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Abstract 

 
Coral transplantation is a proven method for restoring degraded marine ecosystems affected by environmental 

changes and human activities. This study investigates how depth influences the growth and survival of Acropora 

formosa using the RakSagon structure at Gosong Pramuka Island, Seribu Islands. RakSagon is a hexagonal dome 

frame made of 10 mm iron, coated with a resin-catalyst mixture, and designed with two tiers to support coral 

fragment attachment. The observation spanned 378 days and was divided into three monitoring periods (t0–t3) 

with varying intervals. The study analyzed growth, survival, and effectiveness at depths of 3, 5, and 7 m. Additionally, 

the ratio between coral length and width (0.38–1.08) was measured to identify horizontal or vertical growth 

tendencies. The highest growth occurred at 7 m, averaging 1.41–1.74 cm.mo-1, while the lowest was at 3 m (0.68–

0.99 cm.mo-1). Growth varied between observation periods, with the second interval showing the most notable 

increase. Fragment survival was evaluated using the Survival Rate (SR) and Mortality Index (MI); the MI value of 

0.305 indicated moderate mortality, with a 69% success rate (25 of 36 fragments survived). A one-way ANOVA test 

revealed a significant difference in growth rates among the depths (P= 0.004), confirming that depth plays a crucial 

role in transplantation outcomes. The findings suggest that a depth of 7 m offers optimal conditions for coral growth 

and survival, providing valuable insights for future reef restoration programs and stakeholder initiatives. 
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Introduction 
 

Indonesia has a coral reef ecosystem that 

plays a vital role in sustaining coastal environmental 

preservation (Haya and Fujii, 2020; Dhani Akbar et 

al., 2022; Darajati, 2023; Fauzan and Burhanuddin, 

2023). Coral reefs serve essential ecological 

functions, such as spawning grounds, nursery 

grounds, and feeding grounds for marine species 

(Yap, 2013; Arai, 2015; Zurba, 2019). The condition 

of coral reefs in Indonesia can be classified as 

follows: about 36.18% are categorized as poor, 

34.3% as fair, 22.96% as good, and 6.56% as very 

good (Hadi et al., 2018). 
 

Coral reef ecosystem, hard corals 

(scleractinian corals) are divided into two main 

categories: Acropora and Non-Acropora. Acropora is 

the most dominant coral genus in Indonesia's reef 

ecosystems, with a wide distribution in tropical waters 

like Raja Ampat, Wakatobi, and the Thousand Islands 

(English et al., 1997; Ramadhan, 2016; Loupatty et 

al., 2023). The abundance of Acropora in Indonesia 

is due to its good adaptation to clear, current-rich 

waters. Acropora is known for its faster growth rate 

than non-Acropora corals (Luthfi et al., 2015; 

Mercado-Molina et al., 2020), especially branching 

species like Acropora formosa, which can grow up to 

5-10 cm per year (Ishaq et al., 2023). Acropora 

requires high sunlight intensity, and its optimal 

growth is influenced by clear water quality and 

sufficient currents. The ideal water temperature for 

Acropora growth ranges between 24 and 29°C, 

allowing efficient biological processes within 

Acropora tissues. However, Acropora is more 

sensitive to environmental changes compared to non-

Acropora corals, such as rising water temperatures 

(which cause coral bleaching), pollution, and 

sedimentation (Lieng et al., 2020; Castro-sanguino et 

al., 2021;). 

 

Data shows that Indonesia's coral reefs are 

predominantly in poor condition (36.18%) (Hadi et al., 

2018). Coral reefs face anthropogenic and natural 

threats, such as overfishing, sedimentation, pollution, 

and ocean acidification (Good and Bahr, 2021; Sadili 

et al., 2015; Tkachenko, 2023). The destruction of 

coral reefs can have significant ecological and 

economic impacts  (Nama et al., 2023; Nursita and 

Tarbiyah, 2020; Zurba, 2019). As a response, many 

studies have been conducted to develop effective 

coral reef restoration strategies. Coral reef 
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restoration is restoring or rehabilitating coral reefs to 

a healthy and productive condition after damage or 

degradation (Heeger et al., 2001; Omori, 2011; 

Rinkevich, 2021). Research on coral reef restoration 

is part of global efforts to protect coral reefs and 

mitigate the damage caused by human activities. 

Coral reef restoration can help reduce the negative 

impacts of activities such as sand mining, waste 

disposal, and unsustainable fishing (Boström-

Einarsson et al., 2020; Vandenberg et al., 2021; 

Voolstra et al., 2023).  

 

One of the advantages of coral transplantation 

methods is their ability to accelerate the restoration 

process. By planting healthy coral fragments in 

damaged reef areas, these corals can grow and 

develop rapidly, restoring biodiversity and increasing 

the productivity of coral reef ecosystems (Pratiwi et 

al., 2019; Spadaro and Butler, 2021; Bowling, 2022). 

In the transplantation process, one of the critical 

factors for success is selecting the appropriate depth 

for coral growth (Gomez et al., 2014; Widiastuti et al., 

2023; Tuhumena et al., 2024). This is because coral 

survival rates are highly dependent on water depth, 

which affects the amount of sunlight that penetrates 

the water. The deeper the water, the less light 

reaches the coral. Sunlight is crucial for coral 

because it supports photosynthesis by zooxanthellae 

(Kahng et al., 2019; Malik et al., 2023). A lack of light 

can very seriously threaten coral survival in the long 

term. The amount of light penetrating the water is 

also influenced by the visibility of the water. Water 

depth can also affect the distribution of corals in 

certain areas or waters (Scott et al., 2022). 

 

Several aspects need to be considered when 

conducting transplantation activities to ensure 

success. From 1990 to 2020, 533 coral 

transplantation activities in Indonesia were recorded, 

but only 16% were considered successful, reaching 

long-term monitoring stages (Razak et al., 2022). 

Several studies have shown that coral 

transplantation techniques have positively 

contributed to speeding up coral regeneration. 

However, a common challenge is ensuring the 

effectiveness and efficiency of the binding materials 

used to attach coral fragments to the substrate. This 

is a crucial aspect, as it ensures that coral fragments 

remain connected to their substrate and are not 

dislodged by underwater currents (Yudasmara, 

2015). 

 

The coral transplantation method using 

hexagonal frames, or "spider frames", known for its 

high success rate. Its features a hollow frame 

structure that allows water to flow freely, effectively 

covering coral fragments and sand while stabilizing 

the substrate and enhancing coral growth and 

diversity (Paulangan et al., 2023; Syahrul et al., 

2024). This method is expected to be an effective and 

efficient alternative for coral reef restoration. This 

research aims to assess the growth rate of coral reefs 

using the RakSagon (Hexagon Dome Frame) method 

at Pramuka Island, which is still not widely utilized. 

 

Materials and Methods 

 

This research was conducted from January  

2022 to March  2023. The research locations were 

Gosong Pramuka Island in the Seribu Islands and the 

Marine Protected Area (MPA) (Figure 1). 

Administratively, Gosong Pramuka Island is situated 

in the Seribu Islands, Jakarta, while the Marine 

Protected Area (MPA) is located in the Panggang 

Island region of the Seribu Islands, Jakarta. 

Geographically, Gosong Pramuka Island is positioned 

at 5°44'45.60"S, 106°36'50.40"E, and the Marine 

Protected Area is located at 5°44'10.27"S, 

106°36'34.93"E. 

 

The coral reef condition in the waters of 

Gosong Pramuka falls within the moderate category 

across all three depths. At a depth of 3 m, coral cover 

is the lowest at 35.36%, while at 5 m, it reaches 

36.40%. The highest coral cover is observed at a 

depth of 7 m, with a percentage of 38.12% (Riyantini 

et al., 2023). The Gosong Pramuka area, part of the 

Marine Protected Area (MPA) managed by the Seribu 

Islands National Park, is regulated through a zoning 

system implemented by Seribu Islands National Park. 

 

Data collection 

 

In this study, three selected depths (3, 5, and 

7 m) were used to compare the effect of depth as a 

variable on the success factors of coral growth using 

the transplantation method. The transplantation 

medium used was a RakSagon (Hexagonal Dome 

Frame), made of a 10 mm diameter iron frame 

shaped like a hexagonal dome (Figure 2). The 

RaKsagon structure was coated with a mixture of 

resin and catalyst, followed by the attachment of 

beach sand. Two RakSagon were placed at each 

depth for each species of Acropora formosa. The 36 

A. formosa fragments were distributed across the 

depths, with 12 fragments at each depth and two 

RakSagon per depth for each species (6 tied coral 

fragments). The RakSagon were tied at the base with 

small iron bars to prevent them from separating.  

 

Initial data (t0) was collected on March 8, 

2022. The second data (t1) was collected on June 27, 

2022 (112 days), the third data (t2) on August 11, 

2022 (158 days), and the final data (t3) on March 22, 

2023 (378 days).  Data was collected by diving and 

measuring the coral fragments using calipers with an 

accuracy of ± 0.01 cm. The measurements were 

taken underwater, and at least two divers were 
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required to minimize diver bias (human factor) during 

the measurements. Measurements were made by 

vertically measuring the fragment from the cut point 

to the highest point of the coral. The highest branch 

of each fragment was selected as a reference for 

vertical scale measurement. While the maximum 

width between branches was used as the reference 

for horizontal scale measurement. 

 

Data process and analysis 

 
The survival rate of coral was analyzed using 

the formula expressed as a percentage calculated by 

dividing the number of live transplanted coral 

fragments by the total number of fragments and 

multiplying the result by 100 (Harahap et al., 2022). 

This formula provides a straightforward way to 

quantify the success of coral transplantation efforts, 

indicating the proportion of coral fragments that have 

survived after transplantation relative to the initial 

number. The Mortality Index (MI) divides fragment life 

by the number of fragment samples. The ranges are 

from 0 to 1, illustrating that the closer the value is to 

0, the lower the coral mortality ratio, and thus, the 

higher its health can be considered. Conversely, when 

the MI value approaches 1, it indicates a high coral 

mortality ratio or low health condition (English et al., 

1997).  

 

The observational data were analyzed using 

the coral growth rate formula measuring the fragment 

length and width increase. The increase in coral 

length (L) and width (W) was determined by subtracting  

the average growth observed at time t (Lt) from the  

initial average growth (L0), then dividing the result by 

the observation periods (t1, t2, and t3). This equation 

measures the growth rate, allowing researchers to 

quantify the length and width increase of coral 

fragments over a specified observation period. 

 

Data analysis in this study was conducted 

using several statistical methods. Analysis of 

Variance (ANOVA) was employed to test the 

significance of the treatment effects on coral growth 

based on a Completely Randomized Design (CRD). A 

completely Randomized Design (CRD) is an 

experiment conducted randomly on a data group. This 

test is generally performed in relatively homogeneous 

environments. The following is the model for the 

completely randomized design (Rahmawati and 

Erina, 2020):  

 

𝑌𝑖𝑗 = 𝜇 + 𝜏𝑖 + 𝜀𝑖𝑗 

 

Note : i  = 1,2, …, t and j=1, 2, …, r.; 𝑌𝑖𝑗 = Response 

or observation from treatment i and replication j.; 𝜇 = 

Average; 𝜏𝑖 = Effect of treatment i;   𝜀𝑖𝑗= Effect of 

experimental error from treatment i and replication j. 

 

Subsequently, a homogeneity test was 

conducted using Levene's method (Usmadi, 2020). 

using IBM SPSS  Statistics  23 software. Tukey's test 

(Effective Rate) was conducted as a pairwise 

comparison test to determine which treatment 

variables were significantly affected (Williams et al., 

2001; Hadiyantini et al., 2022). 

 

 
 

Figure 1. Research Location. The island is located in Gosong Pramuka  (left). This area is on Seribu Island MPAs (right), located 

north of Jakarta Capital City, Indonesia. 
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Figure 2. The RakSagon (Hexagonal Dome Frame) design (left) and the fragments attachment positions in every corner of the 

frame on RakSagon (right). 

 

 
Result and Discussion 

 

The physical conditions such as temperature, 

salinity, dissolved oxygen, and pH were observed 

within the same research project (Riyantini et al., 

2023). As for the three depth shows, the temperature 

range is between 29,21 -  29,99 °C, and for salinity 

(0/00), dissolved oxygen and pH are between 29,7–

30,7; 6,8–8,5; and 7,3–8,2 accordingly. The results 

of the physical conditions show that all parameters in 

the area are optimal for coral reefs (Giyanto et al., 

2017). Physical conditions, such as temperature, 

determine the growth of A. formossa (Clark et al., 

2022). These parameters are essential to determine 

whether the physical factor is still in the ideal range 

for coral reefs.  

 

Survival rate 

 

The Mortality Index (MI) calculation for coral 

transplantation yielded a value of 0.305, indicating 

that the coral mortality rate in the area was 

categorized as moderate, with a coral transplantation 

success rate of 69%. Of the 36 coral seedlings 

transplanted, 11 fragments failed to grow or died. A 

more detailed analysis based on depth variation 

revealed that the lowest survival rate occurred at a 

depth of 3 m, where five fragments failed to grow or 

died, while at depths of 5 and 7 m, the number of 

failed fragments was three in both cases. 

 

The mortality of coral fragments resulted from 

the high coverage of Dead Coral Algae (DCA) or 

ascidians, indicating that these waters were under 

pressure from sedimentation, potentially leading to 

eutrophication that allowed algae to multiply 

(Sakaria, 2022). The depth factor showed a slight 

influence on coral reef survival. In this location, the 

deeper areas experienced less turbulence and 

nutrient input, which led to disturbances around 

RakSagon, primarily caused by human activity. 

 

Growth rate 

 
The growth rate measured the coral fragments 

developed in length (L) and width (W) during the 
observation period. The growth rate varied at different 
depths and showed positive results (Figure 3). At a 
depth of 3 m, 7 out of 12 fragments exhibited 
maximum growth, with the highest recorded length 
increase of 0.99 cm.mo-1 and width increase of 0.685 
cm.mo-1. One fragment demonstrated the most 
significant growth, increasing in length by 13.49 cm 
over 378 d, and width growth achieved a maximum 
increase of 19.95 cm. At this depth, the maximum 
growth rate for length showed similar results to 
previous research using the same species and depth 
but yielded slightly different findings (Kambey, 2013), 
which recorded a growth rate of 0.90 cm.mo-1. 

 

The growth of fragments at a depth of 5 m 

shows that the increase at this depth tends to be 

slightly significant compared to the previous depth. 

The values showed maximum growth for both length 

and width, approximately 1.41 cm.mo-1 and 1.74 

cm.mo-1, respectively. This result showed quite a 

distinct number of similar researchers who performed 

transplantation at a depth of 5 m and recorded the 

highest growth rate of 0.183 cm.mo-1 over a research 

period of 4 mos (Hermanto, 2016). For this depth, the 

fragment succeeded in maximum growth until 11.31 

– 15.05 cm in length and width. The most significant 

fragment growth compared to other depths occurred 

at a 7 m depth. The highest coral fragment length at 

this depth reached 16.92 cm, and the most 

considerable width increase occurred in another 

fragment, which increased by 25.80 cm over 378 

days. The highest growth rate was 1.99 and 2.51  

cm.mo-1 for length and width, respectively.  



 

   

ILMU KELAUTAN: Indonesian Journal of Marine Sciences June 2025 Vol 30(2):203-212 

Acropora formosa development in various depths (M. Irhas et al.) 207 

 

Generally, the most significant growth period 

of A. formossa growth per day is during the second 

monitoring (t1 – t2). During this period, the growth rate 

within all depths is between 0.039 – 0.086 cm.day-1. 

The range covers both length and width growth. The 

second period is the shortest interval between 

monitoring (46 d). The third monitoring (t2 – t3) is the 

lowest growth rate period for length and width, 

ranging between 0.005 – 0.044 cm.d-1. 

 

The difference in growth rate per day in this 

research indicates factors influencing the condition. 

The first and second monitoring were during July – 

August, which is in the dry season with good light 

penetration compared to the wet season. Light 

penetration is an influencing factor in the growth of 

coral reefs (Pratiwi et al., 2019). Secondly, the current 

factor influenced sediment flow, as stronger currents 

during the dry season prevented sediment 

accumulation, while weaker currents during the wet 

season led to higher sediment deposition (Nurulita et 

al., 2018). As for technical factors, we cleaned the 

RakSagon from ascidians or other algae that grow 

around the substrate. However, this research does 

not quantify or calculate this factor. 

 

The length-width growth relations are also 

considered to determine the correlation between 

these measurement parameters. The correlation 

value  (R2) is 0.758, which shows a strong positive 

correlation between length and width (Figure 5), with 

width growth tendency to dominate over length 

growth.  

 

The length-width ratio is around 0.36 – 1.08, 

with values close to 1 indicating balanced or 

symmetrical growth, and a ratio higher or lower than 

1 categorized an asymmetrical growth pattern, 

suggesting that environmental factors might be 

influencing one dimension more than the other. This 

result is essential to consider when designing coral 

transplantation media. As for every species/genus, it 

might tend to grow vertically or horizontally. 

RakSagon design accommodates both conditions 

where the fragments have sufficient vertical and 

horizontal space. 

 

Effective rate 

  

A significance value of 0.569 was obtained for 

the homogeneity test. This indicates that the data did 

not show significant differences in variability among 

the coral fragment depths. It can also be stated that 

the obtained data yielded a value greater than the 

alpha level (α= 0.005), suggesting that the coral 

fragment data are homogeneous in terms of variability 

following the homogeneity test requirements. Once the 

data was confirmed to be homogeneous, it could be 

processed using ANOVA.  

 

The ANOVA test yielded a significance value of 

0.004, which is less than the significance level of 

0.05, indicating significant differences among the  

transplant depths. This difference may be due to the 

high mortality rate of corals observed at a depth of 3  

m and the limited growth in fragment height at 5 m, 

leading to a depth of 7 m exhibiting the highest  

growth rates. The analysis also indicates that the 

three and 5-m depths form a single group, suggesting 

no significant difference between these two depths. 

The most effective depth is 7 m, which stands out as  

distinct group compared to 3 and 5 m. Coral growth 

  

 
 

Figure 3. Monthly average distribution for growth in length and width in each depth. Length values are represented in the orange 

box, and width is in blue. The median is in centimeters with a red line inside the box indicating the mean value, and 

zero values in the minimum whisker suggest that the fragments have not survived/died. 
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Figure 4. Growth rate per day between intervals of period of monitoring. Each bar represents each monitoring period, and color 

gradations represent depth. (a) showed value for length and (b) for width. 

 

 
 

Figure 5. Correlation between length and width of A. formossa fragments. The X-axis represents the length distributions, and the 

y-axis is the width. Redline indicates the regression line and produces a linear equation between two factors.  

 

 

a depth of 7 m demonstrates the highest growth rates 

compared to the other depths. This suggests that 

conditions at 7 m may be more conducive to coral 

growth, making it the most effective depth for 

transplantation. 

 

One factor contributing to the effectiveness of 

growth at a depth of 7 m, as indicated by the study 

conducted by Riyantini et al. (2023), is that the 

natural coral cover in the waters of Gosong Pramuka 

at this depth reaches the highest level compared to 

the depths of 3 and 5 m. The presence of healthy and 

diverse natural coral communities can enhance the 

growth rates of transplanted corals, contributing to 

the success of the transplantation process, as 

healthy natural coral cover indicates the stability of 

the water conditions supporting the growth of 

transplanted corals (Prabowo et al., 2022). 

Transplantation sites with dense natural coral cover 

tend to be more successful in supporting the 

development of transplanted corals. Natural coral 

cover can also be an effective physical barrier, 

protecting transplanted corals from predation and 

excessive physical disturbances (Pelasula et al., 

2023). In the ecological context of coral reefs, 

predation often occurs from organisms such as coral-

eating fish and predator starfish (Acanthaster 

plancii), which can damage coral structures and 

hinder their growth. The natural coral cover creates 

complex habitats that can reduce predator access to 
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newly transplanted corals (Boström-Einarsson et al., 

2020). 

 

Coral growth rates at greater depths are faster 

and more favorable than in shallower water 

conditions. Corals in deeper waters experience more 

stable conditions, allowing them to respond more 

specifically and achieve higher success rates in 

simulated parental habitat conditions (Ruiz-Diaz et 

al., 2022). Furthermore, the results of this study 

indicate that one limiting factor for coral growth is the 

emergence of ascidians in the transplantation 

framework, which hinders the development of 

fragments during transplantation. The excessive 

growth rates of ascidians on corals are influenced by 

the corals' morphology, size, orientation, and 

seasonal factors (Shenkar et al., 2008). Selecting the 

location of the RaKsagon installation is also the main 

factor in the success of the growth. The gentle slope 

of the area, coupled with the bed substrate in the 

form of sand, makes the frame more stable. In 

addition, oceanographic factors such as currents also 

play a role, and the current strength is not too strong 

in location. The strong current at a transplantation 

location can potentially disrupt the stability of the 

frame. 

 

The challenges faced by coral performance 

include anthropogenic and non-anthropogenic. The 

main factors that make coral reefs vulnerable in the 

Seribu Islands are domestic waste, industrial waste, 

and environmentally unfriendly fishing (Bryant et al., 

1998). Anthropogenic factors come from the large 

amount of marine debris, such as tree branches and 

plastic, that accumulates and gets caught in the 

frame, so it has a vast potential to cover fragments or 

disrupt the stability of the frame. Non-anthropogenic 

or natural factors come from the growth of competitor 

biota, Ascidian (Tunicata), which can interfere with 

the coral growth process and spatial competition. 

However, both of these things can be overcome by 

conducting regular monitoring. The monitoring covers 

cleaning all disturbances to improve coral fragments' 

life expectancy or survival rate. This will also lead to 

economic benefits. Good coral fragment growth will 

be able to provide to the community for the tourism 

sector through several conservation activities or in 

the fisheries sector. It can be used as a new parent 

stock in the ornamental coral trade market (Dee et 

al., 2014). 

 

Conclusion 

 
Based on the data and analysis, it was found 

that a depth of 7 m has the highest level of 

effectiveness compared to depths of 3 m and 5 m. 

The MI value of 0.305 indicates that the mortality rate 

of transplanted coral fragments is moderate, with a 

coral transplantation success rate of 69%. Out of the 

36 transplanted coral fragments, only 11 did not 

survive. The research results show positive results 

that provide new information related to Indonesia's 

coral reef transplantation process. However, further 

monitoring needs to be done to monitor the exact 

anthropogenic factors around the location that harm 

the existence of coral fragments.  
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