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Introduction

The ocean is a vast realm, home to countless strange and wonderful creatures !

(Castro and Huber, 2008)

 The ocean by definition is a vast expanse of saltwater between two continents. However, it is not 

only that: approximately 70.8% of the earth’s surface is covered by the global ocean, but this ocean alone 

accounts for 96% of the world’s biosphere volume. It also hosts the majority of living species on Earth (50 to 

80% according to estimates) (Mora et al., 2011), generates over 60% of ecosystem services that allow us to 

live well thanks to the production of most of the oxygen we breathe (Costanza et al., 1998). It also acts as a 

buffer against global warming by absorbing 30% of the CO2 emissions generated by human population, which 

however, does not prevent the Earth from warming-up (“Réchauffement climatique, acidification, pollution… 

l’océan est en danger,” n.d.).

The global ocean is subdivided into five oceans: Pacific, Atlantic, Arctic, Austral and Indian and several tens 

of seas. However, in contrast to terrestrial habitats, the oceans represent alone a habitable volume 300 times 

higher than the terrestrial realm. Marine ecosystems are generally categorised into two different areas: 

Pelagos* and Benthos*. Oceans are also threatened by different kinds of pollutants which can be brought from 

shore, from the air or directly poured into the water. Many of these pollutants have only existed for about fifty 

years and are due to terrestrial but also marine human activities. Once released into the marine environ-ment, 

many of the pollutants accumulate in the trophic chain* and thus greatly threaten coastal ecosystems as well 

as high seas (“La pollution - L’océan en danger | Slow Fish - Local Sustainable Fish,” n.d.).

Tropical marine habitats are highly vulnerable to changes of their environment (global warming, acidification, 

pollution and overfishing). Coral reefs suffer even greater losses than forests, scientists believe that the coral 

will be gone by 2100 (“Préservation des écosystèmes - Restauration des écosystèmes marins,” n.d.). It is the- 

refore important to monitor these habitats to study their temporal evolution but also to develop management 

tools and see if resilience is possible. For this type of monitoring, GIS mapping is one of the ideal tools.

This study focuses on the comparison of three mapping methods that allow us to determine the best method 

for mapping marine habitats at lower cost. This report is divided into four parts: a bibliographic synthesis of 

the different types of marine habitats studied, the methodology of the mapping work, the results and the dis-

cussion.
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People and the Sea
People and the sea (Pepsea) is a French and Filipina marine conservation NGO. This association was created 

in august 2015 by Axelle Jorcin and Ian Mills after the typhoon Yolanda.

People and the Sea’s objective is to support the local community, businesses and other stakeholders in iden- 

tifying innovative ways to sustainably manage their marine environment with a positive economic impact. 

The association believes in an integrated, collaborative approach to achieving meaningful community deve-

lopment and sustainable marine resources management.

The main mission is to promote capacity building and community based marine resource management and 

conservation as a way to alleviate poverty and increase the resilience of coastal communities (Axelle Jorcin 

and Ian Mills, n.d.).

People and the sea develop different programs and projects to enhance the community empowerment :

 • Science : Participatory monitoring of coral reefs; Habitat assessments; Resource mapping; Crown of 

Thorn outbreak control and Roving diver survey training

 • Education : Environmental class at the local primary school; Snorkelling sessions; Summer camps;

High school internship and Eco-Hero environnemental club for local children

 • Alternative enterprise : Homestay program; Provide training or access to training

 • Solid waste management : Compost with families and businesses; Segregation workshops; Beach 

clean ups; Debris Free clean-ups every thursday and Adopt a Pathway.

Since 2015, the association has been growing. In 2015, only 5 volunteers and 5 staff members were part of 

the adventure but in 2018 PepSea welcomed 62 volunteers and now employs 12 staff members (data of 2018).
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Part 1. Habitat Map
I. Description and Objective

 The goal of creating a habitat map is to identify the distribution of different type of habitats within a de- 

fined area (Nicet et al., 2015). The term ‘habitat’ in ecology brings together all the species, their biocenoses* 

but also their biotope*.

Marine habitat maps are required to provide a better understanding of the marine habitat for prevention (cli- 

mate change) and protection objectives, as well as to inform conservation and resource management efforts 

(“Habitat Mapping,” n.d.).

In addition, marine species can use different habitats during different stages of their life cycle. But also, diffe- 

rent types of habitats support different types of biodiversity, hence a habitat map can provide useful informa- 

tion for the implementation of conservation strategies such as Marine Protected Area (MPA), and help us to 

better understand the distribution of species.

Habitat maps are useful tools for many organisations as they contain essential information and present in a 

visual way the distribution of habitats on a predefined zone. Habitats maps are formed by the display and 

layout of several specialized information types/layers. These endangered environments are currently targeted 

by conservation planning and management measures, but also by awareness raising to allow improvement of 

the health of both marine and terrestrial environments. Because they are strongly dependent on their natural 

environment, human populations, especially in the Philippines, are very vulnerable to climate change and their 

economies can be affected by the degradation of the ecosystem. For example, coral reef degradation leads to a 

decrease in fish abundance which affects the livelihood of millions of people whose primary source of income 

is fishing.

Habitat maps are then a precious help, as they, among other things, allow us (Projet MESH, 2008) :

 • to provide essential information for spatial and conservation planning

 • to support sustainable use of marine resources

 • to help implementing an ecosystemic approach to the management of the marine environment

 • to improve the quality of environmental assessment reports, in particular by recording the results of

monitoring stations

 • to help focusing surveillance efforts

*Definition of the word in the glossary
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II. Marine habitat

a. Seagrass

Figure 1. Algae or «seaweeds» (left) differ from seagrasses (right) in several ways. Algae on the seafloor have a holdfast and 
transport nutrients through the body by diffusion, while seagrasses are flowering vascular plants with roots and an internal 
transport system. (Courtesy of the Integration and Application Network (ian.umces.edu), University of Maryland Center for 

Environmental Science)

The Philippines harbours extensive seagrass meadows that often occur in close proximity to mangroves and 

coral reefs. Soft-bottom communities comprised of sand or muddy substrates occur in many shallow 

subtidal* areas. Seagrass that usually inhabit sandy and soft-bottom areas are the only submerged flowering 

plants in the marine environment (Philippines, 2001).

Seagrasses grow in small clumps amongst coral reefs or in vast meadows adjacent to these areas. These 

meadows are frequently composed of several species as well as various algae that may grow as epiphytes. 

They are extremely productive, significantly more than a comparable area of agricultural land (Allen and 

Steene, 2007).
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i. Use

 Seagrass ecosystems have very high primary productivity. This capacity helps to support and provide 

nutrients and physical habitat to a variety of organisms. They can grow quickly without chemical fertilizers or 

modern farming (Departement of Environnement and Natural Resources et al., 2001).

The main role of seagrass as a source of nutrients occurs when the dead seagrass decomposes and releases its 

nutrients into the water. In contrast to seaweeds, relatively few animals consume seagrasses and most do not 

eat seagrass exclusively. These include sea urchins, some molluscs, turtle or dugongs (it is one of the species 

feeding exclusively on seagrass) (Allen and Steene, 2007).

Seagrass beds slow down water velocity allowing sediments to settle down before being washed onto the 

reef, hence protecting them from sedimentation that is detrimental to corals. A primary ecological function of 

seagrass beds is to provide nursery areas for a variety of fish and crustacean larvae and juveniles that migrate 

to other habitats as adults, thereby contributing significantly to the maintenance of fish stocks (Departement 

of Environnement and Natural Resources et al., 2001).

ii. Management issue

 Seagrass beds and soft-bottoms are often forgotten during preparation of various management plans 

because their values and functions are not as well recognised. The many coastal activities having major im- 

pacts on littoral basins also cause loss of seagrass habitat or damage to soft-bottom communities (Departement 

of Environnement and Natural Resources et al., 2001).

 • Habitat modification : “Land recuperation” for the development of aquaculture offshore ( shrimp 

and fish culture) takes over the first meters of coastal marine habitats. As a consequence, Dredging and filling 

greatly disturb the continental bottom area, possible seagrass areas and habitats for soft-bottom organisms 

(urchins, fish, shrimp) : Offshore aquaculture can cause direct problems as it induces a large concentration of 

a single species in one place which causes an overproduction of ammonia, by an accumulation of secretions 

in the restricted areas, which can interfere with the healthy functioning of the ecosystem

 • Sedimentation : Excessive sedimentation can physically smother the seagrass or can cause such 

turbidity in the water that photosynthesis is impaired and photosynthetic organisms, such as seagrass, die.

 • Introduction of waterborne pollutants : Pollution of nearshore water occurs from domestic waste,

oil and gas from boats and ships, and the accumulation of solid waste in shallow areas. In highly polluted 

water concentrations of pesticides, heavy metal and detergents may be elevated enough to cause damage to 

seagrasses (Fortes, 1990).
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 • Destruction of submerged and fringing vegetation : Destruction of fringing vegetation allows 

additional sediment and pollutants to enter the water. It also removes significant sources of nutrients that help 

to sustain the seagrass and coral reefs. Blast fishing gouges large holes in the bottom, not only killing the

plants but also creating erosion. Introduction of waterborne pollutants : Pollution of nearshore water occurs 

from domestic waste, oil and gas from boats and ships and the accumulation of solid waste in shallow areas. 

In highly polluted water, concentrations of pesticides, heavy metals and detergents may be elevated enough 

to cause damage to seagrasses (Fortes, 1990). Furthermore, dragging boats, nets, anchors and other gear can 

dislodge seagrass.

iii. Management issue

Management interventions for addressing the loss of seagrass and soft-bottom habitats include (Departement 

of Environnement and Natural Resources et al., 2001) :

 • Mapping and identifying seagrass beds to catalogue the extent and location of the resource

 • Zoning to prioritise use of space between pristine seagrass meadow versus those that are disturbed,

altered or newly emergent

 • Controlling of fishing methods to ban bottom trawling, blast fishing, and other methods of harvesting

which tear up the bottom and cause turbidity

 • Reducing pollution by enforcing prohibition against discharge of urban and industrial effluent and 

sea dumping of solid waste or dredge spoils and by reducing the amount of impervious surface area in the 

upland areas abutting the shoreline.

 • Control coastal construction and beach nourishment

 • Seagrass transplantation shows sign of success from experimental transplantations; however, careful 

selection of the transplant site in regard to light, nutrient, and sediment type and stability is important while 

considering relative cost and benefits

 • Recreation and tourism activities can provide opportunities for alternative sources of income to

replace income generated by activities that degrade seagrass beds .
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b. Coral Reef

i. Formation

Coral reefs* are made of huge amounts of calcium carbonate (CaCO3). They are formed by an accumulation 

of coral skeletons. They just need good conditions to permit the development of corals.

There are different profiles for reefs  (figure 3): 

 • Fringing reef : reef bordering the coastline with only little separation from the shore by a narrow 

water channel or shallow lagoon 

 • Barrier reef : reef parallel to the coastline, separated from the shore by a deep water channel or wide 

lagoon 

 • Atoll : reef in the open sea forming a complete or partial circular ring with an inside lagoon 

 • Patch reef : small isolated reefs usually found in shallow waters 

 • Shelf-edge reef : reef located at the edge of the continental shelf before a deep slope or a wall

The reefs are formed by a multitude of coral species and 

form when the environmental conditions allow their growth 

(optimal water temperature and shallow waters). they sur-

round  volcanic islands, and when the island gradually ero-

des, different topologies of reef emerge (depending on the 

age and thus on the progress of erosion) (figure 2).

Figure 2. Coral Reef,  Alicia Dalongeville, 2019

Figure 3. Different reef profile, marinebio.net 2019
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Coral is a general term for the several different groups of cnidarian, only some of which help building reefs. In 

reef-building corals (also called scleractinian corals) the polyps produce calcium carbonate skeletons (Castro 

and Huber, 2008). Nearly all reef-building corals contain a symbiotic algae Zooxanthellae” that helps the co- 

rals to build their calcium carbonate skeleton (Castro and Huber, 2008). Zooxanthellae nourish the host coral 

as well as help it to deposit its skeleton. They perform photosynthesis and pass some of the organic matter they 

produce on to the coral (Castro and Huber, 2008).

We determinate two typologies of corals : 

 • Hard coral : we call them that because their calcium carbonate skeletons are very strong and they 

are the reef building scleractinian coral

• Encrusting (ENC)

• Massive (MC)

• Submassive (SMC)

• Table (TC)

• Foliose (FC)

• Corymbose (COC)

• Columnar (CC)

• Solitary (SOL)

• Digitate (DC)

• Branching coral (BC)

 • Soft coral (SC) : This type of coral is faster to de 

velop because they do need to create calcareous skeleton so 

their growth is faster.  They do not build reef.

Corals need specific environmental conditions for their development : 

Clear shallow water (< 37 m) because the zoothanthellae on which they depend need light to photosynthesize. 

Calcareous algae, on which coral usually recruits, require sunlight, too. And this depth is the maximum for 

the light penetration in the water. Also, Corals often prefer clear waters, since turbid water with sediment or 

plankton reduces light penetration (Castro and Huber, 2008). 

Figure 4. Hard coral, Foliose form, 
Alicia Dalongeville 2019

Figure 5. Soft Coral, Alicia Dalongeville 2019
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The water temperature range for coral development is between 18 and 34 degrees °C but the optimal range 

is 22 or 28°C. Most corals cannot tolerate too warm waters. The first outward sign of heat stress, or stress of 

other kind, is bleaching, in which the coral expels its zoothanthellae. This phenomenon is called bleaching be- 

cause the golden-brown or greenish zoothanthellae give corals most of their color and without zooxanthellae, 

the coral tissue is almost transparent and the coral looks white because of its underlying limestone skeleton 

(Castro and Huber, 2008).

Coral reefs usually develop in areas that have wave actions because they provide food and nutrients and 

prevent sediment from falling on the reef (People and the sea, 2018).

ii. Uses    

Hundreds of countries around the world have coastlines with coral reefs. It is important to specify that coral 

reefs offer coastal protection against wave action, erosion and can be used for building materials. They are also 

a tourist attraction for snorkeling, scuba-diving or private aquariums  (a new economic boom is being set-up 

by many permits delivered to individuals for the possession of tropical fish and corals at home) (People and 

the sea, 2018).

Coral reefs host many species (corals, fish, sharks, turtles…) (Figure 6). A third of marine species, nearly 100 

000 species, lives in coral the reefs (Nicet et al., 2015). Coral reefs are nursery, breeding and feeding areas for 

many fish and invertebrate species.

Figure 6. Green Turtle, Alice Vincent 2019
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iii. Threats

Acidification is threatening corals because the increasing quantity of carbon dioxide dissolved in the ocean, 

causes ocean pH to decrease and become more acidic. pH is important because if it is too acidic, the stony 

skeletons that support corals dissolve because they react with hydrogen ion (H+) and finally there is no more 

protection for the coral polyps. Moreover, coral reefs are very sensitive to environmental changes.

Global climate changes, mainly ocean acidification and temperature increase, cause important damage to 

the reefs. Because coral bleaching (Figure 8) occurs under stressful thermal conditions, the temperature in-

crease causes the loss of corals symbiotic algae depriving it from its main source of food. If the stress persists 

bleached corals often die by starvation (People and the sea, 2018).

Corals reefs are also threatened by habitat destruction re-

sulting from destructive fishing methods and activities eg 

: dynamite fishing (figure 7), trawling, coastal urbanisa-

tion and uncontrolled touristic activities. wide areas can 

be devastated in a very short time (People and the sea, 

2018). 

Pollution by industrial wastes, pesticides or fertilizers 

disrupts the equilibrium of nutrients in the water, causing 

disease or overgrowth of algae which can block the sun-

light (People and the sea, 2018).Figure 7. Coral Dynamite damage in Cebu mainland, 
People and the sea 2018

Figure 8. Recently Killed coral, is a coral that died not long ago (about 
between 4 and 6 months). One can differentiate a Bleach coral from a 
recently killed one by the presence of seaweed on the coral. In addition 
a bleach coral is not dead, he just lost his algae but if he recovered it 

then he can restart,  Anne Lise Blanchet 2019
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c. Sand

Any bottom that is composed of sediment, as opposed to rock, is considered a soft Bottom (sand,rubble and 

silt). The dividing line isn’t always clear. Boulder fields are usually thought of as rocky, but how small the rock 

has to be before the bottom is considered soft is not precisely defined (Castro and Huber, 2008).

Soft bottom habitats include environments where the seabed consists of fine grain sediments, mud and sand. 

Their biodiversity and productivity vary depending upon depth, light exposure, temperature, sediment, grain 

size and abundance of microalgae and bacteria (“Soft Bottom Habitats (subtidal),” n.d.).

Sand is a sediment made from small grains or particles with diameters between about 60µm and 2mm.

Soft bottoms are unstable and constantly shift in response to waves, tides and currents. Thus, soft-bottom 

organisms do not have a solid place to attach. Very few seaweeds have adapted to this environment. Seagrass 

are the most common large primary producers on soft-bottom and often form dense intertidal beds (seagrass 

paragraph in the first part).

i. Communities

Sandy and muddy substrates dominate the world’s continental shelves. Large areas covered by soft sediment

stretch from the shore to the edge of the shelf.

Although a few of them are epifauna and live on the sediment surface, most burrow in the sediment for 

protection and to keep from being washed away. Animals that burrow in the substrate are called “Infaune” 

because the live in the sediment. The soft bottom offers nothing to hold on to sessile*, or attached, organisms, 

which are hence rare. (Castro and Huber, 2008).

The number of species living on subtidal soft bottoms is usually higher than the number of species on soft  

bottoms in the intertidal zone because there are more stable physical conditions below the low tide mark (Cas-

tro and Huber, 2008).

The soft bottom habitats are inhabited by burrowing animals (Figure 9) such as worms, snails, clams and some 

anemones, shrimps and crabs, among others. Brittle stars and sea cucumbers roam the

muddy surface, feeding on the sediment and its inhabitants, including great numbers of copepods, nematodes 

and other animals that live in spaces between sediment particles (“Soft Bottom Habitats (subtidal),” n.d.).
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ii. Damage

 The major cause of damage to soft bottom subtidal habitats is commercial fishing with heavy bottom 

trawls. The trawls disturb the sediments and damage or kill many non-target animals as they are dragged along 

to catch fish that live on or near the bottom. (“Soft Bottom Habitats (subtidal),” n.d.).

Bottom trawling (Figure 10) destroys more ocean habitat than any other fishing practice. In this fishing me-

thod, large weighted nets are dragged across the ocean floor, clear-cutting a swath of habitat in their wake. This 

gear consists of large tapered net with a wide mouth and a small enclosed end. The mouth of a trawl net has 

two weighted doors that serve not only to keep the net open, but also to keep the net on the ocean floor. These 

doors can weight several tons. As the net drags along the seafloor, living habitat in its path is crushed, ripped 

up, or smothered as the seabed is turned over (Prokop, 2013).

Figure 9. Bottom habitat animal, Castro and Huber, 2008)

Figure 10. Representation of an example of bottom trawling des-
troying the seabed, Oceana.org 2019, 
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III. Internship Subject

 My project with People and the Sea aims to map the marine habitats of Malapascua Island. This com-

parison aims to be reproducible in time, in different geographic areas, but also cost-efficient.

The three proposed methods are: using free aerial imagery, using drone images and using data collected direc-

tly in the field with a flatboat and a GPS.

This aim is to see variations in the identification of habitat types and determine the different advantages or 

disadvantages of each mapping method and thus specify which method is the most appropriate to different 

areas and objectives .

This study will aim in the future to serve as decision support to the various actors related to the marine life of 

the island. These decision aids will have different impacts on aquatic life, so the realization of habitat maps 

will allow us to highlight the different points that can be addressed. It is possible to propose better manage- 

ment of resources such as the identification of key habitats allowing the creation of marine protected areas 

(MPA). These maps can also avoid urban development e.g. avoid building a new hotel on a seagrass area or a 

pontoon on a reef.
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Part 2. Methods
I. Study area

 The Philippines are part of the coral triangle in Asia. The coral triangle is a marine area located in the 

western Pacific Ocean. Named for its staggering number of coral (nearly 600 different species of reef-building 

corals alone), the region nurtures more than 2 000 species of reef fish. Over 120 million people live in the 

coral triangle and rely on its coral reefs for food, income and coastal protection (“Triangle du corail, paradis 

fragilisé,” n.d.).

Malapascua island (Figure 11) is a small island (2.5 square km) which lies approximately 8 kilometers North 

of Cebu island,  in the Visayan Sea in The Philippines. Malapascua occupies the northern tip of Cebu and is 

famous in the diving industry as it is one of the only places in the world where Thresher sharks (species of 

shark) can be regularly observed by scuba divers. The presence of this shark in shallow waters induced a rapid 

development of diving related tourism on the island, which strongly supports  the local economy. Malapascua 

is surrounded by many dive sites and beautiful habitat. The climate of Malapascua is defined by two predo-

minant winds: 

 • The Amihan winds coming from the North-East which occurs from October to May/June 

 • The Habagat winds which is a South-Western wind blowing the rest of the year (June to October), 

that is usually accompanied to typically heavier rainfalls.

Figure 11. Map showing the Philippines in full (left) then more precisely Malapascua island 
(right), Alice VINCENT 2019
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There are 5 designated marine protected areas around the island of Malapascua, and 11 in the municipality of 

Daanbantayan. These areas have different levels of restriction such as fishing bans, habitat destruction and res- 

triction of diving and snorkeling gears that can encourage environmental disturbance (Dalongeville, 2019).

This island is full of species ranging from fish to coral. However, the ecosystem can be disturbed by the rapid 

increase of human population on the island, which poses many pollution problems such as littering or lack of 

water treatment. Moreover, illegal fishing in protected areas and the increase of touristic activities in the ocean 

(Diving, snorkeling, boat tour…) can be really harmful for coral reef ecosystems due to damages from boat 

anchors, snorkelers or divers.

People and the Sea currently have 18 permanent survey sites (Figure 12), 10 are located around the island of 

Malapascua, 6 in the Campatoc shoal area (eastern coast of Daanbantayan mainland) and 2 are located around 

the island of Carnaza. The long-term goal of the monitoring program of the association is to evaluate the coral 

reef health and its changes over time (positive or negative). They decided to choose permanent survey sites 

to monitor the benthic cover, coral recruitment, as well as the density and abundance of indicator species of 

fish and invertebrate. Each site comprise 6 (or 3 in Campatoc) permanent transects of 20m length (or30m in 

Campatoc) (Dalongeville, 2019)

Figure 12. Map showing the survey sites of People and the sea with the island of malapascua 
(left), the island of Carnasa which is an island at 1h30 north of Malapascua (upper right) and 

on the island of Cebu (in bottom right)), Alice VINCENT 2019
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II. Material

The realization of the maps for my project was done under the software ArcGIS 

10.5 (Figure 13). Previously known as ArcView GIS, ArcGIS is a geographic 

information software that was developed by the US company ESRI (Environ-

mental Systems Research Institute).

A Geographic Information System or GIS is a computer tool developed to represent and analyze any kind 

of feature observable on Earth that can be geolocated. GIS offers all the possibilities of databases through 

a unique visualization and geographic analysis specific to maps. GIS softwares are used in all fields such as 

research and development, the environment, demography or public health. They all have a strong connection 

to geography (“SIG : Tout savoir sur les Systèmes d’Information Géographique | Esri France,” n.d.). 

Figure 13. ArcGIS Logo, ESRI 
2019

a. Method 1

For testing our first method with aerial imagery, we needed a free aerial 

image. For this, we used Landsat images, which are provided by NASA. So 

we used the site Land Viewer which is a simple intuitive web interface, pro-

posed by Earth Observing System (EOS). This interface allows non-expert 

users to select a geographic area to analyze (“EOS - Spatial Data Analytics, 

GIS Software, Satellite Imagery,” n.d.). 

We therefore used an aerial image of landviewer dating from April 21, 2019 

(Picture 14) which was the most recent image at the beginning of the study 

(April 27, 2019). This image also corresponded to the best quality available 

on the website which comes from the Landsat 8 satellites.   

EOS (Figure 15) has created a cloud but also an analysis tool where one can see and analyze the real-time 

satellite data of Earth. EOS is a NASA program that brings together a group of satellites that collect long-term 
data on the Earth’s surface from the Biosphere, the Earth’s atmosphere 

and oceans. The satellites are in low orbit. The first launch of these satel-

lites took place in 1997 (“EOS - Spatial Data Analytics, GIS Software, 

Satellite Imagery,” n.d.)

Figure 14. Aerial Imagery of Malapas-
cua, NASA 2019

Figure 15. EOS logo, EOS 2019
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b. Method 2

 To test our second method, we needed images taken by drone. Those have been provided by the as-

sociation Blutopia and the consulting agency Bluenomad, these images were taken by a Mavic 2 pro drone 

(Figure 16)  for Blutopia and a Phantom 3 pro for Bluenomad. These two drones are part of the range of re-

creational drone released by the Chinese company Dji created in 2006 by Frank Wang. The drone Phantom 3 

was commercialised  in 2013 while the drone Mavic 2 pro is the last one released (2019) by the firm Dji 

(“DJI - The World Leader in Camera Drones/Quadcopters for Aerial Photography,” n.d.). 

Figure 16. Drone Mavic 2 pro (left)  and Phantom 3 pro (right), DJI 2019

To process the drone images, we also needed a georeferencing* software. For this we used two different sof-

tware: Pix4Dmapper and Agisoft metashape.

Pix4Dmapper (Picture 17) is a georeferencing software developed by the Swiss company Pix4D in 2011. It 

is a professional mapping software that transforms aerial images taken by 

drone (or another camera) into a georeferenced 2D or 3D map. For this the 

software uses the drone camerato collect the data that will be processed, 

analyzed and exported (“Professional photogrammetry and drone mapping 

software | Pix4D,” n.d.). Figure 17. Pix4D logo, Pix4D 2019

Formerly named photoscan, the software metashape (Picture 18) has been created by the Russian company 

Agisoft in 2019. Metashape, as Pix4Dmapper, is a photogrammetry 

software that transforms 2D images in 3D (“Agisoft Metashape,” 

n.d.). Figure 18. Metashape logo, 
Agisoft 2019
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c. Method 3

For our third method we needed several elements : First, we used the Garmin 

GPSMAP 64 (Figure 19) for data logging. GPSMAP 64 is a portable gps unit 

equipped with a GPS receiver and Glonass of high sensitivity, fast geoloca-

tion and high accuracy (average 3m) (“GPSMAP 64 series / GPSMAP 64x 

series - Présentation de l’appareil GPSMAP (sans caméra),” n.d.).

Then we needed to use the Garmin Basecamp GPS-related software which 

allowed us to transfer the data from the GPS unit to the computer in order to 

transfert the points in a GIS software (ArcGIS). BaseCamp is a free software 

provided with GPS unit to plan trips such as hiking or cycling. It can also be 

included within a field sounder with a topographic map insertion, and it is 

able togeolocate photos by associating them with geolocated points (“Base-

CampTM | Garmin | France,” n.d.).

Figure 19. Metashape logo, Agisoft 
2019

We also used a FlatBoat (Figure 20)  named "Dancing Queen" that has belonged to People and the Sea since 

January 2019 and is mainly used to transfer dive equipment from shore to the  bangka (double-outrigger boat). 

We used the Manta tow technique, which is a woo-

ded board attached to the boat with a rope, allowing 

one person to be dragged behind the boat at a safe 

distance from the propeller (about 10 meters), and to 

look underwater with a mask.
Figure 20. Dancing Queen, Pepsea’s FlatBoat, Alice VINCENT 2019

To take the depth measurements, we also used a depth sounder (Figure 21) PS-7 of the Hondex brand which is 

a digital depth sounder that can measure depth down to 80m with a minimum of 0.6m (“HONDEX PS7 por-

table depth sounder,” n.d.). These measurements 

are then reported on a diving slate (waterproof) 

and then entered in an excel file.

Figure 21. Hondex Brand, digital depth sounder,  
Alice VINCENT 2019
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III. Methods

 The purpose of this project is to map precisely the different marine habitat areas around the island of 

Malapascua, with a reproducible method that can be easily applied to other places at low cost. We debated 

whether to use free satellite images or taking pictures with a drone.

If the drone is used, many external factors have to be accounted for, such as the problems caused by winds, the 

reflection of light on the water or the sea state to avoid interference on the images.

This project compares 3 different methods (satellite imagery, drone imagery and boat data acquisition) to de-

termine what is the best option to create a habitat map depending on the area and the surface to cover.

a. Aerial Imagery

i. Download imagery

 We wanted free aerial imagery, but of good enough quality to be able to precisely determine the habitat 

patches. For this we use the Landsat imagery.

Landsat satellite is a program with NASA and the cooperation of the U.S, department of the Interior.Currently, 

Landsat-8 launched on 2013 is the most recent landsat satellite. It has a good spectral resolution with  9 diffe-

rent spectral bands (Figure 22) : 

 • Band 1 : aerosol

 • Band 2 : Blue

 • Band 3 : Green

 • Band 4 : Red

 • Band 5: IR close

Figure 22. Example of the different spectral band combinations with aerial imagery of the Antonina Bay in the state of 
Paranà in Brazil, EnvCAL - Remote Sensing Environmental Monitoring, 2019

 • Band 6 : IR moyen 1

 • Band 7 : IR moyen 2

 • Band 8 : Panchromatic

 • Band 9 : Cirrus 
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In addition, the resolution is better than Landsat-1 as it went from a resolution of 80m to 30m (15m for the 

panchromatic band) (“Landsat Missions,” n.d.).

ii. Image processing

 We exported the images under the ArcGis 10.5 software for processing. The ideal way to do this is to 

create a mosaic with the ArcGis ArcCatalog, which allows for a faster processing in Arcgis. We created a new 

geodatabase file in ArcCatalog named “Malapascua», then selecting this file we create a  New - Mosaic called 

«Ortho_Mala» with WGS84 coordinate system. Then we have  to open all the georeferenced images that we 

want to use by opening the Geodatabase - ortho_Mala, right click on «add raster» and add all the images. The 

box «Update previews» has to be ticked.

Once the images are grouped together, it is easier to work on them. To do so we created a new Shapefile* to 

delimit the different habitat patches. To create a new layer, right-click in the ArcCatalog - new Shapefile and 

choose polygons with GPS coordinates WGS84. Then we can fill in the fields that will be added to the attribute 

table by putting: Hab_typ, Date, Site, GPS coordinates, area….

c d e

a b
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iii. Determining habitat typology

 Digitization is the process of identifying the different habitat patches within aerial images. we ma- 

nually delimited the different patches appearing on the images using the «Editor» tool of ArcGis, and filled 

the information that we could infer from the images and previous knowledge (type of habitats, study area, date 

of creation, GPS coordinates ..).

It is also possible to automatically infer habitat patches using the following procedure : The initial step is to 

enhance the quality of the imagery, as it is low when imported to ArcGIS. Hence, we need to improve picture 

colors with the tool «Imagery analysis». We then adjust the contrasts (light, shading) of the photo, to bring 

out the different pixel colors. Then, we have to use the «3x3 refining» plugin* of this tool which allows to 

improve the multispectral data of the initial image. 

For the second step, we use the tool «average offset of segment», which allows generalizing of surfaces while 

maintaining a continuous surface without granularity, in order to get a smoother surface. The values of spectral 

detail, spatial and minimum size have to be chosen to match those of the initial image.

The last step is to classify the habitat patches within the images obtained from the toolbar «classification». 

It will be done according to the indications that we have specified beforehand, and a new raster* is created.

iv. Create the map

 After the «classification» step, we need to transform the raster into a polygon (shapefile) because raster 

are geolocalized images (scan, aerial imagery…) but the image processing of raster is more complex and re- 

quires very specialized tools. Hence, for more detailed analyses and to have precise data, we need to transform 

the new raster into a shapefile. We can export the raster as a shapefile with the ArcToolBox conversion tool. 

Polygons of the same typology have to be combined together to speed up the processing time. We can deter-

mine the area of the polygons thanks to the ArcGis field calculator, which allows us to know the percentage 

cover of each habitat typology around the island, according to the depth.
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b. Drone imagery

i. Capture

 To help with the imagery capture, there is a flight planification available as a free phone application 

named Pix4D capture. The planification allows the drone to take pictures at constant altitude and without 

movement over a given area. It is possible to schedule the drone to take the picture automatically with pre-set 

time lapses with a specified images overlap. 

 

For optimal picture quality, we aim to schedule the flights between 5:00 am and 9:00 am (the best being 

5:00 am), as that time of day offers the best conditions regarding sun reflection and wind in Malapascua.  

A flight height of 100 m was used, as it allowed us to cover the targeted area in one session while having       

a resolution sufficient to identify habitat. A minimum of 80% overlap* between the images is required for  

photogrammetry. The number of pictures per session depends on different parameters : overlap, height and the 

overall surface of the study area. For example, for an overlap of 80%, a height of 100m, we had 240 photos.

ii. Image geo-referencing

 Regarding the georeferencing of images, we used the free period of a chargeable software (Pix4D or 

Agisoft) that lasts between 2 weeks and 1 month. It is also possible to use a free software such as Visual SFM. 

To combine the images and create orthomosaics* with these softwares, we have to go through several steps 

(“Agisoft Metashape User Manual - Professional Edition, Version 1.5,” n.d.) :

 • Tie point or Aligning photo : The software searches for the position and orientation of the camera 

for each photo and builds a point cloud template for the start of photo collation.

 • Dense cloud : Based on the estimated camera position, the program calculates the information of 

each photo to be combined into a single dense cloud of points

 • Orthomosaic* : It is normally used to generate high resolution imagery based on the source photos 

and reconstructed model 

Georeferencement is also possible with ArcGis 10.5 automatically, but the result will be less precise than with 

a specific software and requires more time. Georeferencing using ArcGIS is done with the following steps: 

• Open an image of the already stalled sector (a satellite image of BING has the best resolution).

 • Import the image that we want to stall.
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 • In the Georeferencing toolbar, select «Fit to view» the ‘Shift and Resize’ tools are used to position 

the raster more precisely where the photo was taken. 

 • When you are on your positioning click on «Automatic recording» (if an error message appears it is 

because your image is a bit shifted out of its real area and that it does not find the points of jointure).

 • In the link table, you can evaluate the links created by the software, if the residual is between 0 and 

10, the image is perfectly fixed.

iii. Determinate typology / Digitalization 

iv. Create the map

 To determine habitat typology, we used the same process as with aerial  imagery. For the first step, we 

use the «Image Analysis» tool to emphasize the contrast between the dark and light colors of the pixels in the 

image. Then, in the same tool, we use the plugin «3X3 refining» which allowed, as said before, to develop the 

multispectral pixels of the image. For the next step, we use «average offset of segment» to remove the particle 

size on the surface and to smooth the image. And for the last step, we classify the typology of the imagery by 

«classification».

 After the «classification», a new raster is created, but we need to use some data such as the total area 

depending on the habitat type. To get this information, we needed to export the raster as a shapefile with the 

ArcToolBox conversion tool. We combined all the polygons together to speed up the processing times, as we 

did for the aerial images, on surfaces of different typologies. 

Then we set-up a symbology for the different habitat types : green for seagrass, yellow for sand and red for 

coral reefs.
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c. Boat

i. Capture

 We based our methodology on a  previous study  of the association Blue Ventures on the southwest of 

Madagascar (Roy et al., 2009).

 The objective of the FlatBoat method is to create a map of marine habitats from data collected directly 

in the field. For this, we have determined the preliminary data acquisition protocol : 

We defined a maximum area to cover with the boat. Hence, we inserted 4 demarcation points in the GPS unit 

using Garmin Basecamp software. Four people are needed to collect the data: one boat driver, one to check the 

time and measure the depth (with the depth sounder), a third to write down the data and mark the GPS points, 

and a fourth person in the water who indicates the type of habitat.

Within the study area (Coral Garden), we maintained the FlatBoat at a constant speed (at least speed) and 

every 20 seconds, we took the GPS mark, depth and typology of habitat.

This protocol has been modified during the trial of the method but also during the first measurements. At first, 

the boat had to stop for each measurement, however it is impossible for the boat to remain static so we decided 

to stay in motion, knowing that as soon as the GPS point is marked, we can then enter the data without the 

mark moving. Furthermore, we changed the time lapse between each data point, which was initially set to 45 

seconds. we have observed that a time lapse of 20 seconds was an ideal compromise between the accuracy of 

the map and the time needed to collect all the data.
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ii. Determining Typology 

iii. Create the map

 For the initial step, we had to extract the data from the GPS unit to the laptop using the Garmin Base-

camp software that exports the data to GPX file. Then we had to create an excel file containing the ID number 

of the GPS mark, the depth (rounded to 0.5) and the habitat typology: Sand (S), Reef (R), Seagrass (SE) and 

Algae (A). We imported the GPX file and the excel data file into ArcGIS to join and process the data taken in 

the field.

The second step is the interpolation of the results, which is a method to predict the unknown values of a ras-

ter based on the data (i.e. elevation, precipitation , noise pollution or in our case, marine habitat typology or 

bathymetry) from a limited number of points. at the base (“Comparaison des méthodes d’interpolation—Aide 

| ArcGIS for Desktop,” n.d.). 

To do that, we identified the typology with a number : 1 for the Seagrass, 2 for the sand, 3 for the reef and 4 

for the Algae. This step is necessary as the software can only interpolate numbers. We interpolated the data 

using the ArcToolbox tool, Inverse distance pounded (IDW) which is an interpolation method that evaluates 

cell values by averaging the values of the sampling points. In our case, the tool determined the habitat type of 

the areas between each sampling point (the shadows) (“Fonctionnement de l’outil IDW—Aide | ArcGIS for 

Desktop,” n.d.). 

We also interpolated the depth using the ArcToolBox Krigeage tool, we used a different method than the pre-

vious one for the interpolation of the depth, because this one is better for the interpolation of height. This inter-

polation method is an advanced geostatistical procedure that generates an estimated area from a set of points 

with height values of elevation (Z) (“Fonctionnement de l’outil Krigeage—Aide | ArcGIS for Desktop,” n.d.). 

 After the interpolation, a new raster was created and had to be transformed into a shapefile to study the 

surfaces of reefs, sand or seagrass, as we did for the aerial images and the drone methods.

we used the same symbology as the other methods to have homogeneity between the three different maps : 

yellow for sand, green for seagrass, red for reef and white for algae.
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Part 3. Results
The main objective of the study is to compare different methods to determine marine habitats.

Therefore, we created a map (figure 23) highlighting the different starting points that allowed us to realize 

the habitat map : namely the initial aerial imagery for method 1, the images taken by the drone for method 2 

and the points  taken from the  boat for method 3. We can notice that the surfaces of acquisition are different 

between each method. The largest area is covered by method 1 with the aerial images because acquiring an 

image is equivalent to about a quarter of the Philippines (around 55 thousand hectares). However, as men-

tioned above in the method section, we only used the part of the entire image covering our study area, coral 

garden, which has a surface area of   52 hectares. Images taken by drone cover the smallest area (figure 24): 

approximately   13 hectares, which represents 1/4000 of the total area of aerial imagery. For method 3, the total 

catch area is about 73 hectares for 243 surveyed points, which represent approximately 1/800 of the total area 

of the aerial imagery.

Figure 23. Map showing the comparison of aerial and drone images or FlatBoat points that al-
lowed us to create the marine habitat map for each method, Alice VINCENT 2019
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Moreover, we observe on this map that the resolution of the aerial images and the drone images are different: 

the resolution of the aerial images is about 30 m whereas, it is about 4 m for the drone images . Regarding 

method 3, we cannot provide a resolution as this method does not come from an image but from  data collected 

in the field.

Figure 24. Map depicting the marine habitats of each methods by keeping the study air from 
beginning, Alice VINCENT 2019

We then compared the different habitat typologies (Figure 25) for each method. We first cropped the map 

obtained with each method to cover the exact same area, in order to make them comparable and to study the 

surfaces of different habitat typologies (Figure 26).
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Figure 25. Map representing the marine habitats of each method at the same study 
scale (ie the same total area), thus allowing comparison of the 3 methods together., 

Alice VINCENT 2019

We first noticed that the maps are very similar, but we can see that the precision if higher for method 2. We 

confirmed that observation with the presence of sand patches located between the reefs that are not identified 

by methods 1 and 3. We observed little differences between the maps created with methods 1 and 3, method 3 

seems to be more precise, as the shape of the seagrass and coral patches in the north of the study area matches 

the drone imagery better than it does for method 1.



29

Figure 26. Graph comparing the percentage of habitat typology exported from the 
attribute tables according to each method., Alice VINCENT 2019

However, when we look percentage cover if each habitat type (Figure 26), methods 1 and 3 produce very simi-

lar results whereas method 2 gives slightly different values. The sand surface is very similar for the 3 methods: 

25% for aerial imagery, 23% for the drone and 21% for the boat.  The methods differ regarding the surface of 

seagrass, which is higher for method 2 (39% imagery aerial, 51% drone and 39% boat), and the surface of the 

reef which is lower for method 2 (36% imagery aerial, 26% drone and 38% boat)

Figure 27. Table comparing the cost, resolution, labor time and total surface covered 
for each of the three methods studied, Alice VINCENT 2019
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We have also produced a summary table (Figure 27) of the surface covered, price, resolution and labor time 

for each method.

The cheapest method (0 €) is method 1 with free aerial images, the method with an intermediate price is 

method 3 (323 €) and the most expensive method is method 2 using a drone (1660 €) . Regarding the most 

expensive method, the purchase of the drone is the main expense (1500 €) whereas for method 2 the cost is 

null because the aerial images are free and we do not account for the processing software because we can use 

a free substitute (QGIS). As for the boat, the most important purchase is the GPS unit, which is 299 €.

The method with the best resolution is method 2 (4m) and the least accurate is method 1 (30m). We cannot 

determine the resolution of method 3 because it did not use imagery but field data.

In addition, labor time (couple the images, processing and realization time) is much longer for method 2 (119 

hours) than for method 1 (101h) and 3 (34h). 

We also compared the area covered by each method: the largest area was covered by the boat method with 73 

hectares of study area, then the aerial imagery method covered 52 hectares, and the drone method  covered 

only 13 hectares.
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Part 4. Discussion 

 The study aimed to determine the advantage and disadvantage for creating a map of marine habitats. 

However, there is no «ideal» method because each method studied can be used in different case studies depen-

ding on the degree of precision needed and the study area targeted.

Creating a habitat map from images is easier on land than in marine ecosystems because there is no problem 

of light refraction on the water or tide when it comes to an image taken by drone. When we took our drone 

images, we had to pay attention to the sun and the wind. Indeed, these elements create interference on our 

images and therefore cause problems during the georeferencing as shown in the photo below (figure 28).

In addition, the accuracy of habitat typology surfaces can be misestimated since the depth can influence the 

colours a lot when it comes to low quality aerial images.

Figure 28. Photos taken in drone a coral garden by Bluenomads at 10am (left) and by Blutopia at 5am (right)

Our results have allowed us to determine which one is the most appropriate method according to the targeted 

surface and the resolution required.

Aerial images are a good base if we want a map of large-scale marine habitats such as Cebu Island or even 

the Philippines. As said before, we had to cut the aerial image to allow a faster treatment and center it on the 

Coral Garden area. While initially the image covered an area of about 55,000 hectares, which represents about 

1/5 of the total Philippines. Therefore, if we want to map the marine habitats around the island of Malapascua, 

which has an area of 2.5km2, with the aerial imagery, the accuracy of the different habitat patches will be very 

low as we can see in the results
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However, in terms of costs, aerial imagery is the best method as it does not cost anything (because we do not 

count the purchase of ArcGis software that can be substituted with QGIS which is free).

Regarding the images taken by drone, these are a good alternative if the study is carried out on a medium 

surface such as the island of Malapascua. This method is very precise (4m) and manages to identify the small 

sand patches lying between the coral reefs.

However, it is the most time-consuming method as it requires a time lapse of maximum 30 minutes to take 

photos due to the limitation of the drone battery life. This allows to cover about 13 hectare per session. In 

addition, photos have to be taken between 5am and 6am because, as stated before, the sunlight strongly im- 

pacts the quality of the images.

Considering these different factors, we estimated a total of 34 hours of drone flight to complete the tour of 

Malapascua Island (figure 29), which covers about 400 hectares (this area was calculated for a depth of about 

10 m maximum). This prognosis is estimated while keeping the previously used parameters (100m height, 

80% overlaps of the pictures).

Figure 29. Map of the hypothetical zone (400 hectares) to cover by drone photography for a total duration of 
approximately 34 hours, Alice VINCENT 2019
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The flatboat method has an average accuracy as the points taken do not necessarily cover the entire study 

area and therefore requires interpolling points. This interpolation does not necessarily represent the reality 

because there are certainly sandy patches  in the area of coral reefs. This method can however be more precise 

regarding habitat typology since field data can easily differentiate seagrass and seaweed, but also soft and hard 

corals.

In addition, this method is cheaper with just the purchase of a GPS unit that can be quickly profitable over a 

long period of time. Otherwise, the purchase of gasoline and the rent of the flatboat is not significant when we 

consider the cost for the total covered area.

However, it requires ideal weather conditions, in particular a very flat sea so as to allow the boat and the per-

son in the water to move at a constant speed. The speed of the boat must be constant, however the engines of 

Philippine boats cannot be locked to a constant speed and the instant speed is not displayed. There is also a 

time-lag between taking the GPS point and the person looking at the habitat typology that can deviate from 

the actual typology of the point.

In addition, all these methods have the same problem when it comes to maximum visibility. It is impossible to 

see at a depth of more than 15m because the waves, currents, luminosity and turbidity decrease the visibility, 

making it impossible for drone and aerial images, or to see the seafloor beyond 15m
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For me,  the best solution if we were to make a map of malapascua marine habitats would be to combine the 

different methods.

We do not necessarily need to make regular and accurate surveys of marine habitats throughout the island as 

this would be too long. I   think we can focus more precision on protected areas to see their evolution and use 

a lesser degree of precision for the rest of the island. By doing this, I would suggest using the boat method or 

better quality aerial images for the whole island and using images taken by drone for smaller areas which re- 

quires higher precision such as areas of interest for conservation and the «Snorkelling and No-fishing zones» 

designated by municipal ordinances (figure 30).

Figure 30. Map showing the different type of protected area : Marine protected area, Marine reserve and 
snorkelling / no fishing zone around malapascua island , Alice VINCENT 2019 
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These zones were created by the Municipality of Daanbantayan  in June 2010 under Municipal Ordinance  

N ° 175-2010 (see appendix) to allow the regulation of the number of people present on the sites (tourism) by 

paying a snorkeling fee of 50 Philippine pesos (around 1 €) per person. The ordinance also prohibits fishing in 

these areas, aiming to give them back an autistic character and avoid the destruction of the ecosystem and the 

disappearance of species. The money raised by the tax is donated to 60% to the Barangay (i.e. local govern-

ment unit below the municipality level) Logon Fisherfolks Association (BLFA), which is an association of 

fishermen of the island, thus compensating for the loss of income following the ban on fishing in these areas. 

30% is donated to the Barangay of the island and 10% is donated to the Municipality. 

The habitat maps will allow us to see the evolution of these protected areas in the future and may help their 

management and support the creation of new protected areas.
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Professional insertion 

 For the realization of my work within the association of People and the sea, I organized my work in 

different points. At first, I concentrated on bibliographic research and while I was getting my scuba diving 

certifications.

Then, I focused on the different methods I studied, starting with method 1: aerial imagery. I focused for months 

on looking for good quality free images and  the ideal ArcGIS tools to process them.

The work on the second method (drone) consisted at the beginning in taking pictures and then georeferencing 

them. The georeferencing process took me a lot of time because of  the number of images to process (around 

100) and using my own computer which is old, the process was relatively longer (2 days without stop) than on 

a computer with a good graphics card. However the ArcGIS analyzes weas faster having already the process 

thanks to the aerial images.

For the last method (boat), the work consisted of being in the field mainly to take the GPS marks. Then, the 

transfer of points and the treatment was fast and allowed me to analyze and create the different map of habitats 

for each method and to compare the different results.

During the last two months, time was spent writing my report and developing my skills in marine science. 

As said during the presentation, People and the sea is an association based on marine conservation, for this, 

volunteers are trained to conduct reef monitoring survey over three components: the ‘benthic’ that englobes 

all organisms and substrate covering the seafloor (different coral forms, sessile invertebrates such as anemones 

or sponges), the abundance of indicator invertebrate species and coral impacts and the abundance of targeted 

fish species. At the end of the month, we survey these three components on 2 sites, allowing us to gather long 

term monitoring data on these different elements.
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Back to the summary
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The work of the association is not based only on diving but also on working with the local community. During 

my internship, every Thursday, I was able to participate to the «Debris Free Thursday» which is a one-hour 

clean-up of a defined area. Each week, this activity is hosted by a different business of the island, which pro- 

vides staff to participate in the clean-up and offers drinks to all the participants at the end. I also participated 

in the education program, with different lessons given at the local primary school on marine conservation and 

environmental education for waste segregation.

This internship was a real source of professional and personal inspiration for me, it allowed me at first to 

highlight the skills that I learned and developed throughout my academic career. To be able to give a quality 

work on a subject that is in line with my future professional aspirations. This internship also developed me a 

lot on the human level. This is not the first internship I have done abroad, but it is the first one that allowed me 

to really discover my inner self but also to discover a culture completely different from mine and just to realize 

the priority of things. So, I was fortunate to have the opportunity to contribute to a work within the association 

and to have been able to enrich my knowledge which has strengthened me for my future job.
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Conclusion

 Marine habitats are ecosystems with immeasurable resources for humans. They provide important 

ecosystem services for the Filipino people, as they bring them many benefits: food, income, tourism, which 

are their different sectors of activity.

Climate change and the development of the human activities (waste, pollution, boat traffic, overfishing) enor- 

mously impact the corals, which are animals extremely sensitive to small changes in their environment having 

then a chain reaction for higher trophic levels (for example fish) and the whole ecosystem.

Marine habitat maps are therefore key to the proper functioning of marine ecosystems as they allow develo- 

ping, monitoring and managing these different environments and thus find solutions for each local actor which 

depends on these ecosystems. The comparison of methods carried out allowed us to test different solutions 

mainly to create a map of habitat for the island of malapascua, but also to find a reproducible technique to be 

applied in other areas. These maps will be sources of support during discussions with the numerous actors 

using these ecosystems: the fishermen, the government, the resorts, the diving centers or even the local com-

munity.

We have shown that the methods have advantages and disadvantages in terms of cost, accuracy, labor time and 

surface coverage. It is therefore ideal to couple several methods. For example, for the island of Malapascua, 

I suggest to use the images taken by drone for the protected zones and to use the boat method for the rest of 

the island. We will therefore have precise and regular monitoring for areas that are already protected to see 

their evolution, but a less regular and less precise monitoring of unprotected areas. We can also ask for more 

follow-up in some areas and if we see an ecological improvement in the protected areas and a decrease in the 

other areas. This could be a support of discussion for the MPA management and for the establishment of new 

MPAs that do not ecologically increase the surface area of protected areas.

The future of these ecosystems is therefore essential to the natural heritage of these areas but also to the po- 

pulation. We can wonder if a consultation of different actors will lead to new means of protection ? Are these 

maps likely to help maintaining the persistence the marine biodiversity on the island of malapascua ? Can they 

give a better understanding of the issues to different actors ?
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Glossary

Benthos : Set of marine organisms that live in the aquatic bottoms.

Biocenoses : a situation in which organisms live together in mutual dependence

Biotope : a small area, such as the bark of a tree, that supports its own distinctive community

Georeferencing: means that the internal coordinate system of a map or aerial photo image can be 

related to a ground system of geographic coordinates.

Orthomosaic: is an aerial image of an area, composed of multiple photographs stitched together, 

using photogrammetry, which has been scaled and geographically corrected for accuracy.

Overlaps : covering with a design in which one element covers a part of another (as with tiles or 

shingles)

Pelagos : All aquatic organisms (marine or freshwater) living in the open sea in opposition to the ben-

thos living near the bottom. The pelagos is composed of the necton that can move against the current 

and the plankton that follows the current and can move vertically in the water column.

Plugin: it’s a package that complements a host software to bring new features

Raster : Image data where the space is divided evenly (in small rectangles); at each small rectangle 

(pixel) are associated one or more values describing the characteristics of the space.

Reef : a line of rocks, coral or sand just above or just below the surface of the sea 

Sessile : is sessile any organism, generally aquatic, which lives fixed directly on the substratum: 

sponges, barnacles, seagrass etc.

Shapefile : is a file format for GIS originally developed by ESRI for its commercial software.

Substratum : material that serves as a support. It can take the form of rock, wood, root, vase …

Subtidal : of, relating to, or being the part of the neritic zone lying below the low-tide mark but still 

shallow and close to shore

Trophic chain : A set of relationships between organizations based on how they feed. Includes produ-

cers (eg algae), primary consumers (herbivores, phytophages), secondary consumers (carnivores) and 

decomposers (or scavengers). Pollutants that do not degrade or little (heavy metals) will concentrate 

at the top of the food chain, among predators. Is also referred to as food chain.
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Abstract

Résumé

 Marine habitats are remarkable areas in terms of biodiversity but they are also sensitive areas impacted 

by climate change or anthropogenic activities. These spaces also provide ecosystem services for human po-

pulations regarding local economy thanks to tourism , food security by the presence of artisanal fisheries and 

coastal protection since coral reefs serve as buffer areas against marine submersion and erosion.

This report allows us to answer with maps the following question: How can we create a map of the marine ha-

bitats of the island of Malapascua at low cost? Using a comparison of three different methods: aerial imagery, 

drone imagery and field data collected with a  boat.

The use of these maps demonstrates the different advantages and disadvantages s of these methods in terms of 

cost, time, area covered and level of precision. They allow us to increase our understanding of habitat mapping 

and to determine how useful it is in the long term for different types of monitoring.

Les habitats marins sont des espaces remarquables en terme de biodiversité mais ils sont également des es-

paces sensibles que ce soit au moindre changements climatiques ou à cause des problèmes anthropiques. Ces 

espaces sont également des services écosystémiques pour l’homme du point de vue économie locale avec le 

tourisme (le plongée), du point de vue alimentaire par la présence de la pêche locale et d’un point de vue pro-

tection avec les récifs coralliens qui servent d’espaces tampon contre les submersions marines.

Ce rapport nous permet de répondre grâce à des cartes à la question suivante : Comment peut-on créer un carte 

des habitats marin de l’ile de malapascua à moindre coût ? En utilisant une comparaison de trois méthodes 

différentes : images aériennes, image de drone et données prise par un bateau.

L’utilisation de ces cartes démontre les différentes solutions apportées par ces méthodes en terme économique, 

de rapidité, de surface couverte et au niveau de la précision. Elles nous permettent d’avoir un aperçu d’une 

carte d’habitats marin et de déterminer ainsi quelle méthode est utile sur le long terme et pour quelle type de 

suivi.
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