrazing which in turn
reinforces erosion in case of heavy rains
(Debrot et al., 2012a; Openbaar Lichaam
Bonaire, 2014).
Though it has not yet been indisputably
proven that overgrazing by goats is one of
the causes of erosion on Bonaire, it is known

N

1 km

5
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that erosion takes place in case of heavy
rainfall, causing a major sedimentation
flow towards Lac. This problem occurs
throughout Bonaire, and generally causes
damage to coral reefs because of sediment
deposition (Koster, 2013). However, in Lac
most sediment is prevented from flowing
into the sea by the mangroves, because of
their ability to trap the sediment, which can
be inland sediments but also exogenous
sediments flowing into Lac from sea (Debrot
et al., 2010).
The ability of mangroves to trap sediments
makes them highly valuable for coastal
protection on wind and wave exposed
shorelines, where this ability also allows
mangroves to slowly expand seaward (Lugo
& Snedaker, 1974). In most cases, where
mangroves grow in estuaries or along the
open sea, it is no problem if they expand
seaward. However, in the spatially limited
environment of Lac, the sediment-trapping
ability of the mangroves means that the bay
is slowly filled in (see Fig. 8).
Moreover, the expanding mangroves
compete for space with the valuable
seagrass beds in the bay. This means that
the processes of sedimentation have a major
impact on the different habitats currently
existing in Lac. Because of the high value
of the combination of the three habitat
types in Lac, the process of sedimentation is
perceived as undesirable; “This process will
bring everything Lac signifies today to an
end” (Debrot et al., 2010, pp. 15).

Water circulation

Due to the semi-arid climate of Bonaire,
there is hardly any rainfall causing terrestrial
runoff (Blok, 1976; Rønde, 2013). Most
of Lac’s catchment geologically consists
of highly permeable limestone terraces,
and most rainwater therefore results in
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subterranean flows. Lac therefore has
an intermittent freshwater influx, while
mangroves usually rely on those water flows
in order to sustain (Lugo & Snedaker, 1974;
Van Winsen, 2013).
Because of this intermittent freshwater
inflow, the mangroves in Lac generally
depend on tidal streams for provisioning
of water. However, due to their fast growth
rate, the mangroves have over time blocked
canals between them that enabled tidal
flows from sea to reach the backwaters. This
results in a lack of water circulation, which
effects the salinity and eutrophication rates
in Lac, decreasing the water quality and

Fig. 8
Map showing the
growth and loss of
mangroves in Lac
between 1961 and
1996, emphasizing the
scale of these changes.
(Erdmann & Scheffers,
2006, cited in Debrot
e.a., 2010, pp. 15)

N
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Fig. 9
GIS-based map of
the current situation
of Lac, showing the
various habitats in the
bay (Davaasuren &
Meesters, 2012, pp. 62)

causing mangrove death in the back of the
bay (Davaasuren & Meesters, 2012) (Fig. 8
& 9).
The back of the bay now consists of
hypersaline water, in which mangroves are
unable to grow. This process of mangroves
dying is ongoing, and even seems to have
accelerated; when comparing the 2012
investigation of Davaasuren & Meesters

with recent (May 2016) satellite images,
more mangroves seem to have died in the
intervening period.
Concluding, we can say that Lac and its
catchment is a highly dynamic area. Many of
the ongoing processes in Lac are to a large
extent natural ecological processes, which
occur in other comparable areas as well.
However, as Lac combines multiple valuable
habitats, these ecological processes are not
always perceived to be desirable for the
preservation of all these habitats.

Impact of tourism in Lac

N

500 m

7

Apart from ecological processes, Lac also
seems to suffer increasingly from tourism
activities putting a higher pressure on Lac’s
vulnerable habitats. Tourism numbers on
Bonaire have shown a clear growth since
2000 (Tourism Bonaire, 2010; CBS, 2016b),
and Lac is a popular location for tourists,
because of its beaches, mangroves and coral
reefs (Debrot et al., 2012a).
In 2012, an investigation was done on
tourism activities in Lac (see Debrot et al.,
2012a). The main activities they observed
around Sorobon, the southern part of the
bay, were sunbathing, windsurfing and
swimming (see Fig. 10, 11 and 12). Lac
is very popular for windsurfing since it
provides strong winds, but is simultaneously
protected from the waves. These surfers
create concern among ecologists because
of the disturbance they might bring to sea
turtles, although no research has proven any
of these relations yet.
There is however evidence that people
swimming and wading from the beaches
impact upon the seagrass beds. Seagrass
beds close to the beaches are marked-off
to exclude these people, however satellite
images show areas of bare sand within
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these exclosures, which indicates trampling
of these beds by waders. Since the 2012
investigation, no more studies have been
done on tourism activities and Lac. However,
Stinapa suspects that activities have
increased over the last years, and that these
activities now have more profound effects
on Lac’s ecosystem.

Development of Ecotourism

To see these local impacts into perspective,
it is important to look at the tourism sector
of Bonaire as a whole. The tourism industry
on Bonaire has started growing from the
1980s, and has a strong focus on diving
tourism because of the coral reefs around
the island (Abel, 2003). Since ideas of
sustainable tourism were already coming
up in that time, as a reaction to the impact
tourism has on its environment, Bonaire
has always focused on more sustainable
forms of tourism (Dehoorne & Tatar, 2013).
One of the most influential concepts within
this field of sustainable tourism is that
of ecotourism, which has an increasing
influence in the Caribbean because of the
development of other types of tourism
than
traditional
sun-sea-sandtourism
(Silva, 2001). In 1996, the IUCN defined
ecotourism as “environmentally responsible
travel and visitation to relatively undisturbed
natural areas, in order to enjoy and
appreciate nature (and any accompanying
cultural features—both past and present)

Chapter 1: Study Area: Lac, Bonaire

that promotes conservation, has low
visitor impact, and provides for beneficially
active socio-economic involvement of local
populations”.
There is an increasing amount of critiques
upon ecotourism, claiming that it is getting
a buzzword which is used for tourism
developments that have no link to the initial
idea of the concept (see e.g. Dehoorne and
Tatar, 2013, pp. 227). What personally strikes
me most in the definition by the IUCN is that
it defines the concept of ecotourism as being
opposite of mass tourism; ‘Environmentally
responsible travel’ implies that most travel
is not environmentally responsible, just as
‘low visitor impact’ implies high impact of
traditional types of tourism. This made me
wonder whether it is possible to think of
tourism which has no negative impact at all,
but instead reinforces the ecosystem. Lac is
an excellent case study for this idea, allowing
me to research the possibility for tourism
activities to contribute to tackling the
existing problems in Lac’s landscape system.
This idea will be the basis of my research,
which I will outline in the next section.

Fig. 10, 11 and 12
Tourism activities
around Sorobon:
windsurfing, beach
activities and relaxing
in the local bars
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Chapter 2

Research Structure

In the previous chapter I described my
study area and the main issues that occur
in this area. In this chapter, I will continue
by outlining my research. This chapter starts
with my research design, in which I describe
my own position as a researcher, the main
problem statement and research questions.
From there, I will continue with describing
the methods I use throughout the rest of
this thesis to answer these questions.

Research Design
Landscape Architecture Lens
Before outlining my research, it is important
to describe briefly my own position as
a researcher looking from a landscape
architecture perspective in relation to my
research on Lac. The landscape architecture
approach which is best suited for this
study, as the case of Lac involves a wide
variety of issues, is what Crewe & Forsyth
(2003) categorize as design as synthesis.
Such a design approach entails “working
systematically through a problem and
synthesizing a solution” (Crewe & Forsyth,
2003, pp. 42). The aim of such a design is

9

to integrate various aspects of the problem
into one design, and strongly relies onto
a basis of scientific knowledge on these
aspects. With its strong problem-solving
focus, this approach fits within the research
paradigm of pragmatism, which is strongly
context-based and requires the researcher
to use a mixed-method approach in order to
get a thorough understanding of the specific
problem (see Creswell, 2014).
From my landscape architecture stance, I
made a couple of preliminary, explorative
sketches of Lac. I wrote down all question
that came into mind while making these
sketches, and later clustered these
questions into different topics (see Martin &
Hanington, 2012). This process helped me in
outlining my research, defining the problem
statement and thesis aim, and composing
the research questions.

Problem Statement
From this landscape architecture lens, the
case of Lac is very interesting because of its
combination of diverse issues that together
compose the design problem, as Crewe &
Forsyth described. The explorative sketches
enabled me to dissect the problems of Lac,
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which I described in the previous chapter, in
order to formulate my problem statement.
I concluded that the main problem in Lac
is the increasing pressure on the currently
existing habitats in the area, which threatens
the ability of these habitats to provide
important ecological services to each other.
The cause of this increasing pressure is
twofold; on one hand, there are changes
in the eco-hydrological dynamics of the
catchment, and on the other hand there are
human impacts.

Thesis Aim
As described before, one of the aspects of
landscape architecture is to integrate various
problems, in this case the recreational
pressure and eco-hydrological system, into
one single design synthesis. In order to grasp
the dynamics of the entire eco-hydrological
system, the design in this case will be made for
the entire catchment of Lac. The aim of this
thesis will therefore be to make a landscape
design for Lac’s catchment, creating a
synergy of recreational developments and
modifications in the eco-hydrological system
where both elements reinforce each other.
In accordance with the stated aim, this
thesis will follow an evidence-based design
strategy, also called Research for Design
(see Lenzholzer et al., 2013). This entails
that scientific knowledge, or evidence, is
gathered in order to make a scientifically
underpinned design. This strategy is best
suited for the aim that was stated above,
since it allows me to first gain a better insight
in the ongoing processes in Lac. Based on
these insights, I will then be able to make a
design that fits my understanding of these
processes. A key element of this strategy is
that the final outcome of this thesis will be
a design, and that scientific research will be
used to support this design.

Chapter 2: Research Structure

Knowledge Gap
In an evidence-based design, the knowledge
gap needs to defined in the field of research
on which the evidence is to be gathered.
For this thesis, the evidence comprises
knowledge on the coastal ecosystems and
recreational activities in Lac, and the way
these interact with each other. Literature
already exists on coastal ecosystems like
mangroves in general (e.g. Thom, 1967; Lugo
& Snedaker, 1974), and on how to design with
ecology in order to create dynamic systems
(e.g. Barnett, 2013). More case-specific
research has also been done on the way the
diverse ecosystems of Lac ecologically relate

Fig. 13
May 2016 satellite
image of Lac by Google
Earth. Comparing to
the 2012 GIS-study
in Fig. 9, many more
mangroves have died in
the meantime
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to each other (Nagelkerken et al., 2000;
Debrot et al., 2010), and previous MScthesis have already dealt with the relation
between the ecosystems of Lac and the
hydrological system of the entire catchment
(Rønde, 2013; Van Winsen, 2013). In
addition, investigations have been done on
the health status of the mangroves in Lac
(Davaasuren & Meesters, 2012) and on the
intensity of recreational activity in Lac and
its catchment (Debrot et al., 2012a).
These 2012 investigations however seem
to be already outdated. May 2016 satellite
images of Lac (see Fig. 13) show a major
loss of mangroves since the investigation by
Davaasuren & Meesters. Moreover, personal
correspondence with Stinapa reveals that
recreational activity has largely increased
since the 2012 report by Debrot et al. For
my research, I will therefore need to do a
thorough investigation of the current status
of the ecosystems and recreational activities
in Lac. On top of that, current research on
Lac seems to lack to provide insight in the
relation between recreational activities and
ecosystem loss. The knowledge gap for this
thesis is therefore the lack of up-to-date
information on recreational activities and
the status of the coastal ecosystems of
Lac, which is necessary in order to seek for
relations between them.
This research is conducted in the same
field as the thesis by Hulsebosch (2016),
who researched tourism development in
the inlands of Bonaire and the benefits
of rural tourism for the local population.
Her study partially overlapped with Lac’s
catchment. My thesis will complement this
thesis by focusing more strongly on coastal
ecosystems.

11

Design Question
As I mentioned before, this thesis will use
an evidence-based design strategy, which
entails that the final outcome will be a
design. As a consequence, the main question
of my thesis is a design question, which is
than subdivided in research questions that
together compose the evidence. My main
question is:
How to intervene in Lac’s catchment in order
to create a synergy of eco-hydrological and
recreational developments?

Research Questions
The following research questions together
compose the scientific evidence that will
be needed in order to answer the main
question:
What is the current state of the ecosystems
in Lac, and what are the underlying
processes of the landscape system?
What recreational activities are currently
undertaken in Lac’s catchment, and what
is their positive or negative impact on the
eco-hydrological system?
What potential design interventions can
be done to come to a synergistic design
for Lac’s catchment?

Beyond Ecotourism

Methods

The design process that I followed throughout
this thesis is based on what Milburn & Brown
(2003) described as the analysis-synthesis
model. In this model, “the [design] process
is one of applying information to distinct
sections or layers of the problem or site,
and then recombining the sections or layers
into a contiguous whole” (Milburn & Brown,
2003, pp. 52). Because of its focus on design
as a synthesis of separate sections, this
approach is highly applicable to my thesis.
However, Milburn and Brown describe the
rigid distinction between the various steps as
one of the weaknesses of this model. In my
flowchart (see Fig. 14), I therefore adjusted
their model and create less rigid phases and
more feedback loops, in order to come to a
more iterative design process.

Chapter 2: Research Structure

Orientation
Research

Preliminairy
Research

Problem Statement,
Thesis Aim, Questions

Desk
Study

Field
Observations
& Interviews

Set of Potential
Design Interventions

Landscape
Analysis

Design
Guidelines

Design
Starting Points

Potential Design
Interventions

Design
Variant 1

Design
Variant 2

Design
Variant 3

Design
Variant 4

Design
Variant 5

Design
Variant 6

Evaluation;
Multi-Criteria
Assessment

Elaboration

Orientation and Research

The first steps, according to Milburn and
Brown, are to preliminarily research the area
and make explorative designs to dissect the
different layers of the problem. I already went
through these steps in the previous section,
and took those together in the first phase
which I called orientation. The next phase
is the research-phase, in which I gathered
the evidence for the design. This consists

Proposal

Explorative
Sketches

Application

Design Process

Synthesis

Now I outlined my research questions, I will
further elaborate on the methods I will use
in order to answer these questions. Since
my main question is a design question, I will
first describe the design process I will follow
throughout my thesis, and how research is
related to the various phases of the design
process (see also the flowchart in Fig. 14).
After that I will further describe my research
methods (see also Table 1 on Page 16).

Fig. 14
Flow Chart of my study,
putting all methods and
design steps in order.

Design

Details
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mainly of field observations, complemented
by desk study. I will describe these research
methods in more detail on Pages 13-15. The
desk study results in design guidelines, that
serve as input for the synthesis-phase.

Application

In the application-phase, the gathered
evidence is applied by the creation of a set
of potential design interventions (answering
the third research question), and the
completion of the landscape analysis. Both
elements are based on the data gathered in
the previous phase, and therefore this phase
functions as a link between the research and
the design parts of my thesis. Both potential
design interventions and the design starting
points that are derived from the landscape
analysis serve as input for the synthesisphase.
The creation of the set of potential design
interventions is an iterative process of
analysing data, designing, evaluating and
improving of the interventions. The process
of evaluating and improving is validated
through interviews with experts, in which the
interventions are evaluated and optimized.
Milburn & Brown (2003) emphasize that
such interventions should each address one
of the sections of the problem, in order to
systematically combine them in a design
synthesis in the next phase.

Synthesis and elaboration

In the synthesis-phase, the design guidelines,
design starting points and potential design
interventions are combined into one design
synthesis. The design guidelines, derived
from desk study, serve as evidence to
theoretically inform the potential design
interventions. The design starting points are
derived from the landscape analysis, and
encompass the main problems of the area
which should be dealt with in the design. The
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potential design interventions are possible
solutions to solve these problems.
In order to systematically and objectively
come to one synthesis that synergistically
combines the different aspects of the
problem in the most effective way, I will use
the same approach as Van Reijn (2016) did
in her thesis. This approach entails deriving
three main aspects of the design problem
from the landscape analysis, which are then
ranked in different order for each design
variant. This results in 6 design variants that
each have their own prioritization order
(1-2-3; 1-3-2; 2-1-3; 2-3-1; 3-1-2; 3-2-1) of
these design problems. This approach allows
me to explore the effects of prioritizing
different subjects, and see what variety of
combinations of interventions can be made.
These variants will be assessed by multicriteria analysis. This process of evaluating a
design is described by Deming & Swaffield
as “the work of considering, measuring,
and judging the merit and value of a range
of competing design options” (Deming &
Swaffield, 2011, pp. 179). In order to be
able to verify such an evaluation process,
clear criteria are stated on which the design
variants are assessed. Interviews with
experts will again be essential to assess
the variants and triangulate the outcome
of this assessment. This eventually leads
to an overview of the value of each variant
on each of the criteria, from which an ideal
synergistic combination can be derived for
further elaboration into a final landscape
design.

Research Methods
Now I described my design process, I will
further outline the research methods I use
to gather the evidence that supports my
design. My research will follow a mixedmethod approach, incorporating desk
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study, observations and interviews. The
combination of these three methods is
a form of triangulation, which allows to
validate the collected data and enables me
to collect more robust data than I would
via a single method approach (Martin &
Hanington, 2012).

Desk Study

I will first describe my desk study research, in
which I will study both literature and maps. A
map study is initially used to see patterns in
the landscape, which is then substantiated
by literature study in order to reveal the
processes that underlie these patterns (Bell,
1999). This literature is analysed through
content analysis (see Bernard, 2006), and
the gathered information will serve as a
basis for the observation studies. As Bell
(1999) emphasizes, a thorough landscape
analysis cannot be conducted through desk
study only; additional field observations are
required to verify the results. The desk study
and the observations will together constitute
the landscape analysis, and also provide the
answer to the first two research questions.

enabled me to create a full overview of the
landscape (see Bernard, 2006). The collected
photos and descriptions together express
the various landscape types around Lac,
providing valuable input for the landscape
analysis and for answering the first research
question. Descriptive analysis will further
link the pictures to the literature study, and
to earlier investigations of Lac’s ecosystems
(e.g. Davasuuren & Meesters, 2012).
The second observation study relates to the

Fig. 15
GPS-Tracks of the
four routes of field
observations.

Observation Study

The most important part of my research is
my observation study, in which I conduct
two types of observations. The first relates
to the first research question and the
landscape analysis, and concerns a field
study of the current landscape of Lac. In
order to encompass a large part of the area
in my field study, I took four routes through
the area: by bike I surrounded the entire
bay, and I took a tour through the catchment
area. By boat and kayak, I took two sections
through the bay (see Fig. 15). Throughout
these routes I took notes and pictures at all
changes in the landscape that I encountered,
which were also tracked by GPS. Elaborate
(‘thick’) description of these observations
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second research question, and concerns
direct non-participant observations (see
Kumar, 2005) of the tourism activities
undertaken in Lac. This study is an ‘update’
of the investigation by Debrot et al. (2012a),
and in order allow for comparison with
that study, the same observation protocol
is used. This protocol is an example of
spot sampling (Bernard, 2006), in which
the types of activities undertaken at Lac
are monitored throughout the day. This
will be done on multiple days, which are
spread over weekdays and weekend days.
Complementing to this quantitative data,
qualitative notes of exceptional activities are
also taken. Both quantitative and qualitative
data is coded in order to structure the
gathered data, in which the codes are based
on the observed activities (see Kumar, 2005).
The data of both observation studies will
be brought together via content analysis, in
order to see relationships between tourism
activities and the state of the ecosystem
(see Bernard, 2006). These results will serve
as major input for the design process, since
they indicate the most important relations
between tourism and the eco-hydrological
system. All raw data is furthermore added
to this thesis in Appendix 1, which enables
readers to look at the way in which I drew
these conclusions.

Interviews

Complementing to the desk study and
observation study, my research also
encompasses some interviews which are
useful in validating the data obtained from
the other types of research. Moreover, expert
interviews can give me more information on
things that might have happened since the
2012 investigations on Lac. I will conduct
unstructured interviews with both experts
and visitors of Lac (see Bernard, 2006).
The expert interviews are valuable in two
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phases of my study. At first, they validate
and complement to the findings from the
desk study and observations regarding
the landscape analysis. Secondly, they
are valuable in the design phases in the
evaluation and improvement of the design
interventions, and the assessment of the
design variants.
Interviews with visitors of Lac will be
conducted during the direct observation
study, which is similar to what Debrot et al.
(2012a) did in their tourism investigation.
They can provide me with better
understanding of their reasons to visit Lac.
That provides a valuable complementation
to the data from the observations. Just
like the observation data, the interview
transcriptions are added in Appendix 1.

Triangulation

Triangulation is an important way to
validate the obtained data, and two types
of triangulation apply to this study. The
combination of desk study, observations
and interviews validates the obtained data
through methodological triangulation (see
Martin & Hanington, 2012). By using multiple
sources, like various literature sources,
multiple observations and different experts,
the data is moreover validated through data
triangulation.
Creswell (2011) notes that although
triangulation is an important validity strategy,
it also involves some risk concerning the
possible input of contrary data from the
different sources. He suggest to solve such
situations through “gathering more data,
reanalysing the current data, and evaluate
the procedures” (Creswell, 2011, pp. 240). In
my case, the second option of reanalysing the
data in order to find a clue which might link
the data to each other, is most applicable. In
such cases, the method of thick description
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of the observation data is very useful, since
such elaborate notes allow me to look into
detail at the originally required data.
The design process and research methods
that I described throughout the previous
pages, are further summarized and
schematized in the flow chart in Fig. 14 and
in Table 1.

Table 1
Table summarizing all
research methods, and
linking them to the
research questions.

Question

Methods

Main Design Question

Six design variants based on ranking,
Designing variants based on ranking, in
and assessment of these variants.
the way Van Reijn (2016) did.
One final elaborated landscape design
Multi-criteria assessment of variants,
of Lac’s catchment in map, sections
together with experts.
and visuals, including design details.

How to intervene in Lac’s catchment
in order to create a synergy of
eco-hydrological and recreational
developments?

1st Sub Question
What is the current state of the
ecosystems in Lac, and what are the
underlying processes of the landscape
system?

2nd Sub Question
What recreational activities are
currently undertaken in Lac’s
catchment, and what is their
positive or negative impact on
the eco-hydrological system?

3rd Sub Question
What potential design interventions
can be done to come to a synergistic
design for Lac’s catchment?
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Field observations: 4 routes through
Lac, taking pictures and notes at
landscape changes.
Triangulate observation findings
through interviews with experts and
literature/map study.
Direct non-participant observations:
Investigating tourism activities in
Lac on multiple days (to point of
saturation), complemented by
unstructured interviews with visitors.
Coding of observation and interview
data, based on observed activities.

Outcomes

Filed log with route data, photos, thick
descriptions of landscape changes.
Final investigation, in text, maps and
sections, of the current state of Lac’s
ecosystem.

Update of 2012 tourism investigation
of Lac in graphs and text.
Analysis of positive and negative
impact of tourism activities upon
Lac’s ecosystem

Content analysis to compare outcomes
with SQ1, to assess tourism impact.
Data analysis and sketching to come up
Set of potential design interventions
with interventions.
which can be combined and applied in
Interviews with experts to evaluate and the design variants.
improve proposed interventions.
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Chapter 3

Theoretical Framework

In the previous chapter, I outlined the
problem definition and research questions
for my research at Lac, Bonaire. However,
before going more into detail on that
research, I will first describe a couple of
theoretical concepts that form the basis of
the rest of this research. The main focus of
the theories discussed in this chapter is the
way in which landscape architects should
design for both ecology and tourists. In that
way, my theoretical framework is based
upon the same twofold focus as my problem
statement.
Fig. 16
Model of the landscape
based design approach
by Duchhart (2007)
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Landscape Model
As was already emphasized by Barnett
(2013), for a landscape architect designing
an intervention in an ecological context, it
is essential to first understand the existing
landscape system. Therefore, I firstly
outline the landscape model which I use to
analyse the landscape, before going deeper
into theories on how to design for these
landscapes. Throughout this thesis, the
landscape based design approach model as
described by Duchhart (2007) serves as a
basis for the analysis of the landscape.
Duchhart based her model, shown in Fig.
16, upon two already existing landscape
models; the layer model by Kerkstra &
Vrijlandt and the sociophysical-organization
model by Kleefmann. The starting point of
the model by Kerkstra & Vrijlandt is that
“landscape is the visible result on the surface
of the earth of the interactions between
man and nature” (Kerkstra & Vrijlandt,
1988, cited in Duchhart, 2007, pp. 16). Their
model, which is on theories by landscape
scholars from Wageningen University, splits
the landscape in three layers; the abiotic,
biotic and anthropogenic layer. These layers
are then superimposed in order to show
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the underlying processes that formed the
existing landscape.
As a second landscape model, the
sociophysical-organization
model
by
Kleefmann, links the physical aspects
of the landscape (the biotic and abiotic
layers as described by Kerkstra & Vrijlandt)
to the social aspects of the landscape
(the anthropological layer). Kleefmann’s
presupposition is that nature is a selforganizing system, while society is based on
three driving forces: culture, economy and
policy. These three driving forces each form
a subsystem within the social substratum,
which are closely related because of social
organisation.
Duchhart (2007) combined these two
landscape models into her landscape based
design approach model. She distinguishes
the natural organisation principle and the
social organisation principle, which are
both visualised in layer models. The natural
system is divided in an abiotic and a biotic
layer, and the social system is divided in
the cultural, economical and political layer.
The point where the social and natural
systems interact is the place where all these
landscape forming factors come together
and constitute the existing landscape.
Kerkstra & Vrijlandt however already
emphasized that ‘the current landscape’ is
only a snapshot in the continuous processes
of change in these various layers. Therefore,
Duchhart (2007) incorporated time in the
landscape model. The changes in landscape
are based both on processes in both the
natural and the social organisation principle,
which both function at their own pace. A
human intervention in the existing landscape
will thus change these processes and evoke
a reaction from nature.
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Ecological Design
Because of this influence of human
interventions on the functioning of landscape
systems, this paragraph looks deeper into
theories on ecological landscape design.
Van der Ryn and Cowan define ecological
design as “any form of design that minimizes
environmentally destructive impacts by
integrating itself with living processes” (Van
der Ryn and Cowan, 1996, pp. 18). The more
recent book by Barnett (2013) describes
the use of the concept of ‘emergence’ in
landscape architecture. This concept entails
looking at landscape as a processes rather
than a static environment, as emergence
theory is based on becoming, change and
process.
Moreover, landscapes are regarded as openended systems, which do not only incorporate
internal processes but also respond to
external processes of adjacent landscape
systems. “Seeing the world as a series of
assemblages or overlapping, interactive
systems enables us to develop ways of
clarifying and deepening those relationships,
of removing blockages and designing
connections. […] Designers are realizing that
it is the connecting elements themselves that
need attention, the places where systems
meet, passages between geographies, edge
conditions and components embedded in
other components” (Barnett, 2013, pp. 226).
As landscapes are open-ended system
than continuously react on landscape
processes, they do never achieve a final
state. When designing for a landscape, it is
therefore important to keep in mind that a
designer can create the initial conditions of
a landscape, but is unable to predict how
the processes will react on these conditions.
This also emphasizes that new elements can
not be superimposed on a landscape; “Form
is something that rises out of the designer’s
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interaction with the landscape, not
something that is imposed on it” (Barnett,
2013, pp. 229).

Building with Nature
A couple of concepts with regards to the way
in which ecological processes can be used or
manipulated through landscape design have
originated from these ideas of ecological
design. One of the most influential of
these concepts is ‘Building with Nature’,
which originates from the field of coastal
engineering. Building with nature promotes
using natural dynamics like sediments,
vegetation, wind and currents for the
realization of landscape projects (Van den
Hoek et al., 2012, pp.86). Projects following
this principles include for example the Sand
Engine in The Netherlands, where sand is
supplemented on one single location and
then dispersed over a long stretch of coast
via sea currents. Such interventions might
also be valuable for Lac, as sedimentation
is suspected to be a major problem in that
area.
A related discipline is known as ecological
engineering, which is defined as “the
design of sustainable ecosystems that
integrate human society with its natural
environment for the benefit of both” (Mitsch
and Jørgensen, 2003, pp. 367). By designing
for the benefit of both society and nature,
this field strongly relates to the synergetic
aim of this thesis. In order to achieve this
synergy, ecological engineering emphasizes
the self-organization of ecosystems, their
ability to react upon changing circumstances
and their resilience. This approach therefore
implies modest interventions, as nature can
design itself.
Concluding, ecological design is based on
the notion that landscapes are strongly
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interrelated systems which first needs
to be unravelled in order to understand
the underlying processes. It are exactly
the places where these processes come
together which are important for landscape
designers. The interventions on these
locations should incorporate the natural
dynamics through modest interventions that
follow the form of the existing landscape, in
order to come to a synergy where both the
social and the natural system benefit from
the intervention.

Design for Tourism
As I mentioned in the introduction of this
chapter, this theoretical framework has the
same twofold focus as the problem statement
of this thesis. Now I described guidelines on
ecological design, I continue with looking at
designing for tourists. In order to come to
such guidelines, it is first important to look
deeper into literature from tourism studies,
in order to understand what tourists want to
experience while being at their destination.
The concept of ‘tourism’ may seem simple
at first sight, however there consist many
definitions of this concept. The most
accepted definition is given by the World
Tourism Organisation (1994): “The activities
of persons travelling to and staying in places
outside their usual environment for more than
24 hours but not more than one consecutive
year for leisure, business and other purposes”.
The spatial component in this definition,
stating that tourism occurs ‘outside of the
usual environment’, is very interesting
and has been described in tourism studies
by the term escapism. This encompasses
the desire of tourists to break away from
their daily life. In order to emphasize this
feeling of escapism, tourists often seek for
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environments that are completely different
from their home environment. While on
this destination, tourists therefore often
seek for signs that reinforce their image of
this destination, as a confirmation of the
feeling of ‘elsewhereness’. This image of
the destination tourists have in mind while
being on holiday is called the ‘geographic
imagination’ (Urry, 1990). Since tourists
seek for confirmation of this image, it is
important to understand this imagination in
order to determine the wishes of the tourists
on a specific destination.

Tourism Planning
The enormous growth of tourism numbers
during the second half of the 20th century
slowly began to have an impact upon the
environments tourism was based on. From
the 1990s, the movement of sustainable
tourism came up in reaction to the growing
notion of the impact that tourism has upon
the environment (Dehoorne & Tatar, 2013).
One of the terms that came up within the
study field of sustainable tourism is the
idea of ecotourism, which was already
described on Page 8. In the context of this
notion of the impact of tourism upon the
environment, several authors emphasize the
need of proper planning and management
of tourism destinations “in order to prevent
environmental damage and avoid all tourist
destinations evolving in the same direction”
(Ólafsdóttir & Haraldsson, 2015, pp. 21).
One of the most important concepts in
tourism planning is the carrying capacity of
nature areas, which is especially important
in a vulnerable area like Lac. Nature areas
are inherently able to regenerate after a
minor disturbance, but over-utilisation of
such an area can cause damage which the
ecosystem cannot restore. This lead to the
definition of the tourism carrying capacity,
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“the amount of tourism damage a site can
assimilate without long term damage”
(Steele, 1995, pp. 32).
The main critique upon the concept of
tourism carrying capacity is that every
ecosystem reacts upon disturbances in
another way and every tourist impacts upon
an ecosystem in another way. This makes
it impossible to calculate a quantifiable
carrying capacity (Newsome et al., 2002).

The ROS-Framework

In order to provide more concrete handles
for theoretical concepts like carrying
capacity, the US Forestry Service developed
a couple of tourism planning frameworks.
The oldest and most influential of them is
the Recreation Opportunity Spectrum (ROS)
(see Clark & Stankey, 1979). This framework
takes both the preferences of tourists and the
needs of the ecological system into account,
and thereby provides more concrete starting
point for tourism planning in relation to
carrying capacity. The framework is based
on the idea that providing diversity helps
visitors in finding the experiences they are
seeking in an area. It starts by identifying
and determining the diversity of recreation
opportunities in a natural area, after which
the high-impact activities can be allocated to
the more resilient locations and low-impact
activities to less resilient locations.
The ROS distinguishes 4 zoning classes,
distinguished by social, physical and

Primi�ve

Semi-Primi�ve

Roaded Natural

Fig. 17
The 4 zoning classes
according to the
ROS-framework (Clark
& Stankey, 1979 in:
Newsome e.a., 2002,
pp. 157)

Developed

Increasing ease of access
Increasing human modiﬁca�on of the environment
Increasing frequency of contacts between visitors
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Increasing level of on-site regula�on

20

managerial characteristics, each offering
another experience for tourists and having
a higher impact upon the environment
(Fig. 17). A primitive area for example
would be very remote and unreachable by
motorized vehicles (physical), allow visitors
to wander without meeting other visitors
(social), and have no buildings nor strict
visitor regulations (managerial). Use of
these areas would therefore be limited, and
environmental impact would be very little. A
developed area, on the other hand, would
have a high level of motorized traffic, a
high concentration of visitors and extensive
facilities and clear rules and regulations,
resulting in high environmental impact.

The Tourism Area Life Cycle

Fig. 18

NUMBER OF TOURISTS

Model of the TALCframework (Butler,
2006, pp.5)

Where the ROS-framework is based on the
idea of a rather static environment which is
either primitive or developed, Butler (2006)
developed a framework which focusses on
the evolution of tourism destinations. “This
evolution is brought about by a variety of
factors including changes in the preferences
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and needs of visitors, the gradual
deterioration and possible replacement of
physical plant and facilities, and the change
(or even disappearance) of the original
natural and cultural attractions which were
responsible for the initial popularity of the
area” (Butler, 2006, pp. 3). This theory, which
is called the Tourism Area Life Cycle (TALC),
suggests that every tourism destination
slowly shifts from a primitive to a developed
destination. Butler calls these stages
exploration (first visitors in a primitive area),
development (shift towards developed)
and consolidation (when the destination
reaches its top development) (see Fig. 18).
Butler relates the moment the number of
tourists reaches the stagnation phase with
the tourism carrying capacity; reaching this
capacity declines the attractiveness of the
destination, resulting in stagnation or even
a decline of tourism numbers.

Tourist Attitudes

Butler (2006) does not only mention an
evolution in the environmental impact
of a tourism destination, but also in the
‘preferences and needs of visitors’. This
relates to the ROS, where Clark & Stankey
(1979) distinguish various types of visitor
activities and opportunities. Each degree
of development, regardless whether this
is related to zoning (ROS) or temporal
development (TALC), thus attracts different
types of tourists.
In Iceland, various scholars have conducted
research to the different tourist attitudes
regarding nature and wilderness, in
relation to frameworks like ROS and
TALC (Saedórsdóttir, 2010; Ólafsdóttir &
Haraldsson, 2015). The researches did not
focus on activities tourists want to undertake,
but of the types of tourists visiting specific
environments. A very important conclusion
in these studies is that the preferred state
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of development of a visited landscape is
very personal, and people with different
tourism attitudes would perceive the state
of development (Ólafsdóttir & Haraldsson,
2015).
Therefore,
the
researchers
emphasize the need of proper planning not
only to reduce the environmental impact
of tourism, but also to enhance the visitor
experience for tourists with different tourist
attitudes (Saedórsdóttir, 2010). This means
that in planning a diversity of activities for
tourists, the different types of tourists and
their environmental preferences should also
be considered.

Designing tourism experiences
The previous paragraph described how
tourism activities can be determined and
allocated according to the ROS-framework,
and the accompanying tourism attitudes
can be distinguished. From there tourism
developments can be designed in such a
way that they effectively host the activities
and fulfil the environmental wishes of the
tourists visiting these locations. Brinkhuijsen
(2008) distinguishes four different elements
of the leisure landscape: routes, attractions,
facilities and settings.

Routes

Routes are generally considered to be key
elements for tourism development, as they
open the landscape and make it accessible
for undertaking recreational activities. These
routes can be carefully designed to offer a
sequence of experiences, which heightens
the perception of the landscape for visitors
(Cullen, 1971). Landscapes are considered
to be perceived by moving through them,
rather than by looking at them from a
stationary point. This makes the points
where different experiences fade into each
other important places for the landscape
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experience (Thwaites, 2001), just like the
places where landscape systems overlap
are important locations in ecological design
(Barnett, 2013).
“Although the perception of the visual world
depends on the succession of separate
images, the final or overall experience of the
visual world is continuous and connected”
(Thiel, 1961, pp. 34). So, even though
a special landscape experience should
involve a sequence of different landscapes,
the total route should always provide a
certain continuity throughout the different
experiences. The idea of routes as structuring
and continuous elements also links to the
classic theory by Lynch (1960), who sees paths
as a way to connect different ‘landmarks’
in the landscape. In Brinkhuijsen’s (2008)
theory, these landmarks can be compared
to the attractions and facilities of the leisure
landscape.

Attractions and Facilities

Although routes are important to provide
access to a landscape, this landscape
will not be perceived as a recreational
destination without attractions and facilities
along the route. Brinkhuijsen emphasizes
that ‘attractions’ have different meaning at
different scale levels: on a large scale, an
entire area might be assigned as attraction,
while the small scale might distinguish a
couple of specific locations within that
area at attractive points. Duchhart (2007)
refers to such interventions as ‘incentives’,
locations that evoke new activities.
Such incentives can be used along the
tourism route to highlight changes in the
landscape, in order to heighten the landscape
experience along the route (Thwaites, 2001).
These locations are probably similar to the
locations where ecological systems overlap
(Barnett, 2013). That would make them
ideal locations for design interventions that
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would create the synergy between tourism
and ecological interventions which is the
aim of this thesis (see Page 10).

Settings

The incorporation of setting as a landscape
element can be done in two ways. Either, a
new setting is created for leisure activities
to take place in, or an existing landscape
setting is turned into a leisure attraction
(Brinkhuijsen, 2008). Either way, the
setting is mostly the basis for the feeling of
elsewhereness that tourists seek (see Urry,
1990). Changes of setting are especially
interesting for tourists, as was already
described in the paragraph on routes; these
changes might again be found at the places
where the different landscapes meet. By
designing new routes and attractions, the
landscape is made more accessible which
enables tourists to appreciate the setting in
which they undertake their activities.

Summary
Throughout this chapter, I discussed a
couple of theories focussing on designing
for both ecology and recreation. One of the
most important notions is that, in order to
design ecologically, the landscape should
be regarded as a series of overlapping
and interconnected systems. In order to
understand the processes that underlie
the landscape, these systems need to be
unravelled. Throughout this thesis, the
landscape based design approach model
(see Fig. 16) will be used to systematically
analyse the different systems that underlie
the landscape.
The places where these interrelated
systems meet are regarded to be the most
interesting places for a design. As they are
interesting from both an ecological and a
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recreational perspective, these landscape
changes are perfect locations for seeking for
the synergy that was described as the aim
of this thesis. From an ecological stance,
these places should be designed in such a
way that they use the existing dynamics of
the place. The form of these interventions is
thus originating from the existing landscape
system, and the interventions should be
done in a modest way to give the natural
processes the possibility to react on the
changed circumstances.
From a tourism perspective, these locations
where landscapes meet can serve as
incentives for new tourism activities that
mark changes in the landscape. Tourism
routes can be designed in such a way that they
create a sequential landscape experience,
connecting tourism incentives that mark the
changes in this sequence. In order to make
these incentives interesting for tourists, they
should be adequately planned regarding the
expected tourism activities and the attitudes
of the tourists visiting these places.
From both an ecological and a tourism
perspective, the theories outlined the
importance of a thorough analysis of the
interrelations between different scale levels.
These are important to understand both
the processes that constitute the different
landscape systems, and the position of
tourism attractions in the wider tourism
network. To relate back to the aim of this
thesis, the causes for the problems relating
to both the eco-hydrological system and the
tourism pressure of Lac might be found in
an analysis of the entire island of Bonaire.
Therefore, the next section of this report
consists of an analysis of both the landscape
and tourism systems of Bonaire, before
zooming in on Lac.
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PART II

STUDY OF BONAIRE

Chapter 4

Landscape of Bonaire

Fig. 19
Panorama of Bonaire,
showing the differences
in the profile of the
various landscape types
(colors similar to Fig. 23)

The
theoretical
framework
already
discussed the importance of understanding
the existing landscape and its local-regional
relationships before designing interventions.
In this section of the report, I will therefore
study the landscape of the entire island
of Bonaire, in order to understand the
context of the landscape of Lac which
I will eventually make a design for. The
landscape of Bonaire will be analysed
following the layers that Duchhart (2007)
described (see Pages 17-18). The chapter
concludes by distinguishing landscape units
on the island, and by assessing the current
landscape of Bonaire on its resilience with
regard to tourism activities (see the ROSframework on Page 20). The landscape units

and resilience assessment will serve as a
contextual framework for the research on
Lac in the following section of this thesis.

Natural System
Abiotic System
The first organization principle in the
landscape model is the natural principle,
which can be split in the biotic and the
abiotic system. The abiotic system deals
with climate, geology and hydrology, and
I describe this as first because the abiotic
situation is a starting point for the biotic and
social processes.

Panorama of Bonaire
Panorama along the en�re western coast of the island
Based on Topographic Maps and own pictures
Horizontal scale: 1:100.000

SERU WEKUA

1 km
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Ver�cal scale: 1:50.000
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Another constant element of Bonaire’s
climate is the trade wind, blowing constantly
over the island from North Eastern direction.
Windless days hardly ever occur on the
island, average wind speeds is around 6,6
m/s, which is classified as force 4 on the
Beaufort scale (De Freitas et al., 2005). Wind

speeds are slightly higher in April to July, and
lower around October and November (Blok,
1976). Its location in the very south of the
Caribbean area makes that Bonaire suffers
very rarely from hurricanes, which generally
pass through the more northern part of the
Caribbean Sea.
In the light of climate, it is also important
to look at the consequences that climate
change might have for the island. The map in
Fig. 21 already shows that seawater around
Bonaire was 0,8°C warmer in 2011 than in
1971-2000. Such sea water temperature
changes have major consequences for the
coral reefs around the island (see Page 36).
The newest prospects by the International
Panel on Climate Change (IPCC; see Nurse

Fig. 20
Climate graph of
Bonaire, indicating the
temperature changes
and distribution of rain
over the year
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As mentioned before, Bonaire is an island
in the southern Caribbean, close to the
Venezuelan coast (see Fig. 1). This specific
area is characterized by very limited rainfall,
at average only 425 to 550 mm per year (De
Freitas et al., 2005; Blok, 1976), classifying
the Bonairian climate as an semi-arid climate
according to the climate system of Köppen.
As Fig. 20 shows, rainfall is not evenly
distributed over the year; the rainy season
lasts from October until January. Moreover,
rainfall varies strongly between years as
Hobbelt (2014) noticed. Rain falls generally
in short, intense and often local rain showers
(Blok, 1976).
The island’s location close to the equator
leads to a very stable average temperature.
Over the year, the average temperature of
the island ranges around 28°C (De Freitas
et al., 2005). With an average of 8-9 hours
of sun every day, Bonaire is a rather sunny
island, even while the sky is often dotted
with clouds with an average cloud cover of
45% (Blok, 1976).

Temperature in C

Climate

D

LACRE PUNT

20 km
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Fig. 21
Seawater temperature
anomalies in the
Caribbean (Chatenoux
and Wolf, 2013, pp. 11)

Fig. 22
Photograph from the
Brandaris, showing the
hills of the vulcanic
Washikemba formation

Next Page: Fig. 23
Geological map of
Bonaire

Following Page: Fig. 24

et al., 2014) predict that the Southern
Caribbean, including Bonaire, will become
both warmer and dryer. Temperature will
probably rise with 1.2 to 1.9°C by 2100,
compared to 2000. Moreover, rainy seasons
are expected to become wetter while
the other months will suffer from more
drought. At last, sea level in the Caribbean
is expected to rise with 0.5-0.6 meters by
2100 compared to 2000, which will have a
major influence along the Bonairian coast
including Lac.

Elevation map of
Bonaire

Haïti

Saint Martin

Dominican
Republic
Saba

Statia

Aruba

Curaçao
Bonaire

Colombia

Seawater temperature anomaly in
2011 compared to 1971-2000

29

Venezuela
+0,8 C
o

-0,2 C
o

500 km

Geology

The geological history of Bonaire starts
with submarine volcanic activity, ca. 100
mln years ago in the Cretaceous period.
This heterogeneous succession, called the
Washikemba formation, consists of basaltic,
andesitic and dacitic lavas (Blok, 1976).
Because of its heterogeneous composition
of various volcanic rocks, erosion happens
at uneven speeds, creating strongly hilly
terrains (De Freitas et al., 2005) (see Fig.
22). This formation is exposed in two areas,
as visible on the geological map in Fig. 23,
which together cover around 30% of the
island’s surface (Grontmij, 1968).
These two volcanic areas are separated and
rimmed seaward by limestone terraces of
younger age (Tertiary and Quaternary), which
overly the volcanic rocks below (De Freitas
et al., 2005). These terraces are formed by
coral reef building, and consist of fossil coral
reefs. Sea level changes throughout the
Quaternary enabled coral to grow in shallow
water, but later get exposed because of a
drop of sea level. This sequences of sea
level rise and fall and reef building created
a series of limestone terraces that today
shape 70% of Bonaire (Grontmij, 1968) (see
the geological map in Fig. 23).
Roughly, three of these terraces can be
distinguished. The highest terrace reaches
up to 123 meters (at Seru Largu), but is
generally 50-80 meters above sea level
(see elevation map in Fig. 24). The middle
limestone terrace ranges from 15-20 meters
up to a maximum of 40 meters, and the
lower terrace varies from 4 to 15 meters (De
Freitas et al., 2005). Because of their origin
in subsequent coral reef formations, these
terraces are relatively flat terrains with very
steep edges between the different terraces
(Hulsebosch, 2016) (see Fig. 26). This
contrasts strongly with the hilly terrains of
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Previous Page: Fig. 25
Hydrological map of
Bonaire

Fig. 26
Photograph of the flat
lower terrace, showing
the edge of the middle
terrace on the left

Fig. 27, 28 and 29
Boca Washikemba,
an eroded cove in
the limestone terrace
along the east coast;
Rooi in the agricultural
Washikemba area,
hardly disntinguishable
and flowing over roads;
The beach of Playa
Chikitu used to be the
entrance to Saliña Matijs, but sedimentation
closed this connection

the Washikemba formation (see panorama
in Fig. 19).
The geological formation of the island brings
us to the various soils of Bonaire. Soils on
Bonaire are generally rather shallow; only
20% of the soils are more than 15-20 cm
deep (Grontmij, 1968) (see the geological
map in Fig. 23). The rest of the island
consists of shallow soils or bare rock. Soils
on Bonaire consist largely of loamy material,
and are rather stony. The thicker soils are
generally limited to the plains, mainly of
the Washikemba formation which has a
more fertile and water-retaining top layer
(Hulsebosch, 2016).

Hydrology

The situation of Bonaire in a semi-arid
climate, in combination with its geological
composition, results in a very complex
hydrological situation of the island. A large
part of the island consists of permeable
limestone, which absorbs most of the scarce
rainwater (Rønde, 2013). The lack of soils
which might be able to retain rain water
accelerates the infiltration of rain water,
which is mostly discharged via subterranean
runoff. According to calculations by Grontmij
(1968), only a shower of more than 5 mm
can cause terrestrial runoff, which according
to their graphs happens only once every
month.
Seepage points and wells like Dos Pos and
Put Bronswinkel, both in the Northwestern
part of the island (see hydrological map in
Fig. 25) are therefore essential for obtaining
freshwater on the island. However, some
agricultural wells are more and more often
subject to eutrophication and salinization,
which decreases their water quality (De
Meyer & MacRae, 2006). Since the scarce
bits of rain are the only natural freshwater
supply for Bonaire, the island has problems
with freshwater supply; drinking water is
currently derived by desalinizing sea water.
The scarce amount of terrestrial runoff on
the island often ends up in so-called saliñas
and bocas (Hulsebosch, 2016). These are
places near the sea where parts of limestone
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and volcanic rocks have been eroded, which
due to sea level rises later got flooded again
(Blok, 1976) (See Fig. 27). These coves are
locally called bocas, and some of them later
got blocked from sea by coral dams, like
Gotomeer, Saliña Slagbaai and Saliña Matijs.
Such areas are called saliñas, and most
of them are now salt flats which contain
hypersaline water.
The water that is not infiltrated is lead towards
these coves via gullies, which are locally
called ‘rooien’. On some locations, especially
in urban areas or close to the saliñas, these
rooien are clearly distinguishable. However,
more inland they get more diffuse and have
a less well-defined location because of
the limited amount of rainfall and limited
occasions of rainfall that they need to deal
with (See Fig. 28). For agricultural uses, this
terrestrial runoff is captured via earth dams
(Van Winsen, 2013).
Another problem with terrestrial runoff is
erosion. The eroded sand is transported via
the rooien towards the saliñas or towards

MT
LT
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sea. When the eroded sand ends up in sea,
it damages the coral reef that surrounds
Bonaire (Rogers, 1990). Therefore, saliñas
are important buffers between land and sea,
as the coral dam prohibits the sediment from
flowing into sea. However, this results in the
gradual disappearance of these saliñas, as
they are filled with eroded material (See Fig.
29). Lac takes a special position in Bonaire’s
hydrological system, since it is the only bay
which is not blocked off from sea.
Concluding, the abiotic system of Bonaire is
rather harsh. The climate is very dry, and the
geological situation does not allow the scarce
amounts of freshwater to be fully used. On
top of that, the island is mostly covered
by shallow soils or bare rock. Geologically,
the island can be divided in two parts: the
hills of the Washikemba formations, and
the flat limestone terraces with their steep
edges. Hydrologically, the water system of
rooien and saliñas is most important (See
hydrological map in Fig. 25 and principle
section in Fig. 30).

Washikemba Formation;
Vulcanic Rock

Fig. 30
Principle sketch of
the hydrological
system of Bonaire,
based on Hulsebosch
(2016) and Koster
(2013). Vulcanic rock
is inpermeable, but
the limestone terraces
are highly permeable.
The scarce amounts
of terrastrial runoff
often end up in Saliñas,
where sediment gets
deposited.

MT
LT

Saliña

Coral
Dam
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Biotic System
Fig. 31
Outback road on
Bonaire with common
Bonairian vegetation on
the sides; dense thorny
shrubland standing
around 5 meters tall,
combined with candle
cactusses

Fig. 32, 33 and 34
Mangroves in Lac;
Seagrass bed
containing both the
invasive Halophila
stipulacea (thin grasses
in the foreground) and
endemic Thalassia
testudinum (thick grass
in the background);
Young barracuda hiding
in the seagrass beds
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The second part of natural organization
principle as described in Duchhart’s (2007)
model is the biotic system, which contains
the flora and fauna of the area. The biotic
system reacts upon the situation created
by the abiotic systems, although the
biotic processes in turn also influence the
abiotic system. In this paragraph, the biotic
influences will be discussed separately for
vegetation and fauna, and concludes by
distinguishing the habitat types of Bonaire.

Vegetation

For plants the Bonairian climate is rather
harsh; large trees are very rare on the island,
vegetation is generally dominated by shrubs
or trees below 5 meters. The vegetation of

the island is similar to that of other semiarid areas in America and the Caribbean.
A problem is that such dry vegetation has
a slow growth rate, which extends the
regeneration time of the vegetation after a
disturbance (Abella, 2010).
The vegetation study by De Freitas et al.
(2005) distinguishes 18 different vegetation
types, and relates these different types to
the different geological formations of the
island. Though there are minor differences
in vegetation types occurring in these
different areas, at first glance vegetation on
most of the island looks very similar. Most of
the island is covered with a combination of
thorny bushes and candle cactuses (Cereus
repandus) (see Fig. 31).
Where vegetation in the inlands of Bonaire
has a rather similar appearance, the coastal
zones of the island provide some clearly
different vegetation types. The most striking
are the zones in Lac (see map in Fig. 39) in
which mangroves and seagrass beds occur
(see Fig. 32). Where extensive mangroves
on Bonaire are only found in Lac, seagrass
beds are also found in Lagoen (see map in
Fig. 39). These seagrass beds, consisting of
native species like Thalassia testudinum and
invasive species like Halophila stipulacea
(see Fig. 33) are important as feeding and
nursery area for fish and sea turtles (Van
Bussel, 2014) (see Fig. 34).
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Fauna

As Bonaire is a rather small island, the
number of land animal species is limited (De
Palm, 1985). Most of Bonaire’s biodiversity
lives under the water surface; the coral reef
(see Fig. 35) surrounding the entire island
is considered as one of the healthiest coral
reefs in the Caribbean. Although the reef
suffers from disturbances, it shows signs of
resilience which enable it to maintain its
healthy state (Steneck et al., 2015).
These disturbances include coral bleaching,
which is caused by changes in water
temperature (see Page 29), sand deposition,
caused by erosion on the island, and
trampling caused by overuse of humans.
Just like the plants on the island, coral has
a very long regeneration time, which makes
it difficult for a reef to restore after heavy
disturbances. Even though the existing reef
around the island has up to now shown to
be resilient to such changes, recent research
on the state of the coral reefs around the
Dutch Antilles estimated these reefs to die
within the astonishingly short period of 15
years (WUR, 2017a).
A remarkable aspect of Bonaire’s coral
reef is the relative absence of sharks,
which makes that fish species like snapper,
grouper, grunt and barracuda fulfil a key role
the main predators of the reef (Steneck et
al., 2015). Especially these fish species use
the mangroves and seagrass beds of Lac as
important nursery areas (Nagelkerken et
al., 2000). Two other endangered species
which depend upon these seagrass beds are
the Green Sea Turtle and Caribbean Queen
Conch, a large species of sea snail locally
called ‘Karko’ (Debrot et al., 2012b) (See Fig.
36). This highlights the importance of Lac’s
unique combination of habitats for the coral
reef of Bonaire.
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Apart from underwater life, the island of
Bonaire also has some endangered bird
species and protected areas. Most of these
birds are sensitive to human disturbance,
and Bonaire therefore has some protected
IBAs (Important Bird Areas), which host a
large variety of both land and water bird
species (Wells & Debrot, 2008). One of
the most protected bird species of Bonaire
is the Greater Flamingo (Phoenicopterus
ruber), which is highly sensitive for human
disturbance and lives mainly in hypersaline
waters like the various saliñas on Bonaire
(Fig. 37).
The number of land animals is very limited,
and consists generally of lizards, which are
frequently seen on the entire island, and
protected bats which live in caves in the
terrace edges. These caves are therefore
important places for wildlife on the island,
just like the wells that provide them with
freshwater. A couple of other animals have
been introduced on Bonaire by humans for
agricultural purposes (see Fig. 38). These
include goats and donkeys which are kept
by local farmers in an extensive way, which

Fig. 35
Coral reef near 1000
Steps, along the west
coast of Bonaire.

36

means that the livestock is roaming freely
over the island. The quantities of livestock
often exceed the carrying capacity of the
island’s vegetation, resulting in overgrazing
which is often claimed to accelerate erosion
(see Page 34) (Openbaar Lichaam Bonaire,
2014).

Habitat Types

Fig. 36, 37 and 38
Conch shells at Lac;
Flamingos near the
mangroves in Lac;
Goats in the Washikemba kunuku area

Next Page: Fig. 39
Map of habitat types
on Bonaire
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In ecology, the distribution of different types
of vegetation and animals is often described
through ‘habitat types’. These are defined
as land or aquatic units, consisting of an
aggregation of habitats having equivalent
structure, function, and responses to
disturbance. The vegetation study by De
Freitas et al. (2005) distinguishes 18 different
vegetation types on the island, but for the
purpose of this study the number is reduced.
The map in Fig. 39 shows the distribution of
the habitat types that I distinguish for this
study.
In the inlands, habitat types were
distinguished based on the amount of human
impact, because this has the most influence
on the structure, function and disturbances
to nature in this area. Therefore, a large part
of the island which is hardly accessible due
to a lack of paved roads, is covered as the
habitat of ‘outback’. Two other large areas
are the kunuku areas, where farming has a
major influence, and the built area where

housing has major impact on the biotic
system.
A few specific elements on the island
are however noteworthy to distinguish
separately, because of their unique
geographic features which makes them
important for specific wildlife. These include
the cliffs with caves on the northern side of
the island, housing protected bats, and the
few natural wells on the island which are
essential for animal and vegetation life.
Habitat types however do not only
encompass land habitats, but also water
habitats, which on Bonaire are the areas
that possess most ecological values. In this
group, the various habitat types are more
clearly distinguishable. The saliñas are very
specific hypersaline environments, while
mangroves and seagrass beds are clearly
differentiated by their specific vegetation.
For the coral reefs, it was deliberately
chosen to differentiate between shallow
(<10 m) reefs and deep (>10 m) reefs. This
distinction was partly based on human
access, just like the landside differentiations,
and partly on the different way both reefs
are exposed to disturbances like sea water
temperature differences.

Beyond Ecotourism

Social System
Next to the natural organisation principle,
Duchhart (2007) distinguishes the social
organisation principle. This incorporates
all anthropogenic forces that influence the
landscape. Duchhart divides this in a cultural,
political and economical system. In this
section, I will describe these systems and see
how they are influenced by, and themselves
influence, the natural organisation principle.
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Fig. 40
Map of Bonaire, indicating
the major urban centers,
neighbourhoods and
industrial locations
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Fig. 41
View on Rincon,
situated in the hills on
the northern side of
the island

Fig. 42
Kaya Grandi, the main
street of Kralendijk, the
capital of Bonaire

The first inhabitants of Bonaire were Indians,
that lived on the island since ca. 500 AD,
and whose inscriptions still remain in caves
on Bonaire. The island was discovered
by Spanish explorers in 1499, and was
immediately designated as ‘isla inútil’, a
useless island. Bonaire was conquered by
the Dutch in 1636, and was mainly used for
harvesting dyewood (Brazilwood) and salt.
Bonaire was a state plantation, which meant
that all land and slaves were owned by the
Dutch government. After abolishing slavery
in 1863, the government started selling
plots of land to private plantation owners,
which however mostly went bankrupt by the
1940s (De Palm, 1985).
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Currently, Bonaire has two urban centres:
the oldest settlement is Rincon (see Fig. 41),
a small village in the north of the island, and
the capital is Kralendijk which is situated at
the harbour on the west coast of the island
(see Fig. 42). What is currently considered as
‘Kralendijk’ is an assembly of various former
villages: Tera Kora, Nikiboko, Antriol, Noord
Saliña and Playa (which is now the centre
of Kralendijk) (See map in Fig. 40). Most
of these original villages, just like Rincon,
are situated more inland, on the middle
limestone terrace. Nowadays, the centre of
Kralendijk is more concentrated along the
shore, with many recent neighbourhoods
like Hato and Belnem, which are mostly
used for tourist resorts or villas with a view
on sea. Important note is that Bonaire has
a law which prohibits any buildings to be
taller than 4 stories, so high-rise apartments
or resorts will not be found in these urban
areas.
Apart from the urban centres, use of the
island as agricultural land is very limited. The
existing farms, locally called ‘kunukus’, are
generally situated on the parts of the island
with thicker soils (see Page 33), as these
provide better circumstances for growing
crops like sorghum (see Fig. 43). Next to
crops, extensive animal husbandry with
goats and donkeys is the main business for
the kunukus. This form of animal husbandry
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however entails that goats and donkeys
roam freely over the island throughout
most of the day (see Fig. 44), which leads
to overgrazing (Openbaar Lichaam Bonaire,
2014). The kunukus that nowadays remain
on the island are mostly used for home
consumption.

Policy
Bonaire has a very special political
situation. Until 2010, the island was
part of the Netherlands Antilles, an
independent country within the Kingdom
of the Netherlands. Apart from Bonaire,
this country encompassed Curaçao (the
main island including capital Willemstad),
St-Martin, Saba, Statia and, until 1986,
Aruba. This country was dissolved in 2010,
and in a referendum the Bonairian people
decided to join The Netherlands as a ‘special
municipality’ rather than becoming an
independent country. Since then, Bonaire is
governed by the ‘Openbaar Lichaam’ which is
directly under the state of The Netherlands,
just like the two other Caribbean islands
Saba and Statia.
Especially interesting considering policy in
Lac is Stinapa Bonaire, the local organisation
maintaining the National Parks of the island.
Bonaire has two national parks; the Bonaire
National Marine Park, encompassing all

Fig. 43, 44, and 45
Kunuku with sorghum
in Washikemba; freeroaming goats near
Lac; salt hills at Cargill
Saltworks

Next Page: Fig. 46
Map of protected
nature ares on Bonaire
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sea surrounding the island, among which
the waters of Klein Bonaire and Lac, and
Washington-Slagbaai National Park on the
north eastern tip of the island, including
saliñas like Goto lake, Saliña Slagbaai and
Saliña Matijs (Stinapa, 2017). Visitors willing
to visit these parks, so also swimmers and
snorkelers, need to buy a $10 or $25 nature
tag before entering these parks.
Apart from the National Parks, Bonaire
also contains sites designated as important
wetlands according to the convention of
RAMSAR (Debrot et al., 2010) (see map of
protected nature areas in Fig. 46). At last,
some of these areas are also designated as
IBAs (see fauna and Wells & Debrot, 2008),
but since these areas completely overlap the
other protected sites, they are not shown in
the map in Fig. 46. Lac is protected under all
these laws, which emphasizes the ecological
importance of this bay.

Economy
At the moment, there are only two major
industries left on Bonaire; the Cargill Salt
Works harvesting sea salt in the south on the
island (see Fig. 45), and the Bopec tranships
oil near Lake Goto. Almost all products used
on Bonaire need to be imported, resulting
in a trade deficit of $ 184 mln in 2015 (CBS,
2016a).
Most revenue on the island is earned
from tourism, which is by far the largest
economical sector on the island. In 2015,
49% of the Bonairians worked in the tourism
sector, and direct foreign tourism spending
together constitutes 16% of the island’s
GDP (CBS, 2016a). Since tourism is such an
important driving force on the island, and
especially in Lac, I will analyse this sector
more thoroughly in the next chapter of this
thesis.
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Landscape Units
As Duchhart’s (2007) model outlines,
all elements described in the previous
paragraphs together constitute the
landscape. Throughout this paragraph
I distinguish various landscape units on
the island, which are mapped in Fig. 55,
and illustrated by Fig. 47 to 54. Each of
these landscape units has its own spatial
characteristics and physical features, which
are created by one of the landscape forming
factors. These units help to create a better
understanding of the processes of the
landscape of Bonaire, and serve as a basis
for understanding the landscape system of
Lac.
The main division in landscape units
is based on geology, since the various
formations that formed the island each
created a landscape with very specific
topographical characteristics (see Page 29).
The distinguished landscape units are the
Washikemba area, with its volcanic origin,
and the three different limestone terraces.
Where the Washikemba area is a rather hilly
landscape (see Fig. 47), the terraces are
rather flat areas interrupted by steep edges
(see Fig. 48 and Fig. 50). This topographic
difference makes that each of the two
landscapes offers different possibilities for
land-use, and also has different interests for
recreation.
Another geological aspect in the distribution
of land use on Bonaire is soil thickness, as
agriculture is generally limited to the plains
and valleys with thicker soils (see Page 33).
In these areas, the combination of biotic
situation and anthropogenic land use
creates the specific landscape type of the
Kunuku landscape (see Fig. 49).
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Fig. 47
The vulcanic
Washikemba-landscape
is characterized by hills,
as is visible from the
Kashikunda-hill

Fig. 48
The landscape of the
limestone terraces is
very flat, as is visible on
this barely vegetated
part of the low terrace

Fig. 49
The kunuku landscape
is interspersed with
agricultural plots and
dams to collect water

Fig. 50
The limestone terraces
have steep cliff edges,
as is visible along the
northern coast of the
island. These cliffs offer
caves for bats and owls

Fig. 51
Gotomeer is a saliña, a
former sea arm which
is now blocked by a
coral dam, containing
hypersaline water

Fig. 52
At Saliña Matijs, sediments have completely
closed the connection to
sea; a sandflat remains

Fig. 53
View over Pekelmeer,
partly a natural lake
and partly dug by men
for salt production.
The hypersaline waters
offer food for flamingos

Fig. 54
View over the built area
of Kralendijk from Seru
Largu

Next Page: Fig. 55
Landscape unit map of
Bonaire
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Another important aspect in the landscape
unit map is hydrology. The saliñas, bays
and bocas are very distinctive forms in the
landscape (see Fig. 51 and Fig. 52), offering
important biotic and recreational values. Lac
is especially important in this respect, as it is
one of the scarce locations along the rough
eastern coast where the sea is calm enough
for recreational purposes. Also man-made
lakes like Pekelmeer, created to harvest salt,
are distinguished on the map (see Fig. 53).
The final landscape unit is the built area,
which is based current land use (see Page
39). These built areas, consisting largely of
detached houses, have a major impact upon
the visual appearance of the landscape
(see Fig. 54), and are very important in the
functioning of the tourism system as they
contain most of the tourism facilities.

Tourism Resilience
One of the major notions of the ROSframework (see Page 20) was that highimpact tourism activities should be allocated
to more resilient nature areas and lowimpact activities to less resilient areas (Clark
& Stankey, 1979). The first step to do this, is
to determine which areas are less or more
resilient towards tourism activities. This
assessment will be based on the habitat
types which were distinguished on Page
37 (see map in Fig. 39), because one of
the distinguishing features of these habitat
types is the way in which they react upon
disturbances.

Assessment Criteria
There is however not one single way of
assessing resilience. In order to be able
to assess specifically tourism resilience,
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I composed a set of 6 criteria on which a
multi-criteria assessment is based. These
criteria are chosen is such a way that
they together encompass vulnerability of
vegetation, landscape and animal life. They
specifically focus on vulnerability of the areas
for disturbances which can be enforced by
tourism; vulnerability for other ecological
impacts is therefore not taken into account.
The 6 criteria are:
Recovery time of vegetation; Trampling
of vegetation is one of the major sources
of direct tourism impact upon nature
areas (Newsome et al., 2002). When it
comes to vegetation, the recovery time
of the vegetation after trampling is one
of the most important aspects to assess,
as this measures the period for which a
trampling event affects the environment
(Pescot & Stewart, 2014). Most plants on
Bonaire, including the seagrass beds and
coral reefs, have a rather long recovery
time (see Page 35), Only mangroves
are rather fast-growing plants, which
shortens their recovery time.
Erodibility of the landscape; Trampling
does not only cause vegetation loss,
is also makes the soil more vulnerable
to erosion (Newsome et al., 2002). As
was mentioned on Page 34, erosion via
terrestrial runoff is already one of the
major problems on Bonaire. Erodibility
of Bonaire’s habitat types was assessed
based on the soil of the areas where
erosion is caused. The kunuku areas were
assessed to be prone to erosion, because
the harvesting of crops and grazing both
impacts upon the vegetation cover of this
area. The seaside areas however do not
suffer directly from erosion, only from
deposition of eroded materials, and were
therefore not assessed to be vulnerable
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to erosion.
Animal life disturbance sensitivity; After
trampling, one the most direct impact of
tourism upon nature areas is disturbance
(Newsome et al., 2002). Therefore, areas
which are inhabited by animals which are
sensitive for disturbance are not suited for
high-density tourism activities. Important
in assessing disturbance are both severity
and frequency of disturbances (White
& Pickett, 1985). Regarding tourism,
frequency is most important, as different
groups of tourists tend to pass the same
locations. As mentioned on Page 36,
the birds of Bonaire (and especially the
flamingos) are very sensitive for human
disturbance. Coral reef fish, on the other
hand, generally hardly mind divers and
snorkelers swimming around.

on the island are highly vulnerable, since
there is no alternative place when the
single location is disturbed (Smith et al.,
2012). Such unique locations involve for
example the wells and caves, which are
of vital importance for the animals on
the island. On the other hand, the coral
reefs which surround the entire island
are not considered unique for Bonaire,
even though on worldwide scale these
reefs might be considered very unique
for marine life.
Current tourism accessibility; The final
criterion assesses the current tourism
accessibility, as a non-accessible
area is less likely to suffer from the
environmental impacts like trampling
or animal disturbance (Newsome et al.,
2002). One important distinction in this
respect is that between the shallow and
deep coral reefs; the deep coral reefs can
only be reached by (instructed) scuba
divers, while the shallow reefs which
can be reached by any unexperienced
swimmer or snorkeler. As experienced
divers generally have less impact
upon coral reef environments then
less experienced swimmers or divers
(Dimmock & Musa, 2015), the shallow
reefs are more vulnerable. However,
restricted access like in the WashingtonSlagbaai National Park also creates
concentrations of tourists on the few
accessible spots, which makes these
spots more vulnerable.

Importance for protected species; Some
of the key animal species on Bonaire
are endangered and protected, and
the environments they depend on
are therefore vulnerable as well . Two
major protected species on mainland
Bonaire are the parrots, which depend
on the terraces, wells and caves, and
the flamingos depending on the saliñas
(Smith et al., 2012). Endangered marine
species include various species of sea
turtles, and the protected Karko seasnail. Both these animals depend on the
seagrass beds (see Page 36), which makes
this habitat type of vital importance for
these endangered species (Debrot et al.,
2010).

Resilience of habitat types

Unicity; This criterion assesses the
ecological importance of a certain
landscape type for the total landscape
system of the island. Places which
possess unique and critical nature values

Now the criteria for assessing resilience
are outlined, the actual resilience of the
distinguished habitat types can be assessed.
Table 2 summarizes all landscape units and
assesses them on the criteria mentioned
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Table 2
Assessment of the
resilience criteria for
the different habitat
types on Bonaire.

above. This assessment is done by indicating
on a 3-step Likert scale to what extent the
area is vulnerable based on every criterion
(see Kumar, 2005). In this scale, + means the
habitat type is vulnerable to the criterion,
± means the habitat type is indifferent to
the criterion and - means the habitat type
is not sensitive to the criterion. Thus, a +
for recovery time means that the area is
vulnerable because of slow recovery time,
which diminishes the resilience of the
habitat type. Important note, as Newsome
et al. (2002) emphasize, is the cumulative
effect that the various types of impact can
have on the ecosystem.
For each of the areas, an average rate of
vulnerability is then calculated based on
the scores for the different criteria. These
range from moderately resilient (±) via
hardly resilient (+) to not resilient (++).
These averages are then translated to
the map which is shown in Fig. 56, which
geographically indicates the less and more
resilient areas of the island.

Next Page: Fig. 56
Tourism Resilience map
of Bonaire

What is clear from the map, is that the coastal
zones are the less resilient parts of Bonaire.
These include the mangroves, seagrass beds,
saliñas and shallow coral reefs. Also unique
spots like caves and wells on the island are
rather vulnerable for tourism, while larger
areas of the inland are more resilient. This
however does not mean that they are not
vulnerable at all; the still score moderately
vulnerable for tourism, mainly because of
erodibility and the long recovery time of the
arid vegetation.
According to the ROS-framework (see Page
20), the next chapter of this thesis will
described the different tourism activities
occurring on Bonaire, and relate these to
the tourism resilience map in Fig. 56. Also
in the later research on Lac, this map will be
valuable. On this island-wide scale, the map
points out that Lac encompasses a couple
of the most vulnerable habitat types of the
island, including extensive seagrass beds,
mangroves and saliñas. This emphasizes the
importance of proper tourism planning in
this area in order to maintain the ecological
quality of the bay.
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Chapter 5

Tourism on Bonaire

As was outlined in the previous chapter,
tourism is the most important economical
driving force of Bonaire. In this chapter I will
dive deeper into the tourism industry on
Bonaire. After a short historical introduction
of the development of tourism on Bonaire,
I will look at different attitudes of the
tourists visiting Bonaire (see also Page 21).
From there, I will describe the distribution
of tourists around the island, and have a
look at the future prospects of tourism
development. I conclude by analysing the
position of Lac within this island-wide
tourism system, which enables me to put
the conclusions of my tourism observation
studies (see Pages 80-88) into perspective.

Development of tourism
Tourism on Bonaire is generally based on
diving and snorkelling at the coral reefs;
around 50% of the tourists visiting Bonaire
go there especially for diving purposes
(Tourism Bonaire, 2017). The first touristic
diving operation on the island started in
1963, and the diving infrastructure was
soon expanded. There are currently 63
designated diving sites, all situated in the
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protected Bonaire National Marine Park
(Stinapa, 2017).
Diving tourism on Bonaire grew rapidly
throughout the 1980s and 1990s (Abel,
2003). This tourism is generally labelled as
‘ecotourism’ among scholars, since it has its
origin in the nature attraction of the coral
reef (Dehoorne & Tatar, 2013). According
to Abel (2003), tourism has developed as
a result of economic developments on the
island, and has in turn filled a gap in the
island’s economy allowing it to grow even
further. He links tourism development to
socio-economic factors like population
increase on the island.
As mentioned before in the economical
analysis (see Page 42), tourism is currently
the main sector of the island, providing
49% of the employment (CBS, 2016a). This
however makes the economy of the island
rather vulnerable, especially since the coral
on which a great deal of the tourism industry
depends is endangered by sedimentation,
trampling and climate change (WUR, 2017a;
Uyarra et al., 2005).
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From 2001 onwards, exact tourism numbers
Bonaire are known through countings from
the Bonaire Tourism Board (2001-2010;
see Tourism Bonaire, 2010) and the Dutch
Statistical Bureau (2010-2015; see CBS,
2015 and CBS, 2016b). The various numbers
are expressed in Table 3 and in the graph in
Fig. 57. The table immediately shows that
numbers between the Tourism Board and
the CBS are not directly comparable. This is
probably because the Bonaire Tourism Board
did not count ‘tourists’ from other Dutch
Caribbean islands like Curaçao, because this
was considered domestic travel. However,
since the dissolution of the Dutch Antilles
(see political analysis on Page 40) in 2010
these islands are considered foreign, so their
visitors are ‘tourists’.

Number of Tourists

Tourism statistics

Year
Total Number of tourists
Total Number of tourists
(Without An�lles)
Total Number of Plane Tourists

What is clear from the tourism numbers, if
you would leave the tourists from the Dutch
Antilles out to allow for comparison, is that
the number of tourists arriving by plane has
increased by 64% from 2006 to 2015. More
increase however was seen in the number of
cruise tourists, which has multiplied by four
from 62.000 in 2006 to 230.000 in 2015,
which was 62% of all tourists visiting Bonaire
in 2015.
However, these cruise tourists only visit the
island for one day, while most of tourists
arriving by plane stay longer. Their average
duration of stay is 9,6 days, with a clear peak

Total Number of Plane Tourists
(Without An�lles)
Total Number of Cruise Tourists

Fig. 57

Table 3

Graph of tourism
numbers on Bonaire
2001-2015, based
on CBS (2016b), CBS
(2015) and Tourism
Bonaire (2010)

Tourism numbers on
Bonaire 2006-2015,
based on CBS (2016b),
CBS (2015) and Tourism
Bonaire (2010)

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

Total Number of Tourists
(Without Dutch Antilles)

125.400

171.900

250.000

280.200

301.400

X

285.600
(240.000)

272.400
(233.300)

285.300
(253.000)

367.500
(334.500)

Nr. of Tourists by plane
(Without Dutch Antilles)

63.600

74.300

74.300

67.000

70.500

X

127.600
(82.000)

130.400
(91.300)

129.300
(97.000)

137.500
(104.500)

Nr. of Tourists by cruise

61.800

97.600

175.700

213.200

230.900

X

158.000

142.000

156.000

230.000
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at a 7-days duration, which is how long ca.
19% of the visitors stay on Bonaire (CBS,
2016b). While there are more individual
cruise tourists visiting the island, the total
number of visiting days of plane tourists is
therefore higher than the number of days
spent by cruise tourists.

Representation of Bonaire

Fig. 58
Wordweb of the most
occuring words in
tourism advertizements
about Bonaire. Most
words relate to water,
sea and diving, which
are the keywords of
Bonaire’s geographical
imagination

In the theoretical framework (see Page 19),
it was already outlined that tourists often
have a specific image in mind of the country
they are visiting, and are seeking for the
elements that compose that image during
the visit. This mental image of a country is
called the geographic imagination, and it
depends largely on the way in which that
country is represented through media, or
pictures from friends (Urry, 1990). In this
paragraph, I will look at current tourism
advertisements in order to find the elements
of the geographical imagination of Bonaire,

which provides me with more insight in the
wishes and expectations of the visitors.
In order to create a diverse input for this
investigation, I selected various types of
sources of advertising texts. These are travel
guides (which are rather independent),
tour operators (which are somehow
independent in the locations they sell, as
long as they sell their vacations), Bonaire
tourism organizations (which emphasize the
best points of the island), and local resorts
(who want to appeal to their specific target
audience). This resulted in 9 texts with
descriptions of Bonaire, which were checked
on the most abundant words. The results
are visualized in the word cloud in Fig. 58;
the most abundant words were logically
Bonaire (31x) and island (28x), followed by
more specific words like dive/diving (17x),
nature/natural (12x), beach (10x), reef (9x)
and water (8x).
The geographical imagination that is created
through this is thus mainly based on images
of the sea, especially diving. Nature is also
an important aspect in the image of the
island, which is especially emphasized
in the independent travel guides; these
clearly separate Bonaire from the other
nearby islands because of its nature. The
tour operators like TUI and Corendon often
emphasize the beaches, which is striking as
beaches are hardly anywhere to be found
on Bonaire. The various resorts clearly aim
at their own public: the Wanapa Lodge,
situated in the inlands near Lac, emphasizes
the nature at the island, while Plaza Resort,
a seaside resort with artificial beach, sums
up the variety of water activities which can
be undertaken on Bonaire.
These differences between the sources of
the text again make clear how important it
is to differentiate between tourist attitudes.
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Each tourists comes to Bonaire with his
own geographical imagination, which might
be based on beaches and water sports, or
on nature and coral reefs. On Pages 54-61,
I therefore distinguish different tourism
groups visiting Bonaire.

Tourism activities
In her research on rural tourism development
in the inlands of Bonaire, Hulsebosch (2016)
investigated the current tourism activities
on Bonaire. She concluded that the existing
tourism map is last updated in 2005,
and therefore she made her own map to
show the existing tourism attractions (see
Hulsebosch, 2016, pp. 93). Based on her
map, my personal observations and external
sources like travel guides and websites, I
constituted a similar map which is shown in
Fig. 62.
The map distinguishes between tourism
facilities, activities (both on land and in the
water) and specific land-based attractions
(cultural and natural). The first remarkable
fact to notice from this map is that almost
all tourism facilities are concentrated in
Kralendijk, especially in recently built areas
along the coast as was noticed on Page 40.
Some smaller resorts are located outside
the town, near Lac or near Santa Barbara,
but furthermore all resorts are located at
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the coast of the capital. Apart from hotels,
also restaurants, shops and the Tourism
Information Centre are generally located in
Kralendijk.
The water-oriented activities are generally
concentrated along the western coast of the
island. Since this is the leeward side of the
island, the waves are less strong, which make
this coast more suited for such activities.
All other water activities have very specific
locations, which is elaborated on Page 56.
Land-based activities are generally clustered
at specific locations where driving, biking
and hiking trails are marked (see Fig. 59).
These locations are the Washington-Slagbaai
NP, Dos Pos (near Goto Lake), Onima (north
of Rincon), and the Washikemba-Bara di
Karta kunuku area in the eastern part of
the island. A couple of small-scale activities
furthermore exist, like horse ranches and a
golf course.
Cultural sights are more distributed over the
island. These include museums in Kralendijk,
Rincon and the Washington-Slagbaai NP (see
Fig. 60), Indian caves along the northern
coast, buildings from colonial times (old
plantation buildings (see Fig. 61), and slave
huts near the southern tip of the island) and
the saltworks. Each of these sites is often
mentioned in tourism guides and websites,
and Hulsebosch (2016) concluded that these
sites are often photographed as well.
The final group are natural attractions. These
include both roadside attraction like goat

Fig. 59, 60 and 61
Marked driving route in
the Washikemba-area,
mind the yellow sign
on the right; museum
at the visitor center of
Washington-Slagbaai
NP; The former colonial
house of Karpata was
in use as visitor center,
but has fallen into
decay.

Next Page: Fig. 62
Tourism Activities map
of Bonaire
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farms which are open to public, and natural
sights like the saliñas with flamingos, and
the wells where other birds gather to drink.
Viewpoints range from hill tops, with wide
views over the landscape, to scenic roads
like the west coast road towards Rincon.
When looking at the spatial distribution of
tourism attractions in Fig. 62, it is clear that
most tourism attractions are concentrated
along the shore, which is not surprising
regarding the geographical imagination of
Bonaire. When looking further, the landbased activities are generally concentrated
in areas with more diverse topography,
like terrace edges or the volcanic areas.
(see landscape unit map, Page 44). This
is probably related to the interesting
views these landscapes offer, and the
poor accessibility of the other parts of the
terraces.

Tourists groups
The previous paragraph discussed the
different activities tourists can undertake
when visiting Bonaire. This paragraph
distinguishes the different types of tourists
that undertake these activities. The need
to distinguish between tourism groups
was already emphasized in the theoretical
framework (see Page 21), and become
once again clear when researching the
geographical imagination of Bonaire (see
Page 51). In this section, I will distinguish five
different tourism groups that visit Bonaire,
which will be helpful in making a design for
Lac which responds to the needs and wishes
of these various tourists.
Saedórsdóttir (2010) and Ólafsdóttir &
Haraldsson (2015) distinguished tourist
groups based on desires for the host
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environment and their resulting preferred
activities. For the purpose this study,
distinguishing tourists groups based on
their preferred activities is highly applicable,
since the Bonairian tourism industry relies
strongly on various types of water-related
activities (see Eilandgebied Bonaire, 2010).
The first groups of tourists are therefore
distinguished on their main focus activities;
Diving Tourists, Water Sports Tourists
and Sun-Sea-Sand Tourists. Each of them
focusses on a specific genre of waterrelated activities, and many of them visit
the island specifically for that activity which
creates very specific needs and desires (see
Dimmock & Musa, 2015).
Another distinction was made based on
duration of stay, which made Cruise Tourists
(and other one-day visitors) a special group
of tourists. This group has time as a very
specific limit to their stay, which constrains
them in the activities they can undertake
during their visit. This makes their focus and
purpose very different from the other tourist
groups (De Cantis et al., 2016).
The resulting group I called Land-Based
Tourists. Their visitation purposes vary the
most; some might be focussed on birding,
and others on cultural history. Moreover,
tourists from this group might undertake
activities that generally belong to one of the
other groups, when they for example take a
single diving or surfing lesson.
Throughout the rest of this paragraph,
each of these groups will be described into
further detail. I will especially emphasize
the wishes and needs of the various groups,
which is of great importance when designing
for these groups. Next to that, I will focus on
their spatial distribution and environmental
impact in order to be able to see how the
different groups relate to vulnerable nature
areas (see resilience map on Page 48).
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Diving Tourists
As was already described before, diving
tourism comprises a major part of the tourism
industry of Bonaire. It is known that circa
50% of the tourists visits the island especially
for diving, and we already concluded that
diving and coral reef constituted a large part
of Bonaire’s geographical imagination (see
also Fig. 58).
Scuba divers often see diving as a special
holiday activity, in which they can experience
the underwater life or discover old artefacts
like ship wrecks (Edney, 2012). Although
diving tourism is often researched by
scholars, many of them tend to overlook the

Fig. 63
Distribution of dive
tourists over the
island; most divers
concentrate along
the western coast,
the rough eastern
coast is only used by
experienced divers
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relation between the diving tourists and the
host communities. The article by Dimmock
& Musa (2015) suggests that a sustainable
diving tourism system depends on these
contacts with the host environment, though
it does not stretch these ‘contacts’ further
than financial benefits and employment.
This corresponds with the image that I found
during my observations and interviews,
which entails that this group of tourists visits
the island only for diving. As most diving
resorts offer all-inclusive holidays with
dive excursions by boat, these tourists are
contained on the resort for most of the time.
They only connect to other tourists and
locals on their last day, when they have to
undertake land-based activities as they are
prohibited from diving because of the risks
this brings while flying home.
One of the major issues regarding diving is
the carrying capacity of the reef. According to
the Masterplan of Bonaire (see Eilandgebied
Bonaire, 2010), the current number of dives
already exceeds this carrying capacity. On
the other hand, most diving tourists are very
aware of their impact and the vulnerability
of the coral ecosystems, which limits their
actual impact upon the coral reefs (Dimmock
& Musa, 2015).
Another issue is that this sort of tourism
largely depends upon the coral reefs, which
are worldwide under huge pressure because
of climate change. The coral reefs around
the Dutch Antilles are claimed to disappear
within 15 years (WUR, 2017a), which makes
the diving tourism industry on Bonaire very
vulnerable (Uyarra et al., 2004). Because of
these pressures, the masterplan of Bonaire
emphasizes the need for developing other
kinds of tourism on the island to make the
tourism sector less dependent upon diving
(see Eilandgebied Bonaire, 2010).
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However, the dive tourism industry also
has positive effects. One of them is the fact
that, since divers visit specific locations by
boat which are hardly accessible from land,
they generally do not interfere with other
tourism groups (see Fig. 63). The most
important spots for divers do not overlap
with important spots for other types of
tourists, so diving does not increase the
tourism pressure on the existing hotspots.
Moreover, since divers are very aware of
their environmental impact, they take good
care not to affect the environment they
are diving in (Dimmock & Musa, 2015).
Therefore, it might be argued that divers are
the most environmentally sustainable group
of tourists on the island.

people come to visit the island specifically to
practice these sports. A very good example
is Lac, a well-known windsurf location
which for example hosted the PWA World
Tour for Freestyle Surfing in 2011. In the
interviews I conducted there, I met people
from different nationalities (Dutch, Belgian,
American, Canadian) who specifically visited
Bonaire, sometimes even every year again,
to surf at Lac.

Fig. 64
Kitesurfers at Atlantis,
the special kite surf
spot in the south of the
island

Fig. 65
Distribution of water
sports tourists over the
island; while snorkelers
use various spots along
the eastern coast,
the different sorts of
surfing each have their
own specific location

This focus on a single activity makes the
interests of this group of tourists similar
to those of the diving tourists. A major
difference however is the way in which
both groups are aware of their impact

Water Sport Tourists Distribu�on

Water Sports Tourists
Just like there are tourists visiting Bonaire
specifically for diving, there are also tourists
that visit the island specifically to practice
another water-based sport. These generally
include wind and kite surfing, and as a sort
of spin-off from diving, snorkelling. For these
three sports good facilities exist on the
island, for their distribution see Fig. 65.
It is known that the island offers such good
locations for these specific sports, that
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Fig. 66
Distribution of sunsea-sand tourists over
the few beaches on
the island; there are
a few natural beaches
on the island, the most
important of which are
Donkey Beach (near the
airport), Klein Bonaire
and the beaches in
Lac. Some resorts in
Kralendijk have their
own artificial beach.

Fig. 67
Artificial beach at Lac
Bay Resort

on the environment. Where diving, as
a form of ecotourism, is largely based
upon experiencing the environment (see
Abel, 2003), surf tourists merely focus on
experiencing their sport and are therefore
less aware of their environment (see Debrot
et al., 2012a). This is one of the reasons for
concern around Lac, as surfers might tend to
trample the seagrass beds.
In contrast to surfers, snorkelers are
dependent on the environment they snorkel
in. Therefore, they are probably more careful,
just like the divers. However snorkelers are
often also less experienced and therefore
might cause more unintended damage to
the environment then professional divers
Sun-Sea-Sand Tourists Distribu�on
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Where divers tend to visit locations that are
inaccessible for other types of tourists, the
water sports locations of Bonaire are often
also visited by other types of tourists. In that
way, this group of tourists contributes to the
tourism pressure on these hotspots, even
though they have a completely different
purpose. This counts both for snorkelers,
who prefer accessible locations along the
east coast, and for surfers, who are bound to
location like Lac (windsurfing), Baby Beach
(wave surfing) and Atlantis (kite surfing) (see
Fig. 64). These surf locations are assigned by
Stinapa, in collaboration with surf operators,
to control the intensity of the sports
activities (Stinapa, 2017). These spots are
moreover the best locations for these sports
to be practised on the island, which makes
it unattractive for these visitors to move to
other locations.

Sun-Sea-Sand tourists

RINCON

KLEIN
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(see Dimmock & Musa, 2015).

One of the best known forms of mass tourism
is what scholars call sun-sea-sand tourism or
3S-tourism (Holden, 2008). Especially in the
Caribbean, which is generally known for its
pleasant climate and white sandy beaches,
this form of tourism is of major importance
(Hyman, 2014). This was also visible in
the abundance of the word ‘beach’ in the
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geographical representation of Bonaire.
The island however has so far not especially
aimed to attract these visitors. Instead,
the island focussed more on promoting
ecotourism like diving (Dehoorne & Tatar,
2013).
Apart from the ecotourism-focussed policy,
one of the main reasons for the restricted
development of 3S-Tourism on Bonaire is
probably related to the absence of sandy
beaches (see also Fig. 66). Most of the 364
km long shoreline of Bonaire consists of
limestone cliffs, or beaches of coral debris.
Only ca 1% of the coastline consists of sandy
beaches, among which are a couple of
artificial beaches near some resorts (see Fig.
67). The most popular beaches, according to
both observations and travel guides, include
the beaches around Lac, Donkey Beach near
the airport and No Name Beach on Klein
Bonaire.
One of the issues with this group of tourists,
as observations point out, is that they do not
always care about the environment they visit.
Just like surfers who want to experience their
sport, beach tourists want to experience the
sea regardless of the ecological qualities. At
Lac, as will be described in Chapter 7, many
of the beach visitors were seen wading
through the seagrass beds, trampling these
vulnerable environments. This is arguably
enforced by the fact that there are only few
beaches, which increases the pressure on
these scarce beaches.
The fact that ‘beach’ is one of the most used
words in Bonaire advertisements indicates
that despite the low number of beaches, a
substantial group of tourists visiting Bonaire
seeks especially for these environments.
Therefore, it is important to take this
group of tourists and their impacts on the
environment into account. Just like the
water sports tourists, they have very limited
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locations that meet their desires, which
makes distributing the group rather difficult.

Cruise Tourists
As was described on Page 50, the number of
cruise tourists visiting Bonaire has strongly
increased over the last years, and now
takes up around 62% of the total number of
tourists (CBS, 2016b; Table 3). This tourism
group is mainly distinguished based on
duration of stay, and therefore encompasses
more than just cruise tourists: there are also
ca 12.000 day tourists arriving by plane,
which is 9% of the total number of visitors
arriving by plane (CBS, 2016b). As these
tourists visit the island for a limited period of
time, they are very restricted in the activities
they can undertake.
The Caribbean form on of the major cruise
areas in the world, counting for 41% of all
worldwide cruise stays (Petit-Charles and
Marques, 2012). Cruise tourism in this area
used to be very seasonal, with most cruise
ships sailing around the Caribbean from
October to April (Seidl et al., 2007). However,
on Bonaire slowly more cruise ships start
to arrive during the summer months (CBS,
2016b). Moreover, there are more and more

Fig. 68
Market in the cruise
port (Two ships are
visible in the background), where cruise
passengers can buy
tours to explore the
island
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days on which 2 cruise ships call at Bonaire,
which makes the peaks of tourism pressure
extremely high (see also Seidl et al., 2007).

Fig. 69
Distribution of cruise
tourists over the
island; as these tourists
largely depend upon
tour operators, they
generally follow the
same (guided) routes
over the island, or they
stay within walking
range of the port

Because of their short stay, this group is
not only limited in their time, but also
in transport. Because cruise tourists are
dependent on guided tours and taxis for
transport, it is known that most cruise
passengers stay close to the port when
they arrive on a destination (Brida et al.,
2013; De Cantis et al., 2016). Moreover, the
ship itself is often already an attraction for
the passengers; is is known that 10-20%
of them does not disembark in the ports
(Petit-Charles & Marques, 2012; Seidl et
Cruise Tourists Distribu�on

WASHINGTON-SLAGBAAI
NATIONAL PARK

GOTOMEER

RINCON

KLEIN
BONAIRE

Legend

KRALENDIJK

Cruise Port
LAC

Major A�rac�on
Guided Routes
Minor Roadside A�rac�on

N
PEKELMEER

0

59

2

5

10

km

al., 2007). One of the interviewed cruise
tourists at Lac illustrated this by saying that,
when looking from the deck, he judged that
“both [previous ports of call] were crap, you
wouldn’t want to get off.”
Cruise tourists have two possibilities for
having tours on the mainland; they can
reserve tours on-board, or wait until
disembarking and buy a tour directly at the
operator in the port (Seidl et al., 2007) (see
Fig. 68). Because the cruise tourists depend
on these operators for their transport, it is
relatively easy to predict which places they
visit; most operators offer similar tours,
stopping at the same sights (see map in Fig.
69).
During my stay on Bonaire, I already
observed this unequal distribution of cruise
tourists over the island. On cruise days,
taxis and guided tour vans drive around
the island, each visiting the same locations.
The cruise tourists that do not want to go
by taxi stick to the centre of Kralendijk. The
tour operators that collaborate with the
cruise ship companies offer a wide range
of activities, such as island tours, kayak
tours, snorkel trips or boat tours. They are
however not allowed to sell any tour to noncruise tourists on cruise days, which also
limits the possibilities for the other tourists
to undertake activities on these days.
The combination of the concentration of
cruise tourists on specific days and specific
locations makes that this group is especially
creating peaks in tourism pressure on
Bonaire. This corresponds with the findings
of Seidl et al. (2007), who researched cruise
tourism behaviour in Costa Rica. Moreover,
“cruise tourists are motivated by similar
features as are other tourists, and tend to
visit at the same time as the broader industry
peaks” (Seidl et al., 2007, pp. 67). Cruise
tourists thus reinforce peaks on existing
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hotspots and during existing high seasons.
One of their other conclusions was that cruise
tourists are a very heterogeneous group
when it comes to their preferred activities.
Some might be interested in swimming,
others might want to tour around the
island to see the local cultural heritage. This
latter conclusion is confirmed through both
observations and interviews on Bonaire:
Most of the local tour operators confirm
that each cruise ship has its own public. This
diverse focus of the cruise tourists makes it
relatively hard to distinguish clear desires for
this entire group.

Land-Based Tourists

made (see Fig. 71).
This map largely corresponds with the
map of the cruise tourists in Fig. 69, since
these routes and sights are the most
popular ‘must-see’ locations on the island.
This corresponds to Urry’s (1990) theory,
which states that tourists generally seek
for the same images and geographical
imaginations which they want to see in real
life. An exception is that land-based tourists
can spend more time on the island, which
enables them to spend some time on less
frequented tourism locations.

Fig. 70
The secnis west coast
route is part of all
described round trips
on Bonaire

Fig. 71
Distribution of landbased tourists over
the island; this group
largely takes tours by
themselves, most of
which are described
by tourguides etc.
These routes largely
correspond to the tours
organized for cruise
tourists

As this group has a diverse interest and desire
in the activities they would like to undertake,

The last remaining group is the group of land
based tourists. Just like cruise tourists, this
group is very heterogeneous; these people
might be nature-based or ecotourists, or
more heritage tourists looking for elements
of the cultural history of the island. Where
cruise tourists rely on tour operators or taxis
for their transport, the land-based tourists
often hire their own cars to explore the
island by themselves. This makes it slightly
harder to trace their routes and popular
destinations. Based on observations and
travel guides, which most tourists use to
determine their routes and preferred sights,
a rather accurate map of the average routes
and destinations of this group could be
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they visit a wide variety of locations which
are marked on Page 53. However, most
of these locations are only small points
of interest along the route, which means
they are visited within a larger route. The
importance of routing was already described
by Hulsebosch (2016) in her route through
the Washikemba-area, and in the theoretical
framework (see Page 22).
These routes are generally described by tour
guides. The most popular route however is
the route encompassing the entire island,
which is described in several travel guides
and also offered by various tour operators
(see Fig. 70). This route passes by all wellknown tourist attractions, except for
the Washington-Slagbaai National Park;
according to the same guides, this park is
large enough to spend an entire day, which
explains why cruise tourists do not visit it.
Apart from the small attractions along the
route, land-based tourists might also be
interested in other activities which are similar
to other tourism groups. Just as some of the
cruise passengers focus on beach tourism,
some of the land-based tourists might also
want to spend one day at the beach, or
spend a couple of hours snorkelling. Because
the interests of this group of tourists overlap
so much with the other groups, they might
reinforce the concentrations in tourism
pressure which are created at important
snorkel, surf or beach spots.

Conclusion

Next Page: Fig. 72
Map of tourism
pressure on Bonaire
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Now the different tourist groups and
activities on Bonaire are distinguished
and described, it is time to look at the
distribution of tourists over the island, and
the role Lac plays in the tourism system of
Bonaire. In this concluding paragraph, I will

firstly look deeper into the tourism pressure
on Bonaire, and relate that to the tourism
resilience which was described on Pages
45-48. From there, I will take a look to the
future prospects of tourism development on
Bonaire, and the effect these developments
will have on the tourism pressure in Lac.

Tourism pressure
The concept ‘tourism pressure’ is widely
used in literature on sustainable tourism
as a way to refer to the impact that tourists
have on their environment, though the
concept is not clearly defined. In many
articles, the concept is quantified to the
number of tourists per local inhabitants (see
e.g. Senlier & Öztürk, 2011), but this sort
of social tourism pressure is not useful for
the purpose of this thesis. Instead, I would
like to determine which locations are most
visited by tourists, in order to see where the
pressure on the ecosystem is highest.
Since there are no data available on visitor
numbers for every single location, I decided
to build my conclusions upon tourism
pressure of the different tourist groups
that were distinguished in the previous
paragraph. In the map in Fig. 72, the five
preceding maps for the distribution of each
different tourist group were combined.
Each of the groups has its own impact on
these most frequented locations, which was
already described throughout this chapter.
When it comes to tourism pressure however,
the locations which are visited by multiple
tourist groups are most interesting. After all,
these locations suffer from the impacts from
the various tourists that visit the location.
Therefore, the map in Fig. 72 especially
marks the locations which are used by
multiple tourist groups.
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Fig. 73
Concentration of both
windsurf and beach
tourists at Sorobon, Lac
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A striking conclusion from this map is that
most tourists are concentrated at very
specific spots, and that the same spots are
popular for different tourist groups. These
locations which are used by multiple groups
include for example Donkey Beach, which
is one of the scarce beaches on the island
but also a popular snorkelling location, and
1000 Steps, a scenic stop along the northern
island route which is also popular among
snorkelers, and also Lac (see Fig. 73).
As is clear from Fig.72, the most attractive
tourism locations are situated along the
coast. When comparing this with the
tourism resilience map (see Page 48), these
are generally the areas which are hardly
or not resilient. What is extra alarming,
is that these tourists are not equally
distributed over these vulnerable areas, but
generally concentrate at a few specific spots
which are therefore extremely exposed
to tourism pressure. As was mentioned
before, this concentration happens not only
geographically, but also through time since
for example cruise tourists are visiting the
island only on specific days throughout a
specific period of the year.

Future Prospects
Regarding the future development of tourism
on Bonaire, the island’s Masterplan Strategic
Development states that “Bonaire aims at
a regulated growth of sustainable tourism
that pays respect to ecology, culture and
the local economy” (Eilandgebied Bonaire,
2010, pp. 33, translated by the author). This
makes clear that the island aims at regulating
tourism flows and emphasizing ecotourism,
which are two aims that ultimately try to
reduce tourism pressure.
The masterplan acknowledges two major
bottlenecks in Bonaire’s current tourism
system: the first is that the limits of the
diving industry are almost reached, together
with the predicted demise of coral reef
quality. The second acknowledgement is
that the number of cruise arrivals should
be regulated, resulting in a maximum of
200.000 cruise tourists per year. Current
cruise tourism numbers however already
exceed this number (see Fig. 57 and Table 3
on Page 50).
With regards to future development, the
masterplan shows that the government is
willing to diversify the tourism product of the
island. By making the inlands more attractive
for tourists, the tourism pressure on the few
hotspots along the coast should be slightly
relieved. Hulsebosch’s (2016) thesis already
elaborated on this idea by developing a rural
tourism route through Washikemba. Apart
from distributing tourists more equally over
the island, it would also help in making the
tourism system itself more resilient to the
effects of coral reef decline, which would
dramatically impact upon diving tourism
(Uyarra et al., 2004).
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The role of Lac
The map in Fig. 72 shows that Lac
encompasses a couple of sites which are
attractive for tourists, among which some of
the most attractive spots of the entire island.
Lac fulfils an important role as a well-known
windsurf spot, as one of the scare locations
on Bonaire with sandy beaches, and as an
important scenic natural area. Moreover,
it is situated along the major scenic route
around the southern tip of the island, which
makes it an often frequented stop for guided
tours and land-based tourists. However,
the tourism resilience map (see Page 48)
already showed that Lac is also one of the
most vulnerable environments of the island,
encompassing seagrass beds, mangroves
and saline waters for flamingos.
For the further analysis of Lac, it is
thus important to bear in mind that
different groups of tourists, with different
expectations and different levels of concern
towards their environment, visit the bay for
a large variety of purposes. Especially the
spatial distribution of these different groups
over Lac is important with regards to the
tourism pressure in the bay. This study for
the entire island already pointed out that
the different groups are often unevenly
distributed, which leads to higher tourism
pressure on specific locations. Also for Lac, it
might be valuable to see how changes in the
distribution of different tourist groups could
reduce the tourism pressure.
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PART III

STUDY OF LAC

Chapter 6

Natural system of Lac

Fig. 74
Situation of Lac’s catchment in the
geological map (as was shown on Page 30)

In the previous part of this thesis, the island
of Bonaire was analysed in order to provide
a contextual framework for the ecological
processes and recreational activities
occurring in Lac. This part of the report
focusses on Lac, in order to answer the first
two research questions (see Page 11). Just
like the previous section, this section will
follow the structure of Duchhart’s (2007)
landscape model (see Pages 17-18). Data for
this study is obtained via literature study, and
via the observations which were described
on Pages 14-15.
In this chapter, I describe the processes that
characterize Lac’s natural system. The next
chapter encompasses the social system
of Lac, especially focussing on tourism
activities and their impacts on the landscape
system. Chapter 8 concludes this section,
by describing the current state of Lac and
analysing how the processes discussed in
chapters 6 and 7 constituted that landscape.

Abiotic System
In the previous chapter, the climatic situation
and geological history of Bonaire has already
extensively been described (see Page 27-
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33). The map in Fig. 74 shows the location
of the catchment on Bonaire, the map in
Fig. 75 shows the most important locations
in Lac. The catchment stretches from the
volcanic Washikemba-area in the north via
the middle and lower limestone terrace
towards the lagoon of Lac. A large part of the
northern section of the catchment consists
of areas with thicker soils; on Pages 78-79, I
will focus on the farming activities that occur
in this area.
According to the first known report on
the ecological status of Lac, written by
Wagenaar-Hummelinck and Roos (1969),
it is suspected that what is now known as
the lagoon of Lac used to be a slightly lower
section of the lowest limestone terrace.
Sea level changes caused this area to flood,
creating a lagoon which over time evolved
into Lac as it is known today. Outcrops of the
limestone terrace are still visible in Lac; the
best example is Isla Yuwana, a small island
where the limestone is exposed above water
level.

and the low amount of rainwater, has major
implications for the freshwater situation of
Bonaire. As the catchment of Lac consists
generally of limestone, rainwater easily
infiltrates. Only when rainfall exceeds the
infiltration capacity of the soil, water is
transported towards Lac via terrestrial
runoff. This happens only occasionally,
resulting in an intermittent freshwater flow
to Lac. Moreover, these events are not
evenly distributed as rainfall varies largely
throughout the year (see Hobbelt, 2014).
As was mentioned on Page 33, runoff is
generally transported via rooien. In the
northern part of Lac’s catchment, a few of
these rooien can be distinguished, however

Fig. 75
Simplified map of Lac,
indicating the most
important locations in
the bay

Hydrological system
In order to understand the more recent
geological process in Lac, including sand
deposition and consequently land formation,
it is important to first thoroughly analyse the
hydrological system of Lac’s catchment. This
system forms the basis of other geological
and ecological processes in Lac. In Fig. 77,
the simplified hydrological system of Lac is
shown, which is a starting point for further
analysis. The hydrological system consists
of two clearly separated components: the
freshwater system and the saltwater system.

Freshwater system

As was mentioned on Pages 29-34, the
combination of volcanic rock and limestone
together with the generally shallow soils
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their situation is often diffuse (see Fig. 78).
This makes it hard to determine the exact
location of these rooien, especially during
dry season. The most effective way to
estimate the location of the rooien is looking
at the situation of agricultural dams in the
catchment, which catch water from these
rooien for agricultural use (see Page 79).
The water that infiltrates in the soil is
transported to Lac via groundwater.
Rønde (2013) researched these flows, and
concluded that groundwater levels in the
northern catchment are highly dependent on
rainfall. It is however hard to determine the
exact direction and amount of groundwater
flows. It is known that near Boca di Pos
there is a seepage point where groundwater
enters Lac (Sabine Engel, pers. com.).

Saltwater system

Fig. 76
Map showing the direction of
the in- and outcoming tidal
flows through Lac (Based on Van
Moorsel and Meijer, 1993)
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Fig. 77
Simplified hydrological
section of Lac, showing
the various sources of
water of the bay

As Lac’s freshwater inflow is highly
intermittent, the tidal saltwater flows in the
bay are the most important source for water
circulation. The plateau of the Awa Blanku,
only 1-1,5 meter deep, protects Lac from the
heavy waves on the windward eastern coast
of the island. Van Moorsel and Meijer (1993)
concluded that the tidal flow enters the
bay over this plateau, and moves clockwise
through the bay before leaving via the canal
in the north of the plateau (see Fig. 76).
Although the tidal flow is the most constant
source for water circulation, the tidal range
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around Bonaire is only 30 cm, which makes
also these flows rather limited. Moreover,
obstructions in Lac like mangrove roots
which block the water circulation (see Page
72) limit the tidal range in the backwaters
even further. Van Moorsel and Meijer
(1993) concluded that the water levels at
Awa Lodo di Bakuna hardly showed any
tidal fluctuation, which indicates a poor
connection towards the open bay of Lac.

Sedimentation
As was mentioned on Page 34, terrestrial
runoff on Bonaire is associated with
processes of erosion, as was investigated by
Koster (2013). In Lac, sedimentation is one
of the major problems with regards to landbuilding and mangrove expansion in the bay
(Debrot et al., 2010). However, this does not
only encompass sediments transported via
terrestrial runoff, but also sediments from
sea and indigenous sediment production
(see section in Fig. 81).

Erosion and terrestrial runoff

In his research on the relation between
erosion and terrestrial runoff, Koster (2013)
noted that rainfall, especially intense
showers, indeed cause erosion on Bonaire.
However, as this water is often caught via
dams in reservoirs for agricultural use,
sediments also get trapped before entering
the sea. As Lac’s catchment also includes
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many of these dams, it can be suspected that
most sediment is trapped before entering
the bay.
Especially the Mona Passage, a big dam
constructed near the point where most
rooien flow into Lac at the end of the 1950s.
This dam is known to catch most terrestrial
runoff (Hobbelt, 2014) and can therefore be
suspected to trap most sediments as well
(see Fig. 79). Before the construction of
this dam, deposition of eroded sediments
already caused a large mudflat on the
northern side of Lac, which is already existing
on photographs in the report by WagenaarHummelinck and Roos (1969) (see also Fig.
80). As these sediments are mostly trapped
by dams, concern on inland sediments has
nowadays shifted towards eroded material
from the dust roads that surround Lac which
might flow into the bay (Debrot et al., 2010).

Exogenous sediment from sea

A second, but yet hardly studied source of
sediment flows towards Lac are exogenous
sediments transported by sea (Debrot et al.,
2010). With Lac’s situated at the windward
coast of the island, sea currents transport
these materials directly towards the bay. As
the water calms after entering Lac, because
of the shallow limestone plateau, these
sediments get deposited in the bay.

Fig. 78, 79 and 80
Barely distinguishable
rooi disappearing into a
sorghum field;
Water storgae behind
the Mona Passage, a 5
meter tall dam;
Mudflat of eroded sand
along the northern side
of Lac
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Indigenous sediments

Fig. 81
Simplified section
of Lac, showing the
processes of sedimentation in the bay
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A third source of sediments are calcareous
Halimeda-algae growing in Lac. When these
algae die, their skeletons form a new layer
of calcareous sand. In 1969 WagenaarHummlinck and Roos already described
‘extenstive Halimeda-banks’ in Lac. More
recent research by Stinapa notifies an
increase in the area of the bay covered by
these algae, though no exact quantifications
have been done on this subject.
The increase of Halimeda abundance in
Lac is likely to cause an increase in the
production of endogenous calcareous
sediments. It is known that similar processes
have led to filling-in of sections of a bay on
Curaçao (Kuenen and Debrot, 1995), which
emphasizes the potential severe impact of
this form of sediment production for the
landscape system of Lac.
Research related to the growth of Halimedaalgae under various circumstances has so
far shown only ambiguous results regarding
their preferred circumstances. It is expected
that their production increases with an
increase in eutrophication of the water,
though results on this subject vary between
water depths and subspecies of Halimeda
(a.o. Teichberg et al., 2013).

Consequences of sedimentation

The processes of sedimentation are
known to make Lac more shallow. Exact
quantifications are yet unknown, but
Stinapa is investigating the current water
depth of Lac, which might be compared to
earlier studies like the investigation by Van
Moorsel and Meijer (1993). This process of
sedimentation has influences on the water
circulation, as the water has more problems
reaching the increasingly more shallow
backwaters of the bay. This in turn has
consequences for the water quality of these
waters, which influences the possibilities
for vegetation to grow in these areas. These
biotic processes will be discussed further in
the next paragraph.

Biotic System
As was mentioned in the introduction on
Pages 4-5, the biotic system of Lac consists
of three major habitat types: the mangroves,
the seagrass beds, and the coral reef. The
proximity of these habitats makes Lac an
unique and important ecosystem, as they
provide important ecological services like
nursery grounds (Nagelkerken et al., 2000).
In this paragraph, I describe the position of
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these habitat types in Lac, and the processes
that occur within these habitats (see also
Fig. 83).

Mangroves
There are three species of mangrove present
in Lac. Near the sea, the Red mangroves
(Rhizophora mangle) can be found. More to
the back are the Black mangroves (Avicennia
germinans) with their characteristic
pneumatophore roots. Along the shore of
the bay, more on dry land, are the White
mangroves (Laguncularia racemosa).
The mangroves in Lac provide an important
habitat for several species of animals. Their
importance as nursery grounds has already
been described on Page 36, but they also
serve as a major bird area. Debrot et al.
(2013) researched the abundance of birds
in Lac during the fall migration season,
and noted that the mangroves are a very
valuable habitat for birds within Lac. Where
other locations in Lac seem to host especially
migrating water birds, the mangroves host
more resident species and more different
groups of birds. As these birds are sensitive
to human disturbance, this habitat is rather
vulnerable to tourism developments.

Mangrove expansion

One of the characteristics of mangroves
is that their extensive root systems trap
sediments. Mangroves have the ability
to expand seawards by growing onto the
accumulated sediments (see Fig. 82), which
makes them valuable for coastal protection
(Lugo & Snedaker, 1974). In Lac, this ability
has partly a positive consequence, as the
mangroves trap the eroded sediments from
inland before they flow into the sea. When
flowing into sea, these sediments would
seriously damage the coral reefs (Rogers,
1990).
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However, trapping sediments also has severe
negative consequences for Lac’s ecosystem,
as it accelerates the negative impacts of
sedimentation as described on the previous
pages. As was already mentioned on Page
6, the expansion of mangroves means that
Lac is slowly filled in by sediments and
mangroves (Debrot et al., 2010; see also Fig.
8). By expanding, the mangroves “reduce the
effective surface area of the bay” (Debrot et
al., 2010, pp. 14) and thereby compete for
space with the seagrass beds. Therefore,
this process negatively affects the unique
combination of habitat types in Lac.
Apart from overgrowing parts of Lac,
the expansion of mangroves also has
consequences for the water circulation
within the bay. As was mentioned on Page
69, the main source of water circulation
in the bay is the tidal flow. However, the
extensive root system of the mangroves
in combination with the accumulation of
sediments obstructs these water flows from
reaching the back of the bay (Debrot et al.,
2010; see also Fig. 83). This is accelerated as
the mangroves do not only expand seaward,
but also overgrow canals through the
mangroves forest that used to transport the
tidal flows towards the back of the bay.

Fig. 82
Young mangroves
growing in front of
the forest edge. By
the growth of these
juvenile plants,
mangroves slowly
expand seaward
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Backwaters

This lack of water circulation, in combination
with evapotranspiration and a low
freshwater influx, has created a hypersaline
environment in the back of the bay (Van
Moorsel and Meijer, 1993; Debrot et al.,
2010). In these waters, conditions are too
bad for mangroves to grow, which causes
mangrove die-off (see map in Fig. 8 and
picture in Fig. 84). This is most likely caused
by salinization, caused by a lack of water
circulation, and by sedimentation, which
makes the waters more shallow. These
shallow waters are more prone to warming
by the sun, which makes these waters too
hot for mangroves to sustain.
As I saw during my kayak observations, the
area where the mangroves have died has
turned into a new environment of shallow,
muddy, hypersaline waters. These waters
provide a habitat for flamingos, who feed
on organisms living in these hypersaline
waters. As flamingos are very sensitive for
human disturbance, these waters are very
vulnerable to tourism developments.

Open bay of Lac
As the previous section dealt with the
mangrove forests and backwaters of Lac,
this section focusses on the open bay of
Lac, including the seagrass beds, Halimedabanks and the coral plateau. Apart from
the already mentioned nursery functions,
the open bay serves as main habitat for the
endangered Caribbean Queen Conch and
feeding environment for sea turtles. As was
mentioned before, this part suffers from
sedimentation and mangrove expansion,
which makes the open area of the bay both
smaller and more shallow.

are the seagrass beds. The main seagrass
species is the native Thalassia testudinum,
although the invasive species of Halophila
stipulacea also occurs in Lac (Debrot et al.,
2010). The seagrass beds in Lac are prone
to both mangrove expansion and trampling
by humans. Especially close to the beaches,
trampling causes severe damage to the
seagrass beds (Debrot et al., 2012a). As
seagrass has a long recovery time, it might
take up to 5 years before a trampled seagrass
bed is restored (Zieman, 1976, cited in Van
Moorsel and Meijer, 1993).

Previous Page: Fig. 83
Series of schematic
sections, describing the
processes in the biotic
system of Lac

Algae

Apart from seagrass beds, different species
of algae cover large parts of Lac. The most
notable algae species are Halimeda-algae,
which have already been extensively
described on Page 71. Another important
species is Avrainvillea nigricans, which grows
especially in the Bocas along the mangrove
edge and creates up to 1 meter thick layers
of algae (Van Moorsel and Meijer, 1993).

Coral plateau

As was already mentioned, a large limestone
plateau separates Lac from the open sea.
This plateau is generally covered by bare,
white sand interspersed by small patches
of algae and a couple of seagrass beds near

Fig. 84
Died mangroves
alongside still alive
mangroves in the
backwaters in the
south of Lac

Seagrass beds

The main habitat type in the open bay of Lac
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Sorobon. Along the seaward edge of the
plateau is a row of corals, especially Staghorn
Coral, growing just below the water surface.
Because of the shallow water and the
proximity to Sorobon, these environments
are very vulnerable to human disturbance
(Debrot et al., 2012a).

Tourism Resilience of Lac

Table 4
Assessment of tourism
resilience of the habitat
types occuring in Lac

Next Page: Fig. 85
Tourism resilience map
of Lac

On Pages 45-49, the tourism resilience of
the habitat types on the entire island of
Bonaire was already assessed. From that,
it was already concluded that Lac hosted
several rather vulnerable environments.
In this section, I zoom in further on the
tourism resilience of the different habitat
types of Lac. For this, the same method as
on Pages 45-49 is used, which results in the
assessment table as shown in Table 4 and
the resilience map in Fig. 85.
For this more detailed assessment, two
habitat types of seagrass beds were
distinguished: the shallow seagrass beds,
less than 2 meters deep, which are easily
accessible by tourists that might trample
these beds, and deeper seagrass beds
which are less accessible and less prone
to trampling. The other habitat types are
similar to the ones used on Pages 45-49,

although some types which do not occur in
this area are left out.
Fig. 85 allows to conclude that all habitat
types of Lac or to greater or lesser extent
vulnerable to tourism impact. Only the
inlands of the catchment and the open waters
are moderately resilient. The mangroves are
rather vulnerable area to tourism impact,
as the birds living in that area are rather
sensitive to human disturbance (see Page
72). The mangroves are surrounded by
highly vulnerable areas: the backwaters,
where the inhabiting flamingos are very
sensitive to human disturbance, and the
shallow seagrass beds which are sensitive to
trampling. The most alarming is the position
of the vulnerable seagrass beds in front of
the beaches of Cai and Sorobon, which was
also mentioned by Debrot et al. (2012a).
In the next chapter, current tourism activities
will be linked to the tourism resilience of Lac
in order to assess the impact of the tourism
activities on the ecosystem. These outcomes
will form a starting point for further design,
to allocate tourism activities in habitat
types which are resilient enough to cope
with these activities (according to the ROSframework described on Page 20).
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Chapter 7

Social system of Lac

In the analysis of the natural system in the
previous chapter, it was already mentioned
that some of the natural processes
are reinforced or impacted upon by
anthropological activities. Throughout this
chapter, I will analyse the social system of Lac
according to Duchhart’s (2007) landscape
model. I will especially focus on the way in
which these human activities impact either
positively or negatively on the landscape
system of Lac.

Cultural History and Land
Use
Historical Use of Lac
Historically, the utility of Lac has been
rather limited. Wagenaar-Hummelinck and
Roos (1969) describe two main activities
which used to occur in Lac. The first is the
burning of mangrove trees for the creation
of charcoal, which is one of the few valuable
functions of this type of wood. On Isla di
Chico, remnants of burning charcoal still
remain, even though it was already out of
use in 1969 according to the descriptions by
Wagenaar-Hummelinck and Roos.

77

A second function which was specific for Lac
was conch fishing. For hundreds of years,
these sea snails have been caught, after
which the shells were thrown away. Thanks
to the protected status of the Conch, this
is nowadays prohibited. The remnants of
previous fishing are still visible. At Cai, no
less than seven piles of Conch shells remain,
each about 3 meters tall (see Fig. 86).

Fishing
Where Conch fishing is nowadays prohibited
on Bonaire, normal fishing still occurs in Lac.
However, this is nowadays only undertaken
on a very small scale (Debrot et al., 2010,
and own observations). There are two types
of fishermen in Lac: One groups uses the pier
at Sorobon, from which they go out to open
sea in order to fish. The other group fishes
on Lac itself in smaller boats, generally only
around sunrise and sunset (see also Fig. 87).
Fishing used to be conducted in the
mangroves as well. To reach these fishing
grounds, the fishers cut and maintained
canals through the mangrove forests, which
simultaneously contributed to the water
flow in the bay. As became clear from
interviews, since fishing in the mangroves
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was prohibited for nature protection, these
canals became overgrown by mangroves
which accelerated the process of blockages
of water flow (as discussed on Page 72).

Kunukus
As the map in Fig. 74 shows, a large part
of Lac’s catchment area overlaps with the
kunuku area of Washikemba. Especially in
the northern part of the catchment, soils are
thick enough to allow for agricultural use.
As was mentioned on Page 40, the harvest
of these kunukus is currently generally used
for home consumption rather than actual
economic production.
In her thesis, Hulsebosch (2016) focussed
on creating a new route through this kunuku
area, in order to make it more accessible for
tourists. This is meant to give an impulse to
this agricultural area, and provide a better
economic situation for these farmers. This is
also one of the main point of the agricultural
development plan of the island (Openbaar
Lichaam Bonaire, 2014).

Extensive animal husbandry

As was already mentioned on Page 40, one of
the main businesses of these kunukus, apart
from the growth of sorghum, is extensive
husbandry of goats and donkeys. This entails
that the goats roam freely over the island
throughout most of the day, which is often
claimed to cause overgrazing and contribute
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to erosion. Although the relation between
overgrazing and erosion has not been
scientifically proven yet, a couple of fenced
plots near Lac already prove that vegetation
grows better when animals are excluded
from grazing (see Fig. 88).
Apart from the supposed relation between
animal grazing and sediment flow towards
Lac, it is also claimed that the manure
from the goats and donkeys is transported
towards Lac via terrestrial runoff (Debrot
et al., 2012a). This would then affect the
eutrophication status of Lac, which in turn
supposedly has an effect on algae growth
within the bay (Slijkerman et al., 2011; see
also Page 71).

Excavations

One of the problems Hulsebosch (2016)
identified in the agricultural area are
legal or illegal excavations; plots of land
are sometimes entirely excavated, selling
the material for construction activities on
the island (see Fig. 89). This has major
consequences for the visual appearance of
the landscape, and also for the hydrological
flows in the catchment.

Freshwater Supply

As was already mentioned on Page 34, due to
the arid climate of Bonaire freshwater supply
is a problem on the island. In the kunuku
area, two ways of obtaining freshwater have
been adopted. The first is the construction of

Fig. 86, 87 and 88
Piles of conch shells
at Cai; Boats of local
fishermen at Cai; Antigrazing measurements
prevent the tall bushes
in the back from being
grazed; the result is
clearly visible
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earth dams to catch water from the rooien,
the second is the use of wells extracting
water from the groundwater. The dams are
simple earth ridges, which are generally
situated on the kunuku plots (see Fig. 90).
The wells are easy to observe in the area, as
they are generally driven by windmills which
stand out in the landscape (see Fig. 91).
Both the dams and wells have an effect on
the hydrological flows in the area, although
the effects of the wells on the groundwater
flows are not yet exactly known. The dams
block the overland freshwater flow towards
Lac, which diminishes the water flow in the
bay even more (Hobbelt, 2014; Debrot et al.,
2012a). By capturing the terrestrial runoff,

Fig. 89
Excavated agricultural
plot in the catchment
area of Lac
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Fig. 90
Earth dam in the middle
of an agricultural plot in
Lac’s catchment

Fig. 91
Windmill-driven well,
clearly visible in the
landscape from a distance

these dams however also limit the flow of
sediments towards Lac (see Page 70). In that
sense, capturing water has both a negative
and a positive effect of the landscape system
of Lac.

Policy
On Pages 40-42, it was already described that
Lac is part of the Bonaire National Marine
Park, and therefore owned by Stinapa.
Moreover, it is also a RAMSAR-site and an
Important Bird Area. As owner of the area,
Stinapa created a management plan for Lac
including a zoning plan (see Stinapa, 2003).
This zoning plan prohibits activities in most
of the mangrove area in Lac, and divides the
rest of the bay in zones that each allow for
other types of activities (see Fig. 92). One
of the elements to protect the forbidden
(white) zone is the buoy line, which is meant
to keep surfers out of the protected seagrass
beds and mangroves.
As Lac is a RAMSAR-site, new developments
within the bay should follow the guidelines
stated by the Ramsar-convention. The
most important of these is that owners of
a RAMSAR-site agree to “formulate and
implement their planning so as to promote
the conservation of the wetlands included in
the List, and as far as possible the wise use of
wetlands in their territory” (RAMSAR, 2006).
The most important definition in this is that
“wise use of wetlands is the maintenance
of their ecological character, achieved
through the implementation of ecosystem
approaches, within the context of sustainable
development” (RAMSAR, 2006). In other
words, new developments are only allowed
as long as they sustainably contribute to the
ecological system of the wetlands. However,
as became clear from interviews, some of the
existing constructions in Lac do not fulfil this
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requirement and have been placed illegally.
As law is not always strongly reinforced on
Bonaire, these structures are now generally
accepted based on the time for which they
are already standing there.

Economy: Tourism in Lac
As was mentioned on Page 42, tourism
is the main economic sector on Bonaire.
Especially in Lac’s catchment, where other
activities are limited to fishing or agriculture
for own consumption, tourism is the main
economical driving force. In this paragraph,
I will therefore discuss the tourism activities
occurring in Lac and its catchment, in order
to answer my second research question.
On Page 64, the position of Lac in the tourism
system of the entire island of Bonaire was
already discussed. It was concluded that Lac
attracts multiple groups of tourists as it allows
for a combination of possible activities, like
wind surfing, beach activities, and kayaking.
By attracting multiple tourism groups the
tourism pressure of Lac is supposed to be
rather high, which was already mentioned
in the problem statement (see Pages 9-10).
In this section, I analyse the different
tourism activities occurring in Lac in order
to determine what their positive or negative
impact on the ecosystem is. I firstly analyse
the different activities occurring in Lac,
which I studied through the observations
which were described on Pages 14-15. These
activities are then related to the different
tourism groups which were distinguished
on Pages 54-61. This provides more insight
in what each group of visitors seeks to
experience in Lac, in order to make a design
for these groups (in accordance with the
theory on tourism groups, see Pages 21-22).
In the end, I assess the impact of the different
tourism activities on Lac’s ecosystem.
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Tourism activities
In this section, I will describe the results of
the observation study I described on Pages
14-15, and relate them to the similar study
conducted in 2012 (see Debrot et al., 2012a)
in order to see to what extent tourism
activities have changed over the intervening
years. I gathered quantitative data by hourly
counts of people on Sorobon conducting
different activities, in the same way as
Debrot et al. did their research. In addition,

Fig. 92
Zoning plan for Lac as
created by Stinapa (see
Stinapa, 2003)

White Zone: Undisturbed natural area
Blue Zone: Windsurfing and Kayaking
Yellow Zone: Snorkeling and Kayaking
Green Zone: Guided kayaking activities
Orange Zone: Guided snorkeling activities
Red Zone: Swimming, snorkeling and general beach recreation

80

Fig. 93
Graphs
expressing
the average
number
of people
conducting
different
activities
at Sorobon
throughout
the day

I gathered qualitative data in-between these
counts in order to describe other activities
going on at Lac.
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Weekdays

Weekenddays

In my quantitative observations, I focussed
on the four activities that were also counted
by Debrot et al. (2012a), and which are
the most undertaken activities at Sorobon.
These were beach activities (sunbathing
etc.), sitting in the restaurant, swimming/
wading and windsurfing. In accordance with
the observation protocol of Debrot et al.
(2012), I counted every hour the number of
people that was undertaking each activity. I
divided the obtained data over three types
of days: days with cruise ship, week days
without cruise and weekend days without
cruise. This division, which is similar to the
study by Debrot et al. (2012a), allows me
to draw conclusions on the effect of that
a weekend day or a cruise ship day has on
the number of tourists and their activities
at Sorobon. I did the observations on twelve
days, which included four cruise days, four
weekend days and four week days.
The graphs in Fig. 93 show the number of
counted people for each activity. Although
these are interesting to see the daily patterns
of the different activities, they do not show
a significant difference between the day
types; cruise days do not necessarily seem
busier than non-cruise days. That is striking,
as one of the most profound conclusion of
Debrot et al. (2012a) was that cruise days
show higher peaks in visitor numbers than
non-cruise days.
In Fig. 94, the observed total number of
visitors of my study is compared to the
observed total number of visitors in 2012.
The graph shows that the peak in the number
of cruise tourists has hardly increased or
decreased, but the amount of visitors on
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non-cruise days has increased to such an
extent that it approaches the number of
visitors on cruise days. Especially weekdays
seem to have become more busy, but that
might be due to the fact that I collected a
part of the data during Christmas Holiday,
when people a free from work on any day.

Qualitative data

In-between the hourly counts of people
at Sorobon, I also qualitatively noted all
activities occuring in Lac that were not
covered by the quantitative data. These
include events like kayak tours, surfers going
beyond the buoy line that indicates the limit
of their surfing area (see Page 80), or people
walking through seagrass beds. This data
was coded based on these general activities
in order to group all sightings of one activity
together, and to be able to draw conclusions
from this data.
The graph in Fig. 95 shows the number of
notes on each of these subjects, sorted per
type of day. Logically, the number of for
example tour operators is higher on cruise
days, as these tours largely depend on
the cruise tourists who do not have their

own transport (see Pages 58-60). Also the
number of kayak tours is highest on cruise
days, as extra of these tours are organized
on cruise days (see Page 86).
On the other hand, the number of people
trampling the seagrass beds near Sorobon
hardly seems to differ between the different
days. The concern that the peaks of cruise
tourists would cause more trampling on
these days is thus not substantiated by the
observations.
A last interesting statistic are the family
activities. Fig 97 shows one of the many
family barbecues which occur on Sorobon,
which includes groups of 15-25 people. As
Fig. 95 shows, these activities generally occur
in the weekends, as most families are free
from work on these days. This adds an extra
group of recreants in Lac to the set of tourist
groups which was already distinguished on
Pages 54-61.
A second form of qualitative data was
obtained via unstructured interviews (see
also Page 15). Throughout the days that I
visited Lac, I informally spoke to people that
visited Sorobon, in order to find out what kind
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Fig. 94
Graph showing the
avarage sum of all
visitors at Sorobon
throughout the day,
in comparison to
the study from 2012
(Debrot et al., 2012)
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Fig. 95
Graph showing the
total amount of
notitions on the various
activities observed
during qualitative
observations

of holiday they were undertaking, and why
they decided to visit Sorobon. I sometimes
managed to approach people that were
undertaking forbidden activities, like surfing
beyond the buoy line, and asked them
whether they were aware of these rules. The
obtained data from these interviews gave me
more insight in the desires and perception
of the tourists visiting Sorobon, which will
be further outlined in the description of the
diverse tourism groups visiting Lac on the
following pages.
Apart from interviewing visitors, I also
spoke to multiple employees and operators
of the various tourism facilities around
Sorobon, and to a couple of tour guides.
They provided me with more information
on the way in which the tourism business
around Sorobon is operated. Moreover, they
could also give me more insight in the way

in which tourism around Lac has developed
over the years. The data obtained through
these interviews is used throughout this
thesis; the raw interview transcriptions can
be found in Appendix 1.

Day-to-Day Analysis

Although the above data gave me some
insight in the general patterns of activities
occurring around Sorobon, it did not
provide me with more insight in the reasons
why specific activities or events happen
on specific days. I therefore analysed the
obtained data per observation day, rather
than grouping the days into categories, in
order to find more information on that.
When reanalysing the instances of people
trampling the seagrass beds, which did
not show significant difference in Fig. 95,
it becomes clear that the individual most
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crowded days on the beach were also
the days with most people in the seagrass
beds. Thanks to the thick description of the
qualitative observation data, it was clear
that on quiet days people generally visit the
beaches near restaurant, where seagrass
beds are well-marked by protection lines
(see Fig. 98). However, in busier days, people
get more dispersed towards the northern
part of Sorobon where these lines are less
maintained, and this is where the seagrass
beds get trampled (see Fig. 96).
Another thing that became more clear
through day-to-day analysis were the surfers
passing the buoy line (see Fig. 99). In one the
unstructured interviews, a surfer explained
that he went that far onto Lac to avoid the
crowds and the unexperienced surfers
around Sorobon. The day-to-day analysis
confirmed this: the more surfers there were
on Lac, the more of them started to move
towards the forbidden zone in order to avoid
the large crowds.

Sorobon is generally more crowded. One of
the main reasons for this is the availability
of facilities on Sorobon. Apart from that,
interviews with tour operators pointed out
that the bad quality of the sand way towards
Cai is another reason to avoid this location.
From this map we can conclude, just like
earlier in the island-wide analysis (see
Chapter 5), that tourism activities are
strongly concentrated on a few specific spots.
For Lac, these specific spots are especially
Sorobon and Cai. When we compare this
to the tourism resilience map on Page 76,
we see that these locations are very close
to a couple of shallow seagrass beds, which
are very vulnerable to trampling. This again
emphasizes the importance of protecting
these seagrass beds, as was also described
in the previous paragraph.
Another conclusion from the map is that
most activities are water-related; only the
Horse Ranch and the Bara di Karta-trail offer

Fig. 96
People walking through
the seagrass beds at
a place where the
protection lines (visible
on the foreground)
are broken. The entire
exclosure used to be
cpovered by seagrass
beds, now only small
spots remain

Fig. 97, 98 and 99
Family barbecue at
Sorobon; People
walking passed the
seagrass protection
lines (visible on the
right); Surfers near the
mangroves, far beyond
the buoy line

Next Page: Fig. 100
Tourism activity map
of Lac

Tourism Activity Map

In Fig. 100, a map indicating the locations
on which tourism activities are carried out
is shown. This map does not only cover
Sorobon, where the observations were done,
but encompasses all activities throughout
Lac. Sorobon however immediately stands
out as one of the points with the most
activities, just like Cai. These two beaches are
the most popular locations in Lac, although
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activities that concentrate on the inlands
of Lac’s catchment. Even though it is logical
that in a seaside environment most tourism
activities relate to the water, there might be
a potential in looking for connections to the
rest of the catchment. This relates to the
aim of the local government to diversify the
island-wide tourism product, and make the
island less dependent on singular focussed
seaside tourism activities (see Page 63).

Tourism groups in Lac
Now I described the results of the quantitative
and qualitative observations, I analyse
throughout this section how these results
relate to the tourism groups I distinguished
on Pages 54-61. I therefore combine the
results from the observations with data from
unstructured interviews on the reasons why
people visit Lac. This combination provides
me with a better understanding of the
reasons why each group undertakes specific
activities at Lac.

Diving Tourists

Diving tourists are a rather small group in
Lac. As was outlined on Pages 55-56, this
group prefers the calmer western shore
of the island. However, dive tours are
organized along the eastern shore for more
experienced divers, which often depart from
Lac (see Fig. 101). From an interview with
one of these diving operators I learned that
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they take ca. 10 people per day to the reef
in front of Lac, where they can easily spot
sea turtles and rays. They only use Lac to get
aboard their boat and sail out to open sea.

Water Sports Tourists

As was already mentioned on Pages 56,
Lac is a popular location for windsurfing.
The combination of constant leeward
winds and calm, warm water attracts both
beginning and experienced surfers from
different nationalities to Lac. “This surf spot
is so special, since it brings people from all
different nationalities, all different disciplines
and all different skill levels together,” as one
of them said in the interview.
The graph on windsurfing in Fig. 93
already shows a pattern of surfers being
most numerous during the morning and
late afternoon, which is because of the
stronger winds during these times of the
day. This wind, always blowing from northeastern direction, also determines the
main direction of windsurfing as this is best
conducted perpendicular to the wind (see
map in Fig. 100). This means that most
surfers go out-and-back along the coast
of Sorobon, where most windsurf rental
stations are located (see Fig. 102). The less
experienced surfers stay close to Sorobon,
where they sometimes unwillingly end up
in the seagrass beds (see Fig. 103), and the
more experienced ones go even further in
the direction of the mangroves (see Fig. 99).

Fig. 101, 102, 103
Divers coming ashore
after a dive just
outside Lac; Surf
rental of JibeCity;
Unexperienced
surfers ending up in
the seagrass around
Sorobon
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However, this zone of shallow seagrass beds
in front of the mangroves is protected by a
buoy line, and prohibited for surfers. That
is because surfers sometimes fall of their
boards, and then might trample the seagrass
beds while swimming in the water. Some
international surfers, as turned out from the
interviews, are not aware of this line and do
not know they should not come close to the
mangroves. Moreover, as one of the staff
members of the windsurf rental stations
said, “surfers do not get close to the coral, as
this damages their boards, but the seagrass
does not harm them”. In order words, there
is nothing that makes the windsurfers aware
of their impact on the seagrass beds.
Other forms of water sports are hardly
undertaken at Lac: kitesurfing is prohibited
here, as it interferes with windsurfing, and
golf surfing is not undertaken in the calm
waters of Lac. Snorkelling happens only
occasionally, as reaching the corals on the
limestone plateau requires wading for 15
minutes while other corals around the island
are more easily accessible.

Sun-Sea-Sand Tourists
Fig. 104, 105, 106
Beach with beds for
rent at the Windsurf
Place; Beach bar of
JibeCity, photographed
in early morning; Tour
vans from guided tours
on a cruise day at Cai
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On Pages 57-58, it was already mentioned
that Lac offers a couple of the few sandy
beaches on Bonaire, which makes it a
popular location for Sun-Sea-Sand tourists.
From my observations, it turned out that
the artificial beach at Lac Bay Resort is only

rarely visited by tourists. The beach at Cai,
with its small-scale beach bar, is visited by
20-40 people per day and sometimes by
tour groups. The most popular beach is the
Sorobon, which offers extensive facilities:
two public beaches with beach bars at the
surf rental stations, and a semi-public beach
at the Sorobon Beach Resort (see Fig. 104
and 105). Sorobon is advised in several
travel guides and also visited by several
guided tours, which leads also land-based
tourists and cruise tourists here to spend a
couple of hours on the beach. “We asked
the taxi driver to take us to a nice beach, and
he brought us here” as an American cruise
tourist said in an interview.
As I mentioned on Page 84, the peaks in the
numbers of beach tourists lead to trampling
of seagrass around the less well-marked
seagrass beds. Observations showed that
this is increased by especially cruise tourists,
who are not always made aware of the
ecological importance of Lac before arriving
here. In interviews, the owners of the surf
rentals also mentioned awareness as a
major problem regarding the beach tourists
visiting Sorobon.

Cruise Tourists

Apart from visiting the beach, cruise tourists
have more reasons for visiting Sorobon.
Guided tours leading these tourists around
the southern tip of the island often stop at
Lac; some visit Cai, but most of them stick
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to Sorobon (see also Fig. 106). Apart from
these tours, extra kayak tours through the
mangroves are also organized on cruise
days, which are adjusted for cruise tourists.
In interviews, some kayak operators
mentioned that they decided to leave out
snorkel stops in the mangroves, as cruise
tourists are generally not careful enough
regarding the vulnerable ecosystem.
Such concerns on the behaviour of cruise
tourists are also mentioned in interviews at
Sorobon, though all of them admit that the
behaviour of the guests varies per cruise ship.
“They just stand there in the water with their
beers in their hands” (see Fig. 107), as one
of the employees of the surf rental station
said; others claimed that cruise tourists are
not interested in any natural values of Lac.
The operator of JibeCity at Sorobon even
asked the taxis to drop cruise tourists only
at the neighboring Windsurf Place, as he did
not like the cruise people to visit his facility.
It is striking that the cruise tourists did not
contribute significantly in the quantitative
analysis on Pages 81-83, while their
behavior and consequent impact on Lac’s
ecosystem is perceived to be rather high by
all interviewees. Although this is nuanced by
the fact that the behavior of tourists differs
per ship, it is clear that rising awareness on
the natural values of Lac among specifically
this group of tourists might be valuable.
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Land-Based Tourists

Just like the guided tours, land-based
tourists often visit Lac as a stop on their
tour around the southern tip of Bonaire (See
Pages 60-61). Moreover, Lac is also a specific
location to visit for its beaches and for the
kayak tours through the mangroves. Apart
from the cruise days, this group is the major
client for the kayak operators (see Fig. 108).
There are 3 active operators seen during the
observations at Lac, having their base either
at Cai or at the Mangrove Center. A few
operators legally or illegally organize tours
through the mangroves with motorboats,
especially on cruise days (see Fig. 109).
Kayak groups have a maximum size of 8
boats, of which one is the guide, which
means 14 tourists can join a tour. Per day,
3 to 6 tours are organized, depending on
demand. Cruise days generally demand
more tours, which is partly caused by preselling these tours aboard the cruise ships.
As mentioned in interviews, on these busy
days it sometimes occurs that kayak groups
interfere with each other, as they follow the
same out-and-back route over Lac.
Most operators make their visitors aware
of the vulnerable environment they are
kayaking through, the Mangrove Center even
has a small museum where visitors are given
instructions. This supposedly reduces the
negative impact of the kayak tourists on the
environment. Moreover, kayaking through
the mangrove canals makes that these

Fig. 107, 108, 109
Cruise tourists drinking
beer in the water;
Kayak tour through the
mangroves; Mangrove
boat tour, organized
only on cruise days,
leaving from Cai
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canals are anthropologically used again,
by which the kayaks replace the function
of the fishermen as described on Page 77.
Their use of the canals thus makes sure that
mangroves do not have the opportunity
to overgrow the canals again, which keeps
them open for water circulation.
Another important tourism development
regarding land-based tourists is the Bara di
Karta-trail as Hulsebosch (2016) described.
This trail, which partly leads through Lac’s
catchment, is meant to encourage tourists
to explore the countryside of this part of
Bonaire. This route provides a possibility
to link the other tourism activities in Lac
stronger to its catchment.

Local Recreants

As was mentioned on Page 82, local
recreants turned out from the observations
as a final group of tourists in Lac. A very
specific activity for this group are the family
barbecues they organize in the shelters
placed at the tip of Sorobon, where they
gather with 15-25 people and often also
play music. Less profound are local people
who visit the beach of Sorobon or Cai. One
of them told me in an interview that he
specifically visited the tip of Sorobon or
Cai, as these were the most peaceful places
on the island. “I used to go to 1000 Steps
[snorkel spot along the west coast], but that
has become too crowded nowadays”. For
this group, the public beaches are the most
important location, rather than the beaches
owned and controlled by the windsurf
rentals.

Tourism Impact
On Page 11, I stated my second research
question as “What recreational activities
are currently undertaken in Lac’s catchment,
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and what is their positive or negative impact
on the eco-hydrological system?” Now all
undertaken activities were described over
the previous paragraphs, this concluding
paragraph summarizes the positive and
negative impact that these activities have
on the ecosystem of Lac. On Page 75-76,
the tourism resilience of Lac was already
assessed. This showed that the most
vulnerable areas of Lac are the shallow
seagrass beds and the backwaters.

Impact of activities

Especially the shallow seagrass beds turned
out to be prone to negative tourism impact.
The well-protected beds around Sorobon
do not suffer much from trampling, but
at locations where protection lines are
badly maintained beach tourists trample
these seagrass beds. The effects of this are
clearly visible as seagrass cover on these
locations has largely decreased (see Fig. 96).
Windsurfers moreover might trample the
shallow seagrass beds near the mangroves,
when they pass the buoy line. This effect is
however not yet proven, as these seagrass
beds seem still intact on satellite images.
The backwaters seem to be unharmed by
tourism activities, although unsubstantiated
claims say that some tours operators disturb
the flamingos in these areas. It is forbidden
to anyone to access these areas.
The last activity that might negatively impact
on Lac’s ecosystem are the kayak tours.
Although these tours generally focus strongly
on nature protection, they might disturb
the birds in the mangroves as described on
Page 72. On the other hand, the kayak tours
contribute positively to Lac’s ecosystem by
maintaining the canals that ensure water
circulation towards the backwaters.

Impact of constructions

Apart from direct impacts from tourism
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activities, some interviewees also noted
the impacts of constructions of the tourist
facilities on the ecosystem. Some of the
piers and boardwalks that are constructed
near Sorobon, either legal or illegal (see
Page 79), have changed water streams
and sedimentation patterns, which has
impact on the seagrass beds. A major
example is a hotel which was planned on
the tip of Sorobon, and which was partially
constructed before it eventually got torn
down again in the end of the 1990’s (see
Fig. 110). These construction works changed
the flows around Sorobon and extended
the peninsula via sedimentation, which still
needs to be protected via a row of loose
rocks around the tip of Sorobon (see Fig.
111).
Also other structures like toilet facilities
are claimed to be badly maintained,
causing leakages into Lac which reinforces
eutrophication (Debrot et al.,2012a). In
interviews however, local operators claim
that they always maintain these facilities.

Sorobon, this impact is still rather smallscaled and can be relatively easily solved
through better maintenance of the seagrass
lines. Also other tourism planning strategies
might be adopted to distribute the tourists
more over Lac, by which the island-wide
strategy of distributing tourists over more
locations (see Page 63) also can be applied
on a smaller scale. This strategy also might
create more room for tourism activities with
a positive impact on Lac’s ecosystem, like the
kayak tours that keep the mangrove canals
open and reinforce the water circulation.

Fig. 110
Construction works
for a hotel on the
tip of Sorobon, as
documeneted by
Wagenaar-Hummelinck
and Roos (1969). The
hotel was only half-built
and never opened;
its structure was torn
down in the 1990s

Fig. 111
This row of loose
rocks prevent the
tip of Sorobon from
erosion; they are
necessary because
of anthropological
extension of the
peninsula

Conclusion

Concluding, there are a couple of profound
negative impacts of tourism on the
ecosystem of Lac, which generally relate to
trampling of seagrass beds or disturbance
of birds. Just like on the Bonaire-wide
scale (see Pages 61-64), tourism pressure
in Lac is very unevenly distributed. Most
pressure and disturbance is visible around
the beaches of Cai and especially Sorobon,
while a large part of Lac does not suffer from
any tourism impact at all. Most concerning
is that some of the most vulnerable seagrass
beds (see tourism resilience map in Fig. 85)
are located around these popular locations,
which makes especially these habitats prone
to negative tourism impact.
Even though trampling is showed to have
large impact on the seagrass beds around
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Chapter 8

Current state of Lac

On Page 11, I stated my first research
question as “What is the current state of
the ecosystems in Lac, and what are the
underlying processes?” In the previous
chapters I described the ongoing processes
in the ecosystem of Lac and its catchment
following the landscape model by Duchhart
(2007). Now I outlined these processes, this
chapter will conclude the analysis of Lac by
outlining the most important processes and
the current state of Lac’s landscape. This fills
the knowledge gap as described on Page 1011, as the most recent studies on the state
of Lac date from 2012.
This chapter starts with summarizing the
major processes in Lac, resulting in a problem
tree that outlines the relations between
these processes. From these process that
constitute the landscape, the different
landscape units that currently occur in Lac
are described. This results in a landscape
unit map of Lac and its catchment, showing
the current area covered by each of these
units, and a section of Lac’s catchment,
showing height differences and the ongoing
processes in the area.
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Major Processes
In order to systematically analyse and
visualize the relations between the different
processes in the landscape system of Lac’s
catchment, I composed the problem tree as
is presented in Fig. 112. This problem tree
combines all processes which were analysed
throughout the previous chapters, and
eventually results in three major problems
that occur in Lac. These are the lack of water
circulation, sedimentation and tourism
disturbance.

Lack of Water Circulation
As was already thoroughly described on
Pages 68-74, the lack of water circulation
in Lac is caused by a combination of an
intermittent freshwater inflow and blockages
that prevent the tidal flow to reach the
backwaters of Lac. The lack of human use of
the mangrove canals allows the mangroves to
overgrow these canals, which obstructs the
tidal flow. Here, distribution of kayak tours
over these canals can provide an important
function, as they keep these canals open and
therefore reinforce the water circulation. As
was already recommended by e.g. Debrot
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Fig. 112
Problem Tree which
combines all processes
that occur in Lac, and
relates them to each
other

Prohibiting fishing
in mangroves

External sediments
from sea

Agricultural use of
catchment area

Sand from
unpaved roads

Lack of rule
enforcement

Unawareness among tourists
of vulnerable environment

Extensive animal
husbandry

Lack of maintanance
of mangrove canals

Transport of goat dung
via terrestrial runoﬀ

Dams and excava�ons
blocking water ﬂow

Illegal Building

Illegal Tour Ac�vi�es

Illegal
ac�vi�es

Suspected erosion
via overgrazing
Overgrowing of
mangrove canals

Concentration of
tourism activities

Leaking Toilets

Seagrass Trampling

Eutrophica�on
Lack of
freshwater ﬂow

Increasing pressure on
tourism loca�ons

Growth of calcareous
Halimeda-Algae
More algaecoverage

Lack of Water
Circulation

Overhea�ng & Saliniza�on
of shallow backwaters

Thriving ﬂamingos
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Tourism
Disturbance

Sedimentation

Mangroves expanding
seaward

Mangrove death

Seagrass death

Disturbance of Birds
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et al., 2010, enhancing the water circulation
of Lac should improve the water quality
of the backwaters which might allow the
mangroves to regrow in this area.

Sedimentation
The problem of sedimentation, caused by
inland erosion, exogenous sediments from
sea and indigenous sediment production
from
Halimeda-algae,
was
already
described on Pages 70-71. Although no
undisputable evidence has yet proven
any of these relations, it is suspected that
inland erosion is accelerated by overgrazing,
and that Halimeda-growth is accelerated
by eutrophication caused by influx of
nutrients from goat dung and leaking
toilets. It is however known for certain that
sedimentation has caused Lac to become
more shallow, which obstructs the water
flows and affects the water quality of Lac.
Moreover, it allows the mangroves to expand
seaward, thereby competing for space
with the seagrass beds and slowly filling in
the entire bay. At the moment, measures
are only taken to reduce the sediment
influx from inland, through the creation of
sediment traps. The dams in the agricultural
area are also valuable, as they already trap
these sediments.

Tourism Disturbance
The current tourism activities and their
impacts were exhaustively described on
Pages 80-90, which pointed out that the
negative impacts from tourism relate to
trampling of seagrass beds, disturbance of
birds, and the consequences of some legal
or illegal building activities. Despite the
negative impacts that some tourism activities
have on the ecosystem of Lac, these impacts
are always very local and small-scaled. In that
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sense, even though tourism has negative
impacts on the ecosystem, the most severe
problems of Lac’s ecosystem are related to
natural processes like sedimentation and
water circulation. Some tourism activities,
like the kayak tours, can contribute so solving
these problems of water circulation and
sedimentation. The negative impacts from
tourism might be solved by applying tourism
planning strategies, such as the distribution
of tourists over a larger area of the bay.

Landscape Units
The processes that were described in
the previous paragraph each influence
the landscape of Lac’s catchment. In this
paragraph, I distinguish the different
landscape units occurring in Lac’s catchment,
which each have their own spatial and
physical characteristics which result from
the previously described landscape forming
processes. I based the distinction of the
landscape units on multiple sources, the
most important of which are my own
observations as described on Page 14.
Other important sources were the soil map
(Grontmij, 1968) and the vegetation map (De
Freitas et al., 2005). In this paragraph, the
various landscape units are briefly described
in combination with a picture, and are
related to the processes that were described
before. In the next paragraph, the different
units are mapped to create the landscape
unit map of Lac and its catchment.

Mangrove landscape
The first unit I distinguish is the mangrove
landscape, which has a very specific
ecological function and a very distinctive
appearance. The mangrove landscape
consists of three sub-units, which are all

Beyond Ecotourism

the result of processes of mangrove growth
and decay. These sub-units are the live
mangroves, the dead mangroves and the
backwaters behind the mangroves.

Live Mangroves

The main sub-unit of the mangrove landscape
are the live mangroves, which create a rim
around the open water surface of Lac (see
Fig. 113). As was mentioned on Page 71-72,
this landscape provides an important habitat
for birds and for juvenile fish. This part of
the mangroves is slowly expanding towards
the sea, as a consequence of ongoing
sedimentation, and decreases the area of
the open bay of Lac.

Fig. 113
Alive mangroves near Boca
Fogon

Fig. 114
Died mangrove trees near
Isla Yuwana

Fig. 115
Extensive backwaters, with
dead trees and flamingos

Dead Mangroves

Where the alive mangroves slowly expand
towards the sea, they also block the water
flows towards the mangroves in the back of
the bay, which causes these to die (see Page
74; see also Fig. 114). There is currently a rim
of dead mangroves visible between the alive
mangroves and the backwaters, and due to
ongoing blockages in the water circulation,
more mangroves are expected to die. It is
expected that the area of dead mangroves
has expanded further since the last research
in 2012.

Backwaters

The waters where the mangroves have died
are called backwaters. Due to a limited water
circulation and ongoing sedimentation
these waters become more shallow and
muddy, leading to their Papiamentu name
of ‘Awa Lodo’, ‘mudwater’. These processes
of sedimentation make the backwaters
prone to heating and salinization, creating
circumstances in which mangroves can not
survive (see Page 74). These hypersaline
waters are now frequented by flamingos,
since they feed on animals living in such
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conditions (see Fig. 115).

Underwater landscape
The second landscape unit is the underwater
landscape of Lac. Most of the important
ecological functions of Lac occur under water,
like the nursery functions of the seagrass
beds and mangrove roots (Nagelkerken et
al., 2000). The major underwater sub-unit
is the open bay of Lac, although in some
locations other sub-units like seagrass beds
and coral reefs can be distinguished.
Fig. 116
The vast open bay of Lac,
rimmed by mangroves

Fig. 117
Deep (ca 2 m) seagrass
beds, west of Sorobon

Fig. 118
White sandy soil of the Awa
Blanku, with a few algae

Open bay of Lac

The big open water surface of Lac (see
Fig. 116) contains a patchwork of dynamic
underwater environments, which are very
hard to clearly distinguish. These patches
may contain seagrass beds, algae banks (like
Halimeda), or just bare sand. The depth of
the open bay currently varies from 0,5 to 6
meters, but due to sedimentation, the bay is
slowly getting more shallow (see Pages 7071). Moreover, mangrove expansion slowly
reduces the area of open water in the bay
(see Page 72).

Seagrass Beds

Although the small patches of seagrass
that occur throughout the bay are hard to
distinguish, there are also large areas of
continuous seagrass beds (see Fig. 117).
The ecological importance of these seagrass
beds was already described on Page 74. As
mentioned on Page 84, they are however
also vulnerable to tourism impact like
trampling. Moreover, the beds suffer from
the decreasing area of the open bay of Lac,
caused by the expansion of the mangroves.

Awa Blanku

This shallow (1-1,5 meters deep) plateau is an
elevated remnant of the limestone terrace.
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It protects Lac from the strong waves from
sea, creating a calm water environment in
which mangroves and seagrasses can grow.
The plateau is almost entirely covered by
barren, white sand (see Fig. 118), resulting
in its Papiamentu name of ‘Awa Blanku’,
‘white water’.

Coral Reef

Corals grow along the seaward side of the
Awa Blanku (see Fig. 119), and link to the
coral reef outside Lac that surrounds the
entire island. The fish living along this reef
use the seagrass beds and mangroves of
Lac as nursery area, which gives Lac its
major ecological function (Nagelkerken et
al., 2000). The coral reefs are however also
vulnerable to sedimentation (Rogers, 1990).

Fig. 119
Staghorn coral at the edge
of the Awa Blanku

Fig. 120
View over the waves of
the sea, seen from Cai

Fig. 121
Sandy beach at Cai

Open Sea

The Caribbean Sea provides Lac with water
circulation through the tidal water flows,
entering the bay over the shallow Awa
Blanku and exiting again through the canal
near Cai (see Pages 69-70). Moreover, the
landward sea currents on this side of the
island (see also Fig. 120) brings exogenous
sediments to Lac (see Page 70).

Coastal landscape
The third landscape unit is the coastal
landscape, consisting of five sub-units. This
landscape forms the transition between the
water-related landscape types that were
already discussed and the landscape of
the limestone terraces. Most of the coastal
landscapes originate from the accumulation
of sediments.

Beach and Dunes

Lac has two sandy hooks on each side of
the bay, created by deposition of sandy
sediments: Sorobon and Cai (see Fig. 121).
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These two beaches are the major touristic
hotspots of Lac (see Pages 80-86). Sorobon
also has a small dune area, but due to
(illegal) excavations and the construction
of the resorts the dunes have diminished
largely in size in comparison to pictures from
the investigation by Van Moorsel and Meijer
(1993).

Sandy Islands

Fig. 122
Barren, sandy soil of Isla
Rancho

Fig. 123
Cactus on Isla Yuwana, with
mangroves in the background

Fig. 124
Vast, barren mudflat in the
north of Lac

The mangrove area of Lac contains a ridge
of islands, consisting of deposited sand (see
Fig. 122). These islands form a barrier for the
water to reach the back of the bay, which
reinforces the problems of water circulation.
The ridge used to be dissected via three
canals, though the middle one between Isla
Rancho and Isla di Chico is completely filled
by sediments (Wagenaar-Hummelinck and
Roos, 1969). The islands themselves consist
mainly of bare sand, interspersed with low
salt-tolerant vegetation.

Limestone island

Contrary to the other islands, Isla Yuwana is
not formed by sand deposition, but consists
of an outcrop of the limestone plateau which
stands above the water level. Therefore, this
almost round island does not consist of sand,
but of exposed limestone. While situated
in the middle of mangroves, the island is
characterized by the same cactus vegetation
as the inlands of Bonaire (see Fig. 123).

Mudflat

Especially along the northern side of Lac,
where the most rooien flow into the bay,
the deposition of eroded sediments from
the catchment (see Page 70) has created
a vast mudflat (see Fig. 124). Pictures by
Wagenaar-Hummelinck and Roos (1969)
already show this mudflat, which seems to
have stopped growing since the construction
of the Mona Passage which blocks water and
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sediment flows. Its dry but saline conditions
are a harsh environment for vegetation,
which results in a vast plain of barren sand.

Stony Mudflat

The mudflats along the western side of
Lac are slightly different from the ones
described above. They are parts of the lower
limestone terrace and have only shallow
sandy soils, which provides better conditions
for vegetation. They are characterized by a
patchwork of shrubs, dispersed small trees
and barren stony areas (see Fig. 125).

Inland landscape
The last landscape unit of Lac’s catchment is
the inland landscape of limestone terraces
and volcanic rocks, covering a large part of
the catchment. The geological processes
that created these landscapes were already
described on Pages 29-33.

Fig. 125
Mudflat with sparse
vegetation, west of Lac

Fig. 126
Lower terrace, north of
Lac; stony soil with shrubs

Fig. 127
Formet inlet, with windmill
pump to the Cargill Saltworks

Lower Limestone Terrace

The lower limestone terrace borders the
sea, and is mainly characterized by vast,
barely vegetated areas of exposed limestone
(see Fig. 126). Because of its lack of soil and
its permeable stone, this area easily absorbs
rainwater, which influences the water flows
in Lac.

Saliñas

The lower limestone terrace encompasses a
couple of saliñas. Some of them are natural,
only holding water during wet seasons, and
others are man-made to harvest sea salt.
Sea salt is still harvesting from the Cargill
Saltworks, situated just south of Lac, who
used to pump saltwater from Lac in order
to extract the salt (see Fig. 127). It is known
that this water extraction had a positive
effect on the water circulation in this part of
the bay (Sabine Engel, pers. comm.).
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Middle Limestone Terrace

A large area of the inlands of Lac’s catchment
is part of the middle limestone terrace. In
contrast to the lower terrace, the middle
terrace is densely vegetated with cactuses
and thorny bushes (see Fig. 128). As the
limestone is highly permeable, also this
terrace easily absorbs rainwater.

Washikemba Formation

Fig. 128
Middle terrace, densely
vegetated by shrubs

Fig. 129
Bara di Karta-hill, just
north of Lac’s catchment

Fig. 130
Croplands in the areas
with thicker soils

The most northern part of catchment is part
of the volcanic Washikemba formation (see
Fig. 129). The landscape appearance and the
vegetation is similar to that of the middle
limestone terrace, though the volcanic
rock is not permeable and therefore causes
terrestrial runoff towards Lac.

Areas with thicker soils

A large part of the northern part of Lac’s
catchment is characterized by soils thicker
than 20 cm. These thicker soils have two
major functions: firstly, they prevent the
rainwater from being absorbed by the
limestone, and secondly they provide better
circumstances for agriculture (see Page
40). Therefore, the kunukus situated in lac’s
catchment are found in this landscape subunit (see Fig. 130).

Landscape features
Apart from the landscape units, I also looked
for distinctive landscape features. These
were generally found in the kunuku area in
the northern part of the catchment, as many
of these features are used for agriculture,
such as the dams and wells.

Dams

Dams are frequently used in Lac’s catchment
for collecting freshwater for agricultural
purposes (see Fig. 133). Their impact
on the water circulation and sediment
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transportation towards Lac was already
described on Page 78-79.

Rooien

Terrestrial runoff is transported towards Lac
via rooien, the local name for gullies (see
Pages 68-69). As they only carry water in
cases of heavy rain, their location is rather
diffuse and only distinguishable on a few
specific spots (see Fig. 131). As long as they
are not blocked by dams, the rooien do not
only transport freshwater towards Lac, but
also the eroded sediments from the inlands
(see Page 70).

Agricultural Plots

The area with thicker soils is used for
agriculture, which entails that kunuku plots
intersperse the dense cactus vegetation.
These plots are used for either extensive
animal husbandry, or for the growth of crops
like Sorghum (see Fig. 130). Most dams are
located on these plots.

Fig. 131
One of the scarce place where a rooi
is distinguishable in the landscape

Fig. 132
The excavations in Lac’s
catchment retain freshwater

Excavations

As was mentioned on Page 78, some of
the kunuku owners have legally or illegally
excavated their land in order to sell the
sand as construction material. This has
severe consequences for the freshwater
flows in Lac’s catchment (see Fig. 132). The
excavations are rather striking elements in
the landscape, as they create large holes on
random locations in the catchment.

Fig. 133
Earth dam, retaining rain
water, in Lac’s catchment

Fig. 134
Windmill-driven well for pumping
groundwater in Lac’s catchment

Wells

The agricultural wells are driven by windmills
and are used to collect freshwater from the
groundwater (see Page 78, and Fig. 134).
This also has an impact on the hydrological
system of Lac. With their 15 meter tall mills,
these wells are very recognizable landscape
elements which can easily be seen from a
distance.
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Landscape unit map
To conclude the analysis of Lac, I constituted
a map which locates the landscape units
which were described in the previous
paragraph within Lac. In Fig. 136, a small
version of this map is shown; a full-scale
version is added in Appendix 2. Next to the
map, the section which is visible in Fig. 135
was created in order to show the height
differences and the landscape processes in
the area. In this paragraph, I described how I
constituted this map and section.
The landscape unit map is based on the field
observations, which were described on Page
14, where the GPS-tracks of the landscape
changes were used to determine the borders
of the landscape units. Recent (September
2016) Google Earth satellite images were
used to further outline the edges of the
landscape units, and to locate landscape
elements like dams and excavations.
Furthermore, the existing soil map (Grontmij,
1968), vegetation map (De Freitas et al.,
2005) and elevation map (topographic-map,
2017)were used to outline the landscape
units and elevation of the inlands. Recent
(spring 2017) measurements by Stinapa
were used to map the depth of the bay.

Next Page: Fig. 135
Section thorugh Lac
and its catchment,
shwoing the major
processes that form the
landscape

Following Page:
Fig. 136

Small version of the
landscape unit map of
Lac’s catchment. Full
sized version is added
in Appendix 2
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ongoing sedimentation has made the bay
of Lac more shallow when comparing the
recent depth map by Stinapa with the one
by Van Moorsel and Meijer (1993). Finally,
trampling by tourists has decreased the
area of the seagrass beds around Sorobon,
in comparison to the study by Debrot et al.
(2012). has clearly decreased.
Concluding, the three main processes
that were distinguished on Pages 91-92
have led to a further deterioration of the
condition of the different habitat types in
Lac since the last studies in 2012. In the next
part of this thesis, I will seek for potential
design interventions to tackle these three
problems, in order to come to a landscape
design for Lac.

This landscape unit map provides information
for answering my first research question (see
Page 11), as it shows ‘the current state of Lac’
in one glance. The impact of the three major
processes, distinguished on Pages 91-92, is
visible on this map,a nd is further explained
in the section in Fig. 135. The lack of water
circulation decreases the water quality
in the backwaters, which supposedly has
decreased of the condition of the mangroves
in this area in comparison to the 2012
investigation (Davaasuren and Meesters,
2012; see map in Fig. 9). Furthermore,
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PART IV

DESIGN FOR LAC

Chapter 9

Potential Design Interventions

The previous sections of this report dealt
with the analysis of the landscape system of
Lac, in order to answer the first two research
question which were stated on Page 11. The
gathered information serves as input for
this section of the report, in which a design
for Lac’s catchment is made. In this first
chapter of this section, the third research
question is answered by describing a series
of potential design interventions that can be
made in order to solve the problems which
were indicated in the problem tree on Page
92. These potential design interventions
incorporate the design guidelines and the
design starting points which were already
mentioned in the flow chart in Fig. 14 on
Page 12. The set of potential interventions
serves as a toolbox which is used for the
design variants, which are described in the
next chapter.

the problems are also interrelated and often
require an integral approach.
Each of the interventions is presented in the
same way. First, the design starting point
is described, which entails the problem
found throughout the landscape analysis
which the intervention aims to solve. The
stakeholders which are involved in this
problem are also described. From there,
literature-based design guidelines are stated
which describe the way the intervention
works to solve that problem. This is followed
by a SWOT-analysis of each intervention,
outlining the intervention’s Strengths, its
possible Weaknesses and uncertainties,
the Opportunities for integrating other
interventions, and Threats or objections to
the intervention. This analysis points out
what the effects and obstructions of the
interventions are, which should be dealt with
when using the interventions in a design.

The potential interventions are structured
based on the problem tree, which
distinguished three main problems in Lac:
Lack of Water Circulation, Sedimentation
and Disturbance by Tourists. This chapter
classifies the interventions according to
the problem they tackle. Some of these
potential interventions are interrelated, as
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1. Improving Water circulation
The potential solutions for improving the
water circulation focus on diverse aspects of
the hydrological system of Lac, as described
on Pages 68-70. Interventions 1.1 until
1.4 focus on enhancing tidal flows, while
intervention 1.5 aims at using freshwater
flows to improve water circulation.
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1.1 Cutting canals through the
mangroves

operators might also get involved as users of
the canals.

Starting Point; Problem

Guidelines for Solution

The lack of tidal flow in the backwaters,
which is partly caused by mangroves which
have overgrown the former canals (see Page
72).

Stakeholders
Fig. 137
Principle map for
intervention 1.1

As manager of the area, Stinapa is main
stakeholder. Local fishermen or tour

Currently, Stinapa is (re)cutting former
canals through the mangroves, in order to
improve water flow towards the backwaters.
Commissioned by Stinapa, Regensburg
(2013) already researched that larger canals
(ca. 4 meter wide) generate higher flow
velocities, thus transport relatively more
water towards the backwaters.

Strengths

These new canals reinforce water circulation,
especially to the backwaters, which improves
the water quality and potentially creating
better conditions in order to stop mangrove
die-off.

Weaknesses

It is not yet known whether re-cutting canals
will improve the water quality sufficiently to
stop mangrove die-off, or cause mangrove
regrowth; Stinapa is currently studying the
effects of the first canals that have been cut.

Opportunities

Canals could also be used for human
purposes, like kayak tours or fishing (see
Intervention 3.1). The cut canals could be
used in combination with dredged canals
(Intervention 2.4).

Threats

Both cutting and maintaining these canals
requires a lot of work due to the high growth
rate of mangroves. Canals with low flow
velocities are known to be more subject to
overgrowing than canals with high velocities,
which emphasizes the need of wide canals
(see Regensburg, 2013). Furthermore, when
canals are used by humans, they can regularly
maintain them to prevent overgrowing.
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1.2 Placing rocks on the seabed
to steer and reinforce water flows
Starting Point; Problem

The low amount of tidal water flow circulating
through the mangroves (see Page 72)

Stakeholders

Since this intervention impacts upon the
locations where people can boat or surf, all
users of Lac are involved.

Guidelines for Solution

Originating from building with nature
(Page 19), there are many examples of
artificial reefs, created to control erosion or
enhance certain water flows. In Lac, such
an intervention can reinforce and direct
the tidal water flows in order to increase
flow velocities in the mangrove canals (see
Intervention 1.1).

movements, these rocks can also protect
certain locations from tourism disturbance
(see Intervention 3.6).

Threats

The high amount of uncertainty on the
effectiveness of the intervention, in
combination with possible side-effects,
makes that this intervention involves high
risks. Moreover, other users of Lac are likely
to object to the limitation in their boating
routes because of these rocks.

Fig. 138
Principle map for
intervention 1.2

Strengths

By directing the tidal water flows into the
mangrove canals, these rocks can enlarge
the volume of water flowing towards the
backwaters, which improves the water
quality and potentially creating better
conditions for mangroves to regrow.

Weaknesses

This solution needs to be thoroughly
computed to prove that it has the
desired effect on the water circulation.
Simultaneously, unexpected side-effects of
these rocks on sedimentation and seagrass
quality need to be studied.

Opportunities

(Controlled) sediment accretion around
the rocks can be used to advantage, as in
Intervention 2.3. By limiting users in their
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1.3 Company extracting saltwater
from backwaters of Lac
Starting Point; Problem

The lack of tidal flow in the backwaters.

Stakeholders

The main stakeholder is Stinapa, but Cargill
(or other new companies) are also crucial.

Guidelines for Solution
Fig. 139
Principle map for
intervention 1.3

Cargill Saltworks used to pump saltwater
from the backwaters of Boca Djukfes, in the

south of Lac, (see Page 98) for harvesting
sea salt, which had a positive effect on water
circulation and decreased salinity levels.
The pump has very recently be removed,
but could be reconstructed for improving
water flow. In the same way, new saltwater
extracting companies at other backwaters of
Lac might provide a similar solution.

Strengths

The reinforced water circulation improves
the water quality in the backwaters and
creates better conditions for mangroves.

Weaknesses

It is not yet known for certain that the water
quality in the backwaters will improve to
such an extent that the mangroves will
regrow. This also largely depends upon the
saltwater demand of the company, and the
way that is harmonized with the required
amounts of saltwater for the mangroves.

Opportunities

The extraction points or new companies
might be an interesting tourism incentive,
offering new tourism experiences (see
Intervention 3.2) and help diversifying the
tourism product.

Threats

As Cargill has recently removed the
infrastructure of their pump, their desire
to use water from Lac is probably limited.
Constructing a new saltwater-extracting
company along the northern side of Lac
should be done with care in order to follow
the guidelines for anthropogenic structures
as stated by RAMSAR.
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1.4 Water Underpass near Cai or
Puitu
Starting Point; Problem

The lack of tidal water flow in the mangroves.

Stakeholders

Threats

This solution needs a large human
intervention, which strongly impacts water
flows while the results of the intervention are
not entirely known. Moreover, it will impact
the road to Cai, and the users (tourists and
fishermen) that use this road.

Main stakeholder is Stinapa, but this
intervention will also affect the people at Cai
as it might block their only access route.

Guidelines for Solution

Stinapa already researched the possibility
of creating an extra underpass in the dam
that connects to Cai. This would provide an
extra location for sea water to flow into Lac,
enlarging the tidal flow in the bay. Earlier
research on this intervention commissioned
by Stinapa showed that the proposed culvert
would not have the desired effect regarding
water quantity, which made a bridge the
most preferred intervention on this location.

Fig. 140
Principle map for
intervention 1.4

Strengths

The enlarged water flow into Lac probably
improves the water circulation in the lagoon,
which in turn enhances the water quality.

Weaknesses

The only possible location for this
intervention is the dam towards Cai, but the
area of mangroves there is rather healthy
already. It is therefore doubtful whether
this intervention will help in the locations
where water quality is worst. Probably, extra
canals (see Intervention 1.1) need to be cut
to reach this goal.

Opportunities

If wave activity is limited, the extra access
to Lac might also be useful for fishermen or
maybe even kayak tours (see Intervention
3.1).
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1.5 Reinforce freshwater flows
towards Lac
Starting Point; Problem

Fig. 141
Principle map for
intervention 1.5

Salinization in the backwaters and lack of
water flow in the mangroves of Lac, partly
caused by blockages of the scarce amounts
of freshwater (see Pages 78-79).

Stakeholders

The general stakeholder here is Stinapa,
some farmers may get involved when looking
at the way their dams block freshwater
flows.

Guidelines for Solution

The scarce amounts of freshwater that flow
into Lac can be collected and distributed
in such a way that they enhance water
circulation on critical locations in the
mangroves.

Strengths

Using the freshwater more efficiently for
reinforcing the water circulation in Lac
supposedly enhances the water quality of
the lagoon, especially regarding salinity
rates, which might in turn allow mangroves
to regrow in the backwaters.

Weaknesses

The amount of freshwater in Lac’s catchment
is low, and it occurs at infrequent times.
This makes the effects of this intervention
uncertain, as they vary largely depending
on the amount of rainfall. The intervention
should also be designed to deal with peak
periods in rainfall.

Opportunities

The intervention might be used to open the
backwaters for tourists (see Intervention
3.1), or to link Lac more strongly with its
catchment for tourists (see Intervention 3.3).

Threats

Terrestrial runoff from the catchment area
contains sediments (see Page 70), which are
a big threat when flowing into Lac. A solution
to prevent this might be to filter the water
beforehand (see Intervention 2.1), causing
water to flow through the mangroves but
sediments to be trapped.
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2. Preventing Sedimentation
As was already outlined in Pages 70-71,
the problem of sedimentation in Lac is
very complex. It consists of three types of
sedimentation (erosion from mainland,
exogenous sediments from outer sea,
and indigenous sediment production
by calcareous algae), which all bring
other problems and thus require other
solutions. The interventions for preventing
sedimentation in Lac therefore focus on a
wide variety of aspects of sedimentation.
Intervention 2.1 focusses on trapping
sediments, while interventions 2.2 and
2.3 focus on controlling sediment flows.
Intervention 2.4 aims at removing already
deposited sediments, and interventions
2.5 and 2.6 eventually aim at restoring the
biotic effects of sedimentation, in this case
mangrove expansion and die-off.
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2.1 Catching sediment from the
Rooien

problem, but in this intervention they need
they co-operate with famers.

Starting Point; Problem

Guidelines for Solution

Sedimentation caused by eroded material
from inland, transported to Lac via the
Rooien in case of terrestrial runoff (see Page
70).
Fig. 142
Principle map for
intervention 2.1

Stakeholders

Stinapa has most interest in solving this

In January 2017, a concrete sediment trap
was constructed in the road towards Cai.
It catches sediments from water streams
flowing over the road, and has proven
its relevance an various locations on the
island. Sediment might also be trapped by
vegetation, which can be planted along the
Rooien, or as a rim around Lac.

Strengths

New sediments are prevented from flowing
into Lac, so that Lac does not become more
shallow due to inland sediments.

Weaknesses

As was already pointed out in the analysis,
the amount of sediments coming from
inland seems to be rather low (see Page 70).
This solution can therefore only solve a very
small part of the sedimentation-problem,
which means that its contribution to Lac’s
ecosystem might be negligible.

Opportunities

New planting along the rooien and around
Lac can offer valuable new tourism
experiences and therefore contribute to the
diversification of Lac’s tourism product (see
Intervention 3.2 and 3.3). This intervention
also strongly relates to Intervention 1.5.

Threats

Vegetation on Bonaire is subject to
grazing, though exclosures have proven to
prevent such overgrazing (see Fig. 88). For
interventions along the rooien, their unclear
flow path makes it hard to intervene along
these flows; farmers may also object to such
interventions on their land.
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2.2 Creating strong currents
to prevent sediment from
depositing
Starting Point; Problem

The deposition of sediments in Lac, as
described on Pages 70-71.

Stakeholders

Threats

The risk and uncertainty of this intervention
are very high, and it is hard to determine what
the negative side effects of this intervention
would be. Moreover, if this works, the
sediments get transported to open sea and
are deposited on the coral reefs, which are
also very sensitive for sediment deposition.

Stinapa is the main stakeholder in this
intervention.

Guidelines for Solution

By creating stronger currents in Lac, water
will flow with higher speed and therefore
sediment will not be able to be deposited.
This can be used for all types of sediment;
Halimeda, exogenous sediment from sea
and sediment from inland. Instead of being
deposited in Lac, the sediments will be
transported towards sea.

Fig. 143
Principle map for
intervention 2.2

Strengths

Structures like canals will be necessary to
achieve this; they should increase the tidal
prism, the water volume flowing in and out
with high and low tide, which is known to
prevent sedimentation because of higher
flow velocities.

Weaknesses

It is very uncertain whether the tidal prism
of Lac can reach a sufficiently high amount
to increase flow velocities high enough
to transport the sediment rather than
depositing it. Probably large scale human
interventions are necessary to make this
solution work.

Opportunities

Opportunities relating to this intervention
are dependent on the elaboration of the
intervention, and are therefore yet unknown.
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2.3 Controlled Sedimentation
Starting Point; Problem

The deposition of sediments in Lac, which
causes the entire bay to become more
shallow (see Pages 70-71).

Stakeholders
Stinapa is
stakeholder.
Fig. 144
Principle map for
intervention 2.3

this

intervention’s

main

In The Netherlands, people have centuries of
experience with controlling sedimentation
in order to build new land, which is also
used in more recent Building-with-Natureprojects (see Page 19). The same principles
can also be used in Lac to steer water flows
and concentrate sedimentation on strategic
locations. Instead of ongoing sedimentation
throughout the entire bay, such interventions
can accumulate sedimentation on strategic
spots and prevent further sedimentation on
other spots.

Strengths

Instead of fighting it, this intervention
concentrates sedimentation on assigned
spots in order to prevent other strategic
places from sedimentation.

Weaknesses

Like in Intervention 2.2, it is uncertain
whether we can accelerate water flows
to such an extent that sediment is indeed
transported towards the designated
accumulation places. Next to that, the
locations for accumulation should be chosen
with care in order not to block important
water flows; these location should also
be large enough to be able to accumulate
sufficient amounts of sediment.

Opportunities

The structures that trap sediment might
be used for recreational purposes, like in
Intervention 3.4.

Threats

Though Stinapa is undertaking research on
this subject, the exact water flows in Lac are
yet unknown, which makes it very hard to
predict the ways sediment will accumulate
around man-made structures.
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2.4 Dredging
Starting Point; Problem

Deposited sediments in Lac which make the
bay more shallow, which obstructs water
flows and accelerate heating and salinization
(see Pages 70-74).

Stakeholders

Stinapa is the main stakeholder, though
fisherman or kayak tour operators might
start using the waters after dredging.

Guidelines for Solution

to sell dredged sand; when the sand can
successfully be sold, it competes with illegal
excavations in the catchment (see Page
78), which might make it less lucrative to
excavate farmland.

Threats

Dredging dislodges sediments which remain
suspended, redepositing later in undesirable
locations like seagrass beds or corals;
dredging should therefore be done very
carefully.

Fig. 145
Principle map for
intervention 2.4

Stinapa is currently researching the effect
of several small dredged patches in the
backwaters of Lac, which is meant to improve
the water circulation in these shallow
waters. When this turns out to be successful,
larger parts of the bay may be dredged. This
might be done on large scale, but also more
strategically by dredging canals which direct
water flows to crucial spots in the bay.

Strengths

Dredging makes the bay deeper again by
taking out deposited sediments, reinforcing
water circulation and creating better
circumstances for mangroves and seagrass
beds to grow.

Weaknesses

Dredging takes out deposited sediments,
but is does not stop ongoing sedimentation,
which means that dredging remains an
ongoing activity.

Opportunities

Strategic small-scale dredging might be
combined with the canal structures in the
mangroves (see Intervention 1.1), or maybe
with the creation of new kayak routes (see
Intervention 3.1). In their pilot, Stinapa tries
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2.5 Cut Mangroves
Starting Point; Problem

Since Lac becomes more shallow, mangroves
can grow further into the bay, overgrowing
seagrass beds (see Page 72).

Stakeholders

Stinapa is the main stakeholder, but other
users of Lac will also be affected by this
change of the environment.
Fig. 146
Principle map for
intervention 2.5

Guidelines for Solution

As was mentioned on Page 72, mangroves
have overgrown large parts of Lac since the
1960s. On small scale, Stinapa currently
tries to fight further expansion by removing
young mangrove seedlings. This intervention
takes that practice further by proposing
the removal of full-grown mangroves,
decreasing the mangrove area. In its most
extreme form, mangroves can be cut up
to the 1960s’ situation (as described by
Wagenaar-Hummelinck and Roos, 1969).

Strengths

On longer timescale, this intervention
postpones the moment by which the bay
will be overgrown. On short term, it provides
more space in Lac for seagrass beds.

Weaknesses

This solution focusses on one of the
consequences of sedimentation, but
does not solve the origin of the problem;
therefore, the mangroves will probably grow
back to their current situation in a short
period of time.

Opportunities

Cutting mangroves reduces the amount
of mangroves blocking tidal flows, which
contributes to reinforcing tidal flows towards
the backwaters, maybe in combination with
cutting canals (Intervention 1.1).

Threats

On short term, cutting mangroves on
such a large scale would have a large and
unpredictable impact upon Lac’s ecosystem.
As the long term benefits are not clearly
known, the question arises whether this
intervention is worth taking the risk.
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2.6 Planting mangroves in
backwaters
Starting Point; Problem

Mangrove die-off in the backwaters of Lac,
caused by sedimentation which blocks
water flows and accelerates heating and
salinization (see Pages 70-74).

Stakeholders

Stinapa is major stakeholder in this
intervention.

Guidelines for Solution

combined with for example Intervention
2.4 or 1.1. The design of the position of
the planted mangroves can furthermore
be beneficial for tourism, by creating a
sequential landscape experience (see Page
22), see Intervention 3.5.

Threats

Planting mangroves requires man-made
structures, and will disturb wildlife in the
backwaters. However, the direct human
impact is rather low, and most effect will be
reached by natural processes of mangrove
growth.

Fig. 147
Principle map for
intervention 2.6

Several projects, like the one described
by Debrot and Bosma (2017), show the
success of replanting mangroves through
man-made structures in order to reforest
places where mangroves have died. This
can also be deployed in Lac to accelerate
reforestation of the backwaters. Mangroves
could be planted from the end of the canals
(see Intervention 1.1), where conditions are
probably most optimal.

Strengths

From the planted locations, mangroves can
slowly grow and expand and regrow over
the backwaters. Planting mangroves thus
creates a starting point for the restoration of
mangroves in this part of Lac.

Weaknesses

The water quality in the backwaters firstly
needs to be improved to such an extent
that the seedlings start growing. Whether
this will cause recolonization rest of the
backwaters is uncertain, though the project
by Debrot and Bosma (2017) shows that this
could work.

Opportunities

To provide optimal circumstance for
mangroves, this intervention should be
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3. Tourism Development
Apart from the natural processes of
sedimentation and water flow, the problem
tree also designated Tourism Disturbance
as one of the major problems in Lac. The
following potential interventions are meant
to sustainably manage tourism development
around Lac, and should often be deployed
in combination with one of the earlier
interventions to provide a synergetic solution
for Lac. Interventions 3.1 and 3.2 focus
strongly on the perspective of the tourists,
by offering new or more experiences around
Lac. Interventions 3.3 and 3.4 focus on ways
to benefit both tourism and ecology, while
interventions 3.5 and 3.6 aim at limiting
the disturbance by tourists in the most
vulnerable parts of Lac.
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3.1 Distribute existing tourism
(kayak) activities
Starting Point; Problem

Concentration of tourists on a few spots in
Lac, creating high disturbance of nature on
these spots (see Page 89-90). Moreover, all
kayak operators follow the same route and
thereby sometimes meet other groups (see
Page 88).

Stakeholders

Existing tourism entrepreneurs are main
stakeholders in this intervention. Stinapa
stands more on the side by creating the
zoning plan with guidelines that tourists
should follow (see Pages 79-80).

Threats

This solution would entail new tourism
impact on ‘unharmed’ locations. This should
be planned adequately before allowing
tourists to visit these new locations.

Opportunities

Kayak tours can provide a solution for
the maintenance of the mangrove canals
(see Intervention 1.1), as use by kayaks
keeps these canals open (see Page 89).
Furthermore, this solution can be used in
combination with other benefits for tourism,
like Interventions 3.2, 3.3 and 3.4.

Fig. 148
Principle map for
intervention 3.1

Guidelines for Solution

This solution consists of many interventions;
Kayaks could be better distributed by
creating more canals (see Intervention 1.1),
or allowing them to go to other places.
Surfers might be interested to surf not only
from Sorobon, but also from Cai.

Strengths

Distributing tourists reduces their impact
on the spots where they are currently
concentrated by distributing disturbance
over a larger area. Elaboration of this
intervention might result in a ‘kayak-loop’,
in which all kayak operators follow a circular
route and therefore can follow each other
closely without meeting each other.

Weaknesses

Tourism disturbance is now limited to
specific places, at some of which it exceeds
the carrying capacity (like the seagrass beds
at Sorobon, see Page 84). Distributing these
tourists might mean that this limit exceeded
on even more places, which would only
cause more damage the ecological system.
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3.2 Offer new tourism
experiences
Starting Point; Problem

Concentration of tourists on a few spots in
Lac, doing the same activities, creating high
disturbance of nature on these spots (see
Pages 89-90).

Stakeholders
Fig. 149
Principle map for
intervention 3.2

Existing tourism entrepreneurs are main
stakeholders, Stinapa stands more on the
side by creating and enforcing the guidelines
which the tourists should follow.

Guidelines for Solution

Just like intervention 3.1, this intervention
provides new possibilities for tourists which
reduces their impact on the locations
where they currently concentrate. Such
interventions allow for other uses than
currently available at Lac; this could be
diverse experiences; maybe the islands in
Lac are opened for tourists, or completely
new structures are built like view towers.

Strengths

Distributing tourists reduces their impact
on the spots where they are currently
concentrated by distributing disturbance
over a larger area. Since these new
experiences can be designed in any possible
way, they might even be designed in such
a way that they do not have impact on
Lac at all. The types of new experiences is
therefore limited to activities that do not
bring negative impact to Lac.

Weaknesses

These depend largely upon the elaboration
of this intervention. Just like in Intervention
3.1, the carrying capacity of the locations
for new developments is crucial. Moreover,
it is important to see whether these new
experiences do not attract even more
tourists to the area, which might eventually
bring only more damage to the area.

Threats

Depending on the type of activity, the new
experiences may involve even more impacts
upon the ecosystem of Lac.

Opportunities

The new activities can be designed is such
a way that they benefit a wide variety of
other solutions, that depends on the type of
activity.
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3.3 Use Rooien as incentive for
(eco)tourism routes
Starting Point; Problem

The singular focus of the tourism product of
Lac as mentioned on Page 86.

Stakeholders

Tourism associations, maybe the government
as it tries to steer diversification of the
tourism product (see Eilandgebied Bonaire,
2010).

Guidelines for Solution

Threats

As shown in the landscape unit map, most
of these rooien cross the farmlands in the
catchment. These landowners might object
to the construction of paths over their lands.

Opportunities

As was already mentioned, this intervention
could be done in combination with
Intervention 2.1 or Intervention 1.5,
creating a sediment-trapping or freshwaterreinforcing tourism structure throughout
the catchment.

Fig. 150
Principle map for
intervention 3.3

Redesigning the Rooien, for example in
combination with sedimentation-trapping or
water-related interventions like Intervention
2.1 or Intervention 1.5 can also stimulate
recreational use of these landscape
elements. The rooien can function as a link
between Lac and (eco)tourism attractions in
the catchment, like the Bara-di-Karta Trail.

Strengths

These new routes emphasize new sorts of
tourism in Lac, which link with the catchment
and therefore diversify the tourism product
of the area. They also help distributing
tourists over the area, which decreases their
impact upon the locations they now tend to
visit.

Weaknesses

As mentioned on Pages 68-69, the rooien
are currently not well-defined. It is debatable
whether these elements are strong enough
in the landscape to serve as incentives
for new tourism activities. Moreover, as
described in the Theoretical Framework
(Page 22), these routes should link to other
attractions in order to become attractive
themselves.

Chapter 9: Potential Design Interventions

124

3.4 Moorings and footbridges
through the mangroves
Starting Point; Problem

Concentration of tourists in a few parts of
the mangroves, causing high disturbance on
these spots (see Page 89-90).

Stakeholders

Both Stinapa, creating the guidelines for
tourism in Lac, and the kayak operators,
offering the kayak tours, are important
stakeholders in this intervention.
Fig. 151
Principle map for
intervention 3.4

Guidelines for Solution
By

creating

a

couple

of

designated

moorings throughout Lac, where people
can disembark their boats in a controlled
way, freely exploring the vulnerable area
is prevented. This approach was proven
successful in National Park the Weerribben
in The Netherlands, because it offers new
tourism experiences (see Interventions 3.1
and 3.2) while simultaneously controlling
and steering tourists.

Strengths

New structures are added throughout the
mangroves, distributing tourists over a
larger part of this area and simultaneously
controlling these tourists by offering specific
locations for them to visit. Kayakers might
be allowed to explore the mangroves
by themselves, guided by the mooring
locations.

Weaknesses

Leaving tourists by themselves in the
mangroves brings some risk, as there is no
guide available any longer to control their
behaviour. Moreover, like in Interventions 3.1
and 3.2, it should be thoroughly researched
whether these tourism activities do not
excessively impact upon the new locations.

Threats

This solution would entail new tourism
impact on ‘unharmed’ locations. This should
be planned adequately before allowing
tourists to visit these new locations,
especially when tourists are left to explore
the mangroves by themselves.

Opportunities

The constructions for the moorings could
be designed in such a way that they benefit
controlled sedimentation (Intervention 2.3),
and tourists could be guided through new
canals (Intervention 1.1) which are then
indirectly maintained (see Page 89).
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3.5 Screen-system to separate
tourists from flamingos

Threats

Disturbance of flamingos in the backwaters
by tourists; as mentioned on Page 36,
flamingos are highly sensitive to human
disturbance.

Even though the impact tourists might have
on the backwaters is considered in this
intervention, it still entails allowing people
to enter waters which are now forbidden to
visit. If tourists would not be allowed to visit
these waters, this intervention would not be
necessary either.

Stakeholders

Opportunities

Starting Point; Problem

Stinapa is the main stakeholder in this
intervention, though they relate to tour
operators.

Guidelines for Solution

When planting mangroves in the backwaters
(see Intervention 2.6), this can be done in
such a configuration that the mangroves
provide a screen between the tourists and
the main flamingo areas. Moreover, such a
screen can create a sequential landscape
experience (see Page 22) for the tourists
kayaking between these mangroves.

This idea is an adaption of Intervention 2.6,
and can be applied in combination with
the cutting (Intervention 1.1) or dredging
(Intervention 2.4) of canals that lead water
towards these backwaters. These canals
moreover prevent kayaks from getting stuck.

Fig. 152
Principle map for
intervention 3.5

Strengths

The mangroves are not only valuable for regrowing the backwaters (like in Intervention
2.6), but simultaneously decrease the
disturbance of flamingos by tourists.
Moreover, it allows tourists to visit more
locations in Lac, which also decreases their
impact on the locations which they currently
visit.

Weaknesses

The planted seedlings should start growing
sufficiently before this intervention can be
adapted, since the screen-effect only works
when the mangroves are fully grown. Apart
from that, kayaking in the shallow backwaters
is a risk, as careless tourists might get stuck
in the shallow mud.
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3.6 Improve seagrass exclosures
Starting Point; Problem

Trampling of seagrass beds by beach and
surf tourists, and the low visibility of the
buoy line in Lac protecting the seagrass beds
from surfers (see Page 87).

Stakeholders

Stinapa needs to work together with the surf
operators in order to apply this intervention.
Fig. 153
Principle map for
intervention 3.6

Guidelines for Solution

The existing exclosures around Sorobon

have proven their value, as long as they are
well-maintained (see Page 84). However, as
was clear from interviews (see Page 87), the
buoy line which should have the same effect
for the seagrass beds near the mangroves
is hardly visible for surfers. Improvement
of this line would better protect these
seagrass beds from surfers. Simultaneously,
the exclosures near Sorobon might be
redesigned in such a way that they require
less maintenance, which better protects
these seagrass beds.

Strengths

As tourists, especially surfers, are more
aware of the lines, they will presumably stay
out of the seagrass beds (just like happens
now in the well-maintained exclosures
at Sorobon). This limits trampling of the
seagrass beds, and therefore protects these
vulnerable habitats.

Weaknesses

The way this intervention works is quite
simple and has proven its value with the
well-maintained lines at Sorobon (see Page
84). The major uncertainties are thus related
to the maintenance of these structures.

Threats

As this intervention builds upon existing
interventions like buoy lines and exclosures,
there are not many objections to be
expected.

Opportunities

This solution can be used in combination
with the rocks from Intervention 1.2, which
also prevent surfers from entering these
waters because of the risk of damaging their
boards on the stone (just like surfers stay
away from the reef because of the same
risk).
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Chapter 10

Design Variants

Throughout the previous chapter, I outlined
a series of potential design interventions
and described how these were derived
from the landscape analysis (design starting
points) and the literature study (design
guidelines). In this chapter, I combine these
potential interventions in order come to
synergetic design solutions for Lac. In order
to systematically explore the combinations
of interventions, I design a couple of design
variants that each have a different focus
with regards to the problems that were
distinguished in Lac. These variants are then
analysed via multi-criteria assessment in
order to come to the most synergetic design
concept for the design for Lac’s catchment.

Prioritizing
On Page 13, I already described that I would
determine the focus of each design variant
by using the same prioritization-method as
Van Reijn (2016) introduced in her thesis.
This method is meant to systemically come
to a design variant that creates the best
possible synergy between the different
elements of a complex design, which makes
it very valuable for my thesis. It entails a
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series of design variants that each give
priority to different problems in the study
area, thereby approaching the design from
different viewpoints. The resulting variants
are then tested on multiple criteria, which
also focus on these different problems. The
main idea behind this approach is that the
variant(s) that are eventually ranked highest
create the best possible synergy between
the different elements.
This prioritization-method starts with
distinguishing three main elements. For
designing the variants, the same three
elements are used as for the potential design
interventions. These are the three problems
distinguished in the problem tree on Page
92: Lack of Water Circulation, Sedimentation
and Tourism Disturbance.
The next step is ranking these three problems
in different orders of prioritization, which
gives each of the design variants a different
primary and secondary focus. The first
design variant would then focus primarily
on improving water circulation, secondly
on preventing sedimentation and lastly at
tourism development. Subsequently, the
second variant would also focus primarily
on improving water circulation, but would
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secondly focus on tourism development and
lastly on preventing sedimentation. A third
variant would then have its primary focus on
preventing sedimentation, a second focus on
improving water circulation and a third focus
on tourism development. By continuing this
process of ranking, eventually six different
focusses for the design variants are created
(see also Fig. 154).

Variants

Fig. 154
Triangle showing how
each of the variants
prioritizes the different
problems in Lac

For each variant created by a different
ranking of the priorities, design concepts
were conceived that used a combination
of potential design interventions to deal
with the prioritized problems. An example
is the first variant, which focusses primarily
on water circulation and secondly on
sedimentation. The leading design concept
for this variant is the combination of
interventions 1.2 and 2.3: reinforcing water

streams which controls sedimentation.
For all six variants such combinations were
distinguished as main concepts, which led to
the titles of the variants which were already
mentioned in Fig. 154.
These concepts were further elaborated
into the design variants that are shown
on the following pages. Apart from the
major interventions that created the
design concepts, more interventions were
combined in order to come to a more
synergetic design variant. Table 5 shows
which potential design interventions are
used in which design variant; the size of
the crosses furthermore points out which
category of interventions has primary,
second and last priority.

Improving
Water Circulation

1. Steering Water
1. Water Circula�on
2. Sedimenta�on
3. Tourism

3. Hard Reset

1. Sedimenta�on
2. Water circula�on
3. Tourism

4. Rooi-Approach
1. Sedimenta�on
2. Tourism
3. Water Circula�on

Preventing
Sedimentation
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2. Water Extrac�on
1. Water Circula�on
2. Tourism
3. Sedimenta�on

5. Tourism Groups
1. Tourism
2. Water circula�on
3. Sedimenta�on

6. Divide & Rule
1. Tourism
2. Sedimenta�on
3. Water Circula�on

Tourism
Development

Beyond Ecotourism

Table 5
Table showing which
interventions (see
previous chapter) are
applied in which design
variants

Intervention
1.1
1.2

Variant 1

Variant 2

Variant 3

Variant 4

Variant 5

Variant 6

Steering Water

Water Extraction

Hard Reset

Rooi-Approach

Tourism Groups

Divide & Rule

X
X

X

X

X

X

X

X

1.3

X

1.4
X

1.5

X

2.1

X

2.2
2.3

X

2.4

X

X
X

2.5
2.6

X

3.1

X

3.2

X

X
X
X

X
X
X

X

X

X

X
X

X

3.3

X
X

3.4

X

3.5
3.6

X
X

X
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Variant 1: Steering water
Prioritization order:
1: Improving Water Circulation
2: Preventing Sedimentation
3: Tourism Development

The main aim of this design variant is to steer
the tidal water flows, in order to both lead
extra water into the mangrove canals and to
control sedimentation in the bay. In order to
achieve this, a combination of Intervention
1.2 and Intervention 2.3 is deployed.
Intervention 1.2 entails placing rocks in
Lac, that reinforce the tidal flows and guide
them towards the entrance of the mangrove
canals, which increases the amount of water
circulated throughout the mangroves.
One of the risks of this intervention, as
described on Page 110, is that sediments
accumulate around these rocks. In this
design variant, this is used to the advantage,
by placing the rocks is such a way that
sediments accumulate on strategic places
in Lac (see Intervention 2.3). In that way, the
sediments do not block the water flows, and
are less harmful for the seagrass beds in Lac.

Next Page: Fig. 155
Design variant map for
variant 1
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1.5). The sediments that are carried by these
flows are deposited near the island ridge,
where they do not block the incoming tidal
flows from the mangrove canals.
Apart from steering water streams and
controlling sediment deposition, the rocks in
Lac also serve as blockages for wind surfers.
Because of the risk of hitting these rocks,
surfers will stay away from the mangroves
and the seagrass beds, which creates a better
protection of this area (see Intervention 3.6).
By keeping a shallow space open between
the mangroves and the rocks, there remain
however passageways for small (research/
fishermen) boats and kayaks that want to
enter the mangroves. In that way, current
tourism activities in Lac can remain, though
no new tourism developments are planned
in this variant.

The water flows are further guided through
the mangroves by new canals (Intervention
1.1), in order to reach the backwaters where
water circulation is currently insufficient.
The location of these canals, as visible on
the map in Fig. 155, is derived from aerial
photographs in the study by WagenaarHummelinck and Roos (1969), where the
former canals are still visible.
In these backwaters, a similar approach of
reinforcing water streams and controlling
sedimentation is used. New canals are
created here via dredging (see Intervention
2.4), which steer the freshwater flows
through the backwaters (see Intervention
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Variant 2: Water Extraction
Prioritization order:
1: Improving Water Circulation
2: Tourism Development
3: Preventing Sedimentation

The aim of this variant is to reinforce
the water circulation throughout Lac by
extracting water from the backwaters.
These extraction points can moreover
be developed as incentives for tourism
activities. The basis for this variant is
Intervention 1.3, which builds upon the
former extraction point for the Saltworks in
the south of Lac. By extracting water from
the backwaters, the water flow towards
these waters is reinforced which should
improve the water quality. In order to guide
the tidal flows towards the extraction points,
canals are cut through the mangroves and
dredged through the backwaters, just like
in the previous variant (see Intervention 1.1
and Intervention 2.4). The flow direction of
these canals, as visible on the map in Fig.
156, is based on the clockwise flow of the
tidal flows through Lac (see Page 69).
Both the Saltworks-extraction point, which
can be reactivated, and a new extraction
point in the north of the bay that reinforces
the flows to the extensive backwaters,
can serve as incentives for new tourism
experiences (see Intervention 3.2). Each
of them then serves a different group of
tourists, because of the distribution of these
groups as described on Pages 86-89. The
northern extraction point focusses more
on land-based tourists, and can be linked
to the kayak tours in this area which are
beneficial for maintaining the mangrove
canals (see Page 89). Other experiences, like
viewpoints that use the height differences of
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the different limestone terraces, might also
be added in this area.
The extraction point at the Saltworks relates
more strongly to the water sports and beach
tourists at Sorobon. The canals that are cut
towards this extraction point can be used
for short mangrove tours, which respond
to the wishes of these groups of tourists.
This distributes the mangrove tours over
a larger area, reducing their impact on the
few locations which they visit now (see
Intervention 3.1)
The area between the two extraction points
serves as a undisturbed ecological area.
Canals are cut here in order to transport
water to the northern extraction point,
which keeps the mangroves in this area
healthy. In order to make sure that the
kayaks at the extraction point do not disturb
the flamingos in the undisturbed part of the
backwaters, young mangroves are planted
in screens along the dredged canals (see
Intervention 3.5). These young mangroves
also accelerate the regrowth of mangroves
in these waters (see Intervention 2.6).

Previous Page: Fig. 156
Design variant map for
variant 2
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Variant 3: Hard Reset
Prioritization order:
1: Preventing Sedimentation
2: Improving Water Circulation
3: Tourism Development

This design variant starts from acknowledging
that filling in of Lac by sediments in
an inevitable ecological process. Even
though we can try to slow the process,
sedimentation will continue on a longer
timescale. Therefore, this variant aims to
set the process of sedimentation back in
time, by large-scale cutting of expanded
mangroves and dredging of areas that
have become more shallow. As guideline
for this design variant serves the report by
Wagenaar-Hummelinck and Roos (1969),
in which the processes of sedimentation
and mangrove expansion did not yet have a
major influence on the landscape of Lac. The
interventions should be done in such a way
that the situation which is described in that
report, concerning the area which was then
covered by mangroves, is restored.

Next Page: Fig. 157
Design variant map for
variant 3
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This variant thus builds mainly upon
Intervention 2.5, which aims to cut the
expanded mangroves in order to stop
sediment trapping and blockage of water
circulation by the roots of the mangroves.
By also restoring the former canals through
the mangroves, most of which still existed in
1969, the water flow towards the backwaters
is further reinforced (see Intervention 1.1).
Dredging happens both at the seaward side,
at locations where mangroves have been
cut, and in the backwaters (see Intervention
2.4). In the backwaters, dredging happens
in phases. The first phase involves dredging
close to the mangroves, and subsequently
planting young mangroves in this area (see

also Intervention 2.6). From here, each phase
continues further into the backwaters, stepby-step reinforcing the water circulation in
this area. In order to prevent new inland
sediments from entering Lac, a sediment
trap is constructed along the northern road
(see Intervention 2.1).
One of the consequences of the cutting of
mangroves is that the area which is now
used by kayak groups will get less interesting,
as the variation of coves will disappear.
Therefore, in this variant the kayak tours are
moved to the western side of Lac, where
they can explore a variety of new canals and
access a couple of mangrove islands, offering
a new experience during the kayak tours
(see Intervention 3.2). As a result of this,
the quiet ecological zone is moved towards
the north-eastern side of Lac, which is now
completely free from tourism activities.
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Variant 4: Rooi-Approach
Prioritization order:
1: Preventing Sedimentation
2: Tourism Development
3: Improving Water Circulation

This design variant focusses strongly on the
rooien; it aims at catching the sediments from
the rooien via new planting (see Intervention
2.1), and at using the rooien as new tourism
routes to link Lac to the Bara di Karta-trail
(see Intervention 3.3). These interventions
stretch out through the entire catchment of
Lac, by introducing new sediment-trapping
plantings and routes through the entire
area. In that way, a new way of access to
this area is created, which links Lac to the
Bara di Karta-trail (see Hulsebosch, 2016).
These new routes link different agricultural
elements to each other, and moreover
provide an opportunity to make the rooien
more distinguishable in the landscape.
The location where the rooien flow into Lac
provides an interesting landscape change
(see theoretical framework, Page 22) which
can serve as a tourism incentive which
strengthens the link between the rooien and
the bay. This connection can be reinforced
by expanding the kayak tours to link to
this location. This expansion furthermore
distributes these tours over a larger area
(see Intervention 3.1).
This tourism incentive is further emphasized
by designing it in combination with plantings
along Lac, that catch the last sediments
from the rooien before entering Lac. This
accumulation of sand slowly elevates the
mudflat, which makes it more suitable for
vegetation to grow (see also landscape
unit ‘mudflat’, Page 97). From here, the
mudflat can become more interesting for
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both ecology and tourists. The new tourism
incentive can then be a starting point for
offering new tourism experiences along
the shore of Lac (see Intervention 3.2). By
planting similar plantings along the shore
of Lac, sediments that are flowing into Lac
from other parts of the catchment are also
trapped.
Apart from trapping sediments and
developing tourism, the rooien can also
be used for improving the water quality in
the backwaters by reinforcing freshwater
flows (see Intervention 1.5). To direct these
water flows, canals are dredged through
the backwaters (see Intervention 2.4) which
are maintained by the kayak tours, which
use these canals to reach the new tourism
location. These canals improve the water
quality in the backwater, which allows
mangroves to regrow. This regrowth can
be accelerated by planting new mangroves
along the canals (see Intervention 2.6).

Previous Page: Fig. 158
Design variant map for
variant 4
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Variant 5: Tourism Groups
Prioritization order:
1: Tourism Development
2: Improving Water Circulation
3: Preventing Sedimentation

This design variant aims specifically at
allocating each tourism group and each
activity at a specific location in Lac. It
adjusts the activities to the type of tourists
visiting the location, and to the tourism
resilience of the habitat types in Lac (see
theoretical framework, Page 20). The new
locations for tourism activities are assigned
in combination with interventions for
improving the water circulation, where the
tourist activities like kayak tours keep these
new canals open for water circulation (see
Page 89).

Next Page: Fig. 159
Design variant map for
variant 5
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The zones for different types of tourists
largely build upon the existing zoning plan
by Stinapa (see Pages 79-80). The north
eastern part of Lac, with the mangrove kayak
tours, is especially assigned for land-based
tourists which are interested in ecology
and therefore take long tours through the
mangroves. Currently, on busy days these
tours interfere with each other, especially
when boat and kayak tours meet.
Therefore, this variant aims to assign a
separate area to both of them, distributing
their tourism pressure over a larger area (see
Intervention 3.1). The kayaks follow a route
over the new canals, which improve the
water circulation towards the backwaters
(Intervention 1.1). This allows the kayaks
to explore new environments, like the
backwaters and the mangrove islands (see
Intervention 3.2).
The boat tours stick to the older routes
between the Mangrove Center and Cai. Here,

they can use a new passageway between
Puitu and the open sea (see Intervention
1.4), which reinforces the water circulation
in the mangroves. Due to the waves from
sea, this passageway can not be used by
vulnerable kayaks.
Apart from distributing mangrove tours
over a larger part of the northern side of
Lac, some of these tours can be relocated
to the mangrove area near Sorobon. Here,
they serve other types of tourists, like beach
and cruise tourists. Short mangrove tours, or
walking routes through the mangroves, can
be offered to these groups to give them a
small impression of this environment.
The third zone is the north western zone,
which is an ecological zone without tourism
activities. It is protected from surfers by an
improved buoy line (see Intervention 3.6).
Also in this zone, new canals are cut through
the mangroves to improve the water
circulation towards the backwaters.
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Variant 6: Divide & Rule
Prioritization order:
1: Tourism Development
2: Preventing Sedimentation
3: Improving Water Circulation

The aim of this design variant is to reduce
the concentration of tourism disturbance, by
allowing tourists to freely explore the entire
bay. This distributes the tourism pressure on
the bay over a larger area, which reduces
the pressure on the existing hotspots (see
Intervention 3.1). In order to guide the
tourists through Lac, a large numbers of
moorings is constructed in the area, which
control the tourism movements as tourists
tend to stick to the routes between these
moorings (see Intervention 3.4). These
moorings are designed in such a way that
the trap sediments on controlled locations,
which reduces sediment deposition on other
locations in the bay (see Intervention 2.3).
Each of the moorings is designed in such a
way that is offers a slightly different tourism
experience to the kayakers that visit it. These
can encompass boardwalk routes through
the mangroves, or walking routes over the
mangrove islands (see Intervention 3.2). This
variety of experiences, in combination with
the free access of Lac, allows every tourists
to combine his favourite experiences in a
kayak tour through Lac.
The large variety of possible kayak routes
makes sure that kayakers use all canals
that are newly constructed for improving
the water circulation (see Intervention 1.1).
Therefore, each of the canals is kept open
for water circulation by passing of kayaks.
Dredging new canals in the backwaters (see
Intervention 2.4) provides a better water
circulation in this area, improving the water

Chapter 10: Design Variants

quality. Moreover, these canals allow kayaks
to also explore these shallow waters. Young
mangroves are planted along these canals
in order to accelerate the regrowth of
mangroves in this area (see Intervention 2.6).
These mangroves are planted in screens, to
offer a scenic experiences for the kayaks and
moreover separate a more quiet part of the
backwaters from the part where the kayaks
are allowed (see Intervention 3.5).
By reinforcing the water flows, the canals
also transport sediments. These moorings
should be designed in such a way that these
sediments are deposited in a controlled way
throughout the mangroves. Furthermore,
a new boardwalk route along the mudflat,
which serves as a mooring, is designed to
trap the sediments from the rooien. In that
way, it slowly elevates the mudflat which
makes it more suitable for vegetation (see
also landscape unit ‘mudflat’, Page 97).

Previous Page: Fig. 160
Design variant map for
variant 6
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Multi-Criteria Assessment
Over the previous pages, I described the six
design variants that were created according
to the prioritization-method which was
introduced by Van Reijn (2016). In this
paragraph, I will assess these variants by
multi-criteria assessment. This allows me
to see how effective each variant is to solve
the different problems in Lac, eventually
pointing out which variant offers the most
synergetic solution. I firstly describe how
the assessment criteria were derived from
other research, after which I will assess the
variants on these criteria. From this analysis,
a final design variant will be chosen which is
used for the further design for Lac.

Assessment Criteria
This assessment is meant to review the
synergism of the different variants, in order
to come to the most synergetic design for
Lac. Therefore, the assessment criteria are
constructed in such a way that they asses a
part of the problem in Lac, thereby showing
the extent to which each variant deals with
each of the problems. The combination of
the criteria therefore assesses the synergy
each variant creates to tackle the different
problems in Lac.
On Page 10, the aim for this thesis was
stated as “creating a synergy of recreational
developments and modifications in the
eco-hydrological system”. The two main
criteria in this analysis therefore assess the
extent to which each variant is valuable
for tourism and ecological development,
which combined assess the synergism of
each variant. Because of the risk some of
the interventions bring to the ecological
development of Lac, a third criterion
was introduced that assesses the risk for
undesirable side effects of the variants. This
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third criterion thus functions as a ‘bottom
line’, a maximum of risk that the designs
should not exceed.
Each of the three criteria is further broken
down in two sub-criteria. This allows for the
introduction of better measurable criteria,
which each deal with an element of the
main criterion. These sub-criteria are further
explained in the following paragraphs.

Tourism Development

The first criterion is the extent to which
the variant is beneficial for tourism
developments. Throughout designing the
variants, there appeared to be roughly
two strategies to deal with the increasing
amount of tourism. These two strategies
are expressed by Interventions 3.1 and 3.2,
and they encompass either distributing
tourists over a larger area, or offering other
experiences to tourists. These are also
the two spear points that the masterplan
of Bonaire states for future tourism
developments (see Eilandgebied Bonaire,
2010)
The sub-criteria are therefore based on these
two strategies. Distributing tourists aims
to reduce the tourism pressure on the few
locations on which tourists currently tend
to concentrate by offering extra locations
for these activities (see Page 63). Offering
new tourism experiences aims to diversify
the tourism product, inviting tourists to
undertake other activities then the activities
they currently focus on. On Bonaire-wide
scale, this strategy is deployed to make the
island less dependent on diving tourism (see
Page 63). Together, these two sub-criteria
assess to what extent each variant deals
with the problems of tourism disturbance in
Lac.
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Nature Development

The second criterion focusses on the extent
to which each variant is beneficial for the
ecological system of Lac. The problem tree
on Page 92 showed three major influences
that impacted on this system; disturbance
by tourists, which was tackled by the
tourism strategies in the previous criterion,
lack of water circulation and sedimentation.
For assessing to what extent each of the
variant tackles these influences, I looked for
the ultimate consequence caused by these
problems. When a design variant tackles
this problem, that means that it addresses
a couple of causes of that problem. This
ultimate consequence was found in the
decreasing water quality of the bay, caused
by both sedimentation and a lack of water
circulation. Therefore, improving the water
quality is the first sub-criterion in this
category.
The second criteria is derived from the fact
that each of the variants has a certain amount
of uncertainty regarding the effectiveness of
the used interventions. These uncertainties
were already mentioned in Chapter 9. The
second sub-criterion therefore assesses the
proven effectiveness of the interventions,
showing to what extent the variant is likely
to reach the effects for natural development
that it aims to reach.

Risk of Side-Effects

As was mentioned before, this criterion
serves as a bottom line to guarantee that
the chosen variant has no high risk on
unacceptable side effects that undermine
the goals of the variant. The assessment of
this criterion is based on the idea of ‘critical
species’. It assesses the risk for the most
vulnerable (‘critical’) species in the area,
assuming that as long as these species are
unharmed, the less vulnerable species do
not suffer from impact either (White and
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Pickett, 1985).
For Lac, the two most vulnerable
environments were already assessed as
being the seagrass beds and the backwaters
(see Pages 75-76). The key species that make
these environments that vulnerable are the
seagrass, which is prone to trampling and
sediment deposition, and the flamingos who
are highly sensitive to human disturbance.
Therefore, the two sub-criteria for this
criterion are determined as the risk that
variant brings for the seagrass and for the
flamingos.

Assessing the variants
Now the criteria are stated, the six design
variants will be assessed on these criteria.
In order to provide data triangulation (see
Page 15), this assessment is done together
with two experts on the local environment
of Lac. These experts are Klaas Metselaar,
my supervisor, and Sabine Engel, my
commissioner. I filled in an assessment table,
as is seen in Table 6, together with both
of them, which enabled me to understand
their ways of reasoning throughout the
assessment. I deliberately separated both
assessments, in order to make sure that they
would judge the variants independently
without influence of the judgements of each
other. I combined both assessment tables
into the table that is shown in Table 6.
The assessment was done with a similar
Likert-scale as was used for assessing
tourism resilience on Page 47: -- means that
a variant has a very negative effect regarding
the criterion, ++ means a very positive effect.

Tourism Development

When looking at the scores for the first
criterion, it is clear that the prioritizationmethod had its effect on the variants. The
variants were tourism was stated a lowest
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Improving
Water Circulation

1. Steering Water

2. Water Extrac�on

1. Water Circula�on
2. Sedimenta�on
3. Tourism

1. Water Circula�on
2. Tourism
3. Sedimenta�on

3. Hard Reset

5. Tourism Groups

1. Sedimenta�on
2. Water circula�on
3. Tourism

1. Tourism
2. Water circula�on
3. Sedimenta�on

4. Rooi-Approach

1. Tourism
2. Sedimenta�on
3. Water Circula�on

Tourism
Development

Preventing
Sedimentation
Fig. 161
The two best scoring
variants pointed out in
the triangle which was
shown in Fig. 1

Criteria

Nature Development

6. Divide & Rule

1. Sedimenta�on
2. Tourism
3. Water Circula�on

priority score indifferent on this criterion,
as they maintain exactly the same tourism
activities as are currently present. The other
variants score clearly better. The variants that
had tourism as top priority especially score
high regarding distributing tourists, as these
variants generally focus on granting access
to a larger part of Lac. The variants that had
tourism as second priority have found better
ways to offer new tourism experiences
in Lac, which are generally linked to the
element that was top priority: for example,
variant 2 uses new water extraction points a
new tourism incentives.

Table 6
Combined results of the
multi-criteria assessments
by Klaas Metselaar and
Sabine Engel

The second criterion shows a more complex
result. Each of the variants manages to
slightly improve the water quality in the
backwaters, though only two of them
really reinforce the tidal flows towards the
backwaters: this happens either through
water extraction, or through frequent
kayak use which keeps all canals open. Not
all of the variants however seem to meet
the sub-criterion of proven effectiveness.

Variant 1
Steering Water

Variant 2
Water Extraction

Variant 3
Hard Reset

Variant 4
Rooi-Approach

Variant 5
Tourism Groups

Variant 6
Divide & Rule

±
±

+
++

±
±

+
++

++
+

++
+

+
-

++
+

+
±

+
-

+
+

++
+

-±

±
--

-

±
-

±
-

---

-

++

±

+

++

+

Tourism Development
Tourism Distribution
Tourism Diversification

Nature Development
Improving Water Quality
Proven Effectiveness

Risk of Side-Effects
Risk for Seagrass
Risk for Flamingos

Average
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Beyond Ecotourism

Especially variant 1, whose effects are very
uncertain, and variant 4, whose effects are
small because of the small amount of water
coming from the rooien, score badly on this
sub-criterion. For variant 3, the direct effects
of cutting the mangroves are clear, but it is
insecure how long the effects will last as no
interventions are done to prevent further
sedimentation. The other three variants
build on interventions that have already
proven their value in Lac.

Risk of Side-Effects

The third ‘bottom line’ criterion, which is
meant to judge only the risk on negative
effects, was thus only assessed on negative
or indifferent risks. It is striking that, despite
the fact that each of the variants tries to
be beneficial for Lac’s ecosystem, none of
them shows indifferent risks of undesirable
side-effects for both sub-criteria. Some
variants provide new threads for the
seagrass beds, for example by changing
flow and sedimentation patterns (variant 1)
or by allowing more tourism access, which
creates more trampling (variant 6). Variant
3 has a temporary impact on the seagrass
beds, because of the large-scale dredging
interventions. With regard to the flamingos,
almost all variants involve human activity in
the backwaters to lesser or greater extent.
Especially variant 2 and 6, which allow
tourists in a large part of the backwaters,
involve a considerable risk for the flamingos.

Sabine Engel in their assessments.
When putting the results of the assessment
back in the triangle which was shown at the
start of this chapter, the tow variants that
score highest are very close to each other:
both have water circulation and tourism
development as no. 1 and no. 2 priority
(see Fig. 161). Even though these two are
ranked highest in the assessment, they also
score badly on some of the criteria. For the
further design, I will therefore not directly
elaborate one of these two. Instead I look
for combinations of the best elements of
both variants, complemented with elements
from other variants, in the next paragraph.

Conclusion

When combining the different criterion,
there are two variants that are clearly
assessed to create the best synergy between
ecological and tourism developments, while
not providing too high risks for the vulnerable
ecosystem of Lac. These variants are variant
2 and variant 5. Especially variant 2 was
recommended by both Klaas Metselaar and
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Final Variant
The multi-criteria assessment showed
that variants 2 and 5 create the best
synergy between ecological and tourism
developments, though both also have some
disadvantages. Throughout this paragraph,
I describe how I came to the final variant
shown in Fig. 162, which will later be
elaborated into a final design. The basis of
this variant is the combination of variant 2
and 5; The two tourism zones, which were
distinguished in variant 5, are reinforced
by the two water extraction points that
were introduced in variant 2. This results
in the idea of Water Extraction as Tourism
Attraction, where both extraction points are
designed in a different way to adjust to the
different types of tourists they are meant to
attract.

Next Page: Fig. 162
Design variant map for
the final variant
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The southern zone around Sorobon focusses
on beach and water sports tourists (see
Variant 5, Page 139). Short boat tours are
organized through the mangroves, to give
these tourists an accessible ecological
experience. Moreover, this means that
boats and kayak no longer interfere with
each other in the northern part of Lac (see
Page 88). These tours use the canals that are
created to lead water towards the extraction
point of the Saltworks, incorporating this
windmill as attraction point along the boat
tour.
The new water extraction point in the
north forms an important link for landbased tourism activities. Its location at the
edge of Lac, close to the catchment which
incorporates the Bara di Karta-trail, make
this extraction point an ideal place for linking
this land-based tourist trail to the ecological
tourism activities along the northern shore
of Lac. In order to connect more strongly to
the rooien, this extraction point does not

only serve as tourism link to the catchment,
but also works as sediment trap (see Variant
4, Page 138).
The new tourism incentive also links strongly
to Lac, by functioning as a stop on the
kayak tours organized in this part of Lac.
The kayaks can explore a new route, which
distributes them over a larger area, using
the newly cut and dredged canals from the
extraction point. In order to reduce their
impact on the vulnerable flamingos in the
backwaters, the canals that are meant for
tourism use are limited to the eastern part
of the backwaters. Extra mangrove planting
furthermore creates screens to keep the
flamingos and kayaks apart.
This protected area reaches from the
backwaters through the mangroves along the
western side of Lac, and is protected on the
seaside by an improved buoy line. Following
the ROS-framework (see Page 20), this zone
thus encompasses large parts of the most
vulnerable areas of Lac; the seagrass beds,
the backwaters and the mangroves. In this
area, the canals leading towards the new
extraction point are situated, as these are
based on the clockwise tidal flow through
the bay (see Variant 2, Page 134). These
canals provide the water circulation for the
mangroves in this area.
In short, this variant combines the elements
that were ranked best from both variants in
combination with a couple of interventions
from other variants. The zoning plan from
variant 5, distributing tourists over a larger
area according to the guidelines of the
ROS-framework, was combined with the
anthropological reinforcement of the water
flows which was introduced in variant 2.
These extraction points create a synergy
as elements for improving ecological
conditions, that simultaneously serve as
tourism incentives.
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Chapter 11

Final Design

In the previous chapter, I described how I
systematically explored six design variants
in order to come to one final variant
that combines ecological and tourism
developments in the most synergetic way.
In this chapter, I will elaborate this design
variant into a final design. I start with
describing the Landscape Plan for Lac and
its catchment. After that, I will elaborate on
three locations in further details.

Landscape Plan
The Landscape Plan for Lac and its catchment
is shown in small size in Fig. 163, a large
map is added in Appendix 3. In this chapter,
I describe step by step how I came to this
masterplan, and what considerations are
made in the design. I start with outlining the
three main zones of the plan, to determine
rough allocation of activities over Lac. Then,
I describe the functions of the different
elements of the landscape plan in more
detail, in order to show how each of them
contributes to the total landscape plan.

Chapter 11: Final Design

Zoning
As was described on Page 147, the final
design variants consist of three zones.
One of these is an ecological zone which is
protected from tourism disturbance. The
two other zones each focus on another type
of tourists; a southern zone for beach and
water sports tourists, and a northern zone for
land-based tourists. Both zones incorporate
one of the water extractions points (see Page
147), which serve as tourism incentives.
The map in Fig. 164 shows the locations of
these zones, which are based on the current
zoning plan by Stinapa (see Page 80) and on
the current tourism activities.
It was already concluded that the current
concentration of tourists on a few spots
increased the tourism pressure (see Page
90). Therefore, the new zones expanded
the areas for tourism activities over a larger
area then the existing zoning plan. This
allows tourists to distribute over a larger
area, which should reduce their impact on
the concentration spots. The expansions of
the tourism zones are based on the tourism
resilience of the different habitat types of
Lac (see Pages 75-76), in accordance with
the ROS-framework (see Page 20).

Previous Page: Fig. 163
Small Version of the
Landscape Plan. A larger
version is added in
Appendix 3.
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Ecological Zone

Fig. 164
Map showing the 3
different zones in the
Landscape Plan for Lac

The ecological zone encompasses large
parts of all three major habitat types of
Lac: the backwaters, the mangroves and
the seagrass beds. This zone is situated at a
distance from the tourism activities, to make
sure the activities do not disturb the natural
life within the zone. It is protected from
interference from adjacent tourism zones
via an improved buoy line, preventing surfers
from accessing the protected seagrass beds,

and via new mangrove plantings separating
the zone from the kayak tours.

Land-based tourism zone

The zone in the north of Lac focusses
especially on land-based tourists, since the
existing activities in this area, like the kayak
tours, already aim to attract this tourism
group. The zone also connects to land-based
activities in the inlands of Lac’s catchment,
by providing an extension to the existing
Bara di Karta-trail. Following the theoretical
framework (see Page 22), this route
functions as a connection between different
tourism facilities, such as the Mangrove
Center.
This tourism zone is generally based on
the Green Zone (guided kayak activities)
from Stinapas zoning plan (see Page 80).
However, the zone is further extended into
the backwaters, linking to the new water
extraction point in the north. Moreover, the
backwaters provide a way to distribute the
kayak tours over larger area, which reduces
the impact of kayakers on the few routes they
currently take. In order to limit the impact of
kayaks on the these vulnerable backwaters,
they are only allowed to access a small part
of the backwaters which is screened from
the ecological zone by new mangroves
plantings (see Page 126). Moreover, the
amount of kayak tours through these waters
is limited by strict regulations, which reduces
the frequency of disturbance.

Seaside tourism zone

The zone in the south of Lac focusses
especially on water sports and beach tourists,
as these groups already concentrate in this
part of Lac which incorporates Sorobon. This
zone also aims to attract most of the cruise
tourism tours, by connecting to the tourism
route from Kralendijk around the southern
tip of the island.
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The zone combines a couple of recreationfocussed zones which were distinguished
in the zoning plan by Stinapa (see Page 80).
It expands the tourism activities slightly
further, by opening most southern part of
Lac for new short mangroves tours, that
also pass by the existing water extraction
point. These new tours further distribute
the tourists undertaking mangrove tours,
reducing their impact in the northern
tourism zone.

Functions
From the zoning plan, we come to the more
specific functions of all the elements that
constitute the landscape plan. Throughout
this paragraph, the landscape plan is build
up step-by-step build up the by describing
each element, its functions and the
considerations made in the design.

Water Circulation

As was already outlined on Pages 68-70,
obstructions in the water circulation in the
bay cause a decrease in water quality in the
backwaters. Design Variant 2 on Page 134
showed a combination of opening mangrove
canals and water extraction to reinforce the
water circulation towards these backwaters.
The canals here do not only serve to guide
the tidal flows towards the backwaters, as in
Intervention 1.1 on Page 109, but they also
lead the water towards the extraction points
that reinforce these tidal flows. The exact
location of these canals is based on pictures
in the report by Wagenaar-Hummelinck and
Roos (1969), on which the former canals are
visible.
The two water extraction points each have
a different function. The point in the south
is the existing point for the Cargill Saltworks,
where the pump can be reactivated to
extract saltwater. The extracted water is

Chapter 11: Final Design

used to harvest sea salt, and is therefore not
led back towards Lac. This means that the
canals leading towards this point only supply
water to the extraction point, and do not
discharge water back into Lac.
The extraction point in the north of Lac is
completely different. This point is not yet
existing, and therefore a new saltwaterrequiring company needed to be found to
use the water extracted from this point.
Moreover, this new company should serve
as a new tourism incentive for land-based
tourists.
This company was found in the form
of the AlgaePARC, an existing initiative
from Wageningen University to start an
algae farm on Bonaire for researching the
profitability of growing algae in a climate
which allows year-round algae production
(WUR, 2017b; see Fig. 165). This initiative is
currently looking for a location on the island,
which serves both as pilot location for algae

Fig. 165
News item by
Wageningen University
concerning the planned
AlgaePARC on Bonaire
(WUR, 2017b)
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Fig. 166
Map showing the
interventions for
improving the water
circulation in Lac

production and as visitor centre to show the
environmental benefits of algae products.
For growing algae in the warm Bonairian
climate, this location requires cooling water,
which can be extracted from sea. Thereby,
the AlgaePARC fulfils both the role of the
water extraction point, and that of a tourism
incentive telling an ecological story for
the land-based tourists. The AlgaePARC is
further elaborated on Pages 170-176.
Contrary to the extraction point of the

Saltworks, the AlgaePARC also discharges the
used cooling water into Lac. This means that
this extraction point needs canals for both
supply and discharge of saltwater. As was
described in Variant 2 on Page 134, these
canals are positioned in such a way that
they follow the existing tidal flow direction
(see Page 69). This means that the canals
for water supply connect to the extraction
point from the western side of Lac, through
the ecological zone. The discharge canals are
situated more to the east, leading through
the land-based tourism zone. These canals
will therefore also be used for guided kayak
tours. The AlgaePARC should logically be
situated at the tipping point of incoming
tidal flows and outgoing tidal flows, which
is near the mudflat in the north of Lac (Van
Moorsel and Meijer, 1993). The canals are
further elaborated on Pages 160-162.

Mangrove Planting

The combination of the canals and the
extraction points should reinforce the
water circulation in Lac, and improve the
water quality of the backwaters. When the
water quality improves, the mangroves are
expected to grow back into these waters by
themselves. However, as Intervention 2.6
on Page 120 pointed out, planting of young
mangroves in these waters could accelerate
this process of regrowth of mangroves.
As the existing mangroves in the backwaters
will probably expand by themselves when
the water quality improves, the planting of
new mangroves is most valuable on locations
where are currently no mangroves growing
close by. This enlarges the locations from
where the mangroves can start to regrow
the backwaters. The new mangroves will be
planted along the new canals, as elaborated
on Pages 160-162, where the improvement
in water conditions is most significant. From
here, the young mangroves can grow and
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expand further away from the canals, as long
as the water quality allows this expansion.
The planted mangroves can fulfil more
functions that just accelerating the regrowth
of mangroves. As described in Intervention
3.5 (on Page 126), mangroves can be
planted in such a way that they provide a
screen system that both separates kayaks
from flamingos, and gives the opportunity
to enhance the sequential landscape
experience of the kayakers. These functions
are especially valuable along the discharge
canals of the AlgaePARC, as these are also
used by kayak groups. The planting of
mangroves helps in reducing the impact
of these kayak groups on the sensitive
flamingos in the backwaters.

the change of the landscape is further
emphasized.
The next major landscape change occurs
when arriving at the shoreline of Lac. Here,
the AlgaePARC serving as both a water
extraction point and a tourism incentive is
used to mark the landscape change. Where
the Bara di Karta-trail and the Mona Passage
emphasized the agricultural use of the
inlands, the AlgaePARC focusses on Lac by
introducing the natural values of the area.

Fig. 167
Map showing
the interventions
concerning mangrove
planting in Lac

Land-based tourism incentives

As was mentioned in the theoretical
framework (see Page 22), a design for
tourism development should incorporate
routes that connect different tourism
attractions, also called incentives. On Page
151, it was already mentioned that the route
in the Land-based tourism zone connects to
the inlands of Lac’s catchment by providing
an extension to the existing Bara di Karta-trail
(see Hulsebosch, 2016). In order to strongly
link this route to Lac, two new tourism
incentives are proposed to be situated at
characteristic landscape changes along the
route towards Lac. Both these incentives are
further elaborated on Pages 163-169.
The first characteristic landscape change
is the Mona Passage, a 6,5 meter tall dam
that catches the rain water flowing down
the rooien. This dam is a distinctive element
in itself, and furthermore marks the change
from the agricultural inlands towards the
borders of Lac. With its tallness, this dam is
a perfect location for a tourism incentive in
the form of a viewpoint. With views over the
catchment with Lac visible in the distance,
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Fig. 168
Map showing the
incentives along the
land-based tourism
route in Lac

Apart from that, the AlgaePARC provides a
resting point for the visitors after the drive
over the Bara di Karta-trail, where visitors
can relax along the waterside and have a
drink.
Its location on the mudflat in the north of
Lac makes the AlgaePARC furthermore a
strategic location for trapping sediments
flowing into the bay from the inlands. This
sediment trap, which also makes sure that
the sediments do not flow into the water

supply canals, can furthermore be used as
a start for a hiking trail by which tourists can
explore the shoreline of Lac.
At last, its location at an accessible site along
the shoreline where the newly dredged
canals come together, make this location
ideal for the creation of a working harbour
from which these canals can be dredged.
This harbour can later be used by kayaks,
and as scenic location for visitors of the
AlgaePARC to sit by the waterside (see also
elaboration on Pages 170-176).
After the resting pause at the AlgaePARC, the
route continues towards existing tourism
attractions along the northern side of Lac:
the Mangrove Center and the beach of Cai.
The Mangrove Center, currently offering
2-3 kayak tours per day in the direction of
Cai, can relocate a couple of these tours
per day towards a new kayak route over
the backwaters. This distributes the kayak
tourists over a larger area of the mangroves.
This new route follows both discharge canals
of the AlgaePARC, and by using these canals
the kayak tours prevent the mangroves from
overgrowing them.
By using this route, the tour crosses a couple
of different landscape types that together
provide a sequential landscape experience.
By slightly adjusting the situation of the
canals, and by strategically planting young
mangroves, this sequential experience
is further enhanced with varying vistas.
Moreover, by planting these mangroves and
by situating the canals in the east of the
backwaters, the kayak tours do not impact
on the ecological zone (see also Page 151).
By passing along the AlgaePARC, the kayak
tours link this new tourism incentive more
strongly to the existing tourism activities
along the northern shore of Lac. Another
important location which is linked by these
tours is Isla di Chico, where still old remnants

155

Beyond Ecotourism

of charcoal burning can be seen (see Page
77). These two locations contribute to
the variety of the sequential landscape
experience of the kayak tours.
After the kayak tour through the different
mangrove environments, the final stop of
the Land-based tourism route is the existing
tourism location of Cai. Here, the visitors can
relax on the beach and have a drink after a
day of various landscape experiences.

Seaside tourism incentives

situated at characteristic landscape changes.
The first is located just after reaching the
mudflat of Lac, and provides a view over the
backwaters with its flamingos. The second
photo stop is located at Punta Kalbas, where
the narrow rim of mangroves provides an
existing vista over the open bay of Lac. From
here, the route connects to the existing Lac
Bay resort, and to the water extraction point
of the Saltworks.
A longer stop can be made at Sorobon. Apart

Fig. 169
Map showing the
incentives along the
seaside tourism route
in Lac

The previous paragraph described how
an extension of the Bara di Karta-trail was
used to link the diverse Land-based tourism
incentives to each other. For the Seaside
tourism incentives, the existing route along
the southern tip of the island was used as
connection. This route serves both as a
way for beach and water sports tourists to
reach Sorobon from Kralendijk, but is also
especially used by guided tours for cruise
tourists.
As was mentioned on Pages 86-89, these
three groups of tourists are less aware
of the vulnerability of the environment
they are undertaking activities in. The
incentives along this route can therefore
be used as means to create awareness
among these tourism groups. The proposed
new interventions consist of new photo
stops, providing a marked location on the
route from where tourists can look at the
landscape of Lac. By giving the tourists
the opportunity to perceive the landscape
from these points, they are not persuaded
to enter the landscape on other forbidden
locations (the same principle as Intervention
3.4 on Page 125). Small signs with short,
easily comprehensible texts can further
explain the vulnerability of the area for these
tourism groups.
Just like the interventions along the Landbased tourist route, these photo stops are
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Fig. 170
Map showing the
situation when only
the first building block
would be realized

from beach and water sports activities,
Sorobon will also provide the opportunity to
have a short and easily accessible mangrove
experience by boat. The existing tours from
Cai will be moved to Sorobon, which has a
double advantage: the boats will no longer
interfere with the kayak tours in the north,
and the tours are distributed over a larger
area which reduces their impact on specific
locations. The tours from Sorobon use the
canals created in Boca Djukfes to connect to

the Saltworks extraction point, which again
prevents the mangroves from overgrowing
these canals. After the mangrove tour, the
Seaside tourists can have a break at the
beach of Sorobon, before continuing their
route along the southern tip of the island.

Building Blocks
The previous paragraph step-by-step
described the elements of the landscape
plan, and the considerations that were
made in designing these elements.
However, all of them have their advantages
and disadvantages, which might result in
objections that might cause some elements
to be prevented from construction.
Therefore, this paragraph distinguishes a
couple of building blocks; a combination
of design elements which need to be
constructed together in order to fulfil their
major function. These are meant to pull
different interventions apart in such a way
that, even when one building block is not
constructed, the rest of the building blocks
is still able to function properly. Each block
is thus composed in such a way that it can
stand in its own right, in case later blocks are
not constructed, but that it also leaves space
for these later blocks to be construction in a
later phase. These building blocks guarantee
a certain flexibility to the design, in which the
final outcome can be adjusted throughout
the construction.

1. Improving water quality

Since the building blocks are created in such
a way that they follow upon each other, the
first block provides the major hydrological
infrastructure which is necessary for the
later building blocks. Moreover, the first
block should be the block which evokes the
least objections, to increase the likeliness of
the actual construction of the block. The first
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building block is therefore the combination
of new canals and extraction points,
which create the essential hydrological
infrastructure for improving the water
quality in the backwaters and for further
tourism developments. Moreover, as these
canals do not directly enhance tourism
activities in areas which are yet prohibited
for tourists, these interventions are less
likely to evoke objections.
Even though this first building block does
not yet involve the expansion of tourism
activities, it is already useful to think of
the future use of these canals during
construction. This would mean that the
canals would already be constructed in
such a way that they can later enhance the
sequential landscape experience for kayak
tours, even when these tours will not use the
canals in the upcoming years. Furthermore,
when the kayaks are not planned to use
the canals, another way of maintenance for
these canals needs to be found.
Another important note is that this first
block does not yet incorporate the tourism
incentives. This means that the water
extraction point in the north of Lac should be
constructed in such a way that it can stand
on its own. In that case, it would just be a
pump that reinforces the water circulation,
but which could later be incorporated in the
design of the AlgaePARC. This will further
be elaborated on Pages 170-176. This is not
necessary for the extraction point in the
south, as that point is based on an existing
extraction infrastructure.

tourism activities such as the kayak tours.
In order to allow for this expansion without
bringing disturbance to the ecological zone,
this building block also incorporates the
construction of the protecting elements
such as the screens of young mangroves
and the improved buoy line (see Page 151).
Apart from these protecting measures, no
concrete interventions are necessary to
fulfil the aim of this building block. After
all, the new kayak and boat routes use the

Fig. 171
Map showing the
situation when the
second building block
would be realized

2. Expansion of tourism activities

Where the first block did not contain any
expansion of recreational activities because
of the objections this might bring, this second
block contains the expansion of existing
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Fig. 172
Map showing the final
situation when all
three building blocks
are realized
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canal infrastructure which was constructed
in the previous building block. In that way,
these tours take over the maintenance of
these canals by making sure that do not get
overgrown by mangroves (see also Page 89).
The only necessary change is that the zoning
plan for Lac is adopted in such a way that
these tours are allowed to access the new
routes.

3. New tourism incentives

Where the previous block hardly needed
any concrete interventions for expanding
tourism activities, this final block consists
of the construction of the new tourism
incentives as they were described on Pages
154-157. As this block involves the most
construction work, it is likely to evoke the
most objections. Therefore, it is determined
as the last building block, which can be
added later to the previous blocks.
The consequences when this final block is
not constructed differ per incentive. For
example, the photo stops (see Pages 163166) and the viewpoint at the Mona Passage
(see Pages 164-169) are completely new
constructions in the existing landscape
which do not directly link to the previous
building blocks. This means that there are
no preparations made for these incentives,
which would become useless when the
incentive is not constructed.
That is different for the AlgaePARC . As this
incentive connects to the extraction in the
north of Lac, the extraction point would
have to be able to stand on its own in case
the algae farm is not constructed around it.
In that case, the windmill pump would form
a tourism attraction point, which might be
combined with a waterside environment
which functions as a harbour for kayak
tours. In the design for the AlgaePARC (see
Pages 170-176), this flexibility in the design
is further elaborated.
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Typical Detail: Canals
As was already mentioned on Page 158,
the canals that guide the water circulation
provide the major structure for this design.
In this paragraph, I describe the structure
of these canals in more detail. In Fig. 173,
a section of these canals is shown, showing
the proposed depth, width and inclination of
the sides.
The size of the canal is based on the study
by Regensburg (2013), who researched
the effect of different width and depth of
mangrove canals in Lac on the expected
flow velocity in the canals. He concluded
that a canal width of 4 meters, combined
with a depth of 1 meter, would generate the
most optimal flow velocity. I followed this
guideline by creating a canal with a bottom
width of 4 meters, and a depth of 120-90
centimetres (depending on tide) (see Fig.
173).
According to the calculations by Regensburg
(2013), such a canal can generate a flow
velocity of 8 cm/second, based on only the
influence of the tidal flows. This number is
valuable for calculating the amount of water
that is necessary to supply the AlgaePARC,
as the canals need to be able to transport
enough water to the pumping facility. Based
on a canal of 4 meters wide, 1 meter deep
and a flow velocity of 8 cm/sec, one canal
could transport 28.000 m3 of water per day
towards the AlgaePARC. The combination
of two canals, as proposed on Pages 152153, would thus deliver 56.000 m3 of water,
which is sufficient to cool an algae facility
with the size of 1 hectare (Iago Teles, pers.
comm.). This amount of transported water
might even increase, since the water is not
only transported through the canals via tidal
influence, but also attracted by the water
extraction. The effect of this extraction
on the amount of transported water is yet
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unknown, and should be further researched
by an expert.
The sections in Fig. 173 show the situation
of the canals that need to be dredged
through the backwaters. However, a part
of the canals is not constructed in the
backwaters, but is cut through the existing
mangroves. In order to keep the same flow
velocities throughout the canals, these parts
need to be constructed according to the
same profile. The section in Fig. 174 shows
how such a canal would be situated in the
mangrove environment.
Apart from the transportation of water, the
canal is also designed in such a way that it
provides good circumstances for the growth
of young mangroves. Since the canals
transport fresh seawater, their edges provide
the best water circumstances for these
young mangroves to grow. By creating a
slight slope at the canal edge, the mangroves
are provided with a good environment to
grow in. The steeper slope towards the
centre of the canal however prevents them
from overgrowing the canals, which reduces
the amount of necessary maintenance. The
successional sections in Fig. 173 show how
the mangroves along the canal edges are
likely to develop over the years. The visual
in Fig. 175 shows the atmosphere of these
canals with young mangroves, as perceived
from a kayak following the new kayak route
over these canals through the backwaters.
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Fig. 173
Principle Section of the dredged canals through
the backwaters. The section of 4*1 meters allows
the best flow velocity, while the slight slopes
allow mangroves to regrow along the canals

Fig. 174
Principle section of the cut canals through the
mangroves. The with and depth equals the
dresdged canals, in order to guarantee the
best flow velocity through the entire canal

Fig. 175
Visual showing the perception of a kayak
group, exploring the new canals. The newly
planted mangroves and the AlgaePARC are
also visible from this standpoint

Details
In the previous paragraph, I described
the two tourism zones and accompanying
incentives that were applied in the Landscape
Plan. In this paragraph, I elaborate on the
design of three of these incentives, by
describing what considerations were made
in the design of these incentives, how these
new constructions relate to the existing
landscape and what tourism functions they
fulfil. I start with outlining the design for
the photo stops along the Seaside tourism
route, then I continue with the viewpoint at
the Mona Passage and at last I describe the
design of the AlgaePARC.

Photo stops

Fig. 176
Reference picture; use
of boardwalks along
the Lofoton Tourism
Route in Norway allows
tourists to access new
view points
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As was mentioned on Page 156, new tourism
incentives along the Seaside tourism route
from Kralendijk towards Sorobon can create
more awareness regarding the vulnerable
ecosystem among this tourism group. The
new incentives along this route are meant to
serve as photo stops, small marked locations
where people can get out of their car to take
a picture and experience the landscape. This
is similar to the Lofoten Tourism Route as was

created in Norway, where boardwalks made
viewpoints more accessible for tourists (see
Fig. 176). By providing comprehensible
information on the vulnerable environment
of Lac on these locations, the tourists can be
made more aware of the ecosystem before
arriving at the beaches of Sorobon. Two of
these new photo stops are planned along
the route: one near the backwaters, and one
at the existing vista at Punta Kalbas. Both
will have a similar design, in order to provide
continuity along the route (see Theoretical
Framework, Page 22).
I elaborate more specifically on the
viewpoint near the backwaters, which is
meant to mark the landscape change from
the inlands towards Lac. Moreover, this
photo stop should emphasize the views over
the vast backwaters with the flamingos.
Simultaneously, because of the sensitivity of
the flamingos, this specific photo stop should
be designed in such a way that tourists are
not seduced to access the mudflat and come
closer to the flamingos.
This is accomplished by using the existing
slight elevation of the road, which is situated
40 centimetres higher than the mudflat (see
section A-A’ in Fig. 183). From the level of
the road, a boardwalk extends onto the
mudflat to emphasize the views over the
mudflat and the backwaters. This means
that the end of the boardwalk, which is
widened as a small resting place, is slightly
elevated above the landscape. This height
difference is that small that no fence is
needed, but simultaneously high enough to
discourage people from walking further over
the mudflat.
The parking space along the road provides
place for 8 cars, which also enables tours
consisting of multiple trucks to make a stop
here. The parking space consists of sand,
derived from the dredged canals, which
elevates the area to the same level as the
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road. Loose limestone rocks are used to
prevent cars from driving onto the mudflat,
in the same way as they are currently used
along the roads around Lac. A stone sign is
furthermore added, similar to the signs that
are used around the entire island to mark
tourism spots, to connect to the existing
tourism infrastructure.
The construction of the boardwalk is shown
in further detail in the map in Fig. 182 and
the sections in Fig. 181 and Fig. 183. The
construction consists of very durable wood,
such as Azobe wood, in order to sustain
in the saline circumstances around Lac.
Instead of a fence, which is not necessary
due to the small height difference, a small
safety edge is constructed along the side
of the boardwalk to prevent people from
accidently falling off. The hexagon that forms
the major part of the viewpoint contains two
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benches and a waste bin (see Fig. 178 and
Fig. 179 for examples) to allow for the use as
a resting place. A small sign at the other side
of the viewpoint provides information of
the environment of Lac, which is written in
a short and accessible way. This contributes
to creating awareness among the visiting
tourists regarding the vulnerability of the
ecosystem of Lac.

Viewpoint Mona Passage
As was mentioned on Page 151, the LandBased tourism zone in the north of Lac will
function as an extension to the Bara di Kartatrail through the inlands of Lac’s catchment.
In order to strengthen the link between Lac
and its inlands, a new tourism incentive
emphasizes the landscape change from the
agricultural area towards Lac. An interesting

Fig. 177
Visual showing the
photo stop at the
backwaters
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Fig. 178
Reference picture;
bench which is used
at the Photo Stops
and the Mona Passage
Viewpoint

Fig. 179
Reference picture;
waste bin which is used
at the Photo Stops
and the Mona Passage
Viewpoint

Fig. 180
Current situation of the
Mona Passage

Next Page: Fig. 181,
182 and 183

Technical elaboration of
the Photo Stop
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location for this incentive is the existing
dam of the Mona Passage (see Fig. 180),
which already provides a view over both the
agricultural landscape in the north and Lac
in the south. Continuing on the design style
of the photo stops, a boardwalk is added to
the dam in order to make it accessible as a
viewpoint (see Fig. 186).
In order to accomplish this, a ramp is
constructed along the side of the dam. The
construction of the ramp is detailed in Fig.
187, and seen from the side in Fig. 185. It
is constructed in such a way that it follows
the contours of the dam, which means that
the boardwalk is hardly elevated above the
dam. Therefore, no fences are needed at the
damward side of the ramp, though a safety
edge is constructed along this side (similar
to the photo stop). The inclination is kept

low (1:20 with a flat surface every 5 meters)
in order to make the viewpoint accessible
for wheelchairs.
The ramp ends in such a way at the viewpoint,
that the view is immediately drawn towards
Lac. This plateau is situated at the tip of the
dam, and incorporates the existing cadastral
mark (see Fig. 188) as characteristic element.
From the view plateau, tourists can also
access an extra bridge that provides a view
from an even higher standpoint. This bridges
further emphasizes the link between the
dam and Lac. See Fig. 188 and Fig. 189 for
details of the view plateau and the bridge.
The used materials and furniture are similar
to the photo stop, to provide continuity
between the different tourism incentives
around Lac. Benches and waste bins are
added both on the view plateau, where
visitors can relax while enjoying the view,
and at the bottom of the ramp for people
to have a slight break before entering the
car. The parking space consists of a plot
of sand marked by limestones, similar to
the parking space from the photo stops.
A stone sign is placed adjacent to the
parking space, similar to the signs that are
used along the entire Bara di Karta-trail, to
create continuity between this trail and the
tourism incentives around Lac. There is also
an information sign, which provides more
insight in the importance of the dam for
freshwater supply and the relation of the
dam to Lac. As this incentive focusses on a
more environmentally interested type of
tourists when compared to the photo stops,
the given information can be more extensive
and complicated.
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AlgaePARC
The last incentive that will be further
detailed is also the most complicated one.
The AlgaePARC combines a tourism incentive
with a water extraction point, a functional
algae farm, a sediment trap and a waterside
harbour which is also necessary for dredging
the canals (see Page 155). In this paragraph, I
step-by-step described the different aspects
of this tourism incentive in order to come to
the detailed design.

Technical aspects

The first step to design the AlgaePARC
was to understand the way such an algae
farm functions, and what is necessary
for it to operate. In order to get a better
understanding, I got into contact with Iago
Teles, one of the researchers of Wageningen
University that is working on establishing
an AlgaePARC on Bonaire. He helped me in
seeking for a way in which the AlgaePARC
could fulfil the role of a tourism incentive and
a water circulation point, while still being a
functional pilot algae farm with possibilities
for expansion.
The core of the AlgaePARC are so-called flat
panels in which the algae are cultivated (see
Fig. 191). These panels can tilt towards the
sun in order to optimize the algae production
inside the panels. The system of algae in

the flat panels and their water supply and
discharge is completely closed; the tubes for
transporting the water lead to water tanks,
passing through dividers that can be used
to harvest the algae from the water (see
Fig. 192). The harvested algae are collected,
and will be researched on their usability for
biofuels like kerosene. This system is further
explained by Fig. 190.
The aim of the pilot AlgaePARC on Bonaire
is to research whether the algae production
will be increased when the farm is placed
in a climate with year-round sunshine. A
consequence of that is however that the
algae inside the flat panels might become
overheated. Therefore, these panels need
to be cooled by putting them in a basin
of cooling water, which is derived from
Lac via the extraction canals. As Fig. 190
points out, the circulation of cooling water
is completely detached from the tubes and
panels containing the algae.
This cooling water is pumped from the supply
canals via a windmill pump, which is similar
to the pumps which are used throughout
the catchment (see Page 100). As the wind
is blowing constantly over Bonaire (see Page
28), it is one of the most reliable sources of
power for the pump. In order to ensure the
water circulation even on the few windless
moments on the island, the pump can be

Fig. 190
Schematic Section of
the AlgaePARC

Windmill Pump

Buﬀer Pond

Algae Pond

Facility Building

Con�nuously pumping water
into the Buﬀer Pond

Slowly ﬁlled with seawater,
used to store a buﬀer of cooling
water for emergencies

Algae panels situated under
water for cooling; water is
con�nuously ﬂowing
along all panels

Filtering algae out of the panels,
collec�ng harvested algae, storage of
oxigen and water for algae
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Also Visitor Center
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Fig. 191
Test facility of flat
panels for algae
cultivation, including
tanks for water and
oxigen supply

Fig. 192
Dividing seperating
algae from water for
harvesting

Next Page: Fig. 193
Map of the design of
the AlgaePARC
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complemented by an electrical pump which
can be powered via solar panels.
From this pump, the water is further
transported through the algae farm by
gravity. It first enters a buffer pond, which
stores the amount of cooling water which is
necessary for one day; for the pilot farm, this
is 600 m3. In case of problems with water
supply, this pond can still provide cooling
water to the algae ponds. From the buffer
pond, water runs through the actual algae
ponds, where the flat panels are situated.

From there, it is transported back into Lac
(see also Fig. 190).
In order to sufficiently cool the algae panels,
the cooling water should not exceed a
temperature of 30 degrees centigrade.
Currently, the temperature in the backwaters
might exceed this temperature during the
warmest moments of the day (Van Moorsel
and Meijer, 1993). Therefore, the buffer
pond is necessary to store enough water of
sufficient temperature, to cope with these
raises in water temperature. Moreover, it
can be expected that the maximum water
temperatures in the backwaters decreases
strongly because of the measures taken to
improve the water circulation. These effects
however need to be further researched by
experts.
The smallest size AlgaePARC, 0,01 ha, is the
size which is initially build as a pilot project.
When this pilot is successful, the farm should
be able to expand to 1 ha or even 10 ha. On
Page 160, it was already calculated that an
AlgaePARC of 1 ha could be supplied with
enough cooling water via the mangroves
canals by just relying on the tidal flows. The
attraction of water via the extraction point
might even increase this amount of supplied
water, but this effect needs to be further
researched by an expert. As was pointed out
in the Landscape Plan (see Page 155), the
AlgaePARC has the possibility to grow to at
least 5 ha on the area south of the supply
canal.
As the amount of necessary cooling water
depends on the expansions of the AlgaePARC,
the water supply should be designed in such
a way that it can handle large water volumes
while also being capable to deal with small
volumes. This is achieved by creating a
bypass that surrounds the AlgaePARC, which
can transport a possible surplus of supplied
water. This water surplus is therefore not
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resting location, with seating possibilities
under the line of trees (Conocarpus erectus,
a species native to areas near saline waters)
and a facility distributing drinks and snacks.
The harbour also connects to the new
kayak route (see Page155), which can use
the AlgaePARC as a stop along their tour.
Moreover, this harbour is essential in the
construction of the new canals through
the backwaters, as it serves as a working
harbour for the dredging equipment (see
Page 155). This double function determines
the size of the harbour, as the large dredging
equipment requires a large area. Behind
the visitor centre is moreover a large
logistic area, which is useful for both the
dredging activities and the transport of
harvested algae. This sand collected from
the backwaters by dredging is used to create
the hills surrounding the algae facility.
A final intervention functional for both
tourism and ecological purposes is done
long the supply canal in the form of a
sediment trap. This traps all sediments
transported to Lac via the major rooien from
the catchment area. Moreover, the sediment
trap is combined with a boardwalk path (see
Fig. 199), which forms the start of a hiking

route through the inlands towards the Mona
Passage (see Landscape Plan on Page 149).

Flexibility

The design for the AlgaePARC as described
in the previous paragraph and shown in
Fig. 193 shows a situation of a pilot algae
farm as a fully functional tourism incentive.
However, as was described over the previous
pages, the design of the AlgaePARC needs
to be flexible in order to deal with possible
expansions on one hand, but also with
uncertainties about construction on the
other hand (see Building Blocks, Pages 157159). The design is build up in such a way
that it is flexible in phases of construction,
and is prepared for future expansions of the
AlgaePARC.
As was described in Building Block 1 (see
Page 158), it might occur that the water
pump and the canals are constructed while
the AlgaePARC is not (yet) build. In this
design for the AlgaePARC, this would mean
that the windmill transports the water
directly towards the bypass instead of using
the buffer pond. The harbour also needs to
be constructed in order to be able to dredge
the canals through the backwaters. This
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combination of the windmill and the harbour
might already fulfil the role of a tourism
incentive, as it provides both a landmark
and a resting facility. The central part of
the design, containing the algae facility, can
be temporarily used as storage of dredged
sand, which might later be molded in order
to construct the AlgaePARC.
On the other hand, the design is also
anticipating on future expansion of the
AlgaePARC in western direction. When such
an expansion is desired, the existing buffer
pond can be extended, and the artificial
sand hills can be molded to construct the
extra algae ponds. The pilot basin remains
the ‘show basin’ for the tourists, while
the new algae ponds are only accessible
for employees of the AlgaePARC. As the
expansion is only occasionally accessed
by humans, it will hardly impact on the
neighbouring ecological zone of Lac.
Concluding, the design for the AlgaePARC
showed how one detail of the Landscape Plan
can serve multiple purposes. It functions as a
means to improve the ecological conditions
in Lac, by pumping water and reinforcing
the water circulation, and simultaneously
works as a tourism incentive that creates a
stronger link between the catchment and
the bay of Lac. Because of the flexibility of
the design, it can moreover be adjusted to
future circumstances.
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PART V

REFLECTION

Chapter 12

Discussion

Throughout this MSc Thesis, I combined
a couple of research methods to derive
a scientific basis for a design for Lac’s
catchment. Throughout this reflecting
chapter, I will discuss the different research
and design methods that I applied, in
order to see what each of the methods
eventually contributed to my research. I
start with reflecting on the used research
methods and the results that were derived
from this research. From there, I arrive at
reflecting on the design process that I went
through during this design. I conclude this
chapter by outlining the circumstances that
limited this research, in order to come to
recommendations for future research.

Used methods
On Pages 12-16, I outlined the research
methods that were used throughout this
thesis. This consisted of a desk study, field
observations (aiming on both the existing
landscape and on tourism activities) and
unstructured interviews. Part II and Part III
of this thesis showed the results of these
studies, both on island-wide scale and on
the scale of Lac’s catchment.

179

Multiple scale levels

This approach on two different scale levels
provided me with a lot of information on how
the landscape system of Lac is situated within
the landscape of Bonaire. This contextual
understanding of the landscape proved to be
valuable for analyzing the complex processes
that occur in Lac’s ecosystem. Especially
the complex geological and hydrological
situation of the catchment, which has a
major influence on the ecological conditions
in the bay, could be far better understood
after thorough analysis of the landscape of
the entire island.
Also with regards to tourism, the islandwide analysis was very useful in outlining
the context in which the tourism activities
in Lac occur. The dynamics and desires
of the different groups of tourists which
were analyzed on an island-wide scale,
especially those regarding cruise tourism,
were valuable in explaining the occurrence
of different activities in Lac. Moreover, this
island-wide analysis already pointed out
that the concentration of tourism activities
on a few specific spots was one of the major
problems regarding the impact of tourists on
the vulnerable habitats of the island. From
this analysis, the idea of distribution tourists
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over a larger area to reduce their impact
was derived, which was later adopted in the
Landscape Plan for Lac.
Even though the island-wide study was very
valuable for this thesis, I think while reflecting
on the process I went through during this
research that I might have taken too long
for this extensive analysis. This part of the
report was already drastically shortened,
since I studied different elements of the
landscape of Bonaire into more detail then
was necessary for this study. Nevertheless,
all this extra information was eventually
valuable for my personal understanding of
the landscape.

Landscape observations

On Page 14, I already described the protocol
for the observations regarding the landscape
of Lac. In order to understand this complex
landscape, I took 4 routes through the area,
during which I kept notes, took pictures and
tracked all these via GPS. The initial goal was
to have one route that surrounded Lac and
2-3 sections through the bay. Surrounding
Lac did not turn out to be a problem, but
I eventually had to split up the sections
because the mangroves blocked the
possibility to cross the entire bay at once.
The combination of the different tours,
through which I visited the backwaters, the
islands and different parts of the open bay
of Lac, eventually proved to be sufficient to
understand the complete landscape system
of Lac.
Although conducting a tour through the
study area by bike is a method that is used
more often during the studies of Landscape
Architecture at Wageningen University, this
specific study area also requested to study
the water landscape by boat. Studying
the landscape from a boat or kayak, or
sometimes even while snorkeling, was a
completely new experience for me. These

Chapter 12: Discussion

different means for collecting observation
data however turned out to be essential in
collecting data on all different landscape
units and processes that occur in Lac.
The direct observation data by seeing the
landscape with my own eyes was very
valuable in getting a full understanding of
the landscape of Lac. In order to make the
landscape unit map that encompassed the
entire study area, I combined these data
with a recent satellite map by Google Earth.
The GPS-tracking of the landscape changes
made that I could look more specifically
for changes on this satellite picture, that I
would not have noticed without the direct
observations. This combination of data
sources for analyzing the landscape of Lac
thus turned out to be very valuable for this
research.
Tourism observations
As was mentioned on Page 14, the second
type of observations studies that I conducted
consisted of tourism observations. In these
observations I followed the same protocol
as an earlier study, in order to research
whether tourism numbers and activities
have changed in the intervening period.
However, my observations did not turn out
to have a telling outcome, as was described
on Pages 80-84. The quantitative analysis
did not show significant differences in visitor
activities between the distinguished types of
days (cruise days, week days and weekend
days), while such differences were shown in
earlier studies. One of the probable causes
for this lack of significant difference is the
fact that my observation period overlapped
with the Christmas Holidays, during which a
relatively high number of stayover tourists
visits Bonaire. That might have resulted in
a reduction of the difference between the
visitor numbers on cruise days and normal
days, as the stayover tourists create extra
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crowds on the non-cruise days as well.
Special
circumstances
on
specific
observation days, such as bad weather and
a special performance of a Dutch-language
artist further influenced the observations
on individual days. Due to the limited time
frame of this study and the consecutive
relatively low amount of observation days,
these individual events had a large effect
on the results of the observation study.
This unfortunately reduces the reliability of
the observation data, which will be further
outlined in the Recommendations (see Page
183).

reduce the reliability of the research, these
interviews provided me with important
qualitative information for this study. The
interviews with the different visitors to
Sorobon were valuable in analyzing the
desires of the different tourism groups
with regards to their visit to Sorobon.
The interviews with the different facility
operators around Sorobon gave me more
insight in the way the facilities operated and
how the operators perceived the behavior
of their guests, which was valuable for both
the tourism group analysis (see Pages 86-89)
and the day-to-day-analysis (see Page 83).

Apart from the scientific reliability, the
quantitative tourism observation studies
moreover did not prove to be as valuable
as expected with regards to the further
design for Lac. As was already outlined
on Pages 80-84, especially the qualitative
observations and interviews could provide
me with valuable information for the further
design, after thorough day-to-day-analysis
of the extensively described rough data.
When reflecting on the quantitative tourism
observations, it was valuable for me to see
all activities with my own eyes in order to
understand the recreational value of Lac,
though the actual quantifications were not
that valuable for this specific research. On
the other hand, the method of elaborate
description of all events that were not
measured through quantitative observations
did turn out to be valuable for the later
day-to-day analysis of the gathered data.
Especially these qualitative data turned out
to give me more insight in the impact that
tourists have on the ecosystem of Lac.
Another important research method with
regards to the qualitative tourism study were
the unstructured interviews. Even though
this method does not allow for thorough
preparation or transcription, which might

Triangulation

As was mentioned on Page 15, throughout
this thesis I aimed to triangulate the gathered
information via both methodological
triangulation and data triangulation. The
use of data triangulation was however
not always extensively possible during the
research process of this thesis. The tourism
observations for example could only be
undertaken on a limited amount of days, as
a consequence of the limited time frame of
this thesis, which reduced the reliability of
the outcomes of this quantitative study.
Another critical point was the assessment of
the different design variants (see Pages 143146), which is a very critical moment in the
design process of this thesis. This evaluation
was conducted in the most objective
way as possible, by judging the variants
independently with two different experts
(Klaas Metselaar, external supervisor and
Sabine Engel, commissioner. Even though
the use of only two experts, which are both
also involved in the project, does not meet
the general triangulation standards, it was
not possible in the limited time frame of
this thesis to assess the variants with more
people.
A final issue with data triangulation, as was
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already provided on Page 15, was that the
different data sources might contradict
each other. For example in relation to the
consequences of extinctive goat farming
in the inlands of Bonaire, a very delicate
subject on the island, many claims can
be found with regards to overgrazing,
sedimentation and eutrophication which are
not always substantiated. In analyzing the
data, it therefore turned out to be important
to analyze the substantiations of the claims
that were made in the used literature.

Design process
The design process that I went through
during this thesis was already described
on Pages 12-13. In this paragraph of the
Discussion, I reflect on this design process. I
firstly describe how the systematic approach
of the Potential Interventions and Design
Variants contributed to the outcome of this
thesis. From there, I go deeper into reflecting
on the elaboration of the final variant into
the final design.

Potential Interventions & Variants

In order to systematically explore all the
different possibilities for the design for Lac’s
catchment, I deliberately choose beforehand
to use the prioritization-approach by Van
Reijn (2016) in combination with a set
of potential design interventions. When
reflecting in this process afterwards, I think
this approach turned out to be very valuable
in coming to a design for Lac which is
strongly linked with the conducted research
on the area. The creation of the potential
interventions provided a way to order the
different design guidelines and starting
points into a clear set of interventions that
could be undertaken in Lac. This step helped
me in getting from the research-phase of
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this thesis towards a design that fitted the
conducted research.
From these potential design interventions
I came to the design variants, as described
in Chapter 10. The prioritization-method
that was used for these variants allowed
me to systematically look for combinations
of interventions that would create the
synergy that I searched for in the design. By
combining the prioritization-method with
a multi-criteria assessment, the different
variants could eventually be tested on all the
different aspects that would together create
the best synergy. This approach thus clearly
helped me in coming to a final design that
was systematically tested to provide the best
possible solution for the problems that were
distinguished in Lac.

Final Design

The elaboration of the final variant into the
final design consisted of two phases: the
design of the Landscape Plan on a larger
scale level, and the detailing of the different
tourism incentives on the small scale level.
These detailed incentives are meant to show
how the Landscape Plan could work out on to
the smallest scale level, but simultaneously
involve the largest amount of uncertainty.
This means that the detailed incentives
are probably not constructed in the way I
proposed them in this thesis, or maybe not
constructed at all.
An important aspect in the design elaboration
is the incorporation of the AlgaePARC as a
possible water-extracting tourism incentive.
On the one hand, this provided me with
more concrete handles for the elaboration
of the incentive, and the detailing of the
Mangrove Canals. On the other hand, there
might still be some uncertainties regarding
the value of this AlgaePARC at this spot
around Lac. There might be many objections
with regards to the proximity of the farm
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to the backwaters, and towards the water
quality of the water that the AlgaePARC will
use as cooling water.
These objections and uncertainties were
taken into account during the design by
introducing the Building Blocks for the
Landscape Plan (see Pages 157-159), and by
creating a flexible design for the AlgaePARC.
Still, these detailed incentives are designed
according to a couple of principles that
could be used for other designs. The idea
of linking the new AlgaePARC to other
ecological developments can still be used
in a future design for the farm, even when
it is not constructed on the proposed site.
Also the principle of using the photo stops
as a means of creating awareness among
the seaside tourists might be used on other
locations around the island. In that way, the
detailed designs can contribute to tourism
development on Bonaire, even when they
are not constructed in the way I designed
them for this thesis.

Recommendations
As was already mentioned a couple of times
in this chapter, this Thesis was bound to
certain limits concerning both time and
scope of the study. In this paragraph, I will
indicate these limits, and outline how these
limits can be further researched in future
studies.

Quantitative Tourism Observations

As was mentioned on Page 180, the
quantitative tourism observations were
limited by time constraints, and moreover
suffered from exceptional circumstances that
reduced the generalizability and reliability of
this study. Even though the results of this
quantitative observations did not turn out to
be valuable for the aim of this specific thesis,
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such data might be very valuable for other
studies to Lac as are currently undertaken
via Stinapa. As the latest thorough study
to tourism activities dates back to 2012, it
would be very valuable for the research
to Lac to conduct a similar quantitative
observation throughout a longer period of
time, in order to come with more reliable
and up-to-date information on the visitor
numbers in Lac.
Relation to Catchment
The aim of this thesis as it was stated on
Page 10 was to make a design for Lac and
its catchment that would synergistically
deal with the problems regarding ecology
and tourism. However, in the research and
design process that I went through during
this thesis, I focussed more specifically on Lac
and not on the catchment. This was partly
a result of limitations in the scope of this
project; from the beginning, I deliberately
stayed away from bold conclusions regarding
issues like excavations, agricultural dams
and goat farming. That is because these are
very delicate subjects on the island, which
are prone to a lot of unsubstantiated claims
(see Page 181). Even though these subjects
might be very interesting to study with
regards to their impact on the ecosystem
of Lac, they were left out of the scope of
this thesis in order not to get involved in
these delicate discussions. It would however
be very interesting for future research to
focus especially on these subjects, which
contributes to both this thesis and the thesis
by Hulsebosch (2016).

Elaboration of the Design

Even though the final design was
substantiated as strongly as possible by
literature, the actual consequences of the
various design interventions are yet largely
unknown. Therefore, it would be very
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valuable to have the final Landscape Plan
further analysed by experts with regards
to hydrology and ecology. These experts
might for example be able to calculate the
consequences of the water extraction for
the amounts of water transported through
the canals, and the effects of this enhanced
water circulation on the water quality of the
backwaters. Such studies are essential to be
conducted before the construction of this
design, in order to see how the design can
be optimized for the best effect.

Chapter 12: Discussion
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Chapter 13

Conclusion

In this MSc-Thesis report I investigated
the landscape system of a very vulnerable
and complex area in Bonaire. Throughout
this study I sought to unravel the complex
geological, hydrological and anthropological
processes that form the landscape of Lac,
in order to make a design that takes the
complexity of the area into consideration. In
this final chapter, I draw the final conclusions
from this study. I start with answering the
research questions that were stated on Page
11, after which I answer the main design
question. At last, I describe the relevance of
this study.

Research Questions
What is the current state of the ecosystems in
Lac, and what are the underlying processes
of the landscape system?
In Chapter 6, I step-by-step described
how the different abiotic and biotic
processes in Lac constitute the landscape.
The major underlying processes, as were
distinguished in the Problem Tree on Page
92, were sedimentation and a lack of water
circulation. Sedimentation occurs from
three different origins: inland sediments
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transported via terrestrial runoff, exogenous
sediments from sea and indigenous
sediment production from algae. The water
circulation in the bay is limited because of
the low amount of freshwater influx, and
the growth of mangroves and accumulation
of sediments blocking the tidal flows. These
two processes are a major cause of the
current ecological problems in Lac, such as
mangrove and seagrass decay. Earlier studies
already pointed out the major consequences
that the decay of these habitats would have
on Lac’s vulnerable ecosystem. As these
processes of sedimentation and blockages
in water circulations are continuing, it can
be expected that these habitats have further
deteriorated since the last investigation
in 2012. The current state of the different
landscape types of Lac is expressed in the
Landscape Unit Map in Appendix 2.
What recreational activities are currently
undertaken in Lac’s catchment, and what is
their positive or negative impact on the ecohydrological system?
A third major influence that was
distinguished in the Problem Tree on Page
92 was disturbance by tourists. In Chapter 7,
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I thoroughly described the current tourism
activities occurring in Lac. The major activities
were concentrated on two spots around the
bay: the beaches of Sorobon and Cai. This
concentration of activities like swimming,
windsurfing, kayaking and other beach
activities generates a high tourism impact
on these few locations. The direct negative
impact of tourists towards the ecosystem
of Lac contains trampling of the vulnerable
seagrass beds, and disturbance of birds in
the mangroves. A profound positive effect of
tourists is that they prevent mangroves from
overgrowing canals that reinforce the tidal
flow in that bay, by frequently using these
canals for kayaking.
What potential design interventions can be
done to come to a synergistic design for Lac’s
catchment?
From the information that I gathered
in research the previous two research
questions, I derived a set of Potential
Design Interventions that was described in
Chapter 9. This set of interventions provides
a range of measures that can be taken
to tackle the three major problems that
were distinguished in Lac; a lack of water
circulation, sedimentation and tourism
disturbance. The interventions were derived
from a combination of Design Starting Points
(existing problems, as were described in
the analysis of Lac) and Design Guidelines
(probable solutions for the problem as
derived from theory), creating a strong
link between the research-phase and the
design-phase of this study. The potential
interventions were subsequently analysed
according to the SWOT-principle, in order to
evaluate their advantages, objections and
opportunities for synergetic combinations.
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Design Question
How to intervene in Lac’s catchment in order
to create a synergy of eco-hydrological and
recreational developments?
The Potential Design Interventions showed
a set of measures that could be taken
in order to tackle some of the problems
that were found to occur in Lac. In order
to come to a synergetic design for the
area, involving measures that could tackle
problems in the landscape system and the
tourism system at once, Design Variants
were made to explore the possibilities for
combining multiple interventions. Via MultiCriteria Assessment, these combinations
were judged on their synergetic value. This
resulted in a systematically substantiated
Landscape Plan for Lac’s catchment, which is
available in Appendix 3.
This final Landscape Plan and the
accompanying details that were described
in Chapter 11, show a combination of
interventions that was assessed to be the
most effective way in which tourism and
ecological developments in Lac could be
tackled in synergy. The plan consists of an
important hydrological infrastructure of new
canals, which can be sustained by combining
it with tourism activities and incentives.
Even though this was evaluated to be the
most synergetic design variant, the building
blocks which are distinguished in Chapter
11 show that the different interventions
might also work when they are torn apart in
different elements. From this, the conclusion
can be drawn that the synergy between the
different elements is not fundamentally
necessary for the success of this design.
Although the design would work best when
the interventions regarding hydrology and
tourism are working together, each element
can also stand on its own.
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This raises the question whether the fact
that the design can be broken in pieces
is a negative or a positive characteristic.
As Barnett (see theoretical framework,
Page 18) already described, an ecological
design might be able to create the initial
conditions for ecological processes, but
the future developments of the system
are unpredictable. Exactly by splitting the
design into different building blocks, which
do not implicitly need each other but can
also stand on their own, the uncertainties
of future developments can be taken into
consideration. During the course of the
future, different elements of the design can
be added in order to come to an equilibrium
of interventions that indeed creates the
desired synergy.

For the field of landscape architecture
research, this MSc-Thesis continues upon
the previous thesis by Van Reijn, who
introduced the prioritization-approach for
systematically creating design variants in
a complex design context. In this thesis, I
showed that a similar approach can also
be used in other projects, such as the case
of Lac. The expansion of this method by
introducing the set of potential design
interventions created an already systematic
basis for the different design variants, which
strongly linked them with the research-phase
of this thesis. This approach could be further
tested and expanded in following theses,
contributing to the systematic exploration of
different design variants.

Relevance

As this MSc-Thesis was written as a research
assignment from a commissioner, Stinapa,
this study has a high social relevance. The
research that was conducted in this study
contributes to the existing knowledge
on the specific case area of Lac. In the
description of the knowledge gap (see
Page 10), I already described that this study
aims to update the existing knowledge on
both the ecological state of Lac and the
occurring tourism activities in the area. The
landscape analysis of Lac (see Chapter 6),
and the resulting section (see Page 102) and
Landscape Unit Map (see Appendix 2), give
a good indication of the current state of Lac
and can be compared to the earlier study
from in 2012 by Davaasuren and Meesters.
Simultaneously, the tourism study (see
Chapter 7) provides an update to the 2012
investigation by Debrot et al. . This research
thus fits in a series of investigations as in
carried out via Stinapa, in order to monitor
the developments in Lac.
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Landscape Units Lac & Catchment, Bonaire
Based on Field Observa�ons (December 2016 & January 2017),
Google Earth Satellite Images (September 2016) and Soil, Vegeta�on and
Topographic Maps (Grontmij, 1966; Freitas e.a., 1998)
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