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Abstract. Muzaki FK, Hanifa R, Akhwady R, Saptarini D, Buharianto. 2019. Short Communication: Growth rate of Acropora muricata 

coral fragments transplanted on dome-shaped concrete artificial reef with different composition. Biodiversitas 20: 1555-1559. Artificial 

reefs are artificial habitats laid in waters by mimicking some of the characteristics of natural reefs; and could be made of different 

materials, one of which is concrete. Seashell waste and stone ash could be added as an alternative material to the concrete for artificial 

reefs. The purpose of this research is to access the growth rate of Acropora muricata coral fragments transplanted on the hollow dome-

shaped concrete with three different compositions: C1), conventional concrete, composed by a mixture of Portland cement, sand, and 

gravel (composition was 1:3:2); C2), a mixture of Portland cement, sand and crushed bivalve's shells (composition was 1:3:2); and C3), 

a mixture of Portland cement, stone waste (stone dust), sand and crushed bivalve's shells (composition was 1:3:3:2). Observation of 

coral fragment growth was conducted underwater by Scuba diving for six months with observed parameters were fragment length, 

colony diameter and a number of branching. The highest rate of fragment lengthening of A. muricata coral fragment was at C2 

(1.019±0.081 cm/month) and C1 (1.014±0.076 cm/ month). The highest colony diameter increment was also in C2 (1.903±0.212 

cm/month) and C1 (1.856±0.219 cm/month); while largest number of branches was also in C2 (13.31 or 2.21 branch/month) and C1 

(12.56 or 2.09 branch/month), respectively. Based on one-way ANOVA and Tukey's HSD test (p = 0.05), there is no significant 

difference in fragment lengthening and colony diameter in C1 and C2 model, yet differed significantly with the C3 model.
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INTRODUCTION  

Bivalves are aquatic molluscs that show a fundamental 

bilateral symmetry. Their characteristic shell is composed 

of two calcified valves lying on the right and left sides of 

the body (Poutiers 1998). They are economically important 

and highly potential to be utilized as a protein source 

(Eshmat et al. 2014). The volume of bivalve production in 

Indonesia keeps increasing from 2003 to 2007 by 2.869, 

12.991, 16.348, 18.896 and 15.623 tonnes, respectively 

(Eshmat et al. 2014). 

The significance increment of production and 

consumption of bivalves may cause a problem of 

increasing wastes of bivalve’s shells that have been 

discarded. Therefore, a high amount of solid waste shells 

produced requires serious efforts to handle, in order to 

reduce the negative impacts on humans and the 

environment (Agustini et al. 2011). 

Shells wastes have low economic value and usually 

disposed of in landfill as solid waste (Olivia et al. 2017; 

Nguyen et al. 2017). In Indonesia, shells wastes are also 

commonly used as some craft materials such as souvenirs 

or interior design materials (Agustini et al. 2011). Other 

uses including mixed material for animal feeds or calcium-

rich cookies (Agustini et al. 2011; Nguyen et al. 2017) and 

abrasive materials in toothpaste (Ahmad 2017). Another 

alternative use of the seashell wastes are as raw material for 

making adsorbents in water management (Anugrah et al. 

2015; Wahyudianto 2016) or concrete materials for 

artificial reefs (Agustini et al. 2011; Permana et al. 2014). 

Artificial reefs are artificial (man-made) structures 

deployed on the seafloor and mimicking some of the 

characteristics of natural reefs (Dhiecha et al. 2013) and are 

typically built to promote marine life in areas with a 

generally featureless bottom. Deployment of artificial reefs 

is expected to attract marine organisms to live and settle so 

it can increase fisheries production, as well as restore 

shallow water marine habitat (i.e., coral reefs). Artificial 

reefs are usually made from unused materials such as tires, 

shipwrecks or concrete materials (Dhiecha et al. 2013). 

All seashells wastes are primarily composed of 

naturally formed calcium carbonate (CaCO3) which in the 

form of calcite mineral. The main chemical composition of 

seashells is similar to limestone, primarily consisting of 

calcium oxide (CaO), while CaO composition in seashells 

was found to vary between 48.0% and 86.8% (Mo et al. 

2018). This property made seashells available to be used as 

materials for concrete production and reported that they 

could produce good quality concrete (Cuadraco-Rica et al. 

2015; Nguyen et al. 2017). 
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Concrete, which is one of the best materials for 

artificial reef (Subhan et al. 2014) is used in terms of 

durability and material and has surfaces and cracks that 

suitable for settlement of marine organism (Dhiecha et al. 

2013). The concrete material is relatively sturdy and 

durable and is not easily shifted or swept away by waves; 

concrete substrate also contains calcium, so it is expected 

to accelerate coral growth (Alfeche 2002; Soong and Chen 

2003). 

Concrete applications for artificial reefs are often 

combined with coral transplantation, which is principally a 

coral colony propagation technique based on asexual reef 

reproduction by fragmentation (Johan 2003, 2012; Subhan 

et al. 2014). A study to access the growth rate of coral 

fragments transplanted on concrete substrates made from a 

mixture of seashells wastes is needed. The results are 

expected to be baseline data for the recommendation of 

seashells wastes utilization. 

MATERIALS AND METHODS 

Study area 

The research took place in the area of Batu Lawang 

reef, Pasir Putih Beach, Situbondo, East Java. Concrete as a 

substratum for coral transplantation deployed at 4-5 meter 

depth on the seabed in empty spaces among coral colonies. 

Bottom substrates composed by a mixture of sand and coral 

rubble. Visibility ranged from 8 meters at the rainy season 

and exceeding 12 meters at dry season; surface current 

velocity is moderate (10.4 cm/s) and mainly generated by 

tidal actions (Figure 1). 

Visual observation in the area shows that coral colonies 

on the reef flat dominated by massive, encrusting, 

branching and submassive Acroporid and some branching 

coral (non-Acroporid) lifeforms. At the level of genus, 

massive and encrusting lifeform dominated by Porites, 

Goniastrea and Montastrea, whereas branching lifeform 

dominated by Setiatopora and Pocillopora. Several 

lifeforms of Acroporid occurred in the area; including 

branching (i.e., Acropora muricata, which is dominant 

species, A. florida, and A. nasuta), tabulate (i.e., A. 

hyacinthus), digitate (i.e., A. humilis) and submassive (A. 

palifera). 

Composition of concrete 

The concretes are dome-shaped with a dimension of 50 

cm high and 50 cm in diameter (Figure 2). Three different 

types of concrete were used: C1), conventional concrete 

which composed by a mixture of Portland cement, sand, 

and gravel (composition was 1:3:2); C2), a mixture of 

Portland cement, sand and crushed bivalve's shells 

(composition was 1:3:2); and C3), a mixture of Portland 

cement, stone waste (stone dust), sand and crushed 

bivalve's shells (composition was 1:3:3:2), respectively. 

We have built ten units for each type of concrete, therefore, 

a total of 30 units were available for this study. 

Coral transplantation 

Fragment of A. muricata for transplantation was 

collected from adjacent large donor colonies. Donor 

colonies must be visually healthy (i.e., not bleached nor 

partially covered by algae) and the size of fragments used 

in this study are 10 cm (Muzaki, 2008). Four coral 

fragments planted on each concrete. Fixation of coral 

fragments to concrete (as a substratum for transplantation) 

using cable ties on steel nails previously mounted on the 

concrete. Each fragment then labeled with a waterproof 

paper sheet containing data including number and type of 

concrete and also the number of fragment. 

 

 

 

 

 
 

 
 

 

 
 
 

Figure 1. Research situation map in Batu Lawang reef, Pasir Putih, Bungatan, Situbondo, East Java, Indonesia 
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Figure 2. Concrete model used as substratum in coral 

transplantation  

 

 

After being transplanted, the length of all coral 

fragments was re-measured using a caliper to gain initial 

length (T0). Growth observation including the lengthening 

of coral fragments was performed once every month until 

the 8th month after transplantation (T7). Data recording 

was carried out in situ using SCUBA equipment and 

documented by an underwater camera (Muzaki, 2008). 

Ambient variables measured were water temperature, 

salinity, level of dissolved oxygen (DO), alkalinity (pH) 

and visibility. 

Data analysis 

The difference in the length of the coral fragment (ΔL) 

is the result of the length of the fragment at the end of the 

monitoring period (T7) minus the fragment length at the 

beginning of the monitoring (T0); while lengthening rate of 

coral fragment is the difference in the length of coral 

fragments (ΔL) per unit time (month) as shown in the 

equation below: 

 

 
 

 
 

L7 is the length of the branch after seven months, L0 is 

the initial length of the branch, vL is the rate of branch 

lengthening, and t is time or period of research. A similar 

approach was applied to calculate the difference in the 

diameter of the coral colony (ΔD) and rate of diameter 

increment (vL). The difference in growth rate (based on 

lengthening and diameter increment) of coral fragments on 

each type of concrete was analyzed with one-way analysis 

of variance (ANOVA, at 95% confidence level, p = 0.05), 

followed by Tukey’s HSD test (p = 0.05). 

RESULTS AND DISCUSSION 

Environmental variables 

Average value of measured environmental variable and 

quality standard for marine organism are available in Table 1. 

Table 1. Results of environmental variables measurement 

 

Parameter Unit 
Average 

value 
QS 

Salinity ‰ 31.67±0.87 33-34 

Temperature ⁰C 28.95±0.39 28-30 

DO ppm 7.48±0.19 >5 

pH - 8.05±0.07 7-8.5 

Visibility m 10.66±1.80 >5 

Note: QS: quality standard for marine life, based on Ministry of 

Environment of Republic of Indonesia, Resolution no 51, 

Appendix III (2004) 

 

 

Based on Table 1, all of the environmental variables, 

except for salinity, are still in the range of quality standard 

for marine life, based on Ministry of Environment of 

Republic of Indonesia, Resolution no 51 Appendix III 

(2004). The averaged value for salinity was 31.67±0.87 or 

below the range of quality standard for marine life. 

However, some other studies stated that corals could 

tolerate salinity from 23.3 to 41.8 ppt (Kleypas et al. 1999). 

Therefore, in general, it can be assumed that all 

environmental variables in the study area are suitable for 

coral growth. 

Growth rate of A. muricata coral fragments 

In Scleractinian corals, the skeleton is made of calcium 

carbonate (CaCO3) crystallized in aragonite (orthorhombic 

system) (Allemand et al. 2004; Tambutté et al. 2011). In 

order to build their skeleton, corals have to supply calcium 

and inorganic carbon from ambient seawater (Gattuso et al. 

1999; Allemand et al. 2004). In this study, addition of 

crushed seashell wastes to concrete was intended and 

expected to provide the coral fragments with more calcium 

from the seashell wastes, since they contain many CaCO3 

which vary between 48.0% and 86.8% (Mo et al. 2018); 

however, it can exceed 95-99% (Hariahan et al. 2014). 

Therefore, it can be expected that providing more calcium 

will result in higher calcification rate, or in other hands, a 

higher growth rate of coral fragments. 

After seven months, A. muricata coral fragments 

transplanted on three different compositions of concrete 

show a little higher rate of colony diameter increment in C1 

(1.856±0.219 cm/ month) and C2 (1.903±0.212 cm/ month) 

compared to those in C3 (1.69±0.211 cm/month). 

Measurement of the rate of fragments lengthening shows a 

similar trend to the rate of colony diameter increment, 

which fragments in C1 and C2 have relatively higher 

fragments lengthening compared to fragments in C3. In C1, 

the average rate of lengthening was (1.014±0.076 cm/ 

month), in C2 was 1.019±0.081 cm/month while in C3 was 

0.941±0.080 cm/month, respectively. One-way ANOVA 

test and Tukey’s HSD test (both at p = 0.05) resulted in no 

significant difference in both diameter increment and 

branch lengthening of coral colonies in C1 and C2 but 

significantly differed with coral colonies in C3. A similar 

trend also occurred for the rate of new branches production. 

C1 and C2 concrete have a higher value (2.09 and 2.21 new 

branches per month) compared to C3, which was only 1.07 

new branch per month.  
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Figure 3. Rate of branch lengthening in A. muricata transplanted 

on three different compositions of concretes
 

 
 

 
 

Figure 4. Rate of colony diameter increment in A. muricata 

transplanted on three different compositions of concretes 

 

 

 

In this study, crushed seashells waste used as a 

substitution of gravel (coarse aggregates) in C2 and C3 

concretes. However, this replacement would replacement 

produced low strength and lightweight concrete compared 

to conventional concrete (Dahunsi 2003; Nguyen et al. 

2013; Olivia et al. 2013). Provision of crushed seashells 

waste will increase concrete’s porosity because of increase 

of air entrapped in the concrete (Cuadrado-Rica et al. 

2015), as well as increasing water absorption due to the 

irregular surface and high number of pores (Wang et al. 

2013; Mo et al. 2018) which in turn would increase the 

contact of concrete’s surface to seawater.  

Concrete exposed to seawater will undergo leaching as 

a result of chemical and physical processes (Suprenant 

1991). Such leaching enabling calcium (and other 

compounds in the concrete) to be diluted in seawater, 

providing minerals needed by corals for biomineralization. 

Concerning this, it is expected that coral fragments in C2 

concrete should have a higher growth rate compared to C1 

concrete. However, the results of this study showed that the 

growth rate of coral fragments in both types of concrete 

were not significantly differed. This result may be due to 

the size of seashell waste used which were not in powder 

but aggregates so the leaching process may not take place 

in a short time.  

 
 
Figure 5. Average total branches after seven months and the rate 

of new branches production (per month) in A. muricata 

transplanted on three different compositions of concretes 

 

 

 

Meanwhile, the growth rate of coral fragments in C3 

concretes were lower than in C1 or C2 concretes, although 

aggregates of seashells waste were also added. This is 

probably caused by the addition of stone dust (stone ash) 

that rich in silica and alumina, as well as alkali compound, 

iron, and calcium even in a small amount. The silica is 

amorph and will be readily hardened when mixed with 

cement, forming calcium silicate compounds which are 

difficult to dissolve in water (Wikana et al. 2014). This 

hardening by calcium silicate able to inhibits leaching 

process to occur continuously.  

Results of this study suggested that concrete made from 

crushed seashells waste are possible to be used as artificial 

reef unit for coral transplantation. However, the provision 

of seashells waste was assumed to have no significant 

effect on the rate of lengthening and diameter increment of 

coral fragments or colonies when compared to 

conventional concrete.  
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