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Preface 
 
This thesis report is about mapping and restoring the beautiful mangroves along the southwest coast 
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Hall Larenstein University of Applied Sciences. 
 
At the beginning of the thesis period, I decided not to write the report on Bonaire because the 
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writing when I arrived back in the Netherlands. Afterwards, the decision not to write the report on 
Bonaire was correct. Back home, I had plenty of time and could fully concentrate on writing. Writing 
a report is not my favourite part of conducting research. However, when I am eventually in the 
writing flow, I quite enjoy it. Writing went relatively smooth due to the help and comments of my 
external coach, Jessica Johnson, and the VHL-internal coach, Peter van der Meer. The provided 
feedback was helpful and made the report better in every way. 
 
I would like to thank the Mangrove Maniacs, in particular Sabine Engel and Jessica Johnson, for 
allowing me to do my thesis at the Mangrove Maniacs on one of the most beautiful islands on earth, 
Bonaire. They always helped me when I had questions, and working together in the field was always 
fun and relaxed. Furthermore, I would like to thank my VHL-internal coach, Peter van der Meer, who 
supported and helped me before, during, and after my time on Bonaire. Finally, I would also like to 
thank my study career mentor, Ronald Boertje, for the support over the last four years and during 
the thesis period. 
 
Last but not least, I would like to thank my family and friends for their support while writing. 
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Abstract 
 
This thesis assignment consists of two parts: mapping mangrove planting sites along the southwest 
coast of Bonaire, and comparing and evaluating the outplanting with the BESE-elements® mangrove 
restoration techniques. The Mangrove Maniacs asked to map the mangrove planting sites along the 
southwest coast as part of their mangrove restoration project. The focus was mainly on the large 
planting sites with a couple of hundred mangrove seedlings planted close to each other. The planting 
pattern of each planting site is random, so maps of the planting sites were needed to create an 
overview of each site. However, an efficient way to map the large numbers of mangrove outplants 
had to be found to create the maps. So, the objective of the mapping part of the thesis assignment 
was to find an efficient way to map the large mangrove planting sites along the southwest coast of 
Bonaire. The maps can be used to track the success rate of the mangrove restoration project, support 
outplant monitoring, identify potential planting areas, and use the maps in publications and on social 
media. The type of research that was involved was fieldwork.                
The second part was focused on the outplanting and BESE-elements® mangrove restoration 
techniques. Since the start of the mangrove restoration project, the Mangrove Maniacs have used 
the standard outplanting technique. However, there was still a knowledge gap in the success rate of 
the outplanting technique at the different planting sites. Apart from the outplanting, the BESE-
elements® restoration technique was introduced to the mangrove restoration project by a WUR MSc 
Forest and Nature Conservation student. The Mangrove Maniacs asked to include the BESE-
elements® in this thesis assignment and continue monitoring the red mangrove propagules planted 
in the BESE-elements®. The BESE-elements® mangrove restoration technique was included to see if it 
has the potential to improve the mangrove restoration project along the southwest coast of Bonaire. 
The types of research that were involved were literature study and fieldwork. The two main 
questions are: What is the most efficient way to map different mangrove planting areas, focusing on 
large planting sites, to provide an overview of the success rate of the mangrove restoration project 
along the southwest coast of Bonaire? And how can the mangrove restoration project along the 
southwest coast of Bonaire be improved? The research method that has been used for the mapping is 
fieldwork. A 5 by 10 metres grid was used to map the large numbers of outplants. This grid was 
drawn on-site, and the digital maps were created with GIS in ArcMap. The research method for both 
the outplanting and BESE-elements® techniques was fieldwork. The survival and growth rate of the 
outplants were monitored biweekly. Survival of the propagules in the BESE-elements® was 
monitored once a week and the growth once a month. An Anova test was conducted for the 
outplants to see if the relative growth rates of the planting sites differed significantly from each 
other. T-tests were conducted for the BESE-elements® and control sites for each study site's survival 
and relative growth rates. Two types of maps have been created. Based on the grid, heat maps were 
made for the large planting sites. In comparison, the smaller planting sites were mapped without a 
grid. The survival rate of the red mangrove outplants at the different planting sites is generally high. 
The Anova Single Factor test showed no significant difference between the relative growth rates of 
the tagged outplants at the nine planting sites (p=0.137). The lowest average survival rate of all BESE-
elements® and control sites was at a BESE-elements® site. The results of the t-tests showed that the 
survival and relative growth rates are not significantly different between the BESE-elements® and 
control sites at all four study sites. In conclusion, a grid was the most efficient way to map large 
planting sites with outplants planted closely together. Drawing a grid has low costs, but it is time-
consuming. Research on more sophisticated mapping methods is needed if the planting sites grow 
significantly in the future. The BESE-elements® showed no significant difference between survival 
and growth rate regarding the control sites in the short term. So, long-term monitoring is necessary 
to see if the BESE-elements® merit the time and financial investment.   
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1. Introduction 
 

1.1. Background information 
1.1.1. Mangroves and their importance  
Mangroves are woody plants which thrive in coastal environments. They provide multiple important 
ecosystem goods and services (EGS) like coastal protection by reducing wave energy through 
attenuating wind waves, preventing erosion and increasing sedimentation (Gijsman, et al., 2021). 
Moreover, they are essential carbon sequestrators, have high biodiversity and are important fish 
nurseries that result in fishery yield (food). Other EGS are tourism, water retention and purification, 
pollutants filtration and wood yield (Spalding, Ermgassen, & Leal, 2021). Mangroves provide an 
ecosystem service benefit of between $462 and $ 8 billion per year (UNEP, 2014). Due to their 
importance in coastal protection, mangroves prevent more than $65 billion in property damage and 
reduce flood risk to 15 million people every year (Spalding, Ermgassen, & Leal, 2021). Over 120 
million people worldwide live within 10 kilometres of the remaining significant mangrove habitats 
(UNEP, 2014).  

Mangroves play a key role in climate change, coastal protection and contribution to coastal 
communities. They are important blue carbon storers. Blue carbon is carbon stored in coastal and 
marine ecosystems. Mangroves sequester and store more carbon per unit area than terrestrial 
forests. The figure below shows the tons of CO2 sequestrated per hectare per coastal ecosystem.  

What becomes clear from this figure is that mangroves store large amounts of CO2, especially in the 
soil. This is mainly due to the fact that red mangroves have woody prop roots. Within these complex 
root systems, vast amounts of carbon is stored. (IUCN, n.d.) 

 
1.1.2. Mangroves species of the Caribbean 
Worldwide, there are more than 100 mangrove species. In the Caribbean, however, only three 
species occur: red (Rhizophora mangle), black (Avicennia germinans) and white (Laguncularia 
racemosa) (Mangrove_Maniacs_Bonaire, 2022). The reason for the low species diversity in the 
Caribbean is thought to be due to increased local diversification following continental drift. There is a 
clear pattern of species distribution within a mangrove forest with distance away from the sea.  

Figure 1.1 Tons of CO2 stored per hectare in seagrass meadows, salt marches, estuarine mangroves, oceanic mangroves & 
tropical forest (IUCN, n.d.) 
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The red mangrove is a typical fringing mangrove species found at the sea edge. These trees are 
classified as pioneer species. Black mangroves thrive in the muddy and wet environments behind the 
red mangroves. At the same time, white mangroves grow typically behind black mangroves on dry 
land. The two main factors for this distribution pattern are increased salt levels and waterlogged 
sediment. (Kaiser, et al., 2020)  

Mangroves are tropical and sub-tropical plants that have evolved to thrive in marine and brackish 
water environments (Bunting, Lucas, Rosenqvist, & Hilarides, 2021). They form a buffer between the 
sea and land. Mangroves grow on several soil types, including sand, mud, clay and rocks (coral fossils) 
(FAO, n.d.). Red mangroves have an adapted root system to filter saltwater to survive in these harsh 
coastal environments. Near the ground, red mangroves have prop roots and aerial roots at the 
branches. The filtration of the salty water occurs at the surface of the roots, where membranes 
prevent salt from passing through while allowing fresh water to enter the roots. Moreover, black 
mangroves have also an adapted root system. They have roots, called pneumatophores, that grow 
straight up and act as snorkels to survive in muddy and wet environments.  

Furthermore, red mangroves have a unique reproduction technique. The flowers produce propagules 
that drop down from the mother tree into the water when they are ready to settle. Propagules are 
pencil-shaped seeds. They float with the current to an area with less current where they can settle in 
the mud and grow into a sapling. The propagules can survive due to their underground roots, which 
have the same function as the prop roots of mature trees. (Mangrove_Maniacs, n.d.)  

 
1.1.3. Mangrove degradation across the globe 
Mangroves have the potential to contribute more than $10 billion each year to local communities in 
the Western Indian Ocean. With 14% of the total mangrove area, the Western Indian Ocean region is 
an important area for mangrove conservation (WWF-Germany & IUCN, 2021).  

The major threats in Kenya are reduced species diversity, overexploitation of wood and the 
overreliance on mangroves for fuel (GoK, 2017). Even though Madagascar has 2% of the world's 
mangroves, deforestation for fuel is also one of the main threats there (Jones, et al., 2016).  

With almost 340,000 ha, Mozambique has the most mangrove coverage in the Western Indian Ocean 
region (Fatoyinbo & Simard, 2013). However, the destruction of the whole Western Indian Ocean 
region is the highest in Mozambique, primarily due to extraction of wood and deforestation for 
saltpans and urban settlement. In Tanzania, the combination of poverty and population growth has 
resulted in an overreliance on mangroves. With deforestation for uncontrolled wood harvest and 
land conversion for agriculture, aquaculture and salt pans as a result. (WWF-Germany & IUCN, 2021)  

Not only in the Western Indian Ocean region is mangrove degradation a big issue. In a case study 
from Australia, researchers found that the mangrove area around the Maroochy River in Queensland 
has declined approximately thirty percent since European colonisation in the mid to late 19th century. 
Past mangrove deforestation and degradation drivers included sugar cane production and land 
clearing for cattle. Present drivers include population growth, agriculture, rapid urbanisation and 
discharge of pollutants and sewage. (Brown, Pearce, Leon, Sidle, & Wilson, 2018)  

In Costa Rica, the main threat is different than in other countries. Forty percent of the mangroves 
were destroyed after the collapse of the country's banana boom in the 1980s. The reason why the 
mangroves don't recover in the degraded areas is a vigorous fern species that has taken over the 
deforested area (Oppla, n.d.).  
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Most mangroves in the Philippines were lost due to the creation of fishponds for shrimp farming and 
commercial fishing. Luckily, most fishponds are abandoned, which means that the areas are returned 
to the Department of the Environment and Natural Resources to restore those areas. However, this 
rarely happens. The Zoological Society of London (ZSL) has been working on cancelling Fishpond 
Lease Agreements to establish new healthy mangrove forests at the fishponds. (ZSL, n.d.)  

Over the last three decades, more than 50,000 ha of Brazil's mangroves have been destroyed. This 
represents about four percent of the total mangrove area in the country. The main reasons are 
aquaculture, industrial and urban development and many more. Nowadays, only five percent of the 
total degraded area has been restored. Restoration efforts mostly minimise mangrove degradation in 
Brazil. (Ferreira & Lacerda, 2016)  

All the mentioned countries have projects running to restore the mangrove areas, and so does 
Bonaire. However, it is important to take into consideration that the small degraded mangrove areas 
on Bonaire cannot be compared to the degraded mangrove areas in those countries. However, most 
of the main goals and aims are similar to those of other countries and mangroves areas. 

    
1.1.4. Mangrove degradation and mangrove restoration project on Bonaire 
Bonaire has three main locations with mangroves: Lagoon, Lac Bay and the southern part of the 
island which includes the southwest coast, the Cargill salt production area and the south and 
southeast coast. The mangrove forest at Lac Bay is the largest in the Dutch Caribbean. Along the 
southwest coast, the number of mangroves were limited due to a lack of propagule supply. 
Nowadays, the mangroves along the southwest coast are a mix of a few natural trees and the results 
of mangrove restoration efforts in the early 2000s. Along the southwest coast, original mangrove 
forest has mostly disappeared due to logging for wood and human development, overgrazing by 
free-roaming livestock and storms. Hence, the Mangrove Maniacs, led by Sabine Engels and 
supported by Coastal Dynamics, Jessica Johnson’s environmental consultancy group, started a new 
mangrove restoration project in February 2020 to restore degraded areas and increase mangrove 
areas along the southwest coast of Bonaire. This is in continuation with mangrove restoration efforts 
started in 2012 and 2015. Restoration of mangroves along the southwest coast of Bonaire will help 
mitigate climate change, increase coastal protection by improving the defence of the southwest 
coast to cope with extreme weather and sea-level rise as well as provide increased habitat for a 
number of migratory and resident birds, provide a land sea buffer to protect fringing coral reefs and 
serve as a new area for fish and crustacean nursery. (Mangrove_Maniacs_Bonaire, 2022)  

The mangrove restoration project is supported by EU International Partnerships through BEST 2.0+ 
C56 (BEST2.0+, n.d.). The Mangrove Maniacs have planted over 1000 mangrove seedlings since 
February 2020. Mainly red mangroves, but they also planted more black mangroves in early 2022. 
Moreover, they have the ambition to plant white mangroves as well. Red mangrove propagules and 
black mangrove seeds are grown in nurseries in the mangrove forest of Lac Bay. When they develop 
into a seedling, they are outplanted. The minimum nursery period is about six months. However, 
some seedlings have stayed in the nurseries for almost two years. The seedlings are prepared in the 
nurseries for outplanting by planting them in biodegradable bags. The mangrove seedlings are often 
placed on the rocky surface and protected by rocks around a group or individual seedlings.  
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Since the start of the project, a selection of red mangrove seedlings has been monitored to follow 
the survival and growth rate of the mangrove outplants. Together with volunteers, the Mangrove 
Maniacs have been planting red and black mangrove seedlings at several mangrove planting sites 
along the southwest coast of Bonaire. New areas will be added to the mangrove restoration project 
since there will be new outplanting events in the future. (Mangrove_Maniacs_Bonaire, 2022)         

In addition to the outplant mangrove restoration technique, a new mangrove restoration technique 
has been recently introduced along the southwest coast. Shamyi Lanjouw, an MScs Forest and 
Nature Conservation student of Wageningen University & Research, has been doing her thesis on 
'Biodegradable Ecosystem Engineering Products for Mangrove Restoration'. She has monitored the 
growth and survival rate of red mangrove propagules planted in BESE-elements® and compared them 
with control sites along the southwest coast of Bonaire (Lanjouw, Biodegradable Ecosystem 
Engineering Products for Mangrove Restoration - Thesis Proposal, 2021). BESE-elements® are 
Biodegradable Ecosystem Engineering products (BESE) made out of potato starch whose primary 
function is to restore ecosystems. BESE-elements® have three-dimensional structures (see figure 
1.2). Therefore, they can mimic the complex root structure of natural red mangroves to improve the 
growth and survival rate of the propagules. This they do by increasing sediment stabilisation and 
reducing wave energy. Furthermore, they provide shelter and protection for fish and other marine 
organisms from predators. (BESE, n.d.)  

 

 

Figure 1.2 BESE-elements® along the southwest coast of Bonaire 
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1.2. Problem description 
Due to the minimal mangrove forest along the southwest coast and the threats of climate change, 
including extreme weather and storms, expanding the mangrove forest along the southwest coast is 
vital to protect the unique southern part of Bonaire as well as the neighbouring salt pans and coral 
reefs.  

Since February 2020, the Mangrove Maniacs have been planting over a thousand mangrove seedlings 
with the help of volunteers at nine sites along Bonaire’s southwest coast. Inviting volunteers to help 
planting has its advantages and disadvantages. More people means less time-consuming. However, 
not each volunteer has the required knowledge to properly plant a mangrove seedling. Outplants 
may not be secured properly which cause the outplants to fall and float away and/or die earlier. 
Furthermore, when each volunteer gets a crate of mangrove seedlings and do not get instructions 
about where to specifically plant, the planting pattern will be random. As a result, the overview of 
the planting site has gone. Therefore, the Mangrove Maniacs asked to create maps of the planting 
sites, especially the large sites, to get an overview of all the planting sites, support the monitoring of 
outplants, track the progress of the mangrove restoration project and to use the maps in publications 
and on social media.  

Since the start of the restoration project, the Mangrove Maniacs have used a consistent outplant 
mangrove restoration technique in their restoration project. A selection of these red mangrove 
outplants have been monitored since the start of the project. However, there is still a knowledge gap 
in what the success factors of these red mangrove outplants are and at which planting site the 
survival and growth rate of these outplants is the highest.  

In addition to the standard outplanting technique, a new mangrove restoration technique with BESE-
elements® was introduced in November 2021 by Shamyi Lanjouw in her MSc thesis at Wageningen 
University (not published yet). So, when she went back to Wageningen, the Mangrove Maniacs asked 
to include the BESE-elements® in this thesis assignment to continue monitoring the survival and 
growth rate of the red mangrove propagules planted in the BESE-elements®. 

There is a knowledge gap in the success rate of the standard outplanting technique and if the new 
BESE-elements® mangrove restoration technique has potential to improve the mangrove restoration 
project along the southwest coast of Bonaire.  
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1.3. Objective  
1.3.1. Mapping 
The objective of the mapping part of this thesis study is to find an efficient way to map large 
numbers of mangrove outplants and to create an overview of the success rate of the planting sites, 
track the progress of the mangrove restoration project, support the monitoring of the tagged 
outplants, identify new potential planting areas and use the maps in publications of the Mangrove 
Maniacs and on social media.  

 
1.3.2. Mangrove restoration techniques 
The objective of the second part of the thesis assignment is evaluate the results of the current 
restoration activities and to give recommendations on how the mangrove restoration project could 
be improved by including the BESE-elements® mangrove restoration technique in the project. To 
come to that, firstly the survival and growth rate of the red mangrove outplants at each planting sites 
will be compared to see which site has the highest success rate and what the success factors are. The 
locations, soil types and distances to the high tide line of the planting sites will be taken into 
consideration. Secondly, the survival and growth rate of the red mangrove propagules at the BESE-
elements® sites will be compared. Thirdly, the BESE-elements® will be compared with the control 
sites to see if the BESE-elements® have a higher success rate than the control sites. In the discussion, 
both mangrove restoration techniques will be compared and evaluated. 

 

 
1.4. Research questions  

1.4.1. Main questions 
Based on the objective, two main questions have been formulated.  

The first main question focuses on the mapping part of the research. As already mentioned in the 
problem description, the problem statement is that there are no maps of the planting sites along the 
southwest coast. So, the planting sites, especially the large planting sites with a couple of hundred 
outplants, need to be mapped to provide an overview of the mangrove restoration project along the 
southwest coast and support the monitoring of the tagged outplants. Therefore, the following main 
question has been formulated. 

- What is the most efficient way to map different mangrove planting areas, focusing on large 
planting sites, to provide an overview of the success rate of the mangrove restoration project 
along the southwest coast of Bonaire? 

The second main question is about the second objective to evaluate the results of the current 
restoration activities and to give recommendations how the mangrove restoration project along the 
southwest coast could be improved by including the BESE-elements® mangrove restoration 
technique. So, the second main question is as follows.  

- How can the mangrove restoration project along the southwest coast of Bonaire be 
improved? 
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1.4.2. Sub-questions first main question: mapping 
Before creating the maps of the planting sites, a few sub-questions have to be answered better to 
understand the progress of the mangrove restoration project and to look for the best mapping 
method.  

a) How many planting sites are there, and what are their locations? 
b) How many red and black mangrove outplants have been planted at each planting site?  
c) When are red and black mangrove outplants completely dead? 
d) What is the best mapping method for large amounts of mangrove outplants planted closely 

together? 

 
1.4.3. Sub-questions second main question: mangrove restoration techniques 
As mentioned in the objective, the second main question consists of two parts: 

1) What are the success factors for survival and growth rate of red mangrove outplants, 
regarding location, soil type and distance to the high tide line?  

2) How do BESE-elements® affect survival and growth rate of red mangrove propagules planted 
in dynamic environments?  

 

 
1.5. Hypotheses 

1.5.1. Hypothesis first main question 
The first main question hypothesises that a grid is the most efficient way to map large amounts of 
mangrove outplants planted closely together. The reason is that with a fixed grid, the borders 
between grids are also fixed and can be determined with markings like ribbons. As a result, the total 
amount of dead and live mangrove outplants within a specific grid can be counted and monitored. In 
addition, the precise locations of the tagged outplants are presented in the grid. Also, grids without 
outplants can be identified and used for future outplanting events.  
 

1.5.2. Hypothesis second main question 
The second main question hypothesises that the mangrove restoration project can be improved by 
planting red mangrove propagules in BESE-elements® and placing them in more dynamic 
environments. Particularly in places with high wave exposure and close to the sea. In those areas, the 
BESE-elements® improve the survival and growth rate of the red mangrove propagules because of 
the three-dimensional structure they provide.  
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Figure 1.3 SDG 13 - 
Climate Action 

1.6. Reading guide 
Firstly, in the method, the locations of the study sites will be presented, including the planting sites 
and the BESE-elements® sites. Also, the research methods of mapping, monitoring and data 
collecting will be explained in detail. Furthermore, the statistical data analysis will be presented, 
including a detailed explanation of the reason behind the test(s) that will be used. The method will 
be concluded by a list of materials used during this research. Secondly, the results of the tests will be 
presented in figures and tables. Thirdly, in the discussion, the results will be discussed and 
interpreted. Moreover, the results will be compared with other studies. Also, a critical view will be 
given of the research, including positive and negative aspects. Limitations of the research will be 
indicated, and suggestions for further research. In the conclusion, the research questions will be 
answered, and the hypothesis will be confirmed or debunked. Also, an indication will be given if the 
research objective is achieved or can be answered. Furthermore, recommendations will be made for 
future research. Finally, the report will be concluded with references and an appendix. The maps that 
have been created will be presented in the appendix.  

 

 
1.7. Sustainability and Sustainable Development Goals (SDGs) 

Regarding sustainability, the effects of restoring the mangrove forest along Bonaire's southwest 
coast can be linked to the Sustainable Development Goals (SDGs) of the UN (UN, The 17 Goals, n.d.). 
One of the main goals is SDG nr. 13 'Climate Action', mangrove restoration is of significant 
importance to climate change mitigation and climate action. First, as they grow, young mangrove 
plants sequestrate a lot of carbon (UN, Goal 13 Take urgent action to combat climate change and its 
impacts, n.d.). Secondly, SDG nr. 14 'Life Below Water' is related to mangroves due to their role in 
reducing erosion from land, which reduces the sediment cover over coral reefs and seagrass 
meadows. Also, mangroves have a nursery function for coral reef fish (UN, Goal 14 Conserve and 
sustainably use the oceans, seas and marine resources for sustainable development, n.d.). Thirdly, 
SDG nr. 15 'Life on Land' is linked to mangroves because of their function in coastal protection by 
reducing wave energy, increasing sedimentation, and reducing erosion. Furthermore, biodiversity in 
mangroves is high, and they act as an important breeding and foraging habitat for a wide range of 
bird species (UN, Goal 15 Protect, restore and promote sustainable use of terrestrial ecosystems, 
sustainably manage forests, combat desertification, and halt and reverse land degradation and halt 
biodiversity loss, n.d.). Finally, the restored mangrove forest along the southwest coast has potential 
for ecotourism and job opportunities, which contributes to SDG nr. 8 'Decent Work and Economic 
Growth' (UN, Goal 8 Promote sustained, inclusive and sustainable economic growth, full and 
productive employment and decent work for all, n.d.). The images below show the SDGs related to 
this research (UN, The 17 Goals, n.d.).  

 

 

 

  

Figure 1.4 SDG 14 -            
Life Below Water 

Figure 1.5 SDG 15 -              
Life On Land 

Figure 1.6 SDG 8 -             
Decent Work and 
Economic Growth 
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2. Method 
 

2.1. Study sites 
2.1.1. Planting sites 
All planting sites are situated along the southwest coast of Bonaire, from the Salt Pier till Red Slave. 
In total there are nine planting sites, from north to south they are Salt Pier, White Slave, Margate 
Bay, Sweet Dreams North, Sweet Dreams, Sweet Dreams South, Flamingo Pond, Red Slave and Red 
Slave Pekelmeer. Most of the planting sites are named after dive sites or landmarks of Bonaire. Since 
there will be more outplanting events in the future, the amount of planting sites will probably 
increase. Since the start of the project in February 2020, the Mangrove Maniacs have planted over a 
thousand, particularly red, mangrove seedlings. The Sweet Dreams North, Sweet Dreams, Sweet 
Dreams South, Flamingo Pond and Red Slave planting sites are the largest sites. So, these planting 
sites will be the focus for the mapping. All these planting sites will also be used for the second part of 
the thesis assignment. 
 
Figure 2.1 shows the locations of six planting sites. The other three planting sites are located close to 
other planting sites. The Sweet Dreams North and Sweet Dreams South planting sites are close to the 
Sweet Dreams planting site and the Red Slave Pekelmeer planting site is close to the Red Slave 
planting site. So, to have a clear overview a zoomed map has been made to show the exact locations 
of those planting sites as well (see figure 2.2). The maps have been made in Google Earth online.  

 
Figure 2.1 Locations of six of the nine planting sites along the southwest coast of Bonaire 
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2.1.2. BESE-elements® sites 
The BESE-elements® are placed in only four locations along the southwest coast. Three of the four 
BESE-elements® sites are located at Margate Bay and one a little bit north of the Salt Pier. These sites 
are the same study sites Shamyi Lanjouw has used for her thesis experiment because this part of the 
thesis assignment is directly taken over from her research. As already mentioned, Shamyi selected 
four research sites along the southwest coast. See figure 2.3 for an overview of the locations of all 
sites and figure 2.4 for a zoomed map on the three Margate Bay sites. The sites are called Safe 
Haven, Margate Sediment Site, Margate Coral Site and Margate Natural Pond Site (Lanjouw, BESE 
Experiment Monitoring Scheme, 2022). The figures below are retrieved from the BESE Experiment 
Monitoring Scheme by Shamyi Lanjouw (2022).  
 

 

 

 

 

 

Figure 2.2 Zoomed map of the Sweet Dreams North, Sweet Dreams, Sweet Dreams South, Flamingo Pond, Red Slave and Red Slave 
Pekelmeer planting sites 

Figure 2.3 Locations of all BESE-elements® sites along the southwest coast of Bonaire 
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2.2. Mapping 
• The research method that has been used for the mapping is fieldwork.  
• However, first two small experiments/practices have been conducted to see which mapping 

method was the most efficient. Including marking every single outplant, and counting the 
number of outplants within a grid.  

• Together with the external coach the grid method was chosen and defined. Mainly because 
of the difficulty to mark each outplant due to the high density in some areas. 

• Final mapping method was a grid of 5 metres in length and 10 metres in width.  
• Note: above was the mapping method for the large planting sites (Sweet Dreams North, 

Sweet Dreams, Sweet Dreams South, Flamingo Pond, and Red Slave). The smaller planting 
sites (Salt Pier, White Slave, Margate Bay, and Red Slave Pekelmeer) were simply mapped 
with only a polygon which marked the planting site. In the centre of the polygon the number 
of outplants were presented. This was decided together with the external coach due to the 
main focus on the large planting sites. 
 

• The grid was drawn in the field with a 50 metres reel and marked stones. 
• Total number of red and black mangrove outplants was counted within each grid, including 

dead and tagged/monitored seedlings (see figure 2.5 for a photo of a tag). 
• Codes were used to note the results. A consistent order of numbers were used to create an 

overview of the results. 1/2/3/4, 1=amount of alive red mangrove outplants, 2=amount of 
dead red mangrove outplants, 3=amount of alive black mangrove outplants, and 4=amount 
of dead black mangrove outplants. The unique numbers of tagged outplants were written 
down behind the specific codes in brackets. When no outplants were present within a grid, a 
null was written down. 

• The coordinates of the corners of the main grid were saved with Google Maps to later create 
the grid digitally at the correct location.  

Figure 2.4 Zoomed map of the Margate Sediment Site, Margate Coral Site & Margate Natural Pond Site  
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• Geographic Information Systems (GIS) was used to create the digital maps of the planting 
sites, specifically ArcMap 10.7.  

• Free, high-resolution satellite imagery of Google Satellite (CNES/Airbus imagery) was used for 
the basemap.  

• Imagery date of Salt Pier to White Slave was August 7th, 2021. Imagery date of Margate Bay 
to Red Slave was November 29th, 2019. (Google_Earth_Pro, 7.3.4.8248, 2021) 

• Option ‘Create Fishnet’ was used to create the grid in ArcMap.  
• For the large planting sites a heat map with codes was made.  
• For the small planting sites a code map was made. 

 

 

2.3. Mangrove restoration techniques 
Red mangrove outplants 
• The research method for monitoring the tagged red mangrove outplants was fieldwork. 
• The length of the first root till the base of the lead was measured of all tagged outplants. 
• Monitoring happened biweekly.  
• Survival was monitored by looking at the colour of the outplants. When the colour had 

completely disappeared, the outplant was considered dead (Mangrove_Maniacs, n.d.).  
• Red mangrove seedlings are extremely resilient, therefore one should be careful not to 

classify them as dead too early.  
• The soil type of each planting site was classified. Also, the depth of sandy and clay soils were 

measured with a knife by sticking it into the soil until it reached the rocks.  
• The distance from the centre of the planting site till the high tide line was measured with a 

50 metres reel. Tide-forecast.com was used to plan these measurements with the high tide 
to have a more precise measurement. 

 
Red mangrove propagules in BESE-elements® 
• The research method for the monitoring of the BESE-elements® and control sites was 

fieldwork.  
• Monitoring of the survivability of the red mangrove propagules planted at the BESE-

elements® and control sites happened once a week.  
• Propagules could have floated away or died. Especially early after planting. 
• Monitoring of the growth rate of the red mangrove propagules planted at the BESE-

elements® and control sites happened once a month.  
• The shoot height of the propagules were measured (see figure 2.6). 
• Tide-forecast.com was used to plan the growth rate monitoring sessions during low tide. 

Otherwise, the propagules were completely submerged and extremely hard to measure.  
(Lanjouw, BESE Experiment Monitoring Scheme, 2022) 

Figure 2.5 Tag type 
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Figure 2.6 Shoot height of a red mangrove propagule (Lanjouw, BESE Experiment Monitoring Scheme, 2022) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Data analysis 
• An Anova test has been conducted to see if there is a significant difference between the 

average relative growth rates of all nine planting sites (Meer, 2020). 
 

• T-tests have been conducted for each of the four study sites between the average relative 
growth rate of the BESE-elements® and control sites to see if there is a significant difference 
between the relative growth rates of these two planting techniques at different locations. 
Also, t-tests have been conducted between the survival rates of the BESE-elements® and 
control sites at the four study sties. However, firstly a F-Test Two-Sample for Variances had 
to be conducted before each t-test to decide whether the variances of the two means are 
significantly different. The results determined which type of t-test had to be used. (Meer, 
2020)   
 

See appendix 5 for a more detailed description of the methods used for this thesis assignment. Also, 
a list of the materials used is presented in appendix 5.4. 

 

  

  

Shoot height  
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 Figure 3.1 Red Slave Planting Site - Heat Map 

3. Results 
 

3.1. Mapping 
3.1.1. Maps 
For the large planting sites (Red Slave, Flamingo Pond, Sweet Dreams North, Sweet Dreams, and 
Sweet Dreams South), heat maps have been made. Figure 3.1 shows the heat map of the Red Slave 
planting site. Regular maps have been created for the smaller planting sites (Salt Pier, White Slave, 
Margate Bay, and Red Slave Pekelmeer). See figure 3.2 for the Salt Pier planting site map. The rest of 
the maps can be found in appendix 1. 
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Figure 3.2 Salt Pier Planting Site 
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3.1.2. Number of planting sites and their locations 
See table 3.1 for the total number of planting sites and their names. The planting sites are located 
between the Salt Pier in the north and Red Slave in the south. See figure 2.1 and 2.2 for maps of the 
exact locations of the planting sites. The three Sweet Dreams planting sites are located closely 
together, as well as the Red Slave, Red Slave Pekelmeer, and Flamingo Pond planting sites.  

 
3.1.3. Amount of red and black mangrove seedlings planted at each planting site 
The table below gives an overview of the amount of red and black mangrove seedlings planted at 
each planting site. 

 

 
 
 
 
 
 
 
 
 
 
 

 
 
3.1.4. Dead red and black mangrove outplants 
The third sub-question of the mapping main question was how dead red and black mangrove 
outplants could be identified. One of the main advantages of mangroves is that they are extremely 
resilient. During a quick scan of the outplants, an outplant could easily be identified as dead because 
it has turned black. However, even though the outplant looks dead, it might still be alive. An outplant 
is dead when an outplant lost its colour completely and no leaves can be observed. However, when 
there is still a small area of colour or there are still some (brownish) leaves, the outplant might 
survive. So, when in doubt, thoroughly scan the whole outplant for colour.  

 
3.1.5. Best mapping method for large amounts of mangrove outplants  
After some trails as described in the mapping method, the decision was made to use a grid for the 
mapping of the large planting sites (Sweet Dreams North, Sweet Dreams, Sweet Dreams South, 
Flamingo Pond and Red Slave). The decided grid size was 5 by 10 metres. This grid size was chosen 
because of the high density of outplants in some areas.  

 

  

Table 3.1 Number of red and black mangrove outplants at each planting site 
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3.2. Mangrove restoration techniques 
3.2.1. Success factors of red mangrove outplants regarding location, soil type and distance 

to the high tide line 
 
The table below shows the minimum and maximum survival rate of each planting site. The minimum 
survival rate is the survival rate including the outplants which have lost their tags or where it is 
unclear what happened with the outplant and/or tag. The maximum survival rate is the based on the 
number of confirmed dead tagged outplants, excluding the lost tags.   

 

 
According to the Anova Single Factor test, there is no significant difference between the relative 
growth rates of the tagged outplants at the nine planting sites. The P-value is more than 0.05 (0.137). 
See table 3.3 for the summary, including the average relative growth rates of all nine planting sites, 
and table 3.4 for the test result. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The graphs of the survival and growth rates of all planting sites are presented in appendix 2 and the 
tables with the survival and growth rate data are shown in appendix 3. See appendix 3.10 for the 
table which was used for the Anova test.   

Table 3.2 Survival rate planting sites 

Table 3.3 Summary Anova Single Factor test 

Table 3.4 Result Anova Single Factor test 
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3.2.2. Survival and growth rate of red mangrove propagules affected by BESE-elements®  
Tables 3.5 till 3.8 show a summary of the average survival and growth rate for each study site filtered 
on treatment.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Survival and relative growth rate of the Safe Haven Site, Salt Pier 

 

  

 

 

 

 

 

 

The survival and relative growth rate were not significantly different between the two treatments at 
the Safe Haven Site (p=0.78, p=0.25).  

Table 3.5 Average survival rates BESE-elements® per study site 

Table 3.6 Average survival rates control per study site 

Table 3.7 Average growth rates BESE-elements® per study site 

Table 3.8 Average growth rates control per study site 

Table 3.9 Result t-test survival rate Safe Haven Site Table 3.10 Result t-test relative growth rate Safe Haven Site 
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Survival and relative growth rate of the Sediment Site, Margate Bay 

 

 

 

 

 

 

 

 

The survival and relative growth rate were not significantly different between the two treatments at 
the Sediment Site (p=0.62, p=0.91).  

 

Survival and relative growth rate of the Coral Site, Margate Bay 

 
The survival and relative growth rate were not significantly different between the two treatments at 
the Coral Site (p=0.07, p=0.53).  

Table 3.11 Result t-test survival rate Sediment Site Table 3.12 Result t-test relative growth rate Sediment Site 

Table 3.13 Result t-test survival rate Coral Site Table 3.14 Result t-test relative growth rate Coral Site 
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Survival and relative growth rate of the Natural Pond Site, Margate Bay 

 

 

 

 

 

 

 

 

The survival and relative growth rate were not significantly different between the two treatments at 
the Natural Pond Site (p=0.56, p=0.12).  

 

In appendix 4 all data of the BESE-elements® and control sites are presented. Including the tables 
used for the t-tests and the results of the f-tests. Also, detailed tables of the survival and average 
relative growth rates per plot number are shown.  

  

Table 3.15 Result t-test survival rate Natural Pond Site Table 3.16 Result t-test relative growth rate Natural Pond Site 
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4. Discussion 
 

4.1. Mapping 
The mapping part of the thesis assignment went relatively smoothly. It took some time before a good 
method was found to map the planting sites without any high-tech equipment. The first idea was to 
use a drone for the mapping of the planting sites. That way all the outplants could easily be mapped 
with high resolution georeferenced photos. However, on Bonaire it is strictly forbidden to fly drones. 
A local professional photographer who owns a drone was contacted to see if he was able to help, but 
unfortunately he could not help. So, the planting sites had to be mapped on site.  

Finding a high-resolution satellite basemap was a struggle because all high resolution basemaps on 
the internet cost money. Wageningen University & Research was contacted to ask whether they 
were finished with their high-resolution maps which they were making on Bonaire last autumn. 
Unfortunately, those maps were not finished yet, so another solution had to be found. Together with 
the Mangrove Maniacs the decision was made to use Google Maps as basemap due to its high 
resolution and free accessibility.  

Firstly, the idea was to map the individual outplants. A small-scale test in the Netherlands showed 
that the basic mapping functionalities in Google Maps on a mobile phone with accurate GPS were 
precise enough to map individual plants. However, Jessica, the external coach, warned that mapping 
individual outplants was not possible due to the high density of outplants. The density was in some 
areas 20 mangrove seedlings per square metre. So, after deciding that was not possible, the decision 
was made to use a grid to map the large number of outplants. After a few trials, the grid size was 
decided to be five by ten metres. This way the outplants were relatively easy to count. Other studies 
use more sophisticated techniques to map mangroves. For example, a study from Indonesia used 
Unmanned Aerial Vehicles (UAVs) to map mangrove ecosystems to collect spatial information and 
identify mangrove species (Sugara Unib, Nugroho, & Anggoro, 2021). However, this is difficult due to 
the restrictions on flying drones on Bonaire. Another study mapped mangrove forests in Vietnam 
which used remote sensing with Landsat images (Long, Dai, Zhou, Mei, & Mai Van, 2021). However, 
due to the small sizes of the outplants, remote sensing of the planting sites is not an option. Perhaps, 
this might be an option in future mapping.   

Stones marked with red ribbons were used to mark the grid on site. Firstly, the length side was laid 
down, followed by the width. However, that was not the correct way to do it because often the 
rectangular that was drawn was not straight. When it was clear that this method was not the most 
efficient one, the corners of the rectangular were firstly marked. Afterwards, the marked stones 
were placed at every five metres along the length sides and at every ten metres along the width 
sides. This way the rectangular was straight and the grid could be laid down.  

The planting sites were often partially submerged. So, to make the marked stones visible, a small 
tower of stones had to be built to level the marked stones with the surface. Stones were placed on 
the borders of the 5 by 10 grid to make the grid clearer. This way the counting was much easier. 
Especially, due to the close proximity of the outplants and the location of some outplants directly on 
the borders. After the first planting sites were mapped it became clear that most of the time was 
spent laying down the grid correctly. Afterwards, counting the outplants was relatively easy. 
However, if the grid was not laid down correctly. It would take a lot of time to fix it. Luckily, I always 
had help from one of my friends. So, this made the mapping much more efficient.  
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Identifying the correct mangrove species was most of the time easy. However, sometimes the black 
mangrove outplants were so small that it was difficult to spot them. So, it was important to double 
check for black mangrove outplants to prevent missing a few.  

Judging the health of the outplants was in general easy. However, sometimes the whole outplant had 
to be thoroughly checked if it still had some colour and was alive. Especially at the Sweet Dreams 
North planting site, a lot of outplants looked dead but were still alive. So, mapping that specific 
planting site took more time than expected due to the health checks that were necessary.  

Creating the maps in ArcMap went smoothly. However, sometimes the grid was not drawn on the 
correct spot. Firstly, the rectangular of the planting site had to be rotated north to create the grid 
due to the fact that the grid was always drawn faced to the north. So, the rectangular firstly had to 
be rotated to the north. With the function ‘Create Fishnet’ the grid could easily be created. When the 
grid was drawn, it only had to be moved onto the saved corners of the planting site.  

The grids are permanent due to the satellite imagery that has been used as basemaps and the saved 
corners of the planting site. So, the Mangrove Maniacs could use the grids for future mapping and 
outplant events. This mapping method has low costs but it is time-consuming. Other mapping 
methods that might be interesting for the Mangrove Maniacs in the future are a drone and Real-Time 
Kinematic positioning with GPS+GLONASS. The Mangrove Maniacs could purchase or rent a drone for 
future mapping and ask the government to make an exception for flying with a drone for research 
purposes. This drone could also be used for their projects at Lac Bay. Furthermore, Real-Time 
Kinematic (RTK) positioning with GPS+GLONASS provides reliable centimetre accuracy even when the 
sky is partially blocked due to clouds or trees (Kozlov & Tkachenko, 2014). Testing these two mapping 
methods will tell if one of the mapping methods would be a better overall fit to the capabilities and 
needs of the Mangrove Maniacs. Both methods are more expensive, more precise, and more 
professional, but also demand training, a structured way of working and complex data management.  

 

 

4.2. Mangrove restoration techniques 
As can be observed from table 3.2, the overall survival rate of the tagged outplants is relatively high. 
However, the apparent survival rates of the Salt Pier, White Slave, Margate Bay and Sweet Dreams 
South planting sites are the lowest. For the Salt Pier planting site, this is mainly due to the fact that 
many of the tags of the tagged outplants have been lost. The most probably causes for this are that 
most of these seedlings have been planted within the waves and the water ripped the tags off. The 
harsh, direct sunlight is a challenge for many tag types, as they can become brittle and easily broken. 
The low survival rate of the White Slave planting site is confirmed by a large number of dead tagged 
outplants, and the number of tags missing at that site is low. So, the reason for the low survival rate 
of the White Slave planting site is highly probable linked to natural causes. Propagules at White Slave 
were planted on opposite sides of the road, those planted on the ocean side had a higher survival 
rate than those planted on the salt pond side. The minimum survival rate of the Margate Bay 
planting site is 40 percent. There the number of dead outplants is null and the number of tags lost or 
unclear is relatively high. Most probably the tags have been blown away by the wind. Similar to 
White Slave, propagules planted on the salt pond side had a much lower survivability rate than those 
planted on the ocean side. The reason for the relatively low survival rate of the Sweet Dreams South 
planting site is the low number of outplants which have been tagged. Only six outplants have been 
tagged, so if a tag is lost or an outplant has died, this has an excessive negative effect on the 
calculated survival rate. All the other planting sites have an extremely high survival rate.  
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However, the low number of tagged outplants increases the risk that the results are not 
representative. The Sweet Dreams and Red Slave planting sites have the highest number of tagged 
outplants. The survival rate of those planting sites are therefore more representative.  

 
According to the Anova Single Factor test, there is no significant difference between the relative 
growth rates of the tagged outplants at the nine planting sites. See table 3.4 for the test result.            
Table 3.3 shows the summary of all average relative growth rates of the planting sites. The Flamingo 
Pond planting site is the only site with a negative average relative growth rate. Probably, the main 
cause for this is the low number of tagged outplants (5) and total measurements (20). Due to the 
short period, the measurements are extremely close to each other. Two of the five outplants even 
have a slightly negative relative growth rate. With an average relative growth rate of 40.2 percent, 
the Sweet Dreams North planting site has the highest average relative growth rate of all planting 
sites. In contrast to the Flamingo Pond planting site, the differences between the first and latest 
measurements is higher. Even though the Sweet Dreams North has a similar number of tagged 
outplants. The rest of the planting sites have an average relative growth rate below this 40.2 percent. 
However, it is important to consider that the number of tagged outplants variated between planting 
sites. Logically, this influenced the average relative growth rates of the planting sites. Since July 1st 
2021, a different method was used to measure the growth of the outplants. Before the outplants 
were measured till the top of the lead instead of the base of the lead. The reason is that when the 
outplant grows, the lead falls off, therefore when an outplant is measured it appears shorter even 
though it has grown (Mangrove_Maniacs, n.d.). This change in method has also influenced the results 
by reducing the average relative growth rates.                        
Generally, the relative growth rate is small. A possible reason might be the already large sizes of the 
outplants or the age when they are planted. Another cause might be the planting pattern and open 
space. The outplants have a lot of space around them and also no nearby vegetation. As a result, the 
outplants do not have to compete in height with other outplants but invest in root development. 
However, root development was not monitored thus this could not be confirmed. At the other hand, 
this theory can be confirmed when comparing the red mangroves along the southwest coast with the 
red mangroves at Lac Bay. The red mangroves at Lac Bay are generally much taller and look more like 
trees instead of shrubs. Along the southwest coast, the red mangroves are more shrubs and grow in 
width.  

Comparing the soil type and distance to the high tide line with the survival and relative growth rates 
of the tagged outplants is very hard. Only two of the nine planting sites have different soil types and 
most planting sites are located behind a coral dyke of a couple metres high. The locations and setups 
of the planting sites do not allow comparison of survival and growth rate to neither the soil types nor 
distance to the high tide line because it is not comparable. To investigate the relation between soil 
type and distance to the high tide line with the survival and growth rate of red mangrove outplants, 
new experiments will have to be set up. Other future research on the outplants development could 
also focus on root development and more structured site selection on high and low potential of new 
planting sites along the southwest coast of Bonaire. A study from Mexico evaluated survival and 
growth of red and black mangrove seedlings. The most interesting result from that study, regarding 
this thesis assignment, is that the survival of nursery-raised red mangrove seedlings was higher than 
of red mangrove seedlings which were directly planted. (Luis Febles, Novelo Lopez, & Adolfo Batllori, 
2009) So, even though growing red mangrove seedlings in a nursery and planting them is time-
consuming, this study supports the decision of the Mangrove Maniacs to plant seedlings grown in a 
nursery instead of planting propagules for the mangrove restoration project along the southwest 
coast of Bonaire. 
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The t-tests of the BESE-elements® and control sites showed interesting results. At all four study sites, 
both the survival and relative growth rates did not show a significantly difference between the two 
treatments. Also the summaries showed an interesting overview. The lowest average survival rate of 
all eight sites was of the BESE-elements® sites at the Coral Site (see table 3.5). In addition, table 3.13 
shows that the survival rates of the two treatments at the Coral Site are almost significantly different 
(p=0.07). The reasons for this relatively low average survival rate are unclear. However, poor planting 
(propagules which are not planted deep enough into the soil) at the BESE-elements® sites might play 
a role. In 2018, a similar trail was conducted in Florida. There the red mangrove propagules did stay 
and grow within the BESE-elements® and outside the BESE-elements® the propagules washed out of 
the sediment (Teunis, 2018). The conclusion from this trail supports the suggestion of poor planting 
of the propagules in the BESE-elements® at the Coral Site. Not only in Florida, but also in Indonesia 
this trail was conducted. This trail showed similar results as the case study in Florida. Over 50 percent 
of the propagules survived and had grown leaves. In contrast, most propagules in the controls were 
lost (Teunis, 2021).  

Half of the average relative growth rates of the BESE-elements® sites is less than 50 percent. This is 
an interesting result when comparing the average relative growth rates of the BESE-elements® sites 
with the control sites. At the control sites, only one is less than 50 percent. The main reason for this 
result and the results of the t-tests is the lack of growth data. During a period of 2.5 months, only two 
monitoring sessions took place. Therefore, only two growth measurements were analysed. In 
contrast, eight survival measurements have been taken. Sometimes the growth measurements were 
difficult because of shoots which were submerged, especially at the Sediment Site, which made it 
extremely hard to take a take a good measurement. Even at low tide, sometimes the smaller 
propagules were fully submerged at this site.  

 

Comparing the standard outplanting technique to the BESE-elements® is almost impossible. Firstly, 
because they have a completely different setup and are not comparable. Secondly, because the 
results of both techniques are highly variable.                                   
Long-term monitoring of the BESE-elements® is necessary to assess their true potential in this 
specific mangrove restoration project. The results showed that over a shorter term the BESE-
elements® and control sites have similar survival and relative growth rates. It might also be 
interesting to plant a large number of red mangrove propagules at several sites along the southwest 
coast to see what would happen. The propagules can easily be harvested in the mangrove forest at 
Lac Bay and it is extremely low cost and easy to plant these propagules. Growing outplants takes a lot 
of time and energy while propagules do not need that much time and energy to get outplanted. 
BESE-elements® might be an interesting addition to the mangrove restoration project on the long 
term. However, the BESE-elements® are costly and properly planting of the propagules is essential to 
successfully use the BESE-elements®.   
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5. Conclusions and recommendations 
 

5.1. Main conclusions mapping  
• A grid is the most efficient way to map large mangrove planting sites to create an overview 

of the success rate of the mangrove restoration project along the southwest coast of 
Bonaire.  

• By dividing the planting site into smaller areas, large groups of outplants can be mapped 
more efficiently.  

• Drawing a grid by hand is low in costs but time-consuming, especially without help and when 
the grid is not marked correctly.  

• The objective is achieved because the Mangrove Maniacs now have an overview of each of 
their planting sites along southwest coast of Bonaire. These overviews can be used to track 
the success of the mangrove restoration project, support monitoring of the outplants, 
identify potential planting areas within existing planting sites, and use the maps for 
publications and social media. 

• The hypothesis of the mapping was that a grid would be the most efficient way to map large 
numbers of outplants. So, the hypothesis is confirmed.  

 
 

5.2. Main conclusions mangrove restoration techniques  
• The survival rate of the red mangrove outplants at the different planting sites is generally 

high.  
• The Anova Single Factor test showed that there is no significant difference between the 

relative growth rates of the tagged outplants at the nine planting sites.  
• The lowest average survival rate of all BESE-elements® and control sites was at a BESE-

elements® site. 
• T-tests results showed that, on the short term, the survival and relative growth rates are not 

significantly different between the BESE-elements® and control sites at all four study sites.  
• The objective is achieved because the results of the two mangrove restoration techniques 

have been evaluated and compared. 
• The hypothesis was that the BESE-elements® improve the survival and growth rate of the red 

mangrove propagules because of the three-dimensional structure they provide. This 
hypothesis is debunked because the results showed no significant difference between the 
BESE-elements® and control sites.  
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5.3. Recommendations mapping 
• Research in more sophisticated mapping methods for even larger planting sites in the future 

(e.g. purchasing or hiring a drone). 
• Education of volunteers about where and how to plant the mangrove seedlings. 
• Use of more permanent markings instead of stones with ribbons which can be left at the 

planting sites. 

 

 
5.4. Recommendations mangrove restoration techniques  
• Long-term monitoring of the survival and growth rate of the BESE-elements® and control 

sites. 
• Research if the success rate of the BESE-elements® merit the time and financial investment. 
• Planting a large number of red mangrove propagules without support and monitor the 

survivability. This restoration technique is low in costs and labour. 
• Conduct experiments on soil type, elevation, salinity, wind and wave exposure to collect 

information on potential planting sites along the southwest coast of Bonaire.  
• Improve signage and protection of the planting site (since there have been three occasions at 

different planting sites where a car drove through the restoration site damaging the 
outplants). 

 

  



31 
 

References 
 
BESE. (n.d.). BESE-elements. Retrieved from bese-products.com: https://www.bese-

products.com/biodegradable-products/bese-elements/ 

BEST2.0+. (n.d.). Mangrove Restoration Bonaire. Retrieved from best2plus.org: 
https://www.best2plus.org/project/mangrove-restoration-bonaire/ 

Brown, M. I., Pearce, T., Leon, J., Sidle, R., & Wilson, R. (2018). Using remote sensing and traditional 
ecological knowledge (TEK) to understand mangrove change on the Maroochy River, 
Queensland, Australia. Applied Geography, 71-83. 

Bunting, P., Lucas, R., Rosenqvist, A., & Hilarides, L. (2021). The State of the World's Mangroves 2021 
- 2.1 The World of Mangroves. Global Mangrove Alliance. 

Donato, D. C., Kauffman, J. B., Murdiyarso, D., Kurnianto, S., Stidham, M., & Kanninen, M. (2011). 
Mangroves among the most carbon-rich forests in the tropics. Nature, 293-297. 

FAO. (n.d.). Mangroves trees and shrubs. Retrieved from fao.org: 
https://www.fao.org/3/ai387e/AI387E06.htm 

Fatoyinbo, T. E., & Simard, M. (2013). Height and biomass of mangroves in Africa from ICES at/GLAS 
and SRTM. International Journal of Remote Sensing, 668-681. 

Ferreira, A. C., & Lacerda, L. D. (2016, June). Degradation and conservation of Brazilian mangroves, 
status and perspectives. Ocean & Coastal Management. Retrieved from 
https://www.sciencedirect.com/science/article/abs/pii/S0964569116300369#:~:text=Brazilia
n%20mangroves%20are%20not%20an,over%20the%20past%20three%20decades. 

Gijsman, R., Horstman, E. M., Wal, D. v., Friess, D. A., Swales, A., & Wijnberg, K. M. (2021). Nature-
Based Engineering: A Review on Reducing Coastal Flood Risk With Mangroves. Frontiers in 
Marine Science. 

GoK. (2017). National Mangrove Ecosystem Management Plan. Nairobi, Kenya: Kenya Forest Service. 

Google_Earth_Pro. (7.3.4.8248, 2021). [Computer software]. Google. 

IUCN. (n.d.). Blue carbon. Retrieved from iucn.org: https://www.iucn.org/resources/issues-
briefs/blue-
carbon#:~:text=Blue%20carbon%20is%20the%20carbon,role%20in%20mitigating%20climate
%20change. 

Jones, T. G., Glass, L., Gandhi, S., Ravaoarinorotsihoarana, L., Carro, A., Benson, L., . . . Cripps, G. 
(2016). Madagascar’s Mangroves: Quantifying Nation-Wide and Ecosystem Specific 
Dynamics, and Detailed Contemporary Mapping of Distinct Ecosystems. Remote Sensing. 

Kaiser, M. J., Attrill, M. J., Jennings, S., Thomas, D. N., Barnes, D. K., Brierley, A. S., . . . Kaartokallio, H. 
(2020). Mangrove Forests and Seagrass Meadows. In M. J. Kaiser, M. J. Attrill, S. Jennings, D. 
N. Thomas, D. K. Barnes, A. S. Brierley, . . . H. Kaartokallio, Marine Ecology: Processes, 
Systems, and Impacts (pp. 299-312). Oxford: Oxford University Press. 

Kozlov, D., & Tkachenko, M. (2014). Centimeter-Level, Real-Time Kinematic Positioning with 
GPS+GLONASS C/A Receivers. Navigation. Retrieved from 
https://onlinelibrary.wiley.com/doi/abs/10.1002/j.2161-4296.1998.tb02378.x 



32 
 

Lanjouw, S. (2021). Biodegradable Ecosystem Engineering Products for Mangrove Restoration - Thesis 
Proposal.  

Lanjouw, S. (2022). BESE Experiment Monitoring Scheme.  

Long, C., Dai, Z., Zhou, X., Mei, X., & Mai Van, C. (2021). Mapping mangrove forests in the Red River 
Delta, Vietnam. Forest Ecology and Management. Retrieved from 
https://www.sciencedirect.com/science/article/abs/pii/S0378112720316790?via%3Dihub 

Luis Febles, J., Novelo Lopez, J., & Adolfo Batllori, E. (2009). Mangrove reforestation tests in a 
semiarid coastal swamp of Yucatan, Mexico. Madera Bosques. Retrieved from 
https://www.researchgate.net/publication/297816544_Mangrove_reforestation_tests_in_a
_semiarid_coastal_swamp_of_Yucatan_Mexico 

Mangrove_Maniacs. (n.d.). Reforestation. Retrieved from mangrovemaniacs.org: 
https://mangrovemaniacs.org/science/reforestation/ 

Mangrove_Maniacs_Bonaire. (2022, January). Restoring the mangroves of Bonaire - Mangrove 
Maniacs. Retrieved from LinkedIn: https://www.linkedin.com/posts/mangrove-maniacs-
bonaire_restoring-the-mangroves-of-bonaire-mangrove-activity-6881968833016406016-
Oo8L/ 

Meer, P. v. (2020). Statistics - Lecture 3 notes. Retrieved from moodle.hvhl.nl. 

Oppla. (n.d.). Mangrove restoration in Costa Rica. Retrieved from oppla.eu: 
https://oppla.eu/casestudy/21680#:~:text=About%2040%25%20of%20Costa%20Rica's,the%
20mangroves%20from%20re%2Destablishing. 

Raijmakers, J. (2022). BESE-elements® along the southwest coast of Bonaire [Photograph]. 

Raijmakers, J. (2022). BESE-elements® used in mangrove restoration on Bonaire [Photograph]. 

Raijmakers, J. (2022). Red mangrove outplants at the Sweet Dreams planting site [Photograph]. 

Spalding, M. D., Ermgassen, P. z., & Leal, M. (2021). The State of the World’s Mangroves 2021 - 3.2 
Rich Natural Resources. Global Mangrove Alliance. 

Sugara Unib, A., Nugroho, F., & Anggoro, A. (2021). Utilization of Unmanned Aerial Vehicle (UAV) 
Technology for Mapping Mangrove Ecosystem. Journal of Sylva Indonesiana. Retrieved from 
https://www.researchgate.net/publication/354236515_Utilization_of_Unmanned_Aerial_Ve
hicle_UAV_Technology_for_Mapping_Mangrove_Ecosystem 

Teunis, M. (2018). MANGROVE RESTORATION TRIAL IN FLORIDA, UNITED STATES - The restoration of 
black and red mangroves using BESE-elements. BESE. Retrieved from https://www.bese-
products.com/article/mangrove-restoration-trial-in-florida-united-states/ 

Teunis, M. (2021). MANGROVE RESTORATION TRIAL IN AMBON, INDONESIA - BESE-elements applied 
in restoration of natural coastal defense against consequences of climate change. BESE. 
Retrieved from https://www.bese-products.com/article/mangrove-restoration-trial-in-
ambon-indonesia/ 

tide-forecast.com. (n.d.). Tide Times for Kralendijk, Bonaire. Retrieved from tide-forecast.com: 
https://www.tide-forecast.com/locations/Kralendijk-Bonaire/tides/latest 



33 
 

UN. (n.d.). Goal 13 Take urgent action to combat climate change and its impacts. Retrieved from 
sdgs.un.org: https://sdgs.un.org/goals/goal13 

UN. (n.d.). Goal 14 Conserve and sustainably use the oceans, seas and marine resources for 
sustainable development. Retrieved from sdgs.un.org: https://sdgs.un.org/goals/goal14 

UN. (n.d.). Goal 15 Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably 
manage forests, combat desertification, and halt and reverse land degradation and halt 
biodiversity loss. Retrieved from sdgs.un.org: https://sdgs.un.org/goals/goal15 

UN. (n.d.). Goal 8 Promote sustained, inclusive and sustainable economic growth, full and productive 
employment and decent work for all. Retrieved from sdgs.un.org: 
https://sdgs.un.org/goals/goal8 

UN. (n.d.). The 17 Goals. Retrieved from sdgs.un.org: https://sdgs.un.org/goals 

UNEP. (2014). The Importance of Mangroves to People: A Call to Action. Cambridge, UK: UNEP. 

WWF-Germany, & IUCN. (2021). Roots of Hope. WWF, IUCN and Wetlands International. 

ZSL. (n.d.). Rehabilitating Mangroves in the Philippines. Retrieved from zsl.org: 
https://www.zsl.org/conservation/regions/asia/rehabilitating-mangroves-in-the-
philippines#:~:text=In%20the%20Philippines%2C%20most%20mangrove,and%20Natural%20
Resources%20for%20reversion. 

  
  



34 
 

Appendix 
Appendix 1 – Maps of all mangrove planting sites along the southwest coast of Bonaire 
 
Appendix 1.1 – Heat Map Flamingo Pond Planting Site 
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Appendix 1.2 – Heat Map Sweet Dreams South Planting Site 
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Appendix 1.3 – Heat Map Sweet Dreams Planting Site 
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Appendix 1.4 – Heat Map Sweet Dreams North Planting Site 
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Appendix 1.5 – Margate Bay Planting Site 
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Appendix 1.6 – White Slave Planting Site 
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Appendix 1.7 – Red Slave Pekelmeer Planting Site 
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Appendix 2 – Survival and growth rate graphs of the planting sites 
Appendix 2.1 – Survival and growth rate graph of the Salt Pier planting site  

 
Appendix 2.2 – Survival and growth rate graph of the White Slave planting site 
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Appendix 2.3 – Survival and growth rate graph of the Margate Bay planting site 

 

Appendix 2.4 – Survival and growth rate graph of the Sweet Dreams North planting site 

 



43 
 

Appendix 2.5 – Survival and growth rate graph of the Sweet Dreams planting site 

 

Appendix 2.6 – Survival and growth rate graph of the Sweet Dreams South planting site 
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Appendix 2.7 – Survival and growth rate graph of the Flamingo Pond planting site 

 

Appendix 2.8 – Survival and growth rate graph of the Red Slave planting site 
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Appendix 2.9 – Survival and growth rate graph of the Red Slave Pekelmeer planting site 
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Appendix 3 – Survival and relative growth rate data of the planting sites 
 
Appendix 3.1 – Survival and growth rate data of the Salt Pier planting site 

Missing measurement: Interpolated data point 
 

Appendix 3.2 – Survival and growth rate data of the White Slave planting site  
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Appendix 3.3 – Survival and growth rate data of the Margate Bay planting site  

 

 

Appendix 3.4 – Survival and growth rate data of the Sweet Dreams North planting site  

 

 

 

Appendix 3.5 – Survival and growth rate data of the Flamingo Pond planting site  
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Appendix 3.6 – Survival and growth rate data of the Sweet Dreams planting site  

 

 

Appendix 3.7 – Survival and growth rate data of the Sweet Dreams South planting site  
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Appendix 3.8 – Survival and growth rate data of the Red Slave planting site  

 

 

Appendix 3.9 – Survival and growth rate data of the Red Slave Pekelmeer planting site  
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Appendix 3.10 – Average relative growth rates of all planting sites 
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Appendix 4 – Survival and relative growth rate data of the BESE-elements® and control 
sites 
 

Appendix 4.1 – Growth rate data of the BESE-elements® sites of the Safe Haven Site 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



52 
 

Appendix 4.2 – Growth rate data of the control sites of the Safe Haven Site 
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Appendix 4.3 – Growth rate data of the BESE-elements® sites of the Sediment Site 
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Appendix 4.4 – Growth rate data of the control sites of the Sediment Site 
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Appendix 4.5 – Growth rate data of the BESE-elements® sites of the Coral Site 
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Appendix 4.6 – Growth rate data of the control sites of the Coral Site 
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Appendix 4.7 – Growth rate data of the BESE-elements® sites of the Natural Pond Site 
 

  



58 
 

Appendix 4.8 – Growth rate data of the control sites of the Natural Pond Site 
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Appendix 4.9 – Survival rate tables and results of f-tests of all study sites 
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Appendix 4.10 – Relative growth rate tables and results of f-tests of all study sites  
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Appendix 4.11 – Survival rate per plot number per treatment 
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Appendix 4.12 – Average relative growth rate per plot number per treatment 
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Appendix 5 – Detailed description of the different methods used 
 
Appendix 5.1 – Detailed description mapping method 
Practicing multiple mapping methods 
For the mapping part of the thesis assignment some small-scale experiments have been conducted to 
try to find an efficient way to map large amounts of mangrove outplants. Together with the external 
coach of the Mangrove Maniacs, Jessica Johnson, a few mapping methods were tested. Some 
mapping methods were tested already before the trip to Bonaire. The first one was marking every 
single outplant. Quickly it became clear that this was not the most efficient way due to the extremely 
close proximity of some mangrove outplants. The second one was counting outplants within a 10 by 
10 metres grid. The grid was made on the computer in ArcMap. However, in the field, the sizes of the 
grids were not correct and it was difficult to distinguish the grids. So, together with Jessica, a new 
mapping method had been established which will be using 5 by 10 metres grids. The decision to use 
rectangular grids had been made due to the high outplant density in some areas. This way the grid 
had become smaller and the different grids were more easily distinguishable. Also, instead of 
drawing the grid in ArcMap, the grid was drawn in the field. But this will be elaborated in the next 
paragraph.  

 
Fieldwork 
Firstly, the length and width of the planting site will be measured with a 50m reel. To guarantee the 5 
by 10 metres grid, the length needs to be rounded to fives and the width to tens. The length and 
width need to be the same on both sides. When a perfect rectangular is laid surrounding the planting 
site, the reel is placed directly on the boundaries of the rectangular, from one corner to the other. To 
establish the 5 by 10 metres grid, mark every 5 metres of the length sides with e.g. a stone and a 
ribbon. For the width mark every 10 metres on the boundary of the rectangular. When this is done, 
the same must be done for within the rectangular. This way a rectangular grid of 5 by 10 metres grid 
is laid over the planting site.  

When this is done, sketch the grid in a notebook, number each grid and start to count the total 
amount of mangrove outplants in each grid. Pay attention which outplant stands in which grid 
number, to prevent outplants being counted double. The outplants have codes: red mangrove 
outplants that are alive have the code R and red mangrove outplants which are dead have the code 
RD (red dead). The codes are the same for the black mangrove outplants, except the R becomes a B. 
When an outplant is tagged, write down the unique number in brackets behind the concerned code. 
If multiple outplants are numbered and tagged, use a comma to distinguish the numbers. When each 
grid is counted, save the coordinates of the corners of the rectangular with the Google Maps app on 
a mobile phone. This is important to draw the grid in ArcMap.  

It is important to consider that only a grid was used at the large planting sites with a lot of outplants 
placed in close proximity of each other. These planting sites are the Sweet Dreams North, Sweet 
Dreams, Sweet Dreams South, Flamingo Pond and Red Slave planting site. For the other planting sites 
(Salt Pier, White Slave, Margate Bay and Red Slave Pekelmeer), a grid has not been used because of 
the low amount of outplants.  
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Creating digital maps 
All the maps have been created in ArcMap. This is a computer program specifically made for 
mapping. Based on the saved coordinates of the rectangular drawn in the field, the grid can be drawn 
in ArcMap with the option Create Fishnet. Here, the number of rows and columns can be filled in and 
a perfect grid will be drawn. Two types of maps have been made for each large planting site, a code 
map and a heat map. In the code map the results of the counting are presented including the total 
amount of outplants, numbers of tagged outplants and their codes. The grid of the code map is 
hollow to be able to see the satellite imagery of the planting site below. Also, a heat map has been 
made of the amount of alive red mangrove outplants. The heat maps have been made for a better 
visual overview of the planting sites. If there are no red mangrove outplants planted within a grid, 
the grid is hollow. The darker green it gets, the more red mangrove outplants are planted in that 
specific grid. The colours of the heat map are for 50% transparency so the satellite imagery of the 
planting site is still visible. For the smaller planting sites no grid was used and the results are 
presented in a code map.   

For the basemap of all the maps, Google Satellite was used because it is available for free, high 
resolution and the satellite imagery is relatively recent. Google uses CNES/Airbus imagery. The 
images from Salt Pier to White Slave are from August 7th, 2021. The imagery date of Margate Bay is 
partly the same as Salt Pier and White Slave and partly the same as the other planting sites. The 
imagery date from Sweet Dreams to Red Slave is from November 29th, 2019. (Google_Earth_Pro, 
7.3.4.8248, 2021) 

  



66 
 

Appendix 5.2 – Detailed description outplant method 
Since the start of the mangrove restoration project along the southwest coast in February 2020, the 
Mangrove Maniacs have tagged and monitored a selection of red mangrove outplants at each 
planting site. Already data on survival and growth rate have been collected for a relatively long 
period of time. Jessica Johnson, the external coach of the Mangrove Maniacs, provided her Excel 
document with all the survival and growth rate data she has been collecting since the start of the 
restoration project. Figure 2.5 shows which type of tag has been used for tagging outplants.  

During the period on Bonaire new data on the survival and growth rate has been collected and a new 
planting site (Flamingo Pond) was established by the Mangrove Maniacs. Together with Jessica, five 
red mangrove outplants planted in the new planting site were tagged so they were able to be 
monitored. Monitoring happened biweekly. Of each tagged red mangrove outplant the length of the 
first root till the base of the lead was measured.  

Besides the growth, the survival was also monitored. The mangrove seedling is considered dead once 
the colour of the outplant has completely disappeared. Red mangroves are experts in recovering in 
harsh environments. So, even after assessing the mangrove is dead. There will be a chance that it 
recovers and gets its colour back. That is why it is important to keep an eye on the brownish/blackish 
outplants (Mangrove_Maniacs_Bonaire, 2022).  

In addition, the location, soil type and distance to the high tide line of each planting sites have been 
looked at to see which planting site has the best success factors. The soil type of each planting site 
was noted down. Also, the depth of the sandy and clay sites were measured with a knife of exactly 20 
centimetres. The knife was put in the soil till it reached the rocks/coral fossils, the depth of the soil 
was read off the knife. Regarding distance to the high tide line, the distance from the centre of the 
planting site to the high tide was measured with the 50m reel. Tide-forecast.com was used to plan 
these measurements with the high tide to have a more precise measurement (tide-forecast.com, 
n.d.).   

The data of the nine planting sites has been analysed in Excel. For each planting site a scatter chart 
with straight lines have been created to present the results of the survival and growth rate. Also, a 
table has been made for the survival rate of all planting sites including the soil type and distance to 
the high tide line. However, it is important to consider that the planting dates are not the same for 
each planting site which makes it hard to compare the planting sites with each other. 
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Appendix 5.3 – Detailed description BESE-elements® method  
Each of the four study sites has three BESE-elements® sites and three control sites. Except the 
Sediment Site which has four sites of each treatment. The control sites are located directly next to 
the BESE-elements® sites. In each BESE-elements® and control site nine red mangrove propagules 
have been planted. Each BESE-elements® site has three BESE-elements® sheets on top of each other 
secured with four steel rebar pins. The control sites have logically no extra protection.  

Together with Shamyi Lanjouw, six new red mangrove propagules were planted at each BESE-
elements® and control site on February 18th, 2022. Three old propagules were left at each site, as can 
be seen in figure 2.6. Since then, the survival rate of the new and old propagules was monitored once 
a week. The growth rate was monitored once a month. The growth of the shoot height of the 
propagule was measured from the shoot base to the tip (see figure 2.6). The leaf height must not be 
included if the leaves have opened. For monitoring the growth rate tide-forecast.com was used to 
check when the tide was at its lowest (tide-forecast.com, n.d.). This had to be checked because some 
sites were otherwise completely submerged and therefore hard to monitor. Shamyi made a 
monitoring scheme and sheet that was used during the monitoring of the BESE-elements® and 
control sites (Lanjouw, BESE Experiment Monitoring Scheme, 2022). The survival and growth rate 
data of the propagules has been analysed in Excel. Tables have been created to present the results 
(see chapter 3). 

 

Appendix 5.4 – List of materials used 
- Laptop 
- Mobile phone (GPS) 
- 50m reel  
- Ribbons 
- Small rocks for the ribbons 
- Data of tagged mangrove outplants 
- BESE-elements® experiment monitoring scheme 
- Measuring tape  
- Google Maps app 
- Google Maps online 
- Google Earth online 
- ArcMap 
- Excel 
- Good internet 
- Water shoes 
- Notebook + pen 
- Transport to study sites (car) 
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