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Abstract
Coral reef restoration and creation have been widely reported for the past 20 years. Various
methods of restoration have been explored in different regions of the world. Among the
effective and commonly used methods to restore coral communities is the transplantation of
coral colonies or fragments. In this investigation, indirect and direct transplantation
techniques were used to create coral reef patches in hotel’s private Laguna in Bora-Bora.
The direct transplantation of four coral colonies was used to restore a degraded coral garden
and the monitoring of the development of live coral cover and the changes of biodiversity
within the restored site was used to evaluate the restoration effort. An increase of the total
coral cover and an important colonization of the restored area by fish and invertebrate species
determined the success of the restoration effort and the creation of a stable environment.
The indirect transplantation of fragments of Acropora formosa was used to test sites for their
potential of coral growth. The variable under study here were the location of the different sites
and the effect of cutting the branches on the fragment before the grafting effort. The
development of coral tissue and the appearance of new branches were used to determine the
success rate of a small fragment developing into a large colony. All the different sites are
suitable for future transplantation of colonies and the techniques that consist of cutting the
branches of the fragments before the grafting effort provide fragments with more branches.
Finally, terrestrial signs were created in order to create public awareness on the importance of
coral reefs and the good behavior to have when swimming around this ecosystem.
Key words: Acropora formosa, Porites, Pavona, coral, fragments, growth, artificial reef,
transplantation; coral garden, Laguna.
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Introduction
1. Context
As part of French Polynesia, Bora-Bora is an island surrounded by a lagoon and a barrier reef.
Within the lagoon and on the outside reef, many coral reefs can be found. Coral reefs are
constructional physiographic features of tropical seas consisting fundamentally of a rigid
calcareous framework (Wells, 1957) and are an important habitat providing structural
heterogeneity and a refuge for a multitude of sessile and mobile organisms (Sournia, 1977;
Gladfelter, 1985). The “Status of Coral Reefs of the World 2004 reports” has shown that
many natural factors and anthropogenic activities are responsible for the world decline of
coral reefs (Edward and Gomez, 2007). Today, the coral reefs located in Bora-Bora are
mainly suffering because of the high touristic pressure. In fact, this island mainly depends on
tourist and, over the last few years, several resorts have been built on motu (small sandy
islands surrounding the lagoon). Therefore, every year, the island of Bora-Bora hosts 20000
tourists mainly from the United States of America and from Japan. This touristic activity has
lead to an important pressure on the local environment and especially on the coral reefs. The
local municipality is trying to combine the touristic pressure, which is the main revenue of the
island, with the protection of the environment. It seems that they are doing this quite well
since Bora-Bora has received a “Marianne d’Or” in 2007; prize that reward French
municipalities for their action to protect the environment. Bora-Bora has also received in 2009
the Blue Flag Certification for the 9th year in a row for their beach quality.
In response to reef damage, agencies and consultants around the world have developed
techniques to restore, as best possible, reefs impacted by human disturbance (Jaap, 2000).
Those restoration techniques use direct and indirect transplantation of corals, and are now
widely used in restoration projects as well as for the creation of artificial reefs (Edward and
Gomez, 2007).
BoraEcoFish (BEF), a company located on the main island of Bora-Bora, has started its
activity with the development of economically viable Post larval Capture and Culture (PCC).
This private company considers the reef like its heritage. In fact, the worldwide decline of
coral reefs could have long term consequences on the economic activities of the company
since its activities and daily life depend on this natural resource. As part of the local
population, BEF also use transplantation techniques in order to restore and to create artificial
reef patches in the Laguna of private hotels. Now, they want to go farther with these projects
and include an educational purpose to them. Therefore, they want to combine a restoration
project of a degraded coral zone with terrestrial signs, in order to educate and create public
awareness on the importance of coral reef and the various stresses responsible for their
decline. BEF also wants to include on this sign an explanation that will allow the tourists to
discover coral reef ecosystems, and finally, the different coral and fish species that they will
encounter while swimming in the restore area.
Parallel to the restoration project, the company wants to know the different sites where coral
colonies of Acropora formosa could be transplanted, inside the Laguna of a private hotel. To
do so, BEF wants first to use indirect transplantation of coral fragments in order to test the
different sites but also to test two different grafting techniques: the grafting of untouched
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fragments versus the grafting of fragments whose branches have been removed before the
beginning of the experiment.

2. Background information
Before introducing the different techniques used in restoration projects, it is important to
provide a management context to reef restoration. It is in fact important to keep in mind that
reef restoration should be treated as just one option within an integrated coastal management
planning agenda. It is also important in restoration projects to consider the wider context and
other factors that could jeopardize the restoration efforts.
1) Importance of coral reefs
Around the world, 600 000 km² of coral reefs are distributed along the coast of the Pacific, the
Indian and the Atlantic oceans. Those coral reefs are mostly found between the 25° North and
South of the Equator (Salvat, 1992). They have a high degree of self sufficiency and are
characterized by a symbiotic association between a polyp (coral host) and a zooxanthellae
(phytoplankton). These characteristics make coral reefs one of the most diverse, complex and
productive marine ecosystem of the entire world (Salvat, 1992; Moberg and Folke, 1999).
From a biodiversity point of view, coral reefs shelter roughly one third of the seas and oceans
biodiversity (David and Herrenschidt, 2007). More than a hundred countries have coastline
with coral reefs (Salvat, 1992; Moberg and Folke 1999) and it is believed that more than a
billion people around the world are partially or wholly reliant on coral reef resources for their
livelihoods. Coral reefs provide both environmental services as well as direct and indirect
economic values for the population depending on them; values estimated at roughly 6075 US$
per hectares of coral reefs per year (Edwards and Gomez, 2007).
Coral reefs provide several ecological services. For example, they provide physical structure
services such as a protection against coastal erosion (David and Herrenschidt, 2007; Moberg
and Folke, 1999). Indeed, the reef mass itself disperse the energy of the waves and the
production of coral sand, enlarge the beaches and largely contributes to limit the erosion of
the coastline. Coral reefs also provide biotic services within and between ecosystems (Moberg
and Folke, 1999). Within the ecosystems, coral reefs tray numerous species that either come
to breed (reproduction function), develop up to the juvenile stage (nursery function) or hunt
(feeding function). Coral reefs hold a multitude of organism which maintains a vast biological
diversity and a genetic library for future generations. Since now, 100 000 species have been
described, representing 94% of the planet’s phyla (Edwards and Gomez, 2007). Among those
species are keystone species that regulate ecosystem process and function, through grazing
and predation (David and Herrenschidt, 2007). Coral reefs also provide services between
ecosystems such as a food bank for the pelagic migrating species. Moreover, they also export
organic production, and plankton to pelagic food webs (Moberg and Folke, 1999). Finally,
coral reefs also provide biogeochemical services such as nitrogen fixation or waste
assimilation (Salvat, 1992).
Coral reefs are also a very important source of revenue, through direct and indirect values, for
the population depending on them. Reefs generate a variety of seafood products such as fish,
mussels, crustaceans and sea cucumbers that are harvested for commercial fishing and
recreational fishing. Nowadays, coral reefs account for 9 to 12 % of the world’s total fisheries
(Moberg and Folke, 1999). Coral reefs are also used for near shore dredging and production
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of building materials. In fact, on islands where no volcanic rocks can be found and crushed,
coral reefs are often the main source of sand supply (David and Herrenschidt, 2007).
Regarding the indirect values produced, the medical use of coral reefs are taken more and
more under consideration since pharmaceutical industries have discovered potentially useful
substances for anticancer and AID (Edwards and Gomez, 2007; Moberg and Folke, 1999).
Reef ecosystems and the adjoining column of water are also a physical support for the
aquaculture of fish, shellfish and algae. However, the biggest indirect economical value
created by coral reefs is tourism. Coral reefs are often associated with an image of virginity
and isolation and many tourists around the world enjoy them for their aesthetic and
recreational purposes. Nowadays, after 3 decades of mass air transportation and development
oriented to sun, sand and sea, the tourist industry is the leading economic sector in many
tropical reef areas (Salvat, 1992).
Finally, it is also important to notice that coral reefs have cultural, religious and spiritual
values for many populations, especially the Polynesian population (Moberg and Folke, 1999).
2) Threats to coral reefs
As stated above, coral reefs are important ecosystem for the surrounding environment and for
the economical services they provide to the population depending on them. Nowadays, coral
reefs around the world are coming under increasing pressure and their status is declining
rapidly (Wilkinson, 1999); decline that could have big consequences on the local population
whose daily life depend on reef exploitation or associated fisheries resources. The “Status of
Coral Reefs of the World 2004 reports” estimates that 20% of the world’s coral reefs have
been effectively destroyed and show no immediate prospects of recovery and that 50 % of the
remaining are under imminent or long term threat of collapse (Edwards and Gomez, 2007).
The main reasons for this decline are the anthropogenic pressures and the natural events (cf.
Figure 1) but there are some difficulties in discriminating the relative importance of natural
and anthropogenic perturbation in this decrease (Mehdi et al, 2005).

Figure 1. Drivers of reef ecosystem degradation (Edwards and Gomez, 2007).
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Until 1998, direct anthropogenic stresses were regarded as the major threat to coral reefs
(Wilkinson, 1999). In fact, until that date, only the direct and indirect effects of overfishing,
pollution from agricultural and land development, were considered as the major drivers for
accelerating the decrease in abundance of coral reef species (Hughes, 2003). Overfishing
leads to a decrease in herbivorous fish and this, coupled with an increase of nutrients from
land based activities, leads to an ecological shift from the original coral dominance to a
preponderance of fleshy seaweed. Other anthropogenic activities such as coral and sand
mining, coastal construction projects and oil pollution are also responsible for the decline of
coral reefs (Salvat, 1992). After 1998, global threats to coral reefs such as global climate
change, El Nino events and hurricanes were added to the combination of damaging local
factors (Wilkinson, 1999). Hurricanes are responsible for the death of entire reefs and global
warming is leading to the increase of the ocean T°C which leads to coral bleaching (Salvat,
1992). Ocean acidification is also responsible for the death of coral reefs (Edwards and
Gomez, 2007; Hughes, 2003). Those natural events were not taken into account before
because since ages, massive environmental events such as massive falls of the sea level during
glaciations periods, meteor strikes, and large changes in solar activity have occurred and coral
reefs have always recovered. However, it is now believed that before, natural changes were
occurring over long periods (hundreds of thousands of years) which were allowing the coral
reef to recover slowly. Nowadays, those changes are quicker and they are coupled with
anthropogenic pressures which intensify the effect of natural events. This leads to the
difficulty for coral and zooxanthellae species to adapt and therefore, there is an increase of the
resilience time of coral reefs. This causes the disappearance of surface occupied by this
ecosystem (David and Herrenschidt, 2007).
3) Artificial reef concept
Artificial reef are part of restoration activities and even if the project of BoraEcoFish (BEF)
may not be considered as a reef restoration project in the strict sense, but rather habitat
creation it can be considered as restoration activities and will be subject to the same
ecological constraints.
Many different definition of an artificial reef can be found in the literature (Stolk et al., 2007).
However, for this particular project, the definition from Seaman and Jensen (2000) seems the
most appropriate. For them, an artificial reef is “one or more objects of natural or human
origin deployed purposefully on the seafloor to influence physical, biological or
socioeconomic processes related to living marine resources. Artificial reefs are defined
physically by the design and arrangement of materials used in construction and functionally
according to their purpose”.
When involved in an artificial reef creation project, one should first ask himself about the
objectives of this project. In fact, the overall objectives of the project will dictate the different
steps in the creation of the artificial reef. For example, if an artificial reef is created for the
purpose of recreational fishing activities, then the aesthetic aspect of the new reef is less
important than if the reef is created for recreation activities such as scuba diving. Generally,
the placement of artificial reefs is motivated by the improvement of fishery harvest,
recreational fishing activities and diving environmental restoration, natural resource
management and scientific experimentation (Stolk et al., 2007).
In the restoration project, BoraEcoFish wants to restore a degraded coral reef, located in the
Laguna of a private hotel, and therefore create an artificial habitat in order for tourist to swim
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freely and safely in it and, at the same time, to learn about the importance of corals and what
is threatening them. Therefore, the created artificial reef will need to imitate not just the
functional qualities, but also the physical appearance of natural reefs both initially and after
colonization by corals and other reef organisms (Sylvat and Chancerelle, 2002).
The first step in the creation of an artificial reef is to choose the artificial substrate that will be
used. Choosing this artificial substrate effectively requires certain basic knowledge (Spieler et
al., 2001). First, it is important to know what this substrate will accomplish relative to the
goal of the restoration effort. In fact, when artificial substrates are used to mimic natural reefs,
such as in the BEF project, those structures are aimed to provide an instant increase in
topographic complexity and a fixed substrate, either for coral settlement, or for artificial
attachment of broken or transplanted corals (Sylvat and Chancerelle 2002, Spieler, Gilliam et
al., 2001). It is also important that the new substrates provide refugees against predation and
currents (Spieler, et al., 2001). Secondly, it is important to understand the expected interaction
between the new substrate and the new environment. Therefore, before starting the creation of
an artificial reef, the composition, the surface, the texture, the color and the design of the
substrate should be thought about and related with the overall goal to mimic as much as
possible the natural environment. The structure of the substrate is also very important because
corals exhibits preferential settlement and this should be optimized in order to obtain the best
attachment site that will give the best stability for the new coral species (Spieler, Gilliam et
al., 2001). Usually, artificial base are in concrete in order to allow the fixation of transplanted
corals and minimize the costs (Sylvat and Chancerelle, 2002).
Finally, in order to understand the environmental function of the future reef, it is very
important to study a natural reef that has the same characteristics as the one expected for the
created reef (Carr and Hixon, 1997). In fact, it is very important to take into account the
temperature, the light intensity, the surrounding biota and the hydrodynamics of the natural
reef before creating the artificial reef.
4) Transplantation
In order to create a coral reef garden, a biological restoration of the new site needs to be done.
To do so, BEF will first transplant corals. In fact, corals are keystone species of the reef
ecosystem and if a sustainable coral population can be established, than it is more likely that
other elements of the system will establish naturally. In fact , the literature shows that fish and
other mobile marine organisms aggregate very quickly after the deployment and, given time,
also host fixed life form such as algae, barnacles, mussels, sponges and soft and hard corals
(Stolk et al., 2007).
In order to succeed in the creation of an artificial coral reef garden using transplantation
techniques, many variables need to be taken into account.
First, many transplantation techniques exists and have been documented (Edwards and
Gomez, 2007) and are gathered under two main techniques: the direct and the indirect
transplantation of corals. BEF asked me to realize two projects, each one using one of the
techniques.
A. Direct transplantation
The direct transplantation consists of collecting corals directly from the reef and transplanting
them immediately onto the new reef. In the restoration project, BEF will use the direct
transplantation since it is easier and cheaper than indirect transplantation, mainly because
coral colonies are already present on the restoration site, in the degraded area.
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The diversity and density of transplants and more generally which species should be
transplanted is a very important question to answer before starting the project (Edwards and
Gomez 2007). In fact, colonies of the same species will need to be near enough each other to
be able to reproduce successfully but on the other hand, some species of corals are quite
aggressive and may kill others placed close to them. Once again, it is therefore very important
to monitor a natural site, via line intercept transects or quadrate surveys that has the same
function as the site one wants to recreate in order to understand the possible long term coral
assemblages that may be expected (Edwards and Clark, 1999). It is also important to study the
species that will be transplanted. The knowledge of the dispersal potential of targeted species
and the mechanisms of recruitment in natural habitats is critical to predicting rates of
colonization of artificial structures (Carr and Hixon, 1997).
After applying direct transplantation techniques, it is important to monitor the development of
the created zone by measuring the live coral cover (LCC) changes through time. Literature
shows that this could be done using line transects or quadrates (Edwards and Gomez, 2007).
The changes in biodiversity inside the created site can be studied through the observation of
the number of fish species and families, and invertebrates such as Tridacna clams, which have
colonized the structures during the first months following the restoration effort (Edwards and
Gomez, 2007). Finally, it is important to evaluate the results by comparing the results with
what is found in the natural environment in order to know if the system is becoming more
diverse and in particular if it is becoming more like the reference healthy reef ecosystem
chosen as a goal (Sylvat and Chancerelle, 2002).
B. Indirect transplantation
The indirect transplantation consists of cultivating, in situ or ex situ, small fragments of corals
and then transplant them onto the new reef. The first step in this transplantation is the
sourcing of corals. To obtain a transplant, coral fragments have to be removed from a natural
reef. It is then very important to minimize the damage of the natural reef. The use of
transplanted fragments instead of whole colonies seems to work better since for some species,
50% of transplanted colonies died within 2 years (Edwards and Gomez 2007). A non
controversial source of fragments is the use of “corals of opportunity” which are broken
fragment of corals that have been detached from a colony. If intact donor colonies are used as
source of fragments, it is better to use less than 10 % in order to minimize stress to the donor
colony (Edwards and Gomez, 2007). To increase the survival rate of the transplanted corals,
literature suggests that the fragments used should be larger than 1cm. Keryea and Tai-an,
(2003) even explain that the optimal size of a fragment used for grafting is 4cm.
Branching species, such as those in the ACROPORIDAE and POCILLOPORIDAE’s
families, tend to be fast growing species and are easy to fragment but they also are more
sensitive to the stress procured by transplantation (Edwards and Gomez, 2007). On the other
hand, foliaceous coral species, such as the one from the AGERICIIDAE family, grown slower
but have a better chance of survival (Yap et al., 1992). Nevertheless, it is argued that it is
better to emphasize on species that are expected to recruit poorly and suffer negligible
mortality, following the transplantation, because the fast growing corals could recruit
naturally.
As in the restoration projects that will use direct transplantation techniques, it is very
important to monitor the results of indirect transplantation through the monitoring of the
grafted fragments. Once again, the monitoring undertaken will depend on the precise goals in
the restoration project.
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Independently of the transplantation technique, the attachment of coral transplants is also very
important in order to maximize the success of the created site. Since the detachment of
transplants can be the main cause of death. Therefore, it is important to evaluate the nature of
the reef substrate, the exposure of the habitat to currents and wave action, and the size and
growth form of the transplants before attaching the transplanted corals. The attachment can be
done with cement, a range of epoxy adhesives, nails or cable ties (Edwards and Gomez 2007)
but once again, the overall objective of the artificial reef should dictate the choice for
attachment techniques.
Finally, it is also important to understand that transplantation causes stress to coral and it is
therefore important to minimize this stress. When transplanted, corals should be kept at sea
T°C, in the shade and exposed to the air as little as possible. Corals should also be transported
during the cooler season (April to October in Bora-Bora) (Yap and Gomez 1985).
5) Creation of coral reefs and eco-Tourism
Marine tourism and the associated recreational activities are increasing rapidly. Many
artificial reefs in the world have a strong potential to be used as recreational sites, especially
for marine observation such as diving and snorkeling. Diving activities are considered as
ecologically sustainable activities unlike consumptive activities such as fishing. Therefore,
they are labeled as marine ecotourism activities.
The key principles of eco-tourism are a nature-based environment, that provide environmental
education opportunities and that is sustainably managed (Stolk et al., 2007).
Artificial coral reefs attract many fish species and invertebrates (Broke, 1994), but they also
attract tourists that are looking for a unique underwater experience. Therefore, artificial reefs
allow tourists to encounter the unique fauna and flora of those ecosystems without being on
the natural environment that is less resistant to the touristic pressure.
As stated above, artificial reefs have an environmental impact through the creation of a new
ecosystem. However, the one used for touristic activities also have an important social
dimension and socio economics impacts; characteristics that are important in eco-tourism
projects. As such artificial reefs provide a novel setting for human to interact with natural
environments, and, in many cases, cultural heritage. Moreover, artificial reefs can be used as
educative opportunities for local schools. Artificial reefs created in hotels’ Laguna are often
shallow and are the perfect spot to have a first experience with corals and the reef ecosystem.
Artificial reefs also have an economic impact. The literature shows that non consumptive
activities yields significantly greater economics return than consumptive uses, such as
commercial fishing (Jaap, 2000).
Finally, in order for an artificial coral reef to be an integrant part of an eco-tourism project, it
has to take into account what can be found in the natural environment. In fact, because of its
educative role, the reef has to mimic, as much as possible, a natural reef, through its physical
appearance and its environmental functions. Therefore, it is interesting to integrate
specifically designed modules in order to educate and create public awareness (Stolk et al.,
2007).
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3. Problem statement
In the tourism sector, there is often a desire to promote easy access to patches of coral habitats
so that anyone, at a resort, can see the corals and the colored reef fish in a shallow, safe and
sheltered environment.
BEF wants to add a valuable educational and public awareness role to their project. To do
this, they want to create patches of reef in the sandy Laguna which will involve coral
transplantation techniques. BEF is currently working in the Laguna of the “Intercontinental
Bora-Bora Resort & Thalasso Spa” and wants to restore some of the coral structures that are
already there in order to save the corals that are on them. To do so, they need someone that
will be responsible for restoring the site, through the creation of new structures and with the
use of direct transplantation techniques, and monitor the results following the transplantation.
Moreover, they need someone that will carry out the educative project linked with the
restoration project. Without a clear diagnostic of the site that needs to be restored and of the
corals that will be transplanted, a wrong and costly restoration technique could be used. A
study of the site that needs to be restored and an understanding of the environmental
characteristics of the corals that will be transplanted will allow the creation of a viable coral
reef that could be used for educative purposes.
In addition, BEF wants to know the different sites, inside of the Laguna of the private hotel
“Le Méridien”, where coral colonies of Acropora formosa could be transplanted. Before
transplanting whole colonies, the company wants to have someone that will use indirect
transplantation of fragments, of the same species, in order to test the different sites, but also to
test two different techniques of grafting: grafting of untouched fragments versus grafting of
fragments whose branches have been previously cut. A clear method of the choice of the
fragments, the transplantation technique from the collect to the attachment, and, a scientific
monitoring describing the success of the transplantation will allow the company to know the
location of the Laguna where colonies of Acropora formosa can be transplanted. Moreover, it
will also provide them with an answer on which of the two grafting techniques is the best.
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Restoration of a degraded coral reef in the Laguna of the hotel
“Intercontinental Bora-Bora Resort & Thalasso Spa” and
development of educative terrestrial signs.
1. Introduction
During the construction of the hotel “Intercontinental Bora-Bora Resort & Thalasso Spa”,
which started may 1st 2006, an artificial Laguna was created. As part of its environmental
policy, the hotel asked in 2009 the association “Te mana o te moana” to create a coral reef
garden within the Laguna. The project ended in April 2009 and the Laguna could be divided
in three different zones (cf. Figure 2).

Figure 2. Map of the Laguna of the "Intercontinental Bora-Bora Resort and Thalasso Spa", with the
different coral zones and the general current flow.

The Laguna was visited in the beginning of 2010 and the different zone observed. The first
area (Zone I) include big blocks of live rock with tabulate and branching corals on top of
them. Moreover, sea anemones are also present in this area. The second area (zone II) is
characterized by fields of branching corals, various coral structures, and encrusting corals on
coral substrate. Finally, the third area (zone III) is characterized by big blocks of live rock
with tabulate and branching corals.
Zone II hardly receives water through the current coming from the outside reef terrace (cf.
Figure 2). This flow of water in comparison to zone I and III and it leads to an accumulation
of organic particles (when organic matters are put back in suspension in the first and third
zone, they accumulate in the second zone) on the structures and results in the death of the
corals. Therefore, BEF decided to restore this area. The goal of the restoration project is to
save the corals located on this degraded area. In fact, BEF wants to restore the area using the
degraded corals that are already present there. The company first wanted to study a zone
located in the natural lagoon, which has the same characteristics as the Laguna, in order to
know the preferential depth of the corals that will be used in the restoration project. The
restoration effort of a degraded site needs to take into account the optimal environmental
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characteristics of the coral species used. In fact, in order to maximize the survival chances, a
study of the optimal depth of each species needs to be done (Edwards and Gomez, 2007;
Edwards and Clark, 1999). Therefore, this study will allow the placement of the corals at their
optimal depth in order to maximize their survival chances.
BEF also wants to know the coral species that will have the best response, after the restoration
of the site, in order to know which species should be used for future coral transplantation. A
monitoring of the transplanted corals and an assessment of the colonization, by fish species
and invertebrates, of the different structures created will allow the discussion of the success of
the restoration effort. The monitoring of live coral cover changes through time will allow me
to evaluate the health of the transplanted colonies. A coral structure, created in the same time
as the restoration project of the area, and placed in the natural lagoon, will be used as a
control to compare the development of the corals from the restored area, with similar species
put in a natural environment. The corals used for this structure will be from the same species
as the one used in the restoration project and they will also be transplanted from the degraded
zone. The colonization of the structure by fish species and Tridacna clam will be used to
evaluate the global health of the restored area.
In its approach towards ecological tourism, BEF wants the restoration project to be associated
with terrestrial signs that would create public awareness and educate the tourists about the
coral reefs. Indeed, given the way that the restoration project will sustain an ecosystem (cf.
via a structural mechanism) and given the way that it will be used for educative purpose, the
whole project can be regarded as an ecotourism project.
The first terrestrial sign will explain the general biology of the corals, the importance of coral
reefs and the natural and anthropogenic threats they are facing. Moreover it will explain the
different restoration techniques that exist and the different species that can be found in the
food web of a coral reef ecosystem. Finally, it will explain the good behavior to have around
corals and the possible dangerous species a tourist could encounter while swimming in the
Laguna.
The second terrestrial sign will briefly present the history of the Laguna and then will
describe, around a map of the Laguna, the different animals and plants that can be found in
the Laguna. Some species will be grouped together around different themes in order to allow
the visitor to have a first approach of what can be found in the natural environment; essential
approach in an eco-tourism project (Stolk et al., 2007).

Objectives and research questions
Objective 1: To assess the preferential depth of the corals in the natural environment
-

Do the corals used in the restoration project grow at certain depths in the natural
environment?

Objective 2: To restore a damaged area in order to improve the general health of corals
-

How to rearrange the structures and the position of the corals on those structures in
order to improve the survival of the corals?
What is the development of the live coral cover, four months after the restoration
project?
What is the development of biodiversity after the restoration effort?

Objective 3: To link the restoration project with educative terrestrial signs.
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2. Materials and Method
1) Materials
A. Restoration site (Zone II of the Laguna)
A first assessment of the area was realized on the 19/03/2010 and a map with the different
coral structures and the corals located on them was generated. (cf. Figure 3).

Figure 3. Map of the different coral structures located in the degraded area, before the restoration effort.

To facilitate the restoration work, the area was divided into three zones (Zone A, B and C; cf.
Figure 3): each zone having different characteristics and different restoration objectives.
 Zone A is the area that is the most affected by sedimentation of organic matters and it
is also the deepest area of the degraded site (average = 1.90 m). Therefore in this zone,
the coral structures will be moved towards the current and they will also be raised in
order to limit the sedimentation by the sand in the base of the coral structures.
Moreover, the size of the structures will be reduced and reoriented so they can benefit
as much as possible from the current coming from the outside reef terrace.
 Zone B is an area that has a depth between the depth of zone A and zone C (average
depth = 1.6 m). This zone is less sand up than zone A. Therefore, in this area, the
structures will be slightly moved towards the current and the number of structures will
be reduced.
 Zone C is the most shallow area of three zones (average depth = 1.55 m). This zone is
supplied with more currents than the other zones; therefore, the structures will be less
moved in this area. However, in zone C, the structures are highly concentrated (cf.
Figure 3) so the restoration effort will focus on reducing the amount of structures.
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B. Corals used in the restoration project.
The degraded area of the Laguna contains mainly four coral species (cf. Figure 3); species
that will be used and studied in the restoration project. Those four species are the Acropora
formosa, the Porites sp., the Pavona cactus and finally the Pavona cactus. Those corals are
parts of the Madrepora order; order inside which most of the tropical corals can be found.
This order is the main order of the hexacorallia subclass, meaning that those corals have
mesentery that are grouped pairwise and whose number is a multiple of six. (Robin et al.,
1992). The four coral species used in the restoration project where chosen first because, as
said before, they were the most represented species in the degraded area but also because
those species are often considered as “robust” species. In fact, those species are often used in
other restoration projects, and have a high survival rate after being transplanted in an
environment that respect the environmental characteristic of each species (Lison De Loma,
2005).
Before describing more in details each species, it is important to notice that the four species
used in the restoration project all need light and current in order to survive. However, the
species differ in their light and current requirement. On the other hand, the four species have
the same diet. Those corals feed on phytoplankton, zooplankton, inert or organic particles and
fish faeces that are captured in the water (Sprung, 2000).
Description of each species: see Appendix 1
2) Method
A. Optimal depth of each coral species used in the restoration project.
A natural site located in the lagoon of Bora-Bora was studied. This site is characterized by a
shallow reef terrace continuing in the lagoon with a vertical slope. The study took place on
that vertical slope (cf. Figure 4)

Figure 4. Lateral view of the area used for the study of the optimal depth of corals in their natural
environment.

Optimal depth of the species is best studied, by using quadrats or line transects (Edwards and
Clark, 1999). Ten line transects were used and placed at 5 meters intervals. Each transect was
ten meter long and was perpendicularly positioned from the reef terrace, starting at water
level. Along each transect, the depth of the corals found (10 cm on the left and right of the
transect) was recorded.
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In order to know the optimal depth of each species and to facilitate the analysis, the water
depth was divided into four depth classes:
0 – 1 meter
1 – 2 meters
2 – 3 meters
3 – 4 meters
The number of corals per species found per m² for each depth class were determined and
statistically studied. Mean density per depth class was calculated.
B. Control coral structure
To evaluate the corals after transplantation, it is suggested to construct of a control structure
that will be place in the natural environment (Sylvat and Chancerelle, 2002). Therefore, a
control structure was created and placed in the natural lagoon, under one of the hotel’s
bungalows.
The location of the control site was first decided because of practical reasons. The site is
really close to the Laguna and this will facilitate the construction process and the maintenance
of the structure. It was also decided to place this structure under a bungalow because this
structure will also be used to test the future implementation of coral reef structures under
bungalows. The control structure was created and provided with corals at the same time as the
other structures located in the Laguna.
Concrete slabs were used for the base of the structures, and were orientated in order to receive
the maximum average sunshine periods (cf. Figure 5).

Figure 5. Positioning of the "control" structure under a bungalow.

Concrete slabs were used because there are easier to transport and move than living rock but
also because there flat base will facilitate the attachment part of the corals. The structure was
created and provided with corals during week number ten (March 8th – March 14th). The final
structure is 1.8 meter longue, 1 meter large and is located 1.15 meter under the surface of the
water.
Finally, the control structure has received the same monitoring and the same maintenance
than the structures located in the Laguna.
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C. Monitoring of the restored area
a) Development of the transplanted corals.
The percentage of live coral cover was monitored using quadrats. The first data were collected
march 16th and at this date, live coral cover was measured for each transplanted coral using a
quadrat with a 105 three by three centimeters square was used.

Figure 6. Method used to measure the coral cover with a quadrat.

With this quadrat, the total coral area along with the live coral area, were measured (cf. Figure
6). To do so, the quadrat was placed above each coral and the numbers of squares were
counted. This method is often used in plant ecology in order to determine plant cover in a
particular habitat. This method is close to the photo quadrat estimation methods except that in
this case, the estimation is made on site (Brakenhielm, 1994)
During the monitoring, only the horizontal evolution of coral cover will be taken into account
because in the Laguna, corals mainly die due to the deposit of organic matters and sand. If the
coral is not cleaned, these deposits stagnate on top of the coral which causes the bleaching and
the death of the coral. Moreover, it would have been impossible to measure the total surface
of each coral without removing them from the structures.
The surface of dead coral cover and the percentage of live coral were calculated using the
previous measurement.
Every 30 days, the percentage of live coral cover was recorded.
b) Colonization of the structures, through time, by fish species and invertebrate.
The colonization of the structures by fish and Tridacna clams were observed. Each month, the
fish species established on the structures and the number of structures colonized by at least
one fish species was written down. The total number of clams and the number of structures
with clam was also written down.
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c) Conditions for all the experiments
For all the experiments, Zone II of the Laguna (i.e. restored zone of the Laguna) will be called
“Laguna”. The area were the control was set will be called “Bungalow”. During the
monitoring, some corals were found on the ground and were either broken or turned over.
Those corals had fallen because of external factors such as shocks by the fins used by the
tourists in the Laguna. Therefore, the corals that have bleached because of those external
factors were not included in the different analyses.
D. Maintenance
The structures and the corals were cleaned every week to minimize the deposit of organic
matters and sand. The frequency of the cleaning effort is equal to the cleaning effort carried
out by BEF for the other structures of the Laguna. During this weekly cleaning, the corals that
had felt down and those who were broken were put in more stable places.
E. Statistical analyses
All statistical tests are performed on the software SPSS (SPSS version 17.0).
Normality was tested by the Shapiro-Wilk test, which use “H0: the sample is taken from a
normal distribution” and provide after the test a W and a P-value. The P-values are generally
accepted as “the smallest fixed level at which the null hypothesis can be rejected”, its point is
to formalize decision-making, critical regions of the test are converted to P-value intervals;
for all tests in this study the significance level is fixed at 0.05, therefore if “P-value > 0.05” it
will indicate that the null hypothesis is not rejected.
The choice of a comparison test depends on the aim of the test and its initial conditions. For
all the calculation, comparison tests of two or several means were used and the initial
conditions of normality were never met. Therefore, to compare two samples averages, a nonparametric test: the Mann and Whitney test (independent samples) was used, and to compare
several means, the Kruskall-Wallis non-parametric test was used.
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3. Results
1) Rearrangement of the coral structures and new positioning of the corals on the
structures
A. Rearrangement of the coral structures
The restoration efforts occurred between February 24th and March 16th 2010. First, the
damaged corals located on the coral structures were taken off and stored on a stocking table.
Then, the living rock from the degraded site were moved and arranged on their new location.
At the end of the restoration effort, a map, of the new structures and the location of the
different corals on the structures, was made (cf. Figure 7)

Figure 7. Map of the structures after the restoration effort.

First the amount of coral structures was reduced, from 20 structures to 17 structures and the
surface of the structures was also reduced in order to improve the general flow of the current.
Moreover, the most sensitive coral structures to the deposit of organic matters were moved
towards the current. Finally, the structures that were stuck in the sand were raised. This
restoration effort will also allow the tourist to navigate more easily between the structures and
it will also reduce the amount of time spent by BEF to clean this area.
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B. Positioning of the corals on the coral structures
a) Study of a natural zone in order to maximize the success of the restoration project
The coral species Pavona cactus is absent from the surface and one meter depth. The four
species seem to have their maximum mean density between 1 and 2 meters (Acropora
formosa : 5.1570±7.77064 ; Porites sp. : 2.9148±1.8459 ; Porites rus: 2.2422±7.09031 ;
Pavona cactus: 0.6726±1.08306). Finally the coral species Pavona cactus is absent between
3 and 4 meters (cf. Table 1)
Table 1. Distribution of each coral species among different depth classes (DC). Multiple mean comparison
test are carried out (Kruskall & Wallis).

Species

Acropora
formosa

Porites
sp.

Porites
rus

Pavona
cactus

0-1 m

Mean
density
per m²
1.5351

1-2 m

5.1570

7.77064

20,20
24,80

2-3 m

1.3333

4.21637

18,65

3-4 m

0.8032

2.53998

18,35

0-1 m

1.5351

2.32314

18,6

1-2 m

2.9148

1.8459
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2-3 m

1.6667

2.2222

20,10

3-4 m

0.8032

1.03694

15,30

1-2 m

2.2422

7.09031

13,80

2-3 m

0.8333

1.80021
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3-4 m

1.4056

2.12721

17,70

0-1 m

0.2193

0.69348

17,80

1-2 m

0.6726

1.08306

15,70

2-3 m

0.3333

0.70273
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Depth

Standard
deviation

Mean
rank

3.58858

Kruskal-Wallis test
Chisquare

pValue

H1

3,991

0,262

DC1=DC2=DC3=DC4

7,307

0,063

DC1=DC2=DC3=DC4

1,874

0,392

DC2=DC3=DC4

3,554

0,169

DC1=DC2=DC3

For all the species, the mean density per m² is statistically the same, independently of the
depth (cf. Table 1)
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b) New positions of the corals

Figure 8. Distribution of relative frequencies (%) of each coral species among depth subsets, after the
restoration effort.

Independent of the species, coral have been replaced mostly between 1 and 2 meters. This
matches with the preferential height, in the natural environment, for these species (cf. Figure
8), so they are placed quite well.
2) Monitoring of the corals
A. Monitoring of coral cover changes through time.
a) Monitoring of coral cover changes, through time, in the Laguna

Figure 9. Monthly evolutions, of the total, live and dead coral cover, of all corals located in the Laguna
(left). Evolutions, of the total live and dead coral cover after four months, of all the corals located in the
Laguna (right).
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The total coral cover (TCC) increased by 0.04023 m² after four months of monitoring and the
total live coral cover (LCC) gradually increased from 5.8194 m² at T0 to 6.0597 m² (cf.
Figure 9). The dead coral cover (DCC) also increased gradually through time but the
development is smaller than the development of live coral cover (cf. Appendix 4).
The branching species Acropora formosa is the only coral species which TCC decreased (0.0693m²) through time. Moreover, it is also the only species that had a decrease of LCC
through time (-0.0702 m²) and an increase of DCC through time (+0.0009 m²).
The TCC increased through time for the species Porites sp. (+0.0936m²). For this species, the
total LCC and the total DCC also increased through time, respectively by 0.0522m² and
0.0414 m². The same observation can be made for the other two species used in the project. In
fact, the TCC change through time increased by 0.2268 m² for the Porites rus and by 0.1512
m² for the Pavona cactus. The total LCC increased through time by 0.1395 m² for the Porites
rus and by 0.117 m² for the Pavona cactus. Finally, the total dead coral cover through time
increased from 0.6219 m² to 0.7092 m² for the Porites rus and from 0.1809 m² to 0.2151 for
the Pavona cactus and after four months of monitoring (cf. Appendix 4).
b) Monitoring of coral cover changes, through time, in the control structure (cf.
bungalow)

Figure 10. Monthly evolutions, of the total, live and dead coral cover, of all corals located under the
bungalow (left). Evolutions, of the total live and dead coral cover after four months, of all the corals
located under the bungalow (right).

The total coral cover increased by 0.0414 m² after four months of monitoring. The LCC
increased gradually through time from 0.4509 m² at T0 to 0.5157 m² after four months (cf.
Figure 10). The DCC decreased by 0.0234 m² from 0.0936 m² at T0 to 0.0702 m² at T+4
months.
B. Comparison between the restored area and the control
In the Laguna, the percentage of LCC decreased through time by 0.3045±11.1% (n=138),
whereas it increased by 2.9035±14.1% (n=15) for the corals located under the bungalow).The
development of the mean percentage of LCC is, according to the Mann & Whitney test, the
same (W = 786 ; df=3; p = 0.126) between the corals located in the Laguna and the corals
located under the bungalow
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The development of the percentage of LCC is positive for the species Acropora formosa
(0.9731±14.4) and Porites sp. (0.6226±4.9), whereas this evolution is negative for the species
Porites rus (-1.0889±11) and Pavona cactus (-0.2128±14.6). There were no difference in the
mean percentage of LCC for the species (CHI X² = 201; df=3; p=0,218)
C. Colonization of the coral structures by fish species
a) Colonization of the coral structures located in the Laguna.

Figure 11. Number of fish species and families found living within the structures of the Laguna during the
monitoring effort.

At T0 (March 16th), 5 different fish species from 4 different families were found living within
the structures (cf. Figure 11). The colonization of the structures increased gradually during the
four months and at the end of the monitoring period 17 fish species, from 11 different families
were observed living within the structures of the laguna (cf. Appendix 5).

Figure 12. Percentage of structures colonized by at least one fish species, in each month following the
restoration effort.

At T0, 8 structures out of 17 (47.06%) were colonized by at least one fish species. The
colonization of new structures increased gradually and after four months, 16 structures out of
17 (94.12%) were colonized by at least one fish species (cf. Figure 12).
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b) Colonization of the structure located under the bungalow

Figure 13. Number of fish species and families found living within the structure located under the
bungalow, during the monitoring effort.

After the construction of the coral structure under the bungalow, there were no fish living
within the structure. After four months, 13 fish species, from 9 different families were found
living within the structure (cf. Figure 13).
D. Colonization of the different structures, located in the Laguna, by Tridacna clams

Figure 14. Number of Tridacna clams found attached to the structures of the Laguna during the
monitoring effort.

At T0, 7 clams were found on the different structures of the Laguna. The colonization of the
structures by clams increased gradually during the monitoring and after four months, 57 clams
were found on the coral structures of the Laguna (cf. Figure 14).

Figure 15. Percentage of structures colonized by at least one Tridacna clam, in each month following the
restoration effort.

At T0, 5 structures out of 17 (29.41%) were colonized by at least one clam. After four
months, 16 out of 17 structures (94,12%) were colonized by at least one clam (cf. Figure 15).
26

4. Discussion restoration project
The restoration of the degraded area of the Laguna first started with the rearrangement of the
different structures. The coral structures were moved towards the current and the number of
structures was reduced, allowing the current to navigate more easily between the structures.
The living rock were moved using a mobile table hold by buoys. The choice to use the living
rock, already located on the site, was made for three reasons. First because it is less expensive
to use existing rocks than constructing and transporting concrete structures. Moreover, the
literature explain that in the creation of artificial coral reefs, the structures must provide an
instant increase of the topographic complexity and a fixe substrate, either for coral settling, or
for the attachment of transplanted or broken fragments (Sylvat and Chancerelle, 2002; Spieler
et al., 2001). Therefore, the use of living rock will allow a layout of structures with specific
attachment zone for the corals but also a good topographic complexity that will allow the fish
to hide after the colonization of the structures. Finally, it is clear that from an aesthetic and
visual aspect, living rock are more comparable with what can be found in the natural
environment than concrete structures.
After the arrangement of the new structures, four different coral species were directly
transplanted on the new structures. The position of the transplanted corals, relative to the
depth, was determined with the use of literature and the study of the preferential depth of the
species used in a natural environment. The results show that the species Porites rus is not
present between 0 and 1 meter depth and therefore, 93% of the Porites rus were positioned
between 1 and 2 meters (cf. Figure 8). For the other species, there were no significant
differences in depth (cf. Table 1). This can partly be explained by the high standard deviation
values observed (cf. Appendix 3). The results show that for all the species, the density of coral
per m² is higher between 1 and 2 meters than at other depths. Literature explains that the
species Porites sp. need an important amount of light to survive (Sprung, 2000), therefore,
those corals live close to the surface. This has also been observed by BEF during previous
restoration projects. Because of this capability to live closer to the surface than the other
corals, 35% of this species was placed between 0 and 1 meter and 65% between 1 and 2
meters (cf. Figure 8). Only a few Pavona cactus were found between 0 and 1 meter depth
therefore, 93% of the Pavona cactus were placed between 1 and 2 meters (cf. Figure 8).
Finally the branching coral Acropora formosa were mainly positioned between 1 and 2 meters
depth (cf. Figure 8). Concerning this species, the literature explains that this species is the one
that needs the most current, in order to survive, in comparison with the other species used
(Sprung, 2000). Therefore, they were placed on part of the structures where the current is
likely to be the strongest.
After the four months of monitoring, and independently of the species, the LCC has increased
by 0.2385 m² (cf. Figure 9) through time. The DCC has also increased (+0.1638 m²) but this
development was less important than the observed LCC. Per species, the growth of LCC has
been superior in comparison with the mortality of coral tissues for the species Porites sp.,
Porites rus and Pavona cactus (cf. Appendix 4). Those results show that, for those three
species, some coral parts have died after the restoration effort, but also that this mortality is
less important than the growth of the transplanted corals. Therefore, there is no real loss of
live coral tissue which indicates that the corals have well adapted to their new location. On the
other hand, the LCC decreased through time for the coral species Acropora formosa. For this
species, the DCC also increased through time (cf. Appendix 4). The negative total growth can
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be explained by the fact that the species Acropora formosa is the only branching species used
in the restoration project. This species’ morphotype is more fragile than the other species and
it is very likely that, during the monitoring period, some branches have been broken by tourist
fins or by some fish. Moreover, during the different months of monitoring, the fish species
Stegastes nigricans was observed living inside the branches of Acropora formosa. This fish
species exclude other herbivores from their territories and reduce the grazing pressure.
Therefore, this species manage an algae culture; culture that expand slowly on the live part of
the corals (Bacchet et al., 2006). The presence of this fish species in the Acropora formosa
might have increased the development of algae and lead to the increase of the DCC.
LCC has increased by 0.0648 m² after four months for the corals located under the bungalow.
The DCC has decreased by 0.0234 m² (cf. Figure 10). This means that the corals have
increased their total surface but also that they colonized some dead coral parts. Besides being
a control for the restoration project, this coral structure is also a test for the implementation of
future structures like this one under other bungalows of the hotel. The results of the
monitoring show that the coral have survived and even increased their size, therefore, it seems
promising to replicate this structure under other bungalows.
The development of the percentage of LCC after four months between the corals located in
the Laguna and the corals located under the bungalow is identical. This means that the
transplanted corals have had the same growth in the restored zone than in the natural
environment. Therefore, the location of the coral colonies following the restoration effort has
lead to a similar growth than the growth observed in a natural environment.
The colonization of the structures by fish species and by Tridacna clams (cf. Figure 11 and
Figure 14), in the restored area has increased continuously. This associated with the fact that
almost all structures have been colonized by at least one fish species and one clam (cf. Figure
12 and Figure 15) indicate the good global health of the restored area. Literature explains that
corals are keystone species and that if a stable coral community is established then the other
marine animals will colonize naturally (Stolk et al., 2007). Therefore, the coral community of
the restored area can be considered stable since many fish species and clams have colonized
it.
The colonization, by fish and clams, of the coral structure located under the bungalow has
also increased gradually (cf. Figure 15). As in the restored area, this means that the coral
community is stable and this support the fact that BEF will be able to implement more of
those structures in the future.
After the restoration effort in the Laguna, two terrestrial signs were created in order to add an
educative part to the project. The first sign provides general information on the ecology of
hard corals and coral reefs. It is the first sign that the tourist will see and it will help them to
understand the ecosystem they are about to swim in. Moreover, this sign explains the
importance of coral reefs, the dangers that are threatening them and the techniques used to
restore degraded areas. Thus it will increase public awareness on the services provided by this
ecosystem and the anthropogenic activities threatening it. Moreover, it will make the tourists
understand that some human activities have tragic consequences on the coral reef ecosystem
they are about to see and that if nothing change, the fauna and flora of this ecosystem might
die. The presentation of the different techniques of restoration will explain that the restoration
of degraded site is possible but that they are only possible on small scale. Finally this first
sign will educate the tourists on the good behavior to have around corals but also the danger
they might encounter (cf. Appendix 7). Thus, the tourists will be able to participate in the
preservation of corals.
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The second sign introduce the Laguna of the hotel. This sign will be used in two different
ways by the tourists. First, it will inform the tourist about the different coral and fish species
that they will encounter while swimming in the Laguna. The sign will be positioned on the
beach just outside the water and will show the tourist a map of the Laguna with different
pictures of coral and fish species. Therefore, the tourists will be able to identify fish or coral
species that they have seen in the water. Secondly, the sign will present different area related
to what can be found in the natural environment (cf. Appendix 8). Therefore, tourist will be
able to locate the different themes on the map and then go visit the different biotopes that they
could have found in the natural lagoon of Bora-Bora. In order to show to the tourists those
different themes, structures had to be created. First, an area with sea anemone and anemone
fish was created under the chapel of the Laguna. Colonies of Porites rus and colonies of
Pavona cactus were grouped together in order to create the coral fields that can be observed
in the natural environment. Different species of Acropora were grouped together in order to
create a theme “The Acropora and its inhabitants”. With this theme, the tourists will be able
to discover the fish species such as Dascyllus and Chromis that use the Acropora as a refuge
against predation. A bivalve structure was also created and now host different clams and
mussels. Finally two different areas of the Laguna offer the chance to see schools of fishes.
The first area can be found in front of the incoming current. Fish schools can be found there
because this area is closer to the natural environment of those fish than the other areas of the
Laguna and also because the current brings a lot of small particles that are eaten by those fish.
The second area is located under the chapel and is used by some fish schools to hide against
predation.
Finally, the tourists will be able to locate on the map the nursery table of BEF and will
therefore see the growth of different coral species.
This restoration project is related to the key principles and the practices associated with the
definition of the ecotourism (Stolk et al., 2007). In fact, this project will have environmental,
social and economic impacts. First, this project has an environmental impact since it creates a
new ecosystem. Moreover, it will redistribute the tourists away from preserved and nondegraded areas. This project will also provide revenues for the local population through the
touristic activities associated with the project. The associated revenue will therefore enhance
the restoration effort on other sites. Finally this project will have social impacts with the two
educative signs created. Therefore, this project will educate the tourists more generally it will
increase public awareness.
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5. Conclusion
The four species of coral reefs used in the restoration effort were found to live between 1 and
2 meters depths in the natural environment. Therefore, after moving the structures toward the
current, the coral species were mainly positioned between 1 and 2 meters.
Following the restoration of a degraded area of the Laguna of the hotel “Intercontinental
Bora-Bora Resort & Thalasso Spa”, a stable zone has been created. In fact, for three of the
four species, the LCC has increased more than the DCC during the monitoring period.
Moreover, the evolution of the percentage of LCC of the corals located in the Laguna is equal
to the evolution of the same species in a natural environment. Finally the area can be
considered as a stable area since many fish species and clams have gradually colonized it.
Only the total surface of the coral Acropora formosa has decreased. This decrease can first be
explained by the branching morphotypes of this coral, but also by the presence of Stegastes
nigricans inside their branches.
In the future, BEF will be able to transplant colonies of Porites sp., Porites rus and Pavona
cactus in the restored area. If the company wants to transplant colonies of Acropora formosa,
the Stegastes nigricans will have to be often removed and an important number of terrestrial
and underwater signs will have to be implemented in order to forbid the use of fins by tourists
inside the Laguna.
The two terrestrial signs created will allow the tourist to discover the general biology of hard
corals and their importance. Moreover, those signs will teach them the different fish and coral
species they will encounter. Finally, different theme zone will provide them with an idea of
what they could find in the natural environment.
The environmental, social and economic impacts of this project match the key principles and
the practices associated with the definition of the ecotourism.
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Grafting of fragments of Acropora formosa in the Laguna of the
hotel “Le Meridien”.
1. Introduction
BEF grafts coral fragments, via indirect transplantation since several years. In the Laguna of
the hotel “Le Meridien”, the company has a permanent nursery site where coral fragments are
grafted and then grown. After a certain period depending on the species growth, those
fragments will be attached to coral structures located in the Laguna.
BEF would like to know the feasibility of transplanting colonies of Acropora formosa in
different areas of the Laguna. Since corals are modular organisms, small pieces of corals have
the capability of growing in the same way as whole colonies (Keryea and Tai-an, 2003).
Moreover, when transplanting coral colonies into an unknown site, it has been suggested that
transplanting fragments is a good strategy to test sites for suitability of transplanting colonies
(Edwards and Gomez 2007). Thus, the company wants to transplant fragments of Acropora
formosa in order to test the different sites before transplanting colonies. BEF wants to take the
opportunity of this experience to test two grafting techniques: the grafting of untouched
fragments versus the grafting of fragments whose branches have been cut. This experience
will show if the effect of bringing a stress to the fragments, by cutting its branches, will
increase its extension rate and the appearance of new branches.
The development of coral tissue of the grafted fragment is an important factor to monitor
since a high growth is critical for the survival of the fragment, especially in the initial period
(Keryea and Tai-an, 2003). The appearance of new branches (cf. branching frequencies) is
also a very important factor for the evaluation of the growth of the fragments. The general
goal, when branching species such as Acropora formosa are grafted, is to obtain “microcolonies” of a few centimeter height with many branches. From an aesthetic point of view, a
thin long branch worth less than a small colony with many branches.
If transplanted fragments show a good extension rate and a high branching frequency, then
direct transplanting colonies of Acropora formosa is a promising option.
Objectives and research questions.
Objective 1: To test the potential of different sites of the Laguna for the future transplantation
of Acropora formosa colonies.
-

At which sites are corals still lively present four months after the beginning of the
experiment?
What is the development of live coral tissue, four months after the beginning of the
experiment?
How many branches appeared on the fragments after four months?

Objective 2: To find the which grafting technique produce “micro-colonies” of a few
centimeter and many branches
-

Do the development of live coral tissue and the appearance of branches differ between
the two techniques used?
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2. Materials and methods
1) Materials
A. Studied specie
The species used for this experiment is the branching coral species Acropora formosa. This
species was chosen because it is a fast growing species, and an evaluation of the effort will be
possible only a few months after the beginning of the experiment (Yap et al., 1992). This
species was also chosen because BEF wants to increase the number of this aesthetical species
in several location of the Laguna.
The coral species Acropora formosa belong to the ACROPORIDAE family; family in which
all the species have a branching aspect (Robin et al., 1992). Colonies of Acropora formosa
have in fact cylindrical branches (Lison De Loma, 2005), allowing numerous fish larvae and
invertebrates, such as the Chromis and the Dascyllus, to use them has a refugee against
predation. The Acropora formosa are attracted by sunlight, therefore, this species tend to
always expose the maximum of its surface towards the light (Robin et al., 1992).This coral
species needs enough current in order to survive (Sprung, 2000).
The Acropora formosa feed on phytoplankton, zooplankton, inert or organic particles and fish
faeces that are captured in the water (Sprung, 2000).
B. Study sites
The study sites are located in a natural Laguna that was rearranged during the construction of
the hotel “Le Meridien” in 1999. BEF has been working on the development and the
maintenance of coral structures for two years in this Laguna.
Only one part of the Laguna is used as a coral garden; the other sites of the Laguna having
only a few coral structures. Four different sites plus a control site were studied for this
experiment. (cf. Figure 16)

Figure 16. Map of the Laguna of the hotel "Le Méridien" with the location of the different sites and the
general current flow.
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Zone I called “Zone pépinière or control” is an area located close to the incoming current of
the Laguna. In this area, the fragments were placed on the nursery table used by BEF to
culture coral fragments. Therefore, this area has been used for coral grafting for several years
and the company knows that this area has a favorable environment for the growth of coral
fragments. The fragments located in this site will be used as a control in order to evaluate the
results of the other sites. The nursery tables are positioned above a mix of sand and coral
substrate, at 75 cm depth. This area is well provided by the incoming current.
Zone II called “Sortie chapelle” is an area located about 20 meters after the chapel of the
hotel. The sediments in this area are sandy with an intermediate density of coral substrate. The
fragments were positioned at a depth of 1.45 m. The current has an intermediate strength.
Zone III called “Milieu lagune” is located in the middle of the Laguna. The fragments were
positioned at a depth of 1.21 m and above a sandy sediment with only few coral substrates.
The strength of the current is low.
Zone IV called “Restaurant” is located close to the restaurant of the hotel. The coral
fragments were positioned at a depth of 1.42 meters in the area. The sediments in this site are
sandy with no coral substrate and there is almost no current in this area. Moreover, the light
intensity is less in this site than in the other sites because the restaurant brings shadow on the
zone during a certain time of the day.
Zone V called “Sortie lagune” is located ten meters before the end of the Laguna. The
fragments were positioned at 1.35 m depth. The area is characterized by a sandy sediment
with an intermediate density of coral substrates. The intensity of the current is low and going
towards the outside of the Laguna.
2) Method
A. Transplantation techniques
a) Collect and transport of coral fragments.
From March 8th to March 12th, fragments of Acropora formosa were collected from several
donor colonies located in the natural environment. The donor site is an area that will be
destroyed in the next few years because of an embankment project. This project will lead to
the death of the coral community located there and therefore the fragment collected can be
regarded as coral of opportunity. Moreover, this site was chosen because it is close to the
hotel and therefore, the stress caused by the transport of the fragments will be minimized. The
transplantation of coral fragments from this degraded area will also preserve the genetic
diversity of the corals located in this area.
The different sites located in the Laguna of the hotel have a depth that is in-between 1 and 2
meters. Therefore, the fragments were collected on colonies located between 1 and 2 meters
depth.
The fragments were collected on the external parts of the donor with a pair of pliers. For this
experiment, 4 cm fragments were collected, being the optimal size for the indirect
transplantation of Acropora species (Keryea and Tai-an 2003).
To minimize the stress caused by the transport and to increase the survival rate after
transplantation, the fragments were transported in sea water and maintained in the shadow, as
it is advised in the literature (Yap and Gomez, 1985).
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b) Coral grafting
Plastic trays were used to attach coral fragments. First, a sand layer was dropped in the
bottom of each hole of the tray to minimize the quantity of concrete needed but also for
practical reasons. When fragments are big enough, the small supports are removed from the
trays and are attached to coral structures. It is then easier to attach a support that has a flat
bottom than one that has a pointed base. After the layer of sand, a mix of cement, sand and
water was used to fill up each hole (cf. Figure 17)

Figure 17. Preparation of the trays before the attachment of coral fragments.

After five minutes, a small hole was made in the middle of each opening to facilitate the
attachment of the fragment of Acropora formosa (cf. Figure 17)
Each individual fragment was then attached to the cement bottom with a mix of sand and
neutral cement. This method was used because it is a cheaper method than the use of epoxy
glue and because it is more aesthetic than the use of cable ties or nails. All materials used for
coral grafting were pH neutral and non toxic for the environment.
B. Setting up of the different trays in the different areas of the Laguna
a) Number of fragments per site.
In order to compare the two grafting techniques and to know the effect of the stress caused by
cutting off branches before the attachment of fragments, two plastic trays with coral
fragments were positioned in each zone. Each tray has 42 holes and can therefore host 42
coral fragments. However, only 30 fragments were set on each tray to facilitate the expansion
of the fragment branches. Therefore, per site, 30 untouched fragments were set on one tray
and 30 fragments, whose branches have been cut off, were set in another tray. In total, 12 tray,
containing 360 fragments, were used for the five different sites located in the Laguna. In this
study, each fragment is used as a replicate, method used by Keryea and Tai-an (2003).
Therefore, 2 trays were located per site with 30 replicates for each treatment.
For the different experiments, tray A carries the untouched fragments whereas tray B carries
the fragment whose branches have been cut before the beginning of the experiment. The coral
that have bleached during the experiment and the one that have been broken were not
included in the different analyses.
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b) Setting up of the trays in each zone
Per zone, the two trays were positioned parallel to each other, on top of 15cm high blocks.
This was done in order to limit the deposition of organic particles and the silting up of the
trays (cf. Figure 18).

Figure 18. Trays with the coral fragments and with (right) and without (left) the protecting cage.

A cage was then put around the trays in order to avoid the destruction of the fragments by
coralivore fish. Finally, two small stones were put on top of the cages in order to maintain the
cage in position (cf. Figure 18).
C. Control sites
To evaluate fragment extension rate and branching frequency, and added to the control
located in the Laguna (cf. zone pépinière), two trays, containing 30 fragments each, were set
up in the site where the fragments were collected. As in the Laguna, the trays were placed on
top of a block and were surrounded by a cage. The trays were positioned at 1.60 meters depth
above a sandy substrate. In this area, the current has an intermediate strength. This control,
located in the natural environment, was set up using the same transplantation techniques as
the one used for the trays in the Laguna. The same monitoring protocol was also used to
evaluate the growth of those fragments.
D. Monitoring of the fragments
The first data were collected on March 18th. All the fragments were then measured, with a
decimeter, from the base of the fragment till the top of the axial polyp. The fragments were all
4 cm long when they were cut, however, after being placed in the hole and attached to the
cement tray, the final visible length was a little bit smaller than 4 cm.
During the monitoring period (March 18th – July 7th), monthly measurements were carried out
in order to know the development of live tissue and the branching frequency of the fragments
located in the different sites.
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Figure 19. Method used to measure the fragments of Acropora formosa.

Each month, the amount of dead fragments by site and by tray, and the reasons of the
mortality were recorded. For each fragment, the height of live coral (cf. Figure 19) and the
height of dead coral (in the base of the fragment) were also measured.
The measurement of the possible dead coral tissue at the bottom of the fragment allows the
calculation of the evolution of each fragment in term of centimeter of live coral. Therefore,
for each fragment, the added up monthly evolution of live coral tissue will be calculated.
Development of live coral tissue after 4 months:
(cm of live coral tissue at Tn+4 – cm of live coral tissue at T0) + (cm of dead coral tissue at
Tn+4 – cm of dead coral tissue at T0).
Finally, the number of branches per fragment was determined each month and with this
information, the total number of branches that appeared, after 4 months, on each fragment was
calculated.
E. Maintenance
The plastic trays were cleaned every week to limit the impact of the deposition of organic
particles and sand. The frequency of the cleaning effort is equal to the cleaning effort carried
out by BEF for the coral nursery of the Laguna. Every week and before the cleaning, the
intensity of organic matters and sand found on top of the tray was recorded.
F. Statistical analyses
All statistical tests are realized on the freeware SPSS (SPSS version 17.0).
The normality was tested by the Shapiro-Wilk test, which use “H0: the sample is taken from a
normal distribution” and provide after the test a W and a P-value. The P-values are generally
accepted as “the smallest fixed level at which the null hypothesis can be rejected”, its point is
to formalize decision-making, critical regions of the test are converted to P-value intervals;
for all tests in this study the significance level is fixed at 0.05, therefore if “P-value > 0.05” it
will indicate that the null hypothesis is not rejected.
36

The choice of a comparison test depends on the aim of the test and its initial conditions. In
this study, simple and multiple comparisons of means will be carried out. When the condition
of normality will be met the “One-way Anova” test was used to compare several means. The
One-Way ANOVA procedure produces a one way analysis of variance for a quantitative
dependent variable by a single independent variable. Analysis of variance is used to test the
hypothesis that several means are equal. This technique is an extension of the two-sample t
test.
When the condition of normality were not met, non parametrical test were used: the KruskallWallis test to compare several means and the Mann and Whitney test to compare two means.
Moreover, in order to evaluate the potential of the different sites, Gabriel’s pairwise
comparisons test, based on the studentized maximum modulus test, was realized. This post
hoc test is similar to the Tukey’s test but is used when the variance are not assumed and when
the size of the group are different, which was the case for this experiment.
This test was used for detecting homogeneity subsets of means. In fact, it determined which of
the sites have the best results.
For this test, non-empty group means are sorted in ascending order. Means that are not
significantly different are included together to form a homogeneity subset. The significance
for each homogeneity subset of means is displayed. In a case where the numbers of valid
cases are not equal in all groups, the harmonic mean of the group sizes is used as the sample
size in the calculation.
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3. Results
1) Dead fragments and reasons
Each month, the dead fragments were counted and the reason of this mortality written down
(cf. Table 2)
Table 2. Observation of the dead fragments, during the monitoring period, and reasons for the mortality.

Corals that have
bleached just after
grafting

Site
Tray

a

Control

1

b
1

Milieu lagune

1
1

a

Broken corals

b

a

1

Sortie chapelle
Restaurant

Corals that have
bleached during the 4
months of monitoring

1
1

1
1

Sortie lagune

b

2

7

3

4

4

1

8

2

During the four months, few corals bleached because of natural reasons (5 just after the
grafting effort and 3 afterwards). However, some corals were broken; either during the
maintenance effort or because of fish that entered the cages (cf. Table 2)
2) Weekly observations of the deposit of organic particles and sand
Table 3. Monthly deposit of organic particles and sand in the different sites of the Laguna.

Site
Date
March 30th
April 6th
April 13th
April 22nd
April 29th
May 4th
May 11th
May 19th
May 26th
June 2nd
June 10th
June 16th
June 25th
June 29th
July 7th
Total

Control
+
++
0
0
0
0
0
+
+
+
0
0
+
++
+
10 +

Sortie
chapelle
+++
+++
++
+
++
+
+
++
++
+
+
+
+
+
+
22 +

Milieu
lagune
+
++
+
++
+++
++
++
+++
++
++
++
++
++
++
++
31 +

Restaurant
++
++
+
++
+++
++
++
++
++
++
+
+
++
++
++
28 +

Sortie
lagune
+++
++
++
+++
+++
++
+++
+++
+++
+++
+++
++++
+++
+++
++++
44 +

0 = No deposit found
+ = Small deposit
++ = Intermediate deposit
+++ = High deposit
++++ = High deposit and
colonization of the trays
by algae
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The highest sedimentation occurred in the area “Sortie lagune” (cf. Table 3). Moreover, in this
area at two different dates (June 16th and July 7th), the trays were colonized by algae. Less
sedimentation was observed in the sites “Milieu lagune”, “Restaurant”, and “Sortie chapelle”
with, in decreasing order from the highest to the smallest sedimentation, the sites “Milieu
lagune”, “Restaurant” and “Sortie chapelle”. Finally, the smallest sedimentation was observed
at the site “Pépinière”, which is the control site. Indeed, in this site, the sedimentation
observed was never higher than an intermediate sedimentation and on 7 out of 15
observations, there were no trace of sedimentation (cf. Table 3).
3) Development of the fragments
Conditions for all the observations and experiments

For all the experiment, two controls were set up: one in the natural environment and one in
the coral nursery used by BEF in the Laguna of the hotel. One month after the beginning of
the experiment, the fragments located in the natural environment were highly colonized by
algae and most of the fragments bleached and died. Therefore, for all the experiments and to
evaluate the potential of the different sites, the results will only be compared with the control
located in the coral nursery. The results of the control located in the natural environment will
not be used.

Finally, it is important to remember that the measurements of the extension rate, the
development of live coral tissue and the apparition of new branches, were carried on monthly,
on both trays (tray A and tray B), and in all the different sites. However, the comparison tests,
in order to determine the differences between the sites and the potential sites where colonies
of Acropora formosa could be transplanted, were only conducted for the fragments located on
tray A. In fact the comparison of growth and branching frequency between the different sites
can only be done on fragments whose branches haven’t been broken. In the future, the
branches of the transplanted colonies will obviously not be broken and therefore, the use of
the fragments located on tray B would lead to a bias in the analyses. The measurement on the
fragments located on tray B will only be used to compare the results with the fragments
located on the tray A of the same site.
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A. Development of the live coral tissue (LCT) after four month
a) Development of the LCT, after four months, depending on the location and the type of
tray.

Figure 20. Growth of LCT after four months, relative to the site and the type of tray.

When we compare the fragments located on the trays a, the growth of LCT on the fragments
located in the control site (pépinière) seems higher (3.1286±0.86146) than for the fragments
located on the other sites. On the opposite, the fragments located in the “Restaurant” area
seem to have the smallest growth of LCT, in fact this growth is negative (-0.5040±0.45596).
The development of LCT seems equal between the fragments located in the “Milieu lagune”
site (1.1778±0.84185) and the one located on the “Sortie lagune” area (1.2636±0.61066).
The development of the LCT of the fragments located on the tray A seems higher than the
fragments located on the tray B, except for the fragments located on the “Milieu lagune” site
(tray A : 1.1778±0.84185 et tray B : 1.2458±0.78959) (cf. Figure 20 and Appendix 9).
b) Comparison of the evolution of LCT for the fragments located in the different sites of
the Laguna.
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The evolution of LCT of the fragments is statistically different between the different sites of
the Laguna (One-way Anova : F= 101,844 ; p=0,000).
c) Comparison of the evolution of LCT between the fragments located in the different
sites of the Laguna and the fragments located in the control area.
Table 4. Relationship between the evolution of LCT on the fragments located in the control and the
evolution of LCT on the fragments located on the other sites. Multiple comparison tests (On-way Anova)
were carried out.
Test de comparaison multiple (Gabriel)
Site (i)
Pépinière tray A

Site (j)

Mean difference (i-j)

p-Value

Milieu lagune tray A

1,95079

*

,000

Restaurant tray A

3,63257

*

,000

Sortie chapelle tray A

,86429

Sortie lagune tray A

1,86494

*

H1

Pépinière > to the other sites

,000
*

,000

The fragments located in the control have statistically a higher growth of LCT after four
months than the fragments located on the other sites (cf. Table 4)
d) Gabriel Post hoc test
Table 5. Relationship between the evolution of LCT on the fragments, relative to their location. A Gabriel
post hoc test was carried out.
Subset for alpha = 0.05
Site

N

1

2

Restaurant tray A

25

Milieu lagune tray A

27

1,1778

Sortie lagune tray A

22

1,2636

Sortie chapelle tray A

28

Control tray A

28

Sig.

3

4

-,5040

2,2643
3,1286
1,000

1,000

1,000

1,000

The fragments located in the “Milieu lagune” site and in the “Sortie lagune” site have
statistically the same development of LCT. The fragments located in the other sites of the
Laguna have their own subset (cf. Table 5)
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e) Comparison, for each site, of the evolution of the LCT between the fragments of trays
a and b.
Table 6. Relationship between the evolution of LCT on the fragments, relative to the location and type of
tray. Two-samples t tests were carried out.

Site
Control
Sortie
chapelle
Milieu
lagune
Restaurant
Sortie
lagune

Tray
a
3.1286
2.2643

b
2.5207
1.5000

Two-samples t test
t
p-Value
2,555
0,13
3,699
0,001

H1
Tray A = Tray B
Tray A > Tray B

1.1778

1.2458

-0,298

0,767

Tray A = Tray B

-0.5040
1.2636

-0.3357
0.7926

-1,411
2,749

0,165
0,009

Tray A = Tray B
Tray A > Tray B

The fragments of the A and B trays statistically have the same growth in the control site
(=2.555; p-value=0.13), in the “milieu lagune” area (t=-0.298; p-value=0.767), and in the
“Restaurant” (t=-1.411; p-value=0.165). The fragments located on the tray A have a higher
growth than the fragments located in the tray B at the “Sortie lagune” site (t= 2.749; pvalue=0.009) and at the “Sortie chapelle” area (t=3.699; p-value=0.001) (cf. Table 6).
B. Development of new branches
a) Mean number of branches that appeared on the fragments after 4 months, relative to
the site and the type of tray

Figure 21. Total number of branches that appeared on the fragments after four months, relative to the
location and the type of tray.

When we only take into account the fragments set up on tray A, the number of new branches
seems higher in the control site (cf. pépinière) (1.7857±1.44932) and at the “Sortie chapelle”
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site (2.1786±1.38921). In opposition, the fragments located in the “Restaurant” area seems to
have the fewer amount of new branches after four months.
The number of new branches seems equal between the two types of trays, except for the
control (tray A : 1.7857±1.44932 et tray B : 3.5517±3.58156) and the “restaurant” site (tray
A : 0,0800±0,27689 et tray B : 0.5000±0.74536), where the number of branches, that
appeared on the fragments whose branches have been removed previously to the beginning of
the experiment, seems higher than for the untouched fragments. (cf. Figure 21).
b) Comparison of the appearance of branches between the different sites of the Laguna.
The number of new branches on the fragments, after 4 months, is statistically unequal in the
different sites (Kruskall-Wallis Test: X²=48,970; df=4; p=0,000)
c) Comparison between the appearance of new branches on the fragments of the different
sites and the fragments of the control.
Table 7. Relationship between the apparition of new branches on the fragments located in the control and
apparition of new branches on the fragments located on the other sites. Simple comparison tests (Mann &
Whitney) were carried out.

Site
Pépinière Sortie chapelle
1.7857
2.1786
Milieu lagune
1.7857
0.9259
Restaurant
1.7857
0.0800
Sortie lagune
1.7857
0.9091

Mann & Whitney Test
W
p-Value H1
321
0.232
Pépinière = Sortie chapelle
239

0,015

Pépinière > Milieu lagune

77,5

0,000

Pépinière > Restaurant

199,5

0,028

Pépinière > Sortie lagune

The number of new branches, after four months, is statistically the same in the control site and
in the “Sortie Chapelle” zone (W=321; p-Value = 0.232). For the other sites, the number of
new branches that appeared during the monitoring period is smaller than the number of
branches that appeared in the control (cf. Table 7)
d) Gabriel Post hoc test.
Table 8. Relationship between the total number of branches that appeared on the fragments, relative to
their location. A Gabriel post hoc test was carried out.
Subset for alpha = 0.05
Site

N

1

2

3

Restaurant tray A

25

,0800

Sortie lagune tray A

22

,9091

,9091

Milieu lagune tray A

27

,9259

,9259

Control tray A

28

Sortie chapelle tray A

28

Sig.

1,7857

1,7857
2,1786

,083

,064

,909
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The fragments located in the sites “Sortie lagune”, “Restaurant” and “Milieu lagune” have
statistically developed the same amount of branches after 4 months. Moreover, the fragments
located in the control site and at the “Sortie chapelle” site are in the same subset (cf. Table 8)
e) Comparison, by site, of the appearance of new branches between the two type of trays.
Table 9. Relationship between the total number of branches that appeared on the fragments, relative to
their location and the type of tray. Simple comparison tests (Mann & Whitney) were carried out.

Site

Control
Sortie
chapelle
Milieu
lagune
Restaurant
Sortie
lagune

Tray
A

B

1.7857
2.1786

3.5517
2.1364

Mann & Whitney Test
W
pH1
Value
255
0,014
Tray B > Tray A
304,5
0,944
Tray B = Tray A

0.9259

0.7500

277

0,331

Tray B = Tray A

0.0800
0.9091

0.5000
1.4815

238,5
232,5

0,008
0,176

Tray B > Tray A
Tray B = Tray A

The number of new branches that appeared on the fragments of tray A and B are statistically
equal in the “Sortie lagune” (W=232.5; p-value=0.176), the “Milieu lagune” (W=277; pvalue=0.331), and the “Sortie chapelle” (W=304; p-value=0.944) sites. More branches
appeared on the fragments located on the tray B in the “Restaurant” site (W=238.5; pvalue=0.008) and in the control site (W=255; p-value=0.014) (cf. Table 9)
C. Number of branches that appeared on the fragments of tray A, relative to the presence
of branches on the fragment before the beginning of the experiment.
Table 10. Relationship between the total number of branches that appeared on the fragments located on
tray A, relative to the presence or not of branches before the experiment. A simple comparison test (Mann
& Whitney) was carried out.

Type of fragment
Without With branches
branches
0 ,9474
1,3261

Mann & Whitney Test
W
p-Value H1
1508,50 0,200

Fragments with branches
fragments without branches

=

On tray A, the number of branches that appeared on the fragments with branches in the
beginning of the experiment is statistically equal to the number of branches that appeared on
the fragments with no branches in the beginning of the experiment (W=1507.5; pValue=0.200) (cf. Table 10).
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4. Discussion
During this experience, the coral fragments of Acropora formosa located on the different sites
of the Laguna had a low natural mortality (cf. Table 2). In fact, most of the fragments that
died during the four months were either broken during the maintenance effort or broken by
coralivore fish species. The low amount of dead fragments, found just after the grafting effort,
show that the collecting and the attachment efforts have reduced the stress caused by the
transplantation. Moreover it shows that the fragments have well survived the stress caused by
the transplantation in a new environment. The observation that only a few fragments have
bleached during the four months indicates that the fragments have survived in all different
sites, meaning that all the sites could be used in the future for the transplantation of colonies
of Acropora formosa.
However, the fragments have grown differently in the different sites of the Laguna, and some
sites seem more favorable for the future transplantation of colonies than others. The “Sortie
chapelle” site is the most favorable area for the future transplantation of colonies of Acropora
formosa. Indeed it is the site where the fragments have had the most important growth of LCT
after the fragments located in the control (cf. Table 5). This can be explained by the fact that
this area is located in the continuation of the coral garden; area wells supplied by the
incoming current for the outside reef terrace. Therefore, like the control site, this area is more
supplied in current than the other study sites (cf. Figure 16). The number of branches that
appeared on the fragments of this area is statistically equal to the number of fragments that
appeared on the fragments of the control (cf. Table 8).
The fragments in the “Milieu lagune” and the “Sortie lagune” sites have many similar results,
but below the average of the one located in the “Sortie chapelle” site. The evolution of LCT
(cf. Table 5) and the number of new branches (cf. Table 8) is equal between the two sites.
However, it is important to notice that the amount of organic particles and sand that were
found during the maintenance effort is the highest in the “Sortie lagune” site. This can be
explained by the fact that this site is located at the mouth of the Laguna and therefore a lot of
particles transported by the outgoing current settle in this area (cf. Table 3). The maintenance
effort in this area is therefore more important than in the other area and this will have to be
taken into account if BEF decides to transplant colonies in this site.
The “Restaurant” site is the site where the fragments have had the smallest growth. In fact, a
diminution of the LCT has been observed (cf. Figure 20). Moreover, almost no branches have
appeared during the experiment (cf. Figure 21). The negative development of LCT can be
explained by the high mortality observed on the base of the fragments located in this site. In
this area, the current intensity is very low and since the area is closely located to the restaurant
of the hotel, the fragments received less sun then the fragments located in the other sites.
Those two parameters stressed the fragments and inhibited their growth. Therefore, even if the
mortality observed is not higher than in the other sites, the future transplantation of colonies
of Acropora formosa in this area is not advised since the corals will not be able to reproduce
and grow.
Finally, as a general observation, it is important to remember that during this study, each
fragment was used as a replicate such as in the methods used by Keryea and Tai-an (2003).
This method does not consider the interaction in between the fragments per tray. It would be
interesting in the future to confirm the results found in the experiment by placing several trays
per site in order to have a tray as a replicate and not a fragment.
Before discussing the two grafting techniques, it is important to notice that the fragments of
Acropora formosa that were set on the tray A, did not have the same amount of branches in
45

the beginning of the experiment. This did not biased the results concerning the apparition of
new branches since the fragments with no initial branches and the fragments with initial
branches have had statistically the same results (cf. Table 10).
After four months, the fragments, whose branches were cut before the beginning of the
experiment, did not have a higher mortality than the other fragments (cf. Table 2). This means
that this grafting technique did not generate a stress leading to the death of the fragment.
The fragments that were left untouched showed an equal or higher growth of LCT than the
fragments whose branches were cut (cf. Table 6). Therefore, if the goal of the transplantation
is to get a high growth, fragment whose branches have not been cut should be used. On the
other side, the number of branches that appeared, on the fragments whose branches were
initially cut, is equal or higher than the number of branches that appeared on the untouched
fragments (cf. Table 9). Therefore, if the transplantation goal is to obtain a coral with many
branches, the fragment whose branches were initially cut should be used. The overall goal of
BEF is to create “micro-colonies” of a few centimeters with many branches, therefore, for the
future, the technique that consists of cutting the existing branches of the fragment before the
grafting effort should be used.

5. Conclusion
The majority of the fragments, in all the different sites, were still lively present after four
months which means that all the sites of the Laguna could be used for the future
transplantation of colonies of Acropora formosa. However, the monitoring of the evolution of
LCT and the appearance of new branches show that the “Sortie chapelle” site is the most
favorable site for future transplantation. The “Milieu lagune” and the “Sortie lagune” sites
have a potential for future transplantation. However, if the company decides to transplant
colonies in the “Sortie lagune” site, an important maintenance effort will have to be done
weekly in this area in order to remove the deposition of particles and sand. Finally, the
“Restaurant” site should not be used for future transplantation since the coral are not able to
reproduce on their own in this site and will probably die in the long term.
The development of live coral tissue and the number of new branches that appeared after four
months is different between the two grafting techniques used. In order to obtain “microcolonies” of a few centimeters with many branches, the technique that consists of cutting the
existing branches of the fragment before the grafting effort should be used.
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General discussion on the use of transplantation techniques for
the creation of coral reef patches.
The transplantation techniques used by BEF are suitable to test sites for their potential of coral
growth and to transplant corals to create or restore coral structures. The direct transplantation
can be applied when the company knows that the new site has environmental conditions that
are close to the site where the colonies were collected. In the restoration of the degraded zone
of the “Intercontinental Bora-Bora Resort and Thalasso Spa”, the repositioning and the rising
of the structures allowed the corals to live in an environment that is close to their natural
environment. Therefore, BEF decided to directly transplant colonies, without transplanting
fragments first. On the other hand, in the Laguna of “The Méridien”, BEF had no idea on how
the colonies of Acropora formosa where going to react after a transplantation in the different
sites. Therefore, the company decided to first transplant fragments in order to test the new
sites.
While creating coral structures in hotel’s Laguna, the environmental characteristic of the site
are not the only factors that have to be taken into account. In fact, these Laguna are often
shallow, in order to facilitate the access, and therefore the corals are often damaged by the
tourists and are stressed by a high sedimentation. Indeed, because of this shallow depth of the
Laguna, particles are often put back in suspension by the tourists. Those particles then settle
on top of the corals and this lead to coral bleaching if a regular cleaning is not done.
Moreover, the tourists are not often used to swim around such a fragile ecosystem and their
fins often damaged the corals. In order to decrease the degradation of corals, it is essential to
educate the tourists and create public awareness on the importance of this ecosystem and the
good behavior to have around corals. To do so, the use of terrestrial and/or underwater signs
seems to be a good technique. An explanation of the importance of coral reefs and the danger
that are threatening them, linked with different themes recreating what can be found in the
natural environment will help the tourist to associate the need for the preservation of coral
reefs and their esthetical beauty. Therefore, along with the general knowledge on coral reefs
and the discovery of different biotopes in the Laguna, tourists will also pay more attention on
their behavior around this ecosystem.
The use of signs explaining to the tourists the general biology of coral reefs is even more
important when branching species such as Acropora formosa are used. In fact, even if this
branching species is easy to collect and to transplant, it is more fragile than the other species
used by BEF in its projects. In fact, a simple hit by tourist fins can break in part the entire
colony. Moreover, sometime, the incoming current from the outside reef terrace is low. The
Acropora formosa need a high current intensity in order to survive, therefore those episodes
could stress this species which would lead to their death. Finally, this species host a fish that
cultivate algae in its branches. Without a regular withdrawal of this fish, the surface of live
tissue could decrease greatly.
Even if the aesthetic aspect of Acropora formosa is interesting since it differs from the
massive and tabulate morphotypes of the other corals used by BEF in its restoration project,
the use of this species in hotel’s Laguna is not advised in location where a regular
maintenance is not carried out and where tourist are not previously educated on the
importance of corals and the good behavior to have when interacting with coral reef
ecosystems.
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Appendix 1. Coral species monitored in the restoration project.

The coral species Acropora formosa belong to the ACROPORIDAE family; family in which
all the species have a branching aspect (Robin et al., 1992). Colonies of Acropora formosa
have cylindrical branches (Lison De Loma, 2005), allowing numerous fish larvae and
invertebrates, such as the Chromis and the Dascyllus, to use them has a refugee against
predation. The Acropora formosa are attracted by sunlight, therefore, this species tend to
always expose the maximum of its surface towards the light (Robin et al., 1992). Among, the
four species used, it is the one that needs the most current in order to survive (Sprung, 2000).
Porites sp. and the Porites rus belong to the PORITIDAE family; family including branching,
encrusting and massive corals (Sprung, 2000). Those species have the ability to build massive
colonies allowing the encrustation of many mollusks that find a refugee inside those corals.
The PORITIDAE family also has the ability to secrete a protective mucus that allow them to
struggle better against desiccation (Robin et al., 1992). Since those corals need a lot of light
(Sprung, 2000) this allows them to live closely to the surface. The Porites sp. and the Pavona
cactus need less current than the two other species used in the restoration project.
Porites sp. have a massive, smooth and hemispheric aspect, whereas the Pavona cactus are
recognizable by their appearance, which is a mix between columns and anastomosing
branches (Lison De Loma, 2005).
The species Pavona cactus belong to the AGERICIIDAE family; family in which all the
species are foliaceous (Sprung, 2000). In fact, the Pavona cactus are composed of vertical
thin lamella (Lison De Loma 2005). This species is more resistant to the stress caused by
transplantation than the three other species. They need more currents than the PORITIDAE
but less than the ACROPORIDAE. Finally, this species needs less light than the other species
used in the restoration project (Sprung 2000).
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Appendix 2. Density, in the natural environment, of the four species used in the restoration project:
density and normality relative to depth subset.

Species

Acropora formosa

Porites sp.

Porites rus

Pavona cactus

Species
Acropora
formosa

Portires sp.

Porites rus

Pavona
cactus

Depth (meters)
0-1 m
1-2 m
2-3 m
3-4 m
0-1 m
1-2 m
2-3 m
3-4 m
0-1 m
1-2 m
2-3 m
3-4 m
0-1 m
1-2 m
2-3 m
3-4 m
depth
0-1 m
1-2 m
2-3 m
3-4 m
0-1 m
1-2 m
2-3 m
3-4 m
0-1 m
1-2 m
2-3 m
3-4 m
0-1 m
1-2 m
2-3 m
3-4 m

Denisty per m²
1.5351
5.1570
1.3333
0.8032
1.5351
2.9148
1.6667
0.8032
0
2.2422
0.8333
1.4056
0.2193
0.6726
0.3333
0
N

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

W
0.516
0.739
0.366
0.366
0.730
0.781
0.715
0.640
NA
0.366
0.539
0.730
0.366
0.594
0.509
NA

Standard deviation
3.58858
7.77064
4.21637
2.53998
2.32314
1.8459
2.2222
1.03694
0
7.09031
1.80021
2.12721
0.69348
1.08306
0.70273
0
P-value
0.000
0.003
0.000
0.000
0.002
0.008
0.001
0.000
NA
0.000
0.000
0.002
0.000
0.000
0.000
NA
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Appendix 3. LCC evolution: normality tests.

Coral species
Acropora formosa
Porites sp.
Porites rus
Pavona cactus

N
9
35
60
34

W
0.826
0.980
0.679
0.933

P-Value
0.040
0.761
0.000
0.038

Site
Zone II
Bungalow

N
138
15

W
0.816
0.869

P-Value
0.000
0.033
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Appendix 4. Evolution of the coral covers of the four coral species, during the monitoring period.

Acropora formosa

Porites sp.
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Pavona cactus

Pavona cactus
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Appendix 5. Fish species that have colonized the structures located in the Laguna.

T0
Species
Dascyllus aruanus

T+1 month
Familly
Pomacentridae

Pomacentrus Pavo

Species

Pomacentrus Pavo
Holocentridae

Canthigaster solandri

Tetraodontidae Neoniphons argenteus
Ostraciidae

Familly

Dascyllus aruanus

Neoniphons argenteus

Ostracion cubicus

T+2 months
Species

T+3 months
Familly

Dascyllus aruanus
Pomacentridae

Stegastes punctatus

Pomacentrus Pavo

Species

Stegastes punctatus

Pomacentrus Pavo

Neoniphons argenteus

Ostracion cubicus

Ostraciidae

Ctenochaetus striatus

Myripristis adusta

Zebrasoma scopas

Acanthuridae

Pomacentrus Pavo

Chromis viridis

Myripristis adusta

Zebrasoma scopas

Pomacentridae

Chromis viridis

Tetraodontidae

Ctenochaetus striatus

Familly

Dascyllus aruanus

Stegastes punctatus

Canthigaster solandri

Holocentridae

Species

Stegastes punctatus

Neoniphons argenteus

Acanthuridae

Familly

Dascyllus aruanus
Pomacentridae

Holocentridae

Ctenochaetus striatus

T+4 months

Holocentridae

Neoniphons argenteus

Pomacentridae

Holocentridae

Myripristis adusta
Acanthuridae

Ctenochaetus striatus

Acanthuridae

Canthigaster solandri

Tetraodontidae

Zebrasoma scopas

Zebrasoma scopas

Ostracion cubicus

Ostraciidae

Canthigaster solandri

Tetraodontidae

Pristiapogon fraenatus

Aulostomus chinensis

Aulostomidae

Ostracion cubicus

Ostraciidae

Cheilodeptirus quinquelineatus

Lutjanus fulvus

Lutjanidae

Aulostomus chinensis

Aulostomidae

Canthigaster solandri

Tetraodontidae

Thalassoma hardwicke

Labridae

Lutjanus fulvus

Lutjanidae

Ostracion cubicus

Ostraciidae

Murène sp.

Muraenidae

Thalassoma hardwicke

Labridae

Aulostomus chinensis

Aulostomidae

Murène sp.

Muraenidae

Apogonidae

Lutjanus fulvus

Lutjanidae

Thalassoma hardwicke

Labridae

Murène sp.

Muraenidae

Siganus spinus

Siganidae
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Appendix 6. Fish species that have colonized the structure located under the bungalow.

T+1 month

T+2 months

T+3 months

T+4 months

Espece

Famille

Espece

Famille

Espece

Famille

Espece

Famille

Canthigaster solandri

Tetraodontidae

Canthigaster solandri

Tetraodontidae

Canthigaster solandri

Tetraodontidae

Canthigaster solandri

Tetraodontidae

Cheilodeptirus quinquelineatus
Ostorhinchus nigrofasciatus

Cheilodeptirus quinquelineatus
Apogonidae

Pristiapogon fraenatus
Acanthurus triostegus
Dascyllus aruanus

Apogonidae

Pristiapogon fraenatus
Acanthuridae
Pomacentridae

Pomacentrus pavo
Gobie sp.

Ostorhinchus nigrofasciatus

Cheilodeptirus quinquelineatus

Acanthurus triostegus

Gobiidae

Apogonidae

Pristiapogon fraenatus
Acanthuridae

Dascyllus aruanus
Chromis viridis

Ostorhinchus nigrofasciatus

Cheilodeptirus quinquelineatus

Acanthurus triostegus

Pomacentrus pavo

Chromis viridis

Apogonidae

Pristiapogon fraenatus
Acanthuridae

Dascyllus aruanus
Pomacentridae

Ostorhinchus nigrofasciatus

Acanthurus triostegus

Acanthuridae

Dascyllus aruanus
Pomacentridae

Pomacentrus pavo

Chromis viridis

Pomacentridae

Pomacentrus pavo

Gobie sp.

Gobiidae

Gobie sp.

Gobiidae

Gobie sp.

Gobiidae

Chaetodon ephippium

Chaetodontidae

Chaetodon ephippium

Chaetodontidae

Chaetodon ephippium

Chaetodontidae

Halichoeres trimaculatus

Labridae

Halichoeres trimaculatus

Labridae

Halichoeres trimaculatus

Labridae

Parupeneus barberinus

Mullidae

Parupeneus barberinus

Mullidae

Myripristis adusta

Holocentridae

Myripristis adusta

Holocentridae
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Appendix 7. First terrestrial sign.
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Appendix 8. Second terrestrial sign.
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Potential sites for the future transplantation of colonies of Acropora formosa and test of two
grafting techniques.

Appendix 9. Evolution of live coral tissue: mean evolution and normality test relative to the location and
the type of tray.

Site

Tray

Pépinière

A
B
A
B
A
B
A
B
A
B

Sortie chapelle
Milieux lagune
Restaurant
Sortie lagune

Site
Pépinière

Sortie chapelle

Milieux lagune
Restaurant

Sortie lagune

Evolution of live
coral tissue (cm of
live coral)
3.1286
2.5207
2.2643
1.5000
1.1778
1.2458
-0.5040
-0.3357
1.2636
0.7926

Standard deviation

0.86146
0.93403
0.56254
0.83095
0.84185
0.78959
0.45596
0.40663
0.61066
0.57907

Tray

N

W

P-Value

A

28

0.951

0.209

B

29

0.968

0.496

A

28

0.963

0.414

B

22

0.983

0.952

A

27

0.939

0.116

B

24

0.968

0.609

A

25

0.956

0.337

B

28

0.963

0.416

A

22

0.919

0.074

B

27

0.931

0.072
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Appendix 10. New branches: mean number of branches that appeared and normality test relative to the
location and the type of tray.

Site

Tray

Pépinière

A
B
A
B
A
B
A
B
A
B

Sortie chapelle
Milieux lagune
Restaurant
Sortie lagune

Site
Pépinière

Sortie chapelle

Milieux lagune
Restaurant

Sortie lagune

Mean number of new
branches
1.7857
3.5517
2.1786
2.1364
0.9259
0.7500
0.0800
0.5000
0.9091
1.4815

Standard deviation
1.44932
3.58156
1.38921
1.61232
1.14105
1.22474
0.27689
0.74536
0.92113
1.36918

Tray

N

W

P-Value

A

28

0.890

0.007

B

29

0.717

0.000

A

28

0.860

0.001

B

22

0.898

0.027

A

27

0.763

0.000

B

24

0.666

0.000

A

25

0.308

0.000

B

28

0.680

0.000

A

22

0.833

0.002

B

27

0.843

0.001
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Appendix 11. New branches: mean number of fragments that appeared in the branches with initial
branches and in the fragments with no initial branches, and normality test.

Type of fragment
Without branches
With branches

Type
of N
fragments
Without
38
branches
With branches
92

Mean number of new Standard deviation
branches
0 ,9474
1,08919
1,3261
1,43051

W

P-Value

0,789

0,000

0,833

0 ,000
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