
 

 
 

 

 

 

 

 

 

Bonaire (Southern Caribbean) coral 

restoration project: Acropora Cervicornis 

(Lamarck, 1816) genotype performance 

assessment in the nursery phase. 
 

  

Paula Alós LLuesma 

José Rafa García March y Francesca Virdis 

2021-2022 

 

 

 

 

 

 

 



Paula Alós Lluesma 

 

 

Acknowledgments 

To the Universidad Católica de Valencia for the opportunity, they have given me by 

being able to go abroad to develop this project. My tutor Jose Rafael for the help in 

the last issues. 

To Reef Renewal Foundation Bonaire for the welcome, letting me carry out my own 

research and helping me grow. Especially to Francesca for her confidence, to Nina 

for her support in everything she could, and to Julie for being my tireless diving 

partner.  

To Buddy Dive for helping me with all the diving logistics and for the great work 

environment.  

 



Paula Alós Lluesma 

i 
 

 

Index 

Introduction.............................................................................................................. 1 

Objectives.............................................................................................................. 13 

Material and methods ............................................................................................ 14 

Results .................................................................................................................. 26 

Discussion ............................................................................................................. 33 

Conclusions ........................................................................................................... 37 

Future lines............................................................................................................ 38 

Observations and limitations of the experiment ..................................................... 39 

Bibliography ........................................................................................................... 41 

Webography .......................................................................................................... 46 

Annex I ..................................................................................................................... I 

Annex II ................................................................................................................... II 

 

 

 

 

 

 

 

 

 

 

 



Paula Alós Lluesma 

 

Abstract 

Coral reefs are some of the most diverse and valuable ecosystems worldwide. 

Since the 1970’s the coral populations of Acropora spp. around Bonaire Island have 

been declining due to White Band Disease (WBD) and due to heavy storms and 

hurricanes (i.e., hurricane Lenny in 1999). Acropora cervicornis is one of the species 

selected as restoration target because its critically endangered status according to 

the IUCN red list and its ecological value as reef builder. Promoting genetic diversity 

is key to aid the recovery of degraded populations and give this species higher 

chance to survive in the long-term.  

In this study, we measure growth and healing, as phenotypic traits of 

propagated corals to assess the different genotype performance in the nursery 

phase. Linear length and tissue regeneration have been monitored for 8 weeks for 

10 different genotypes (n=5), respectively with in situ measurement and image 

analysis. The preliminary results suggest that some individual fragments can grow 

up to one centimeter per week and achieve complete tissue regeneration from 

cutting and handling damage in 15 days.  

Being able to determinate the differences in performance from various coral 

genotypes can help nursery based coral restoration to be more performant. Indeed, 

selecting coral genotypes that can grow and regenerate faster is a considerable 

advantage for coral restoration practitioners that could therefore optimize their 

outplanting efforts. 

Key words: Acropora cervicornis, Staghorn coral, genotype, growth, healing, nursery 
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Resumen 

Los arrecifes de coral son algunos de los ecosistemas más diversos y valiosos del mundo. 

Desde la década de 1970 las poblaciones de coral de Acropora spp. alrededor de Bonaire 

han estado disminuyendo debido a la enfermedad de la banda blanca (WBD) y debido a 

fuertes tormentas y huracanes (ej., el huracán Lenny en 1999). Acropora cervicornis es una 

de las especies seleccionadas como objetivo de restauración debido a su estado de peligro 

crítico según la Lista Roja de la UICN y su valor ecológico como constructor de arrecifes. 

La promoción de la diversidad genética es clave para contribuir a la recuperación de las 

poblaciones degradadas y dar a esta especie mayores posibilidades de supervivencia a 

largo plazo.  

En este estudio, medimos el crecimiento y la cicatrización, como rasgos de los corales 

propagados para evaluar el desempeño de los diferentes genotipos en la fase de vivero. La 

longitud lineal y la regeneración tisular se han monitorizado durante 7 semanas para 10 

genotipos diferentes (n=5), respectivamente con medición in situ y análisis de imágenes. 

Los resultados preliminares sugieren que algunos fragmentos individuales pueden crecer 

hasta un centímetro por semana y lograr la regeneración completa del tejido a partir del 

corte y el manejo de daños en 15 días.  

Ser capaz de determinar las diferencias en el rendimiento de diversos genotipos puede 

ayudar a que la restauración de corales basada en viveros sea más eficiente. De hecho, la 

selección de genotipos de coral capaces de crecer y regenerarse más rápidamente es una 

ventaja considerable para los profesionales de la restauración de corales que, por lo tanto, 

podrían optimizar sus esfuerzos de trasplante al arrecife. 

Palabras clave: Acropora cervicornis, Coral cuerno de ciervo, genotipo, crecimiento, 

curación, vivero 
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Introduction 

Bonaire Netherland Caribbean 

Bonaire is an oceanic island in the southern Caribbean, located approximately 100 

km north of Venezuela and 12º north of the equator. Bonaire have a special situation in 

relation with the Netherlands, it is considered a special municipality (Government.nl, 2018). 

In 2010 the Netherland Antilles broke up and from the archipelago of the ABC (Aruba, 

Curaçao and Bonaire) Aruba and Curaçao formed they own country part of the Kingdom of 

the Netherlands, while Bonaire has a status of public entity, it is now part of the Netherlands 

and an overseas territory of the European Union (OCTA, 2021). The island has the 

Executive council that is responsible for the day-to-day management of Bonaire, but they 

also are ruled by the system on mainland (Veenendaal, 2015). The population of the island 

is around the 20.000 inhabitants.  

The climatology is unique in the Caribbean, is a flat and arid with a volcanic origin island. 

The weather is dry, and the rainy season is only from October to January, the annual 

precipitation range is between 560-1000mm. In consequence the vegetation consists in 

cacti, acacia, and mangroves. The temperature is round 24ºC – 32ºC the whole year. The 

tidal range variates around 81+/-13 cm in average around the island (Lorsheid et al, 2017; 

Tide-forecast, 2022). Bonaire is outside the Hurricane belt of the Caribbean, but it does not 

prevent the island to be hit with Hurricane sometimes, like Lenny in 1999 (Bries et al, 2004) 

or Ivan in September 2004 (Scheffers et al,2006).  

The economy of the island is based on the incoming tourism. The motto of the island 

is the “Diver’s paradise”. The scuba diving locations are rated as one of the best of the world. 

This is due to the state of the ecosystem and the coral reef. Bonaire is investing in programs 

for a sustainable development, the Bonaire National Marine Park, the Washington Slagbaai 

National Park, and the wind farm are the visible efforts that the community perform to be 

conscious with the impacts in the marine environment. 

Coral Reef in Bonaire Coast  

The coral reef of Bonaire is considered as one of the most conservated of the 

Caribbean (Fig.1). Yet the quality of the surrounding water has parameters with values that 

exceed normal. DIN, phosphate, and chlorophyll-a range from non-detectable to micromoles 
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per liter. In addition, there are various indicators that point to the onset of eutrophication. 

Especially around urban points, where nitrogen limits are exceeded. This may be due to 

brine coming from the salt pans located to the south of the island, and the island’s waste 

system based on blind wells and runoff into the ocean. All this indicates that basic water 

quality is influenced by human settlements and may evolve to eutrophication in the future 

(Slijkerman et al, 2014). 

  

Figure 1. Example of Fire coral (Millepora alcicornis) base reef in Klein Bonaire. Source: Own production. 

The windward and leeward coast of Bonaire in terms of coral reef structure are 

fundamentally different, as well as the abundance of species. The windward shore is 

characterized by crustose coralline algae with sparse development of coral in depths up to 

12 m, and presence of Sargassum platycarpum until 40 m. Meanwhile, the leeward coast 

present continuous fringing coral reefs, that has circa 26 square kilometers in Bonaire. There 

are in a flat terrace up to 250 m with a drop around 7 – 12 m. The slopes drop until depths 

around 50 – 55 m where finally flattens in to a sandy plain. The maximum diversity occurs 

around the drop-of point, after that the light and the nutrients decrease (Schmutz et al, 2017). 

The 50% of the fish present on the reef are planktivorous species, the herbivorous and 

carnivorous split the other half of the biomass. Less than the 7% of the biomass is composed 

of apex predators, because there is no significative shark presence along the reefs. The 

remaining benthos not covered by corals, is covered essentially by macroalgae and turf 

algae (Sandin et al, 2008). As well, since 2002 the benthic cyanobacterial mats increase 
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from less of the 0,1%, to 22% in some sites (de Bakker et al, 2017), these cyanobacteria 

can cause disease in the coral colonies and provoke depravation of oxygen to the organism.  

Different coral colonies on coral reefs may contract different diseases that can 

weaken organisms and lead to partial or total mortality of the colonies. Some of these 

diseases are Black-band Disease, black filaments that separates the living tissue from the 

white naked skeleton of the coral; White-band Disease, affects branched corals and 

advances from the center of the colony towards the tips, in this case it is not obvious like the 

Black-band, but the tissue transitions from healthy to exposed skeleton (colored to white); 

besides the White-band Disease there are others that whiten the coral faster and more 

virulent, increasing the mortality rate. Red-band Disease, another disease that appears in 

corals, can be identified due to the cyanobacterial filaments that surround healthy tissue and 

advance by killing colony polyps (Fig.2). In addition to these diseases, abrupt changes in 

the physic-chemical parameters of the water, such as a higher temperature or a change in 

chemical mixtures in the water, may induce coral bleaching (Humann and DeLoach, 2002). 

 

Figure 2. Cyanobacteria mat over a coral colony, Red-band Disease. Source: Own production. 

 

The different biotopes of the reefs serve as nurseries for juveniles of different fish 

species (such as the trumpetfish in Figure 3), both important for the proper functioning of 

the ecosystem, and of species of commercial interest. These species among coral reef 

niches appear to prefer more shallow habitats, between 0 and 5 meters, where Acropora 

spp. are dominant (Nagelkerken et al, 2000).  
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Figure 3. Juvenile of Athlantic trumpetfish (Aulostomus strigosus) between the branches of a colony of A. 

cervicornis.Source:Own production. 

In order to protect these ecosystems, the World Wildlife Fund-Netherlands (WWF-

NL) provided a grand to the Netherlands Antilles National Park Foundation (STINAPA) in 

the early 80s to stablish the Bonaire Marine Park. The ban and regulation of the different 

fishing methods used in the island waters reduced the direct exploitation of the environment 

(Van der Knaap, 1993). The protected area was mapped by satellites in the 1980s, data that 

contrasts with those obtained in 2008-2009. Improvement of the reefs shows that protection 

as a marine park improves the quality of the reef. Even so, sheltered coastal areas were 

better conserved than reef areas with greater exposure to storms and impacts (Relles et 

al,2018). 

Coral reefs also suffer degradation due to the predation and parasitism of different 

species; it is the balance between tissue growth and predation that decides whether or not 

the colony will survive (Weil et al, 2020). The top predators are the green clinging crab 

(Mithrax sculptus), coral snails (Coralliophila spp.) and the Bearded Fireworm (Hermodice 

carunculate) (Fig. 4), as well as the parrotfishes and the gardening Damselfish (Stegastes 

planiforms). Only the fireworm and the snails can cause a significant damage that causes 

the death of the colony, the other predators stress the colony but not produce damages in a 

great (Humann and DeLoach, 2002). The gardening Damselfish produces small damage to 

the tissue of the strain of the coral, which causes loss of tissue, at those points the algae 
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can grow (Fig. 5). The damselfish thus gets direct food, grows its own algae (Vermeij et al, 

2015). 

 

  

Figure 4. Fire worm (Hermodice carunculata) predator of coral like A. cervicornis. Source: Own production. 

 

 

Figura 5. Parasitism of Stegastes spp. on A. cervicornis, the gardening damselfish uses the surface of the 

coral to grow algae that uses as feed. Source: Own production. 
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 Other impacts that the coral reefs may suffer is the overgrowth of other corals, the 

competitive relationship with other cnidarians, like the Firecorals (Millepora complanate) 

(Fig. 1) or the incrusting gorgonian (Erythropodium caribaeorum). The sponges can also 

incrust and overgrow the corals, the principals are the Red boring sponge (Cliona delitrix), 

the coral Incrusting sponge (Cliona langae, Cliona aprica and Cliona caribea), as well as the 

soft Brown Variable sponge (Anthosigmella varians) (Humann and DeLoach, 2002).   

The Bonaire coral reefs are nor extent of the presence of exotic species, the most 

significative one is the Lionfish (Pterois volitans) (Fig. 6) that the origin is the Red Sea. In 

this case the population is controlled by the local program of underwater fishing, that PADI 

trains in the different dive centers of the island.  

 

Figure 6. Lionfish (Pterois volitans), exotic species introduced in Bonaire marine environment. Source: Own 

production. 

 

Although Bonaire is outside the Caribbean hurricane belt, it continues to suffer 

damage from abnormal waves caused by hurricanes. In recent decades, Hurricane Lenny 

in 1999 (Bries et al, 2004), generated waves of up to 8 m, which impacted and modified the 

island’s coastline in the least protected areas (Meyer et al, 2003). In 2003, Hurricane Ivan, 

category 5, with maximum winds of 250 km/h and sustained winds in Bonaire of up to 150 
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km/h, generated waves greater than 12 meters (Scheffers et al, 2006), also causing changes 

in the coastline and the displacement of reef fragments out of the sea (Engel et al, 2012). 

One of the causes of the Decrease of communities in Bonaire is the result of recent 

hurricanes (Sommer et al, 2011). 

Wastewater discharges in residential areas of Bonaire also threaten eutrophication 

across bays, and the condition of reefs near residential areas has poorer water quality than 

areas far from urban centers (Govers et al, 2014). Another anthropic impact is the use of 

organic sunscreens, since the components can disrupt the endocrine systems of organisms, 

especially the organisms that feed by filtration, and generate an impact and toxicity in the 

environment. In addition, there are data on coral bleaching due to exposure to components 

of such sunscreen factors (Schaap et al, 2018). Currently not even Bonaire is spared from 

Debris contamination, and plastic remains can be found both underwater and on the 

shoreline. The presence of Tar, due to wrecks, in the bottom also alters the chemistry of the 

ecosystem in the long term, with negative consequences (Debrot et al, 2013). 

Finally, economic activities that take place directly on the water, such as fishing, 

diving and tourist cruises that dock at the island’s port, can also have negative impacts on 

the reefs. 

Fishing on Bonaire is entirely artisanal and has been regulated for decades. The 

damage caused by local fishermen is minimal (van der Knaap, 1993). It is recommended 

not to use the nets on massive coral reefs, as the longer they recover is slower and the 

impact lasts, however, in the sandy areas and above the Acropora reefs whose recovery is 

relatively fast, as well as being species adapted to fragmentation. Therefore, there is no 

damage from artisanal fishing on the island (Hawkins and Roberts 2004; Hawkins et al 

2007). 

On the other hand, the Impact of diving is more significant. There are conservation 

differences between the usual dive sites and those less visited. Where the less visited 

maintain better health and structural complexity (Hawkins et al, 1999; Lyons et al, 2015). As 

a Bonaire measure, I include a mandatory briefing and test dive for divers and guests of 

hotels and resorts as a way to mitigate the impact and create aweraness on the conservation 

of the marine environment and particularly coral reefs (Parson and Thur, 2007). In addition, 

a fee must be paid to STINAPA, both to go to the beach as usual, and to dive on the island. 

The money collected is used for the maintenance and monitoring of the marine reserve (van 
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Bets et al, 2016). While diving in the waters of Bonaire it is forbidden to touch the bottom 

(Fig. 7) and modify any organism to photograph it. In addition to the ban on the use of gloves 

and the recommendation of the use of sunscreens that are not harmful to the aquatic 

environment and reefs. 

 

Figure 7. Example of the impacts that divers have on the environment, gear and body touching the sea floor 

and corals. Source: Own production. 

Finally, a more recent impact is that produced by tourist cruises that dock on the 

island. In fact, cruise ships do not report a real economic interest for the economy of the 

island, since the average consumption is very low, and they do not pay the fees of the marine 

park. Therefore, it is said that they should pay fees, the initial approach is that the fees go 

to the government (van Bets et al, 2016), so that the impacts both acoustic underwater, as 

well as on the level of fuel and substances released into the marine environment and the 

atmosphere affect more and more. For now, there are few studies of the long-term impact, 

only the observations of locals, plus the cruise season is understood in a few months of the 

year, although more and more cruise days of the week and more cruises per day, doubling 

the numbers. 
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Acropora Cervicornis 

To protect the shallow coral reefs of Bonaire (Fig. 8) and to be able to repopulate the 

old niches, the genus Acropora is the most suitable, since, unlike the massive corals, it has 

a faster growth rate and because of its physiology, fragmentation is a natural method by 

which it propagates. 

 

Figure 8. Cross-section of the double reef complex along the south-west coast of Bonaire. 1. Shore 

zone; 2. Acropora palmata zone; 3. Barren zone; 4. Acropora cervicornis zone; 5. Drop-off zone; 6. Slope 

zone; 7. Reef-sand transition; 8. Sand-platform; 9. Sand-reef; 11. Slope zone. Source: van der Knaap,1993. 

Acropora cervicornis, Acropora palmata and the hybridization between them 

(Acropora prolifera) are part of the Bonaire reefs. They form the ideal habitat for juveniles of 

different species to develop. But over time the ecosystem has been depleted due to periods 

of bleaching, disease, and mortality, where A. prolifera generally has a higher survival rate 

than A. cervicornis (Weil et al, 2020).  

Despite this, A. cervicornis is the best species for this purpose, it has the relatively 

high growth rate, the growth of the skeleton is also high, the genetic propagation works as 

it has a great genetic variability. With different genotypes, clusters can be transplanted into 

nature, and through sexual reproduction more genotypes will be generated. To regenerate 

the environment, corals with genetics are needed that make colonies resilient, resistant to 

bleaching and have higher growth and survival rates (Baums et al, 2019). 
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Figure 9. Wild colony of Acropora palmata in Carl’s Hill, Klein Bonaire. Source: Own production. 

The habitat of A. cervicornis ranges from depths of 0 to 30 m. It is a species that 

generates many ramifications, easy to fragment and with a high sexual proliferation. The 

thicket structure produced by this species serves as a new ecosystem, to support the 

ecosystem and be the nursery for many species of invertebrates and fish (Fig. 10). For 

protection of the species, it is listed by the United States Endangered Species Act 

(50CFR223) and on the Red List of the IUCN (Ruiz-Diaz et al, 2022).  Despite this, the 

species continues to decline, and one of the best options is the cultivation of the species in 

nurseries.  

 

Figure 10. Reef based in Acropora cervicornis. Source: Own production. 
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Taxonomy (World register of marine species, 2022): 

• Kingdom: Animalia                 • Order: Scleractinia 

• Phylum: Cnidaria  • Family: Acroporidae  

• Class: Anthozoa  • Genus: Acropora  

• Subclass: Hexacorallia  • Species: Acropora cervicornis (Lamarck, 

1816) 

 

Reef Renewal Foundation Bonaire 

In Bonaire the restoration work is provide by Reef Renewal Foundation Bonaire, 

which have been helping the environment for more than 10 years (Ware et al, 2020). Reef 

Renewal Fundation Bonaire (RRFB) is a foundation formed as part of the Coral Restoration 

Fundation (CRF) (Florida Keys) on Bonaire. In 2012, the founder of CRF visited the island 

to help and assist in the care of the coral reefs on which life on Bonaire is sustained at all 

levels. This visit led to the creation of the working group on the island, which was later set 

up as Reef Renewal Bonaire. To begin with the conservation project RRB received 

permission from the Government of Bonaire and the Bonaire National Marine Park to carry 

out the restoration of the shallow-water coral communities, consisting of the corals Acropora 

cervicornis (Fig. 11) and Acropora palmata. At first the foundation had only two small 

“nurseries” with a few trees and collaborated with only one dive shop: Buddy Dive Resort. 

They currently have several nurseries around the West Coast, on the island of Klein Bonaire 

and in the nears of the 9 dive shops that collaborate with RRFB. They are focusing on the 

two species of Acropora ssp., but they are also propagating 3 spaces of Boulder corals and 

trying to assist the reproduction of different corals on the reef, such as the brain corals 

Diploria labyrinthiformis. 

The RRFB project not only focuses on the study and conservation of the 

environment, but also does a job to involve the community and educate them in the love and 

conservation of local ecosystems. They have created a PADI-approved diving course to 

instruct their volunteers on coral management and the challenges of rearing them, and they 
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also participate in events such as the national volunteer day called “Bon duet” (In 

Papiamento: Doing Good). The principles of the foundation are first and foremost the 

restoration of the corals, also research and science, to create networks that communicate 

different projects, such as SECORE based on another of the islands and EU-Partnership, 

and to be able to bring all this to the local community and to all people involved in the marine 

environment in a professional or leisure way. 

 

Figure 11. A. cervicornis  wedged in the outplanting site. Source: own production.  
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Objectives 

General: Study the performance of the different genotypes of Acropora cervicornis during 

the nursery phase in growing and healing 

Specific objectives: 

a. Differentiate between the genotypes in the growing rate and tissue recovery process. 

b. Study the growing rate differences before and after complete tissue recovery. 

c. Study of the best frequency of sampling and method to assess the healing process. 
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Material and methods 

Location description 

The 25th of March of 2022, 50 fragments of 10 different genotypes were cut from the 

preexistent brood-stock in the nurseries located in Buddy Dive Resort Dive center. It is in 

Kralendijk, the capital of Bonaire, a Netherland Caribbean Island. It is situated in front of the 

north coast of Venezuela, considered within the Southern Caribbean waters. The geology 

of the island is characterized by lithified carbonate, consisting in aragonite sediments, 

coinciding with the volcanic origin of the island and single skeletal fragments of coral rubble 

(Sibley et al,1972). The coral nurseries lay in the first 6 meters of infralittoral in the coral 

rubble bottom, just before the drop to 25-30 meters depth where the coral reef lays. That is 

the general structure of the island coast. As the Figure 12 shows the relative age of the 

majority rocks in Bonaire coast is the Pleistocene, with some of the Holocene where the 

saltworks are in the south of the island.  

 
 

Figure 12. Geologic Map of Bonaire with the relative rock ages and a basic stratigraphic column. 
Source: Hippolyte and Mann, 2011. 
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 The water temperature oscillated between the 26 ºC and 28 ºC during the sampling 

months (end of March to end of May). The salinity was near 34‰ and the currents were 

variable. In the west coast they were usually south to north with surge influence, but some 

of the days the direction was inverted, and they were more strong than usual (Annex I). 

Bonaire shows diurnal tides (around 10h between high and low tide) of 20-60 cm above the 

average sea surface level depending on if it is the high tide or low tide, and with variations 

between neap and spring tides.   

 

 

Figure 13. Location of the nurseries in Buddy Reef (Buddy Dive Resort, Kralendjik). Source: Google Earth. 
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Table 1. Origin of each genotype and common name of the dive site. Sourse: Own production.   
 

Genotype Dive Site Name Latitude, DMS Longitude, DMS 

Acer 1 Lac Bay c1 12° 5' 44.28" -68° 13' 47.39" 

Acer 3 #60 Red Slave 12° 1' 30.38" -68° 15' 5.04" 

Acer 4 #59 Sweet Dreams 12° 1' 43.87" -68° 15' 16.32" 

Acer 5 #58 Vista Blue c 12° 1' 51.24" -68° 15' 25.97" 

Acer 8 Oil Slick Leap 12° 11' 44.28" -68° 18' 27.94" 

Acer 10 #I Rock Pile 12° 8' 46.42" -68° 18' 47.00" 

Acer 11 Belnem c 12° 7' 56.34" -68° 17' 0.92" 

Acer 12 #15 Bon Bini Na Cas 12° 12' 44.17" -68° 19' 46.81" 

Acer 14 Margate bay 12° 3' 2.81" -68° 16' 19.88" 

Acer 15 Salt Pier 12° 5' 6.18" -68° 17' 1.21" 

 

The different fragments coming from the nurseries (Fig. 12) B (Acer: 1, 3, 4, 5 and 

12), C (Acer: 14 and 15) and E (Acer: 8, 10 and 11) were collected in different points along 

the coast of Bonaire and represent the variability of genotypes in the area. This mother 

colonies were in an endangered situation, in isolated colonies or as a part of an almost dead 

colony. After collection, they were placed in the trees and became part of the genotype bank 

of Reef Renewal Foundation Bonaire. For the present study 5 fragments of 10 different 

genotypes were placed in the same tree to assess their performance in the nursery, putting 

all together eliminates the factors of different locations. Table 1 lists their origin, whereas 

Figure 13 shows the collection points of the genotypes with respect to the location of the 

nursery where the experiment was developed. 
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Figure 14. In red the location of the source genotypes around Bonaire coastline and Klein Bonaire; in blue the 
nursery location. Source: Google Earth. 

Tree design 

 The tree consisted of a PVC body where fiber glass branches were inserted (Fig. 

14). To secure the branches to the body marine epoxy was used. This tree model was the 

second one developed for the nurseries. The position of the branches made the tree more 

stable against the currents, prevented it from bending and collapsing, and made it easier to 

maintain with the diving gear and cleaning tools. Furthermore, the weight of the hanging 

corals was better distributed. The tree was attached to the bottom with a buried anchor, and 

to deploy it in the water column a rope with 4 round buoys was used to make it stayed neutral 

in the water column.  The branches were paired in 10 different heights. The experiment was 

developed in the 10 bottom branches, 4 – 5 m deep. Each genotype was hanged in a 

different branch and tagged with a plastic card (Fig.15). The genotypes were organized by 

 

۞ 

 

N 
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numeric order, with all the fragments in the same branch. Each replica per genotype was 

numbered from one to five, being the first individual the one closer to the body, and the 

number five the one in the outside part of the branch.  

 

Figure 15. Tree of the experiment located in nursery D (Fig 12). Source: Own production. 

 

Figure 16. Tag per branch. Ac refers to Acropora cervicornis, and the number to the genotype. Source: Own 

production. 
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Pruning, hanging and maintenance  

• Pruning 

The replicas of the genotypes were cut from the donors all at once, to try to have the 

same Time cero (T-0). A group of 4 divers oversaw the task. While the two more expert 

divers were cutting the different fragments with pliers and a ruler, the other two were 

collecting them in buckets per genotype to carry them to the experiment tree. The 

fragments were cut around 5 cm, and from colonies with several branches. The selection 

of the donors was up to the expert judgment, in general the pruned pieces were the ones 

that generated a great number of branches and the ones that were not in an optimal size 

for the outplanting activities.  

• Hanging 

Once all the fragments were collected, and in the correct bucket with the genotype 

marked, they were carried to the D nursery (Fig. 12) to hang the pieces in the new tree 

(Fig.14). For hanging them a sequence of four steps had to be followed. First a loop of 

monofilament with a crimp on it was put around the fragment, avoiding any scratch or 

scar, in the middle of the piece. The loop had to be really tied to help the coral grow over 

it and prevented algae and bacteria to grew in between (Fig. 16). Second, with a plier 

and the existent crimp, the loop was secured around. Then an extra crimp was put in the 

filament. The preparation station was put in a sandy bottom, where less organisms could 

be disturbed. The bottom worked as a support to make the task easier. All the fragments 

with the loops were hanged in the wholes that the branches had (Georgen et al, 2017). 

The filament was put from the bottom and secured in the top with the extra crimp. This 

way the coral-filament was free to move around and adapt to the current and water 

movement in the optimal way. Also, the way it hangs, prevented the predation from the 

fire worms (Hermodice carunculata), and reduce the speed of the fire coral (Millepora 

alcicornis) overgrow. Both can be lethal to the small fragments used in this experiment.    



Paula Alós Lluesma 

20 

 

Figure 17. Detail of the overgrow of the colony over the monofilament. Source: Own production. 

• Maintenance 

The nursery was checked at least once per week. The biofouling accumulation was 

the main concern, because it not only could overgrow the fragment and compete with 

the replicas, but it also added weight to the structure, and could make it descend. The 

bottom branches could lay near the bottom and make it easier for the predators to attack 

the individuals. That is way the maintenance consisted in a check of the tags, the ropes, 

and the buoys, and an intense cleaning of the structure. The tools used were a stainless-

steel brush, a scraper, a chisel, pliers, and a sponge. The brush was for the algae and 

the general cleaning. The scraper the chisel and the pliers were used to take out the 

incrusting algae, the fire coral and bivalves that got attached in the corners and spaces 

between joins. Finally, the sponge was used to clean the monofilament, where 

cyanobacteria could grow and suffocate the polyps in the colony. 

 

Figure 18. Fire worm (Hermodice carunculata) predating over a hanged A. cervicornis fragment. 
Source: Own production. 
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Figure 19. A) Before the maintenance. B) After the maintenance. Source: Own production. 

 

Sampling protocol  

• Growing study 

To study growth of the colonies, a flexible ruler and a slate were used (Fig. 19, 20). The 

ruler had a millimeter scale, and it was from Aquatic Eco-Systems tools. The measurements 

were taken in the following order: First, the body length, placing the 0 mark in the cutting 

scar, in advanced stages of healing the apical polyp may be present, in this case, the start 

of the measurement should start at the end of the longest apical polyp. If the coral was 

bended, the flexible ruler should follow the contour to achieve the maximum accuracy. The 

end point of the measure was the opposite apical polyp to the scar one. In case that there 

were ramifications in the end, the longest and the most straight one was measured as part 

of the main body. Then each branch was measured, from the longest one to the shortest 

one, this way any branch was skipped. There were some polyps that stand out, but they 

were smaller than 0,5 cm, so they were counted as polyp that possibly could be a new 

branch, but the measure was not consider in the total length (i.e.: 3p means 3 polyps less 

than 0,5cm). It was important to count them, because they were probably a new ramification, 

but they did not add real length to the colony, and maybe they were only a bigger polyp. For 

A) B) 
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the branches the ruler was place with the 0 in the base of the branch, and the apical polyp 

indicated the centimeters of the branch.  

 

Figure 20. Way of noting the measurements and notes during the sampling under the water. Source: Own 
production. 

 

Figure 21. Slate, Ruler, and scale, used for note taking, measuring, and cutting the 5 cm fragments, 
respectively. Source: Own production. 

Also, during the data collection other metadata were collected (Annex I). Like the 

divers that oversee taking the measurements, the weather, the atmospheric temperature, 

the water temperature in the nursery, the current strength and direction, the visibility in the 

water column, and notes of any atypical situation, like blooms of zooplankton, presence of 

jellyfish or maintenance of the dock that could increase chemicals in the water. 
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• Tissue recovery in-situ observation 

To assess the healing phases the healing was studied visually. The data was noted in 

an underwater slate with an underwater pencil (Fig. 20). Each day the slate was cleaned 

after passing the data to the computer. This way there were no bias about the real state of 

the coral healing process. During the first week the data were collected daily, then every two 

to three days until apical grow observed (last replica on day 31, T-16). After that the scars 

were checked every time that the photography was made up to 52 days after fragmentation.  

• Photography tissue recovery assessment  

The method for the photographs were perfectioned after several practices with fresh cut 

and one-week cuts in other of the monitored nurseries of the Reef Renewal Foundation 

Bonaire.  To achieve the most performance pictures for tissue recovery the photos should 

be taken with the TG-6 Olympus underwater camera, in the presetting Underwater mode, 

subcategory macro selection (x4.0). The coral should be put 5 cm away from the lens, focus 

and made at least 2 photos perpendicular to the cut point, this way a nitid picture of the cut 

were ensured, the texture in the case of identifying the virgin tissue were important. The 

coral fragment should be as centered as possible in the picture, using the guidelines of the 

camera can make the task easier. First, a picture of the genotype tag was taken, to make it 

easy to process the pictures and identify each fragment. The photos were taken only to the 

first replica of each genotype, the one placed closer to the body of the tree. This way random 

selection was ensured for the sampling because the pieces were hanged randomly as well. 

Right after the dive, the best photos were selected and saved together per date and per 

genotype. The SD card was formatted to prevent photos from different sampling days from 

mixing. The photos were taken the same days of the in-situ tissue recovery observation and 

during the weeks that the growing was studied. There are 23 photos per genotype (Annex 

II).  
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Measurements and calculations  

With the collected data in the Growing Study and with the following formula the Total 

linear extent (TLE) was calculated for the 50 fragments of A. cervicornis for each sampling 

time: 

𝑇𝐿𝐸 = 𝐵𝑜𝑑𝑦 𝐿𝑒𝑛𝑔ℎ𝑡 + 𝐵𝑟𝑎𝑛𝑐ℎ1𝐿 + 𝐵𝑟𝑎𝑛𝑐ℎ2𝐿 + ⋯ + 𝐵𝑟𝑎𝑛𝑐ℎ𝑛𝐿𝑒𝑛𝑔ℎ𝑡 (𝑐𝑚) 

This measure was used to track the production of A. cervicornis and gabe a unified 

metric for branching species (Kiel, 2012). Then the total grow in this period with the 

difference between the Final and Initial TLE was calculated: 

𝑇𝑜𝑡𝑎𝑙 𝑔𝑟𝑜𝑤 = 𝑇𝐿𝐸𝑓 − 𝑇𝐿𝐸𝑖 (𝑐𝑚) 

  The average per genotype was calculated in order to be able to compare the 

genotypes, because the data sampling frequency was not regular, so the final data were in 

grow rate per day.  

𝐷𝑎𝑖𝑙𝑦 𝑔𝑟𝑜𝑤𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 =
𝑇𝑜𝑡𝑎𝑙 𝑔𝑟𝑜𝑤

52
 (

𝑐𝑚

𝑑𝑎𝑦
) 

 For the in-situ observations of the tissue recovery, the data were split in three 

categories 1) the days from the cut to the appearance of the tissue, 2) the days between the 

tissue and the color stage, which indicates when the zooxanthellae were in the new tissue, 

and 3) the days until the start of apical growth is observed, which means that the tissue was 

completely recovered. The average of the 50 fragments was calculated for each parameter, 

and the average of tissue recovery was also calculated per genotypes. 

Crossing the data of growth with the time that each fragment needed to fully recover, 

the daily growth rate was also calculated, before and after the tissue recovery. Each 

fragment data was separated individually attending to their own healing rate. If the date of 

healing did not concord with a growing sampling day, the closest growing day was taken to 

split the data of growing between before and after the healing. The rate was calculated the 

same way than the Daily growing rate but changing the number of days from 52 to a different 

one depending on the healing date.  
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Data processing 

Statistical analyses were conducted in the R programming environment v4.2.0 (R 

Core Team, 2022) and Excel. In Excel (Microsoft 365) all the data were organized and 

prepared for R and the variance between the replicas of each genotype was studied. Then 

in R the normality test of Shapiro-Wilk was performed and the t-test for the average of the 

healing phases, the average total healing time, and the daily grow rate between the different 

genotypes. Also, an ANOVA test was performed for the data by genotype groups for the 

growing daily rate and the healing period. In all analyses the rate for Type I error was α=0.05.   
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Results 

The data obtained with the methods described before were organized and 

processed to achieve the objectives. Any of the fragments suffered bleaching or 

death. That made a survivance rate of the 100% and a zero-death percentage.    

Growing Study 

In order to assess the growth of A. cervicornis fragments in the nursery, mean 

daily growth averages with data collected over 8 weeks were used. Table 2 shows 

growth averages by genotype, as well as whether the measurements meet the 

variance between replicates of each genotype. After this, the Shapiro-Wilk normality 

test (Table 4) was used to confirm that they met the normality condition to be able to 

apply a one-factor ANOVA test per genotype. The graph presented in Figure 21 

represents the result of ANOVA, where the comparison of means shows that all 

genotypes with a 95% confidence interval can be considered equal in terms of 

average daily growth ratio. The genotypes differ in the growing rate but there are not 

enough differences between all the genotypes to use the growing rate as a 

characteristic to identify each one. 

Table 2. Genotypes growing data variance assessment with Excel and mean and deviation by R 

program. 

Genotype p-value for variance in grow 
rate per genotype 

Variance accepted or not Mean of the daily 
grow rate (cm) 

Typical deviation 

Acer 1 (n=5) 0,015 Not accepted 0,07692308 0,03867728 

Acer 3 (n=5) 0’63 Accepted 0,06846154 0,02289996 

Acer 4 (n=5) 0,55 Accepted 0,12192308 0,03774819 

Acer 5 (n=5) 0,35 Accepted 0,05769231 0,02529413 

Acer 8 (n=5) 0,01 Not accepted 0,08846154 0,05933557 
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Genotype p-value for variance in grow 

rate per genotype 

Variance accepted or not Mean of the daily 

grow rate (cm) 

Typical deviation 

Acer 10 (n=5) 0,0088 Not accepted 0,07 0,03818652 

Acer 11 (n=5) 0,0001 Not accepted 0,08384615 0,04128125 

Acer 12 (n=5) 0,587 Accepted 0,10846154 0,03313055 

Acer 14 (n=5) 0,049 Not accepted 0,06115385 0,02847193 

Acer 15 (n=5) 0,668 Accepted 0,13346154 0,04310010 

 

 

Figure 22. Plot of means of ANOVA comparing the means in cm of the different genotypes. Genotypes in the X 
axe and growing daily rate in the Y axe. 
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Tissue recovery study 

On average, the fragments recovered the tissue in 3 days, the zooxanthellae 

were back in 12 days, and the apical grow started around day 20. But, as showed in 

the Table 4, the normality of the time between each state were not normal by the 

Shapiro-Wilk test. The only parameter that could be ensured is that the average day 

to complete tissue recovery in general is 20 days. Studying it with the ANOVA test 

the means of the different genotypes could be distributed in three ranges of healing 

days. Genotype 10 had the lowest healing days(17 days Table 3). Then genotype 3 

had the longest period for healing (24 days) to apical growth. The rest of the 

genotypes could be assumed as the same mean around 20 days (Fig. 22). 

Table 3. Genotypes healing data, mean and deviation assessed by R program. 

Genotypes Mean of the healing period Typical deviation 

Acer 1 (n=5) 19 1,414214 

Acer 3 (n=5) 23,8 2,683282 

Acer 4 (n=5) 20,6 2,607681 

Acer 5 (n=5) 17,6 2,190890 

Acer 8 (n=5) 20,2 4,381780 

Acer 10 (n=5) 17 0 

Acer 11 (n=5) 19.4 3,286335 

Acer 12 (n=5) 18,2 1,095445 

Acer 14 (n=5) 21,4 5,727128 

Acer 15 (n=5) 21 3,741657 
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Figure 23. Plot of means of ANOVA comparing the means of the different genotypes. Genotypes in the X axe 
and average total healing period in the Y axe. 

Relation between growing and healing 

After checking the normality of growth and the different stages of healing, we 

tried to cross-reference the growth and healing data to see if they were related, if 

those who healed earlier grew less and if those who grew later took longer to heal. 

When the data were crossed, there was no causal relationship between the two 

parameters. But due to observations during the experiments, and papers consulted, 

it seemed that there should be. Therefore, it was decided to separate the growth 

data between before and after the fragment showed apical growth. In this way, 

averages were made between the data and the days before healing, and the same 

with the data after healing. After the comparison of both data by fragment, it was 

found that the growth rate changed between before and after the complete tissue 
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recovery. 44 of the fragments grew faster after healing, one fragment did it in the 

same rate, and 5 fragments did it slower. 

Table 4. Normality test with Shapiro-Wilk method for the relation between the different genotypes, for 

the daily growing rate, the average total time for healing, and the healing without taking in account 

the genotypes, and the different healing steps. 

Normality test: Shapiro-Wilk p-value Accepted 

Between genotypes: Growing rate 0,7139 Normal 

Average healing between genotypes 0,9259 Normal 

Healing the whole population 0,000002093 Not normal 

From cut to tissue 0,00068 Not normal 

From tissue to colored tissue 0,009 Not normal 

From color to apical growth 0,0175 Not normal 

 

Table 5. T-test for the average growing per day between the different genotypes and for the average 

healing period per genotypes for A. cervicornis.  

t-test p-value average 95% confidence interval 

Average growing per day 
between genotypes 

2,26x10(-6) 0,7543333 0,5927672-0,9158995 

Average healing days per 
genotypes 

8,87x10(-11) 20 18,65618-21,3438 
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Frequency and method to assess tissue recovery by photography  

The results for the photographic study gave the same means as the in-situ visual 

study. Next, the selection of images (Table 6) in which the change from one stage to another 

was observed. In addition to the cut just did it for zero reference and the last photo taken in 

the study to see the complete evolution of the cut during the sampling period. 

Table 6. Results of the image assessment for the different genotypes in the different stages of tissue 
recovery.  

Genotype Fresh cut Virgin tissue Zooxanthellae 
back 

Apical grow Complete recovery 

Acer 1 

    
 

Acer 3 

  
  

 

 

Acer 4 

     

Acer 5 

     

Acer 8 
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Genotype Fresh cut Virgin tissue Zooxanthellae 

back 

Apical grow Complete recovery 

Acer 10 

  

 

   

Acer 11 

  
   

Acer 12 

     

Acer 14 

     

Acer 15 
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Discussion 

Growing study 

That the genotypes come from different localities within the island is also done in 

previous studies such as that of Baums et al (2019), where the depths are also different, 

which increases genetic variability. Drury et al (2017) study genetics within nurseries, which 

show genotypic differences within crops, and where an increase in the number of genotypes 

is seen in an area of the natural reef. Hollarsmith et al (2012) and Ware et al (2020) also 

develop their experiments based on different genotypes and origins. 

Regarding the data collect, methods to measure them and what results to expect are 

compared with the work Meesters et al (2015). Where it is also measured by a ruler, and the 

type of sampling is very similar. The data obtained are consistent, although the rate of growth 

is measured differently with respect to frequency.  

In the case of the layout of the nursery and the way of hanging the corals from the 

branches, it is seen that in the work of Maneval et al (2021) the same methods are used as 

in this experiment, while in a previous work of Georgen et al (2017) different methods are 

studied to bind the corals to the rearing modules, where those methods that move the corals 

further away from the branches have a lower predation rate and a higher survival rate, as in 

this case where mortality and predation have been zero. 

In the studies Kiel et al (2012), Shopmeyer et al (2017), Calle-Triviño et al (2020) 

and Maneval et al (2021) the measure of Total Length Extention (TLS) is use as in this study, 

however, the data are treat differently, and in some the growth rates with respect to time are 

given as percentages of colony growth, or the monthly or weekly growth ratio, whereas in 

this case the average daily growth ratio is studied. In the study by Kiel et al, (2012) the use 

of this measure is compared with measurements take with an image processor with photos 

take at scale. Since, in the case of larger and branched fragments, taking these 

measurements by hand with a ruler starts to consume a lot of time, which limits the scope 

of the study, due to the need to go down with autonomous diving equipment to be sampled. 

Finally, the most recent work by Ruiz-Diaz et al (2022) compared the growth speed 

associat with the depth of the nurseries, in this case the depth does not influence since all 



Paula Alós Lluesma 

34 

branches are distributed within less than 1 m of difference, which eliminates this variability. 

In addition, in the study by Ruiz-Diaz et al (2022) daily growth is studied. 

Tissue recovery study 

To compare the study of tissue recovery, the work of Meesters et al (2015) is also 

used, where healing stages are also studied qualitatively and in the same parts as in this 

experiment.  The periods of change between one stage of healing and the other coincide in 

both cases, which shows that it is a reliable and comparable method within A. cervicornis.  

Relation between growing and healing 

 After studying tissue recovery and growth separately, an attempt is made to cross-

reference the two data to see if the body is growing at the same rate while it is healing and 

when it is already healed. First, an attempt is make to establish a linear relationship between 

the two parameters, but after looking at the data, there is no relationship between the two 

factors. However, by recalculating the daily means of growth per individual between the 

speed before and after healing, studying the data qualitatively, most individuals, as seen in 

the results, grow faster after the healing process is completed. What this meant is that when 

it come to the next phase of reef recovery projects, a better selection of fragments suitable 

for outplanting can be made. Similar work has not been found on the subject, so it will be 

necessary to repeat the type of measures and methodology in other locations and different 

genotypes to ensure the reliability of the describe data. But it can be said that of the sample 

observed most fragments do show a relationship between growth rate and whether the 

fragment is healing or not.  

Frequency and method to assess tissue recovery by photography 

At the same time as the healing times are studied, a comparison of results is made 

between the in-situ assessment methods and by assessment using photographs under the 

same photographic parameters. In this way, it will be possible to carry out samples with 

volunteers, which would increase the scope of the experiments, since it would not be 

necessary to have an expert team to recognize the healing states, and only with photographs 

processed later can these parameters be studied. In addition, by having a photographic 

bank, it would be possible to carry out further measurement studies with image processors. 
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The study by van der Knaap (1993) examine the damage cause by fishing on A. 

cervicornis, taking pictures of the healing status at 42, 50, 64, and 72 days after the damage 

(broken branch). Although the photographs are black and white, the state of the cuts is 

similar to those observe in this study.  Figure 24 shows how apical growth is progressing 

every day, although the scarring of the cut is still visible. 

 

Figure 24. Healing photos day 42, 50, 64 y 72 after damage. Source: van der Knaap, 1993.  

In the case of the Healing Photos of Meesters et al (2015) (Fig. 25), a grid is added 

to be able to measure the distances and healing ratios, however, it is not possible to correctly 

distinguish the initial states of the tissue, as this makes it impossible to see. It generates 

shadows and relieves that prevent the correct identification of the virgin tissue, unlike in this 

study where it is possible to distinguish perfectly the three moments of state change. 
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Figure 25. Time series of the recovery of a cut Staghorn fragment from F0’s origin Vista Blue in the Klein 

Bonaire nursery. The numbers above each photograph indicate the number of days passed since the cut was 

made. Tissue seems fully returned after 4 days (visible under magnification), while zooxanthellae pigments and 

the first signs of apical polyp development both occur after 13 days. In each photograph a grid cell measures 

1.9x2.4mm. Source: Meesters et al, 2015.  
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Conclusions 

• The coral fragments perform well in the nurseries, no mortality at all is 

observed and they heal and grow as previous studies demonstrate. 

-The growth between the genotypes is regular.  

-The healing differ between three values, where the different genotypes where 

distributed. In average, the complete tissue recovery is achieve circa 20 days from 

the pruning. 

-The fragments of A. cervicornis grow faster after complete healing than before the 

tissue recovery is achieve.  

-The images of healing are useful to avoid mandatory dives of the team, this way the 

expert can study the healing from the pictures that a minimum train diver can take. 

The frequency of sampling have to be daily for the first 20 days to really characterize 

the tissue recovery stages of the fragments. 

Being able to determinate the differences in performance from various coral 

genotypes can help nursery based coral restoration to be more performant. Indeed, 

selecting coral genotypes that can grow and regenerate faster is a considerable 

advantage for coral restoration practitioners that can therefore optimize their 

outplanting efforts. Knowing that healing reduce the growth rate in most cases, it 

may be possible to consider outplanting only individuals without recent cuts, and to 

look for new methods that cause least possible damage to the individuals. 
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Future lines 

It is important to continue studying the genotypes that were assessed in this project, 

more growing data over at least 6 to 12 months would give the best information about 

their performance. Try to make a genes study in a lab would be the perfect 

combination to achieve the maximum utility to the study here presented. Reef 

Renewal Foundation Bonaire have information about the outplanting performance 

about these genotypes, but never process the data with a scientific point of view, 

more like which genotypes do it better in the reef and continue using them and 

getting rid of the ones that did not perform well neither, in the nursery or in the reef. 

That is why it is essential to compare performance in the nursery with the data 

collected over 10 years of the performance after being outplanted in the reef. Asses 

genetic differences between the genotypes to identify the desirable characteristics 

for the recovery project.   
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Observations and limitations of the experiment 

 The carried experiment presented some complications due to its nature. Because 

the nursery was in the bay, the weather was a mayor influence of the availability to dive and 

made the sampling. The sampling months, from late March to end of May there is suppose 

to be the dry season, but due to the changes in the weather, some of the weeks were heavy 

rainy, that changed the available days to. Also, the Dive center had a rule about only dive in 

pairs, never any person alone for safety. The buddy diver assigned to this purpose had an 

ear infection for one week, which delayed the date of start of the experiment. The local bank 

days, there are the holiday days that are on weekends that are moved to the working days, 

move the sampling days from Monday to Tuesday, delaying the sampling, which is why the 

frequency of sampling were not regular, which complicated data processing and changed 

the measuring rate from weekly to daily to ensure the data would be comparable between 

the different sampling frequencies. Also, the hydrodynamic changes and the speed of the 

mass of water movement made some of the sampling days complicated, with the trees 

bended down, and prolonging the sampling process in situ: the assigned buddy had to be 

attached to the tree swimming all the time during the sampling period (c.a. 20 min for tissue 

recovery, and c.a. 50 min for the growth measurement), to prevent the collapse of the tree, 

while collecting the measurements and taking pictures. At the same time, the buddy was 

grabbing the diver carrying the sampling, to free both hands, one to take the coral fragment 

and other the ruler or the camera in each case.  

 Besides the number of replicas per genotype were superior in number to the quantity 

used in other studies of the same kind, some genotypes did not accomplish the normality 

condition. The two options to solve it, is to augment the number of replicas, or increase the 

time that the corals were monitored. As well, A. cervicornis seems to have an exponential 

growth process, so the fragments were raised to be 5 cm long. But because the pruning 

process is done by pliers and under the water, despite a piece of bamboo of the correct size 

was used as a cutting guide, the final pieces differed by 1 cm, which may have influenced 

the results. The same happened with the quantity of branches, because each branch added 

length to the TLE, so only the principal body of the fragments were in the range between 5 

and 6 cm. To try to compensate for these differences, the body and the branches were 

measured separately, as well as a time zero measurement to determine the baseline 

differences between the fragments and genotypes. For other coral species, fragments are 
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removed from the water and cut with chainsaws on land. This increases the accuracy of the 

size of each piece, but the corals suffer stress from desiccation and handling that may even 

include more bias in the growth and healing research.  
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Annex I 

Table of the Metadata per sampling day 

Sampling Code Day from start Tº Surface 
(Cº) 

Tº Water 
(Cº) 

Weather Hydrodynamic Visibility Notes 

T0-25 March 0 32 26 Sunny Surge 5m zooplancton 

T1-26 March 1 33 26 Sunny Surge 3m zooplancton around the tree, some sting 

T2-27 March 2 33 26 Sunny+Wind Surge+South 
to north 

4m death zooplancton and in the lines of the 
corals 

T3-28 March 3 32 26 Sunny Surge South 
to North 

8m  zooplancton dissapear 

T4-29 March 4 30 26 Sunny+Cloudy Low surge 10m 
 

T5-30 March 5 30 26 Cloudy+Calm Surge 9m 
 

T6-31 March 6 33 26 Sunny+Windy Low surge 9m 
 

T7-1 April 7 33 27 Sunny Surge 9m 
 

T8-4 April (G1) 10 32 27 Sunny Surge 3m Milky Water 

T9- 6 April  12 32 27 Sunny Surge 6m 
 

T10-8 April 14 30 26 Sunny+Rain / 8m 
 

T11-11 April (G2) 17 30 26 Sunny / 8m  
 

T12-13 April  19 30 26 Sunny / 8m 
 

T13-15 April  21 29 26 Sunny+Cloudy / 6m 
 

T14- 19 April (G3) 25 30 26 Windy+Cloudy North-South 
strong 

6m Trees capsyce and spining 

T15-22 April 28 29 27 Windy+Cloudy Strong current 4m 
 

T16-25 April (G4) 31 29 27 Windy+Cloudy / 5m  Zooplancton and small jellfish 

T17-27 April 33 29 27 Sunny North-South  10m 
 

T18-29 April 35 29 28 Sunny / 5m  
 

T19-2 May (G5) 38 30 27 Sunny / 10m 
 

T20-6 May 42 32 28 Sunny / 6m 
 

T21-13 May 49 29 27 Cloudy / 8m 
 

T22-16 May (G6) 52 29 27 Sunny Low current 8m 
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Annex II 
Sequence of the healing process in the different genotypes 
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