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ABSTRACT 

 

 

 

A Proposal for Development of a Coral Reef Mapping Tool for the Simpson Bay Lagoon of St. 

Maarten 

By 

James Osundwa 

Coral reefs contribute significantly to the socio-economic well-being of the people of St. 

Maarten. These coral reefs are rapidly declining due to various environmental and social factors. 

This project develops a prototype citizen science mapping tool, comprising of an Android mobile 

application built from a customized version of an Open Source software called Open Data 

Toolkit (ODK), and an ArcGIS Online web mapping application built using a standard template 

of Esri's Web AppBuilder. This tool is designed to assist recreational divers and other local 

stakeholders of St. Maarten to easily and conveniently report their observations on the status of 

coral reefs in their locality. Users will publish these observations directly from their smartphones 

to a publicly-accessible web mapping application. Such observations will contribute towards the 

development of a Coastal Protection Master Plan for St. Maarten. The tool has a potential of 

providing vital information for coral reef conservation and repopulation, while at the same time 

creating awareness on the subject in St. Maarten. 
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1.0 Introduction 

Corals are living organisms with limited development. They eat plankton, and depend heavily on algae 

for digestion. They secrete CaCO3 that cumulatively produces reef structures, commonly referred to as 

coral reefs. Building reefs requires large quantities of CaCO3, and as such not all corals can produce 

reefs. The formation process takes long periods of time, sometimes in the hundreds of years (US 

Department of Commerce, 2016). 

Coral reefs are of great value in St. Maarten. They support numerous tourism-related businesses 

such as beach hotels/resorts, snorkeling, and SCUBA diving; these corals while serving as attractions in 

and of themselves, also provide a habitat for a whole ecosystem of marine life. Coral sand is often used 

in the construction industry, and to replenish eroded beaches. Hard corals on reefs serve to break large 

waves and protect the shoreline (Nature Foundation St. Maarten, 2007).  

The Nature Foundation estimates that the Mullet Pond ecosystem contributes USD $792,000 per 

year towards the economy of St. Maarten (The Nature Foundation, 2011). Accordingly, St. Maarten 

receives an average of 500,000 tourists a year (Sint Maarten Government, 2014). Many of them are 

interested in the marine activities. At the same time the marine ecosystem is declining at an alarming 

rate, a situation that was exacerbated by the hurricane that severely damaged coral reefs across the 

Caribbean in 2005 (Wilkinson, Souter, & Network, 2008)  

1.1 Background 

The World Federation for Coral Reef Conservation (WFCRC) has recently established a new project in 

the Simpson Bay Lagoon of St. Maarten. The overall goal of this project is to develop a Coastal 

Protection Master Plan for St. Maarten. This plan will primarily report on the state of corals in the 

Simpson Bay Lagoon, and threats to the corals’ existence. It will map, inventory, and monitor these 
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threats. Corals are at particularly high risk-levels here. These risks include declining populations of 

mangroves and seagrass beds, salt pond habitats, pollution, coral bleaching and eutrophication caused by 

unprecedented rises in sea surface temperatures, dredging and other development projects affecting their 

habitats, and damage from direct contact by recreational divers. 

This Major Individual Project (MIP) is based on a request by the WFCRC to develop a citizen 

science mobile mapping tool for publishing and sharing information on the status of the coral reefs in St. 

Maarten. The tool will be accessible to the relevant stakeholders on their smartphones as a program that 

they will download from the Android Play Store (for Android users only). The tool will enable users to 

log in and update their location on a map, and report on various parameters relating to coral reefs their 

location. The parameters that the user enters will be updated to an ArcGIS Online webmap that will be 

accessible through a web mapping application. 

1.2 Client 

The World Federation for Coral Reef Conservation (WFCRC) is a US-based 501 (c) (3) international 

non-profit organization headquartered in Houston, Texas. Its mission is to collect and publish 

information vital to ocean’s corals, strategies for mitigating those threats, and making connections 

between individuals and corporations that have the ability and know-how to provide support in 

conservation, repopulation and disaster relief. WFCRC runs various programs including development of 

interventions for first-respondents to marine disasters (first response plans), oil-spill cleanups, and a 

long-term diver participation program. Further, as part of a program for developing a coastal network for 

sharing real-time information on best practices in mitigating threats to coral reefs, WFCRC is 

developing a centralized "clearinghouse" of reference information on best practices. At present WFCRC 

has projects in St. Maarten, Oahu, and Wakatobi National Park, and has long-term plans to expand to all 

the coral reef hotspots of the world. To support these activities, WFCRC would like to engage 
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recreational divers and the local community in providing ancillary data and information, while at the 

same time creating public awareness as to the underlying issues. 

The client neither has an existing desktop GIS infrastructure, nor full-time GIS personnel, but has 

an existing ArcGIS Online for Organizations account, along with a basic webmap of St. Maarten. The 

client has not implemented any mobile mapping projects in the past, but will partner and collaborate 

with stakeholders that already have existing volunteer programs in St. Maarten, such as "Save the 

Lagoon JellyFish Campaign." 

The primary contact for this project is Vic Ferguson, the founder and Executive Director, based at 

the WFCRC headquarters in Houston, Texas. He has shown much eagerness and enthusiasm, and has a 

basic knowledge of GIS. He will be providing all the ancillary data and technology (including any 

website/application hosting), and coordinating with other stakeholders including The Nature Foundation, 

Simpson Bay Lagoon Authority, and Environmental Protection in the Caribbean (EPIC). 

1.3 Statement of the Problem 

The problem addressed by this project is that there is currently no existing tool for collecting 

information on coral reefs in St. Maarten. The client is developing a Coastal Protection Master Plan, and 

requires this information to inform the plan. While this information can be gathered in a manual manner, 

it can be done more efficiently, leveraging on the experiences of recreational divers and conservation 

volunteers; these are the citizen scientists. 

1.4 Previous Work 

It has been argued that over 60% of the world’s coral reefs are at risk (Burke, 2011). Much research has 

been carried out in the area of using GIS and Remote Sensing, with most researchers focusing on using 
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the latter to identify corals, and benthic habitats (Seoane, 2012). However, to the best of this researcher’s 

knowledge, no tool has been developed for crowd-sourced mapping of coral reefs. 

That said, much development has been done in the field of citizen science mapping. Arguably one 

of the most successful tools that has been developed is Ushahidi. This is an open-source project that 

allows users to crowdsource crisis information via mobile. It boasts a 20 million population reach, since 

its inception in January 2008 (Okolloh, 2009).  
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2.0 Proposed Solution 

A solution has been proposed that will involve developing a tool that will enable citizen scientists to 

report on their coral reef siting. These are individuals and communities that are anticipated to go out of 

their way, mostly on a volunteer basis, to publish information to the application. 

2.1 Goals and Objectives 

The goal of this project is to develop a citizen science mapping tool that will enable recreational divers 

to publish and share information on the status of coral reefs in St. Maarten. The specific objectives of 

this project are to: 

1. Enable recreational divers and local volunteers to publish updates of siting of the various 

attributes relating to the state of corals in St. Maarten, using smartphones. 

2. Provide vital information for maps that will feed into the Coastal Protection Master Plan being 

developed by the client. These will inform future marine conservation efforts.  

3. Promote knowledge management among the various stakeholders of the coral reef conservation 

community of St. Maarten, and to improve collaboration in conservation efforts.  

2.1.1 Users 

The mapping outputs from this project will greatly benefit the local coastal communities of St. Maarten, 

who rely on coral reefs heavily for their recreational and economic benefits. More specifically and 

directly, this tool will benefit: 

1. Managers of Marine Protected Areas (MPAs) and local constituents of St. Maarten – this group 

also includes responders to coastal and marine disasters such as oil-spills, hurricanes, and 
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cyclones. The maps and information arising from this project will provide them with vital 

information as to where these corals are, their state, and how to mitigate the damage. 

2. Scientists and researchers – they are trying to understand the coral reef ecosystem with respect to 

coral reef ecology, bleaching, diseases, and best practices for successful conservation, and will 

be able to access in-situ maps of numerous coral reef parameters that they can use in their 

research.  

3. WFCRC – this client will use this citizen science mapping tool as a prototype that if successful 

will be deployed and used in all their other project locations.  

4. Recreational divers – this group has a special interest in seeing the coral reefs conserved, and 

will be interested in both reporting on the state of these coral reefs, as well as viewing the 

various updates from other users. 

5. This researcher – the tool, once developed, will be useful for positioning in the humanitarian 

world, as a proof-of-concept that can be modified for use in different environments, with 

minimum customizations. 

2.2 Scope 

The deliverables for this project are a citizen science mobile mapping tool, a web mapping application, a 

web-accessible database, and a webservice. The mobile mapping tool will be the main deliverable. It 

will be based on a customized version of the Open Data Kit (ODK), an Open Source field data 

collection application. It will be accessible to the relevant stakeholders on their smartphones as a 

program that they will download from the Android Play Store (for Android users). It will enable them to 

log in and update their location on a map, and report on various parameters relating to coral reefs at their 

location. These observations will be published to a web-accessible database that in turn will display 

them in a web mapping application through an ArcGIS Online webmap. The web-accessible database 
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will comprise a CSV (comma-separated values) file that will be accessible as a URL through the Google 

API, while the web mapping application will be based on a standard template of Esri’s Web AppBuilder. 

The following is a tentative proposed workplan for the implementation of the project: 

 Months* 

Tasks 1 2 3 4 5 6 7 8 9 10 11 12 

Development of system requirements               

Establishing parameters to be collected by 

mobile tool (by client) 

              

Design of database schema and data 

collection forms 

             

Design and testing of user interface of 

mobile mapping tool 

             

User interface customization using the 

Android SDK 

                

Configuration of database to make it web-

accessible 

             

Designing of ArcGIS Online webmap of 

St. Maarten 

             

Designing of web mapping application              

Testing, staging, modification of design 

based on client feedback 

             

Deployment of the tool in St. Maarten (by 

client) 

             

Data collection campaign by the client in 

St. Maarten, using stakeholder network (by 

client) 

              

*Actual dates will be discussed with the client and advisor, and may change accordingly. 

Table 2.1: Proposed work-plan for project implementation. 

The client will provide inputs of their desired parameters and workflows for the mobile mapping 

tool. They will also provide feedback regarding the look-and-feel of the web mapping application. In 

addition to that, they will be solely responsible for the deployment and testing of the tool in the field, i.e. 

the Site Acceptance Testing (SAT). Lastly, the client will be available at least once a month for a status 

update via teleconference. 
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2.3 Methodologies 

The methodologies described in this section will be used to develop a citizen science mobile 

mapping tool, and enable recreational divers to publish their observations using smartphones, and to 

access these findings through a web mapping interface. While a detailed system architecture has not yet 

been determined, the following diagram gives a conceptual framework of this project: 

 

Figure 2.1: Process flow diagram for the project 

Being a Major Individual Project, with limited time, the conventional Waterfall method will be used 

in the implementation of this project, rather than the more contemporary and progressive Agile method 

(Project Management Institute, 2008). The following table presents an outline of the tasks, subtasks, and 

activities necessary in order for the successful completion of this project: 

 

 

 

Tasks Sub Tasks and Activities Dependencies 
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1. Development of system 

requirements 

 Client inputs 

required 

2. Establishing parameters to be 

collected by mobile tool 

Client to collaborate with other relevant stakeholders 

in St. Maarten to come up with parameters 

Establish a high-level data collection workflow 

 

Client inputs 

required 

3. Design of database schema 

and data collection forms 

Dependent on the parameters and workflow 

provided by client in task one  

Leverage the Google Spreadsheets API's reliability, 

flexibility, and power, and use Google Cloud storage 

 

4. Design and testing of user 

interface of mobile mapping 

tool 

User interface customization in the Android SDK 

using Google App Engine 

 

5. Configuration of database to 

make it web-accessible 

Create a dynamic service with a URL that can be 

consumed as a CSV by an ArcGIS Online webmap 

This is based on the Google API 

 

6. Designing of ArcGIS Online 

webmap of St. Maarten 

Incorporation of web-accessible database to map 

data from mobile mapping tool 

Incorporation already existing Marine Protected 

Areas (MPAs) webmap 

Incorporation of other supporting layers to be 

provided by client, such as water quality, sea surface 

temperature, hurricanes, coral bleaching, and benthic 

habitats  

(The client has an ArcGIS Online for Organizations 

Account) 

Client to 

supply 

ancillary data 

 

7. Designing of web mapping 

application 

Customization using a standard template from Esri’s 

Web AppBuilder for ArcGIS 

Look and feel to be mutually agreed upon, based on 

consultation with client 

Client to 

guide design 

process 

8. Testing, staging, 

modification of design based 

on client feedback 

 Client 

feedback 

required 

9. Deployment of the tool in St. 

Maarten 

 Client to 

deploy tool 
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10. Data collection 

campaign by the client in St. 

Maarten, using stakeholder 

network 

Client will work with their stakeholders to carry out 

an initial data collection campaign using the tool 

Client may leverage already existing volunteer 

networks such as “Save the Lagoon JellyFish 

Campaign” 

Client inputs 

required 

Tasks are organized in a chronological order, and implementation of each task is highly dependent 
on the successful implementation of the preceding task. 

Table 2.1: Scope of Work for the project 

Given the tight delivery schedule, if the parameters are not supplied by the client by 1st May, 

development will begin based on the following parameters: 

1. Name of citizen scientist 

2. Location (based on smartphone GPS) 

3. Coral reef siting: 

a. Species – Acropora Palmate, A. Cervicornis, Agaricia, Montastraea, Colpophyllia, Diploria, 

Siderastrea, Porites, Hydrozoan Palythoa and Hydrocoral Millepora 

b. Condition – healthy, bleached, damaged, or diseased 

4. Supporting habitat siting: 

a. Mangroves, seagrass, salt ponds, algae 

5. Human development: 

a. Dredging, Construction, other development projects in the vicinity 

6. Upload photograph of feature 

While I'm not a developer, I have worked in various development environments, and have 

developed web mapping systems in the coastal and marine environment before. However, I have limited 

experience with mobile applications. To mitigate this problem, the option currently under consideration 

for customization is the Open Data Kit (ODK). This solution is technologically viable, and can be used 
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out-of-the-box, or with limited interface customization. I have used the Open Data Toolkit in the past as 

a mobile mapping solution, and have done limited customizations to the interface. The focus of the 

project will not be in the customization of the mobile tool, but rather in using it to collect data that will 

be integrated with data from other sources, to tell a coherent story. 
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3.0 Summary 

The project provides a tool that facilitates the collection of important information that the client requires 

in order to develop a Coastal Protection Master Plan for St. Maarten. The project has been scoped, and 

can be completed successfully within the limited period allocated. An Android mobile mapping tool will 

be developed, that will enable citizen scientists to publish their observations to a web mapping 

application. Most of the ancillary data will be available as needed. While the client can successfully 

develop the plan without the inputs from this mobile mapping tool, the tool will significantly improve 

the quality of content for this master plan. 
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For additional reading see The WFCRC Document Gallery for articles about: 

 Public Service Announcements (PSA) 

 Coral Alert Network (CAN) 

 Emergency Reporting Reports (ERR) 

 Call to Action (CTA) 

 Marine Protected Areas (MPA) 

 Marine Life Alert (MLA) 

 Seismic and Oil Production Threats 

 Natural Science Reports (NSR) 

 Oil Spill Alerts (OSA) 

 And other miscellaneous documents 

 

http://www.wfcrc.org/geo-portal/document-gallery/

