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ABSTRACT 

This study aims to determine the best depth for transplanted coral growth. The type of coral that 

was transplanted was of the type Montipora foliosa (Pallas, 1766). The study lasted for almost 8 months 

(October 2014 to May 2015). The method in this study is to conduct field experiments using a 

completely randomized design (CRD) with different water depths as treatment, namely at a depth of 3 

meters, 6 meters, 9 meters, 12 meters, and 15 meters. Each treatment was repeated 3 times to obtain 15 

experimental units. The location of the field experiment is on Biawak Island, Indramayu, West Java. 

The results of the study showed that coral growth with the highest value was at a depth of 6 meters with 

an average monthly height growth rate of 2.93 mm/month and a monthly width growth rate of 10.26 

mm/month, while the lowest coral growth rate was found at a depth of 15 meters with The average 

growth rate is 0.7 mm/month in height and 2.19 mm/month in width. 
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1.  INTRODUCTION 

 

Coral reef ecosystems are an important part of marine ecosystems because they are a 

source of life for various marine life. On this coral reef, there are more than 300 species of 

coral, consisting of about 200 species of fish and dozens of species of mollusk crustaceans, 

sponges, algae, seagrass, and another biota [1,2]. This ecosystem plays a role in ecological 

processes, namely as a place for calcium carbonate production and bio-erosion, primary and 

herbivorous production, secondary production and predation, and absorption and release of 

nutrients [3]. In addition, coral reefs also have an equally important function, namely as coastal 

protection from degradation and abrasion [4,5]. Coral reef ecosystems also provide services to 

support the marine tourism industry for foreign exchange earnings and provide significant 

employment and business opportunities for the community's economic improvement [6–8].  

However, in recent years coral reefs have experienced significant degradation as a result 

of the impact of human disturbances and natural factors on their biodiversity and ecosystem 

functions [9–11]. In this case, coral reefs become unstable, although there is plenty of room for 

coral reefs to attach and grow, they are very sensitive and vulnerable to stressors [12,13]. 

Damage to coral reefs can cause various kinds of losses both bio-ecologically [10,14,15] as well 

as economics [16–18]. Coral reef areas that have been damaged can recover naturally but it 

takes a relatively long time. Slow coral growth is one of the factors that makes the overall coral 

recovery take a long time, suitable environmental conditions, and avoid potential disturbances 

[19]. Branching coral species such as Acropora and Pocillopora have a growth of 6-8 cm/year 

while massive coral species such as Porites and Lobophyllia have a growth of 0.5-1 cm/year 

[20]. Efforts to increase the quantity and quality of coral reef ecosystems quickly can be carried 

out through rehabilitation and restoration efforts [21,22]. 

Various techniques and efforts have been made to repair and restore coral reefs. A 

rehabilitation technique that has been known and has been applied in several areas of the world 

is coral transplantation [23]. Coral transplantation is one of the efforts to rehabilitate coral reefs 

through transplanting live coral on media which becomes a new habitat on vacant land [24]. 

Coral transplantation is expected to accelerate the regeneration of coral reefs that have been 

damaged and can also be used to build new coral reef areas that previously did not exist. In 

addition, its use is also to add adult corals to the population so that larval production in damaged 

coral reef ecosystems can be increased again [25].  

The growth and development of coral reefs are influenced by environmental limiting 

factors. The depth of the waters where corals grow is an aspect that is closely related to 

environmental factors that support coral reef life such as brightness, light, temperature, salinity, 

water movement, and substrate. Environmental factors that have a large enough influence on 

coral growth are light, temperature, sedimentation, and biological activity [26]. Apart from the 

depth factor, the type of coral is also quite important for the success of transplant activities. 

Several coral species have been shown to show significant survival and growth [27]. 

Based on the background that has been presented, this research is aimed at assessing the 

best depth for the growth of transplanted corals. The type of coral that was transplanted was of 

the Montipora foliosa species. This type of coral is considered to have a relatively faster growth 

rate and has fairly good adaptability [20]. The results of this study are expected to be a 

consideration in determining the depth of the waters when transplanting corals, especially from 

the genera Montipora so that rehabilitation and restoration of coral reefs are more effective and 

efficient. 
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2.  MATERIALS AND METHODS 

2. 1. Time and Location 

This study was conducted from September 2014 to March 2015 with the location on 

Biawak Island, Indramayu - West Java. A map of the study location can be seen in Figure 1.  

Determination of the location of the station is done by paying attention to the supporting 

factors for the growth of coral reefs in the waters of Biawak Island, from which it is known that 

the location of the southern waters of Biawak Island is good enough to carry out this research 

because of access to the location of the research station which is close and seeing one of the 

supporting factors for The growth of coral reefs is sunlight. Sunlight on the southern part of 

Biawak Island is more optimal in radiation than on the other side. 

 

 
 

Figure 1. Map of Biawak Island, site of the coral transplant field experiment. 

  

 

2. 2. Tools and Materials 

 

The tools and materials used during this research can be seen in Table 1. 
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Table 1. Research tools and materials in coral observation. 

 

No. Tools and Materials Description 

1 

SCUBA (Self-Contained Underwater 

Breathing Apparatus) 

equipment 

Diving equipment 

2 Underwater camera As a photo-taking tool 

3 waterproof paper Data recording media 

4 Pencil Observational data writing 

5 Ruler 
Measurement of the length and width of 

coral fragments 

6 Global Positioning System (GPS) 
Determination of the location of the field 

experiment station 

7 Transplant rack Artificial substrate attachment media 

8 Artificial substrate Place of attachment of coral fragments 

9 Coral Fragment Experimental material of the type Montipora 

10 Waterproof marker Coral module numbering 

11 Tight Cable 
Number binder to the substrate and substrate 

binder to rack 

12 Personal Computer (PC) Processing of observational data 

 

 

2. 3. Substrate 

The substrate used this time is made of a mixture of cement sand and styrofoam. This 

styrofoam serves as a lightweight substrate. The substrate is made in a circle using a mold from 

a paralon pipe with a diameter of about 7.5 cm, in the middle, there is a paralon pipe as a 

medium for attaching coral fragments to the substrate (Figure 2a). 

 

2. 4. Coral Fragment  

Coral fragments (seedlings) used were from the Montipora coral species. A sampling of 

corals begins with finding the location of seedlings around coral reefs that have been damaged 

until the coral reefs are still in good condition, for example, the percentage of live coral cover 

is more than 40%, and has environmental conditions (depth and current conditions) similar to 

the coral reef locations that have been identified. broken earlier. The seedling was taken by 

cutting the parent coral branches in place (4 - 5 cm from the tip of the branch) and not cutting 

the parent coral colonies that were located close to each other to avoid striking ecosystem 

damage. 

 



World Scientific News 167 (2022) 1-15 

 

 

-5- 

2. 5. Transplant Rack Construction 

Making a transplant rack or commonly called a transplant table in this study is quite 

simple. Made of paralon pipe filled with cement so that it is heavier in weight than the frame 

of the transplant table. The size of this transplant table is 50 x 50 cm. The frames that have been 

connected are then covered with a net in the middle as an adhesive medium for the artificial 

substrate (Figure 2b). Each shelf contains 6 substrates that have been pasted with Montipora 

coral fragments. 

 

 
 

Figure 2. Coral transplant media, (a) substrate that has been attached to coral fragments;  

(b) construction of transplant racks and coral substrate arrangement. 

 

 

2. 6. Field Experiment 

 

 
 

Figure 3. Laying the transplant rack at different depths. 
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This study was compiled based on a completely randomized design (CRD) with water 

depth as the treatment. After the transplantation rack placement station is determined, then the 

tools, materials, and transplant media have been prepared, then the transplant table is ready to 

be lowered and placed at different depths. Each transplant table consisted of 6 substrates that 

had been pasted with Montipora foliosa fragments with different fragment sizes. The table is 

placed at 5 pre-determined depth points, namely at a depth of 3 meters, 6 meters, 9 meters, 12 

meters, and 15 meters (Figure 3).  

Each treatment was repeated 3 times to obtain 15 experimental units. 

 

2. 7. Growth Observation and Survival Rate 

The calculation analysis of the observed growth and survival of coral fragments refers to 

the equation used by [28]. Measurement of growth dimensions consisted of an increase in length 

(longest length) and height increase (highest height) in coral fragments (Figure 4). 

Measurement of coral length and height using a ruler. The measurement process is carried 

out directly in the water with the help of SCUBA diving equipment. 

 

 
 

Figure 4. Dimensi pengukuran fragmen karang. 

 

 

The growth parameter in the first analysis was absolute growth, namely the total growth 

from the beginning of the measurement to the end of the measurement. To calculate the absolute 

growth or growth achievement of the transplanted Montipora foliosa coral fragments, it was 

done using the following equation: 

 

β = 𝐿𝑡 − 𝐿0  
 

where: 

β  = Increase in width/height of coral fragments 

𝐿𝑡  = Average width/height of coral fragments after month-t 

𝐿0  = Average width/height of coral fragments at month-0 

 



World Scientific News 167 (2022) 1-15 

 

 

-7- 

The second step is to calculate the growth rate of coral fragments transplanted every 

month using the following equation: 

 

α =
Li+1 − Li

ti+1 − ti
 

 

where: 

α   = The rate of increase in length or width of transplanted coral fragments 

Li+1 = Average width or height of fragment at time- i+1 

Li  = Average width or height of fragment at a time- i 

ti+1  = time- i+1 

ti   = time- i 
 

Meanwhile, the survival rate (SR) of corals can be determined by comparing the number 

of corals that are alive at the end of the study (Nt) compared to the number of corals transplanted 

at the beginning of the observation (N0). Survival rate (in this case coral fragments) is a level 

that indicates some corals are still alive and remain physically and biologically active for a 

certain time. The formula used to calculate the survival rate of transplanted corals is as follows: 

 

𝑆𝑅 =
𝑁𝑡

𝑁𝑜
 𝑥 100% 

 

where: 

𝑆𝑅  = Survival Rate 

𝑁𝑡  = Number of individuals (fragment) at the end of the study 

N0 = Number of individuals (fragment) at the beginning of the study 

 

 

3.  RESULT AND DISSCUSION 

3. 1. Absolute Growth 

In Figure 5 the absolute growth graph of the Montipora coral can be seen. The absolute 

growth of Montipora foliosa for approximately 8 months of observation showed that the growth 

in width of the Montipora coral was much higher than the absolute growth value of height. This 

picture is in line with research conducted by [29] which showed that the genus Montipora 

tended to grow with the same pattern, namely the growth in length (width) was greater than 

growth in height, even though the transplants were carried out at different locations and depths. 

Types of coral with a sheet colony growth form such as Montipora will carry out long 

growth more intensively than followed by high growth. Montipora with morphology in the form 

of sheets (foliose) has a growth shape that tends to be elongated. With this kind of lifeform, 

Montipora will calcify the skeleton tending to the side rather than upwards, to follow its 

morphological form. This pattern of growth and morphology of Montipora foliosa which tends 

to widen can also be due to the influence of the physical properties and characteristics of the 

waters where these corals live. The physical characteristics of the coral transplant site on 

Biawak Island are low depth and strong wave action. In shallow areas, having sufficient light 
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supply, and being exposed to large waves will cause coral growth to have shorter and blunt 

branches [30]. 

 

 
 

Figure 5. Chart of transplanted Montipora coral absolute growth. 

 

 

The graph also shows that the best absolute growth of Montipora foliosa was at a depth 

of 6 meters with an average absolute growth of height and fragment width at that depth of 14.8 

mm and 58.3 mm, while the absolute growth with the smallest value was at a depth of 15 meters 

with a maximum growth of 15 meters. The average absolute growth of the height and width of 

the fragments at these depths was 6.8 mm and 18.7 mm, respectively. The drastic difference in 

absolute growth values at the two depths can be caused by several factors, namely at a depth of 

6 meters obtaining optimum light and water circulation. Meanwhile, at a depth of 15 meters, 

the transplant rack tends to be overgrown with algae so that there is competition for space 

between the transplanted hard corals and the algae growing on the transplant rack. This 

condition can be seen in Figure 8a. 

 

3. 2. Relative Growth Rate 

The growth rate is the level of achievement of coral growth every month. The value of 

the growth rate will always be dynamic due to the factors that affect coral growth in different 

conditions every month. These factors include sea surface temperature (SST), which will vary 

in value depending on the season and will affect the rate of coral growth every month. [9,31].  

Based on the results of observing the size of the fragments every month, the values for 

the growth rate of height and width at a depth of 3 meters to 15 meters are shown in Figure 6 

and Figure 7. Based on the graph, the highest growth rate of coral Montipora foliosa was 

reached at a depth of 3 meters with a monthly growth rate of 5.3 mm/month observed in the 

first observation (October-November 2014) and the lowest at a depth of 15 meters, namely 0.2 

mm/month. on the fourth observation (April-May 2015). Meanwhile, the highest width growth 
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rate was achieved at a depth of 6 meters, namely 18.8 mm/month in the fourth observation 

(April-May 2015) and the lowest width growth rate was achieved at a depth of 12 meters in the 

fourth observation (April-May 2015) 0.97 mm/month. 

The growth of coral fragments, both in width and height, experienced a decrease in 

growth rate from November to March. This is because the weather factor in that period was 

very bad so many coral fragments were stressed and made coral growth in that month range not 

optimal, even causing some corals to die (Figure 8b). 

The high waves and strong currents during that moon period (west monsoon) resulted in 

the waters on Biawak Island and its surroundings experiencing significant changes including 

abnormal seawater temperatures, lack of light, high levels of turbidity, and high sedimentation. 

These things are thought to be the main impact of stunted coral growth during this period 

because currents are a significant factor in influencing coral growth [32] 

 

 
 

Figure 6. Laju Pertumbuhan Tinggi karang Montipora. 

 

 

In the following month period, it was seen that the growth of coral fragments at all depths 

experienced a fairly rapid increase in the value of the growth rate except at a depth of 12 and 

15 meters. The increase in growth rate is due to the sedimentation rate due to currents during 

the west monsoon which has decreased and no longer interferes with the entry of sunlight into 

the waters so that the growth process of coral fragments is no longer disturbed. This condition 

is by the opinion [30,33] which states that light is one of the important factors for coral growth 

because 90% of coral animal food is distributed by zooxanthellae which need light for their 

survival through the process of photosynthesis. At a depth of 12 and 15 meters did not 

experience good growth compared to the other three depths (3, 6, and 9 meters). These two 

depths have a growth rate value that tends to decrease every month, even these two depths are 
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the largest contributor to the mortality rate of coral fragments. This could be due to algae that 

thrives to cover the surface of coral polyps, causing coral fragments to be stunted and even 

causing the death of coral fragments. Another possibility that causes the inhibition of coral 

growth at a depth of 12 and 15 meters is due to stress due to the environment that is not the 

same as the environment where the fragment is sourced. According to [34,35], stress on coral 

reefs can be predicted by observing coral reef responses to stressors. In this case, the stress 

factor from coral fragments at a depth of 12 and 15 meters in space competition between corals 

and algae thrives at a depth of 12 and 15 meters. 

 

 
 

Figure 7. Growth rate width of Montipora coral. 

 

 

3. 3. Survival Rate (SR) 

The SR also depends on the accuracy of the method, especially in the treatment of 

fragments and biological factors such as the type of hard coral transplanted and the response to 

environmental conditions [27]. Coral fragment survival data during the observation period are 

presented in Table 2 as follow: 

 

Table 2. SR of Montipora coral on transplantation media. 

 

Observation Month October November March April May 
 

Number of Fragments 90 80 68 68 68 

SR (%) 75.55 
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Based on these data, the SR of transplanted Montipora corals, both at depths of 3, 6, 9, 

12, and 15 meters, until the end of the study was 75.55%. This SR value indicates that the 

survival of the Montipora foliosa fragment on Biawak Island is quite good. According to [36], 

The success of coral transplantation can be judged by the survival rate of 50% or more. This is 

also supported by research conducted by [37] which states that the survival of corals from the 

genera Montipora is quite high. In the first month of observation (October), the transplanted 

hard corals secreted mucus and paled in color due to stress, this condition can be seen in Figure 

8c.  

 

 
(a) 

 
(b) 

 

 
 (c)  

 
(d) 

 

 

Figure 8. Transplantation Rack conditions during observation, (a) Algae and coral 

competition at a depth of 15 meters; (b) March 2015 transplant rack condition; (c) Condition 

of coral at the beginning of the observation; and (d) Broken transplant racks and missing  

coral fragments.  

 

 

In observations, in the following months, the hard corals do not secrete any more mucus 

and look not pale this is because the corals have been able to adapt to their new environment. 

The coral seedlings were quick to adapt because the source of the transplanted corals came from 

the south of Biawak Island, which is not far from the transplant site. This is intended so that the 

transplanted coral fragments can survive and adapt more quickly. This is in line with the death 

rate in the following months which was not too high. In addition to space competition with 
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algae, other factors that caused the loss and death of transplanted coral fragments were caused 

by the presence of several bleached corals and also strong currents and waves from December 

2014 to February 2015 resulting in damaged shelves and some fragments detached from the 

substrate as shown in Figure 8d. 

Overall, the percentage of SR has a trend that tends to decrease and is expected to continue 

to decline after May 2015. The main factor causing the decrease in the percentage of SR is 

estimated to be the release of coral fragments from the transplant table. It was seen that only a 

few coral fragments were found that died from algae or disease. According to [27], one of the 

factors that affect the coral mortality rate in transplantation is the fragment attachment 

technique. Furthermore, [38] also stated the importance of binding coral fragments firmly and 

firmly to prevent coral fragments from detaching from the module [39-45]. 

 

 

4.  CONCLUSIONS 

 

Based on the results of a study that has been carried out for almost 8 months, it can be 

concluded that a good growth rate of Montipora coral is at a depth of 6 meters with an average 

monthly growth rate of 2.93 mm/month and a monthly width growth rate of 10.26 mm/month. 

Coral growth with the lowest value was found at a depth of 15 meters with an average growth 

rate of 0.7 mm/month in height and 2.19 mm/month in width. The deeper the transplant rack is, 

the lower the coral growth rate will be. 
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