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ABSTRACT

The effect of mineral accretion induced by electric current on settlement, growth, and survival of planula 
larvae and juvenile corals of Pocillopora damicornis was examined by both laboratory and field experiments.  
The laboratory experiment showed that the numbers of larvae settling on tiles with coralline algae and steel plates 
encrusted with limestone under no electric current condition were higher than that of other conditions. In the field, 
the highest survival rates of juvenile corals occurred under the lowest electric current density. However, there was 
no difference on the growth of juvenile corals between different electric current levels. The mineral accretion could 
potentially be used to enhance survival of juvenile corals for coral rehabilitation purpose.  
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InTRoDUcTIon
Coral reefs around the world have been 

declined due to natural phenomenon and an-
thropogenic disturbances recently (Bruno et al., 
2007; Burke et al., 2011). In Thailand, changes on 
diversity and cover of reefs have been attributed 
by both direct and indirect impact of disturbances.  
The examples of disturbances include increasing 
seawater temperatures, tsunami, pollution, 
illegal fishing, anchor damage, sedimentation 
and invasion of non-native species (Brown, 1997; 
Chavanich et al., 2005; 2009a; 2009b; Wilkinson, 
2008).  To restore the degraded reefs, now several 
techniques have been employed (Edwards and 
Gomez, 2007).

One of the coral restoration techniques that 
have been introduced to Thailand is mineral 
accretion through electrolysis in seawater (Hilbertz 
and Goreau, 1996; www.biorock.net). This 
technique has been developed in 1974 by a German 

architect and marine scientist, Wolf H. Hilbertz 
(www.biorock.net). A structure induced under 
low electric current forms a carbonate substrate, 
which later serves as a substrate for settlement 
and survival of marine organisms (www.biorock.
net).  However, the potential use of this technique 
for coral restoration is still not fully experimented 
under different environmental conditions, and 
the results of the technique seem to be varied 
depending on location, coral species and how 
experiments are conducted  (Borell et al., 2010; 
Goreau et al., 2004; Sabater and Yap, 2002; 2004; 
Schuhmacher et al., 2000; Stromberg et al., 2010).  
Biorock® Technology Thailand was established 
since 2004, and operates as a non-profit group 
(Thongtham, 2009; www.biorock-thailand.com).  
In 2005, the group starts coral reef restoration 
project at Koh Samui, Surat Thani Province 
through the support from a local government and 
private groups by constructed metal structures 
at several reefs (Thongtham, 2009). Then, a low 
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voltage of electric current is applied through the 
metal frames resulting a composition of limestone 
and brucite CaCO3 (Thongtham, 2009; www.
biorock-thailand.com).

At present, there are some scientific studies 
related to a mineral accretion technology for reef 
restoration (Borell et al., 2010; Goreau et al., 
2004; Sabater and Yap, 2002; 2004; Schuhmacher 
et al., 2000; Stromberg et al., 2010; van Treeck 
and Schuhmacher, 1997). However, none is 
conducted in Thai reefs. The purpose of this study 
was 1) to examine the effect of electric current and 
electrochemical deposition of CaCO3 on settlement 
of larvae of  Pocillopora damicornis (Linnaeus, 
1758, and 2) to determine the influence of different 
levels of electric current densities on the growth 
and survival of the juvenile P. damicornis in the 
field.

MATeRIAL AnD MeThoDS
Both laboratory and field experiments were 

conducted. The laboratory experiment was 
performed at the coral hatchery at Samesan Island, 
upper Gulf of Thailand, Chonburi Province, while 
the field experiment was operated at Koh Samui, 
middle Gulf of Thailand.  At Koh Samui, mineral 
accretion technology had been used to restore reefs 
in the area.  Experimental metal structures for the 
field study were constructed with the assistance 
from Biorock® Technology Thailand.

Laboratory experiment on the settlement of 
coral larvae

There were 3 types of substrates (10x10 cm 
in size) used in the experiment: steel plate, steel 
plate encrusted with limestone and clay tile with 
coralline algae. Each type of substrates consisted 
of 4 treatments: plate with 4 A/m2 electric current 
density, plate with 2 A/m2 electric current density, 
plate with no electric current density but hooked 
with the electric current equipment and plate with 
no electric current and not hooked with the electric 
current equipment as control. Each treatment had 
three replicates, each of which contained 200 
individuals of planula larvae of P. damicornis.  
Separated aquarium tanks (20x20x20 cm) were ap-
plied for each treatment. In the experiment, natural 
sea water from the sea was used, and the average 

sea water temperature during the experiment was 
28°C. At the beginning of the experiment, 200 
larvae were released into each aquarium in each 
treatment.  Then, after 24 hours of the experimental 
trial, the numbers of larvae settling on each plate 
were counted. A one way ANOVA test followed by 
Tukey’s pairwise mean comparison was performed 
to examine differences in number of settling larvae 
in each type of substrates.

Field experiment on growth and survival of 
juvenile corals

Four metal structures which were build by 
Biorock® Technology Thailand 1–2 years prior 
to the experiment was used in this study. The 
structures were located on a reef 200 meters from 
Chaweng Beach, Koh Samui at approximately 7 
m depth of water.  The size of the structure was 
320X340X160 cm. Each of 3 electric current 
density levels (0.4, 0.65, 0.9 A/m2) was assigned 
in each metal structure.  The fourth metal structure 
was a control with no current density. However, no 
juvenile corals were observed settling on the forth 
metal structure. Thus, the monitoring of juvenile 
corals in the forth structure was not possible.  
The experiment was conducted in 4 months 
from June to October 2008.  In each structure, at 
the beginning of the field experiment, 10 newly 
natural recruiting juvenile corals of P. damicornis 
(between 0.4–2.4 cm in diameter) were randomly 
selected and tagged for monthly monitoring the 
growth and survival rates.  The maximum width of 
juvenile coral colonies was measured.  A one way 
ANOVA test followed by Tukey’s pairwise mean 
comparison was performed to examine differences 
in growth and survival rates of corals in each type 
of metal structures.

RESULTS
The results from the laboratory showed that 

there were significant differences on the settlement 
of P. damicornis larvae on different electric current 
density and different types of plates (P<0.05).  
Control groups on the tile with coralline algae and 
steel plate encrusted with limestone had the highest 
numbers of settling larvae (Fig. 1).  However, no 
significant difference was found in the percentage 
of larvae settling on different plates under different 
current density treatments (Figure 1).  
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The field experiment showed that there was 
no difference on the growth rate of juvenile P. 
damicornis between different levels of electric cur-
rent density (Figure 2). However, after 4 months, 
the juvenile corals under the lowest current density 
showed the highest survival rate (50%), followed 
by one under the medium current density (42%). 
The juvenile corals under the highest current 
density showed the lowest survival rate (11%) 
(Figure 3).

DIScUSSIon
The laboratory results showed that the settle-

ment of P. damicornis larvae differed significantly 
between different electric current densities and 
different types of plates. Coral larvae tended to 
settle more on the tile with coralline algae and on 
the steel plate encrusted with limestone under no 
electric current density than ones under current 
density.  However, it has been reported that the 
mineral accretion enhanced the recruitment of 

Figure 1.  Settlement rates of Pocillopora damicornis planula larvae on different types of 
plates under different electric current density levels shown by types of substrates (above) 
and shown by levels of current density (below).  Mean and SE are shown by bars and lines 
respectively.  Significant difference (P < 0.05) in settlement rates is designated by different 
letters (a and b) above each bar.
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calcareous organisms and eliminated fleshy algae 
by burial under the mineral deposition or by pH 
increase (Schuhmacher and Schillak, 1994).

In this study, no difference on the coral growth 
under different levels of electric current density 
was observed.  The studies of Romatzki (2008) 
and Stromberg et al. (2010) showed that the corals 
Acropora yonge, A. pulchra, and Lophelia pertusa, 
under low current density grew higher than that 
of in the higher current density.  However, the 
growth rate in this study was not as high as that on 
the mineral accretion under a restoration program 
(www.biorock.net). It reported that the corals on 

the mineral accretion grew two to six times higher 
than natural reefs (www.biorock.net),  but no study 
has confirmed this so far. 

In the field experiment in this study, high 
survival of juvenile corals was recorded in the 
lowest electric current density, and high current 
density was not good for the survival.  Stromberg 
et al. (2010) pointed that the positive effect on 
the survival of corals was restricted to the lowest 
current density, and overcharging of current 
density may reduce survival and growth of corals.

In conclusion, the results from this study 
showed high survival of juvenile corals  under the 

Figure 2.  Maximum width of juvenile Pocillopora damicornis growing under three different levels 
of electric current densities during the 4-month period.  Mean and SE are shown.

Figure 3.  Survival rate of juvenile Pocillopora damicornis growing under three different levels of 
electric current densities during the 4-month period.
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low electric current density while the settlement 
and the growth of juvenile corals did not show 
significant benefit under the electric current 
condition. Many works have reported that the 
mineral accretion technology can enhance and 
improve coral recruitment, growth, and survival 
for coral restoration and rehabilitation (Borell et 
al., 2010; Goreau et al., 2004; Romatzki, 2008; 
Sabater and Yap, 2002; 2004; Schuhmacher et 
al., 2000; Stromberg et al., 2010; in this study).  
However, the data from the previous studies 
and this study still showed inconsistency of the 
results when compared with the results from the 
restoration programs claimed by the technology.  
This may be due to several reasons, for example, 
conditions of experimented corals, coral species, 
experimented locations and experimental designs.  
More elaborate studies are needed to understand 
the relationship and mechanisms between mineral 
accretion and corals, which could later apply for a 
maximum use of this technique for coral restora-
tion and rehabilitation purpose.
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