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ABSTRACT 

The primary aim of this study was to determine the percentage cover of hard coral colonisation on the 

artificial reef balls at Talang-Satang National Park (TSNP). These reef balls were selected because they have 

been deployed for more than a decade and there is few scientific studies conducted to determine the 

colonisation of artificial reef balls by hard coral and non-hard coral organisms. The deployment site of the 

reef balls was at Batu Penyu which is situated within the TSNP area. Belts transect and quadrat frame were 

used to collect data of percentage cover by hard coral and non-hard coral organisms at each reef ball. Rope 

was used as a marker to divide the artificial reef balls equally into half and into three zones according to the 

height of the reef ball for efficiency when in the process of collecting data. Underwater photography was 

used to ease the identification of hard coral genera. The percentage cover of hard coral and non-hard coral 

differed among different artificial reef balls. The highest percentage cover of hard coral colonisation was 

38% on reef ball no. 3 and the lowest was 2.8% on reef ball no. 8. Overall, the top zone of the reef balls had 

the highest hard coral colonisation of 74%, followed by 19% at middle zone and 7% at lower zone. Different 

hard coral genera existed in different zones of reef balls. The most dominant genus at the top, middle and 

bottom zones is Favia. Growth rate of hard corals differed according to genera. Favia showed the highest 

growth rate of 0.1 - 10.6 cm
2
 yr

-1
 in reef ball no. 17 and Leptoseris had the lowest growth rate of 0 – 0.6 cm

2
 

yr
-1

 in reef ball no.12. However, the percentage cover of hard coral in reef ball no. 17 was lower, 5.9%, 

compared to the percentage cover of hard coral in reef ball no. 12 which was 15.6%. The percentage cover by 

hard corals as well as the dominant coral genera at each zone is postulated to be influenced by the location 

and duration of deployment, as well as the rate of sedimentation. 

Key words: hard coral colonisation, artificial reef balls, percentage cover, quadrat, belt transect 

ABSTRAK 

Tujuan utama kajian ini adalah untuk menentukan kadar pertumbuhan komuniti karang keras pada 

permukaan tukun tiruan di Taman Negara Talang-Satang (TSNP). Tukun tiruan tersebut telah dipilih kerana 

ia telah ditempatkan di lautan lebih daripada satu dekad dan terdapat kekurangan kajian saintifik yang 

dijalankan untuk menentukan kadar pengkolonian karang keras dan bukan karang keras di atas permukaan 

tukun tiruan. Lokasi penempatan tapak tukun tiruan ini ialah di Batu Penyu yang terletak dalam kawasan 

TSNP.  Tali pinggang transek  dan kuadrat bingkai telah digunakan semasa mengumpul data peratusan 

pembentukan oleh karang keras dan bukan karang keras di setiap tukun tiruan. Tali telah digunakan untuk 

membahagikan tukun tiruan mengikut dua bahagian dan tiga zon yang berbeza. Fotografi bawah laut telah 

digunakan untuk memudahkan identifikasi genera karang keras. Peratusan pembentukan karang keras dan 

bukan karang keras berbeza di antara tukun tiruan yang berlainan. Kadar kolonisasi paling tertinggi 

sebanyak 38% pada tukun tiruan no. 3 dan yang terendah sebanyak 2.8% pada tukun tiruan no. 8 . Pada 

keseluruhannya, aras atas tukun tiruan mempunyai pembentukan karang keras tertinggi iaitu 74%, diikuti 

oleh aras tengah dengan peratusan 19% dan 7% pada aras bawah. Pembentukan genera karang keras 

berbeza mengikut aras tukun tiruan. Genus yang dominan di aras atas, tengah dan bawah ialah Favia. Favia 

menunjukkan kadar pertumbuhan yang tertinggi iaitu pada permukaan tukun tiruan no. 17 iaitu 0.1 - 10.6 

cm
2
 yr

-1 
dan Leptoseris menunjukkan kadar pertumbuhan yang terendah iaitu 0 – 0.6 cm

2
 yr

-1
 pada tukun 

tiruan no. 12. Tetapi, peratusan pembentukan karang keras pada tukun tiruan no. 17 ialah rendah iaitu 5.9% 

apabila dibandingkan dengan peratusan pembentukan karang keras pada tukun tiruan no. 12 iaitu 15.6%. 

Peratusan pembentukan oleh karang keras serta genera karang keras yang dominan di setiap aras mungkin 

dipengaruhi oleh faktor lokasi, tempoh tukun tiruan diletakkan serta kadar pemendapan sedimen. 

Kata kunci: pembentukan karang keras, tukun tiruan, peratusan pertumbuhan, kuadrat, tali pinggang 

transek 
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1.0 Introduction 

Colonisation as define in Oxford Dictionary of Biology (2004) is a process in which 

species of living organisms spread or multiply in new areas or regions. Coral is defined as  

any group of sedentary colonial marine invertebrates belonging to the Class Anthozoa of 

Cnidaria phylum. 

 Hard corals (HC) or scientifically known as in the order of Scleractinia, corals of 

well-developed skeletons, are a group of calcified anthozoan corals and commonly figured 

as stony corals (Allen and Steene, 1997 and Stanley Jr., 2003). Corals have brownished 

colored and posessed zooxanthellae or known as unicellular algae, living within the 

polyps’ tissues (Allen and Steene, 1997). Department of Marine Park Malaysia reported 

that there are many types of HC present in Malaysia waters, such as massive corals 

(Dichocoenia sp.), table/plate corals (Montipora sp.), mushroom corals (Ctenactis sp.), 

encrusting corals (Pavona sp.), branching corals (Acropora sp.) and bush corals 

(Pocillopora sp.).   

The Oslo and Paris Convention for the Protection of the Marine Environment of the 

North-East Atlantic and European Artificial Reef Research Network (EARRN) define 

artificial reef as a submerged model set on the seafloor designed to mimic the 

characteristics of natural reefs (Pickering et al., 1998; Baine, 2001; Wilding, 2006; 

Seaman, 2007).  

The deployments of AR had begun since the late 1970s throughout Southeast Asia 

(Chou, 1997).  Sarawak has the first reef project in Asia to employ artificial reef balls as a 

tool for conserving turtles (Ubang, 2001; Awang, 2003). Artificial reef balls possess sharp 

and rough surfaces which are excellent for ripping trawler nets and preventing illegal 
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trawling (Ubang, 2001). Artificial reef balls in Sarawak were deployed randomly at 

Talang-Satang National Park (TNSP) as well as near Batu Penyu located about two 

kilometres away from Talang Besar Island. There were 2,284 units deployed along the 

coast of Sarawak by the Sarawak Reef Balls Working Group (SRBWG) in 1998, and 100 

of the reef balls were sponsored by Petronas. 

 The artificial reef balls are a new technology classified as environmentally friendly. 

This is because the cement used to construct artificial reef balls are of the same pH as salt 

water and with the use of special admixtures including micro silica featuring W.R. Grace’s 

Force 10,000 micro silica (The Reef Beach Company, 1995). This admixture is designed to 

increase compression in concrete and flexural strengths, increase durability, reduce 

permeability and improve hydraulic abrasion erosion resistance. In contrast with AR which 

use the regular concrete, those have a surface pH as high as 12 which can inhibit the 

settlement and growth of marine communities. 

 Research done by Ubang (2001) in TSNP, showed visible growth of coral and other 

marine organisms living on the artificial reef balls after two and a half years of 

deployment. The reef balls were randomly chosen and the reef balls were colonised by 

early stages of HC, and other benthic organisms. However, since this study was done at 

early stage of deployment, identification on  the abundancy nor composition of organisms 

attached to the reef balls could not be done specifically. 

 In a study by Jantan (2004) on the colonisation of AR around Talang-Talang 

Islands located in Sematan, Sarawak, it was reported that there were no differences in the 

assemblage of species between 1998, 1999 and 2002 deployment sites. The percentage 

cover by HC was low at all sites and the growth of the HC was classified as poor (less than 
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24.9 % of live HC cover). The diversity of the organisms was low and unevenly distributed 

in all of the sites. It was concluded that factors such as the interspecific competition, 

physical and chemicals interaction among organisms, and location of the sites can affect 

the overall species assemblage and the colonisation of the artificial reef balls.  

 This study will focus on determining the present colonisation of HC communities 

on artificial reef balls in Talang-Satang National Park. This is important due to few studies 

on identifying attached HC on artificial reef ball in TSNP up to genus level whenever is 

possible, and a few studies on percentage cover by HC colonisation, as well as the few  

studies in colonisation on various vertical zones on the reef balls in TSNP. 

 The primary objectives in this research were : 

a) To identify and assess the composition and abundance of HC and non-HC 

colonising artifical reef balls at Talang-Satang National Park; 

b) To determine the HC colonisation at vertical  zones of the reef ball (top, middle and 

bottom zones); 

c) To quantify the estimation growth rates of HC living on reef balls.  
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2.0 Literature Review 

2.1 Importance of Artificial Reefs 

Aritificial reefs act as a potential tool for reef conservation, rehabilitation, maintain 

and enhance marine biodiversity (Chou, 1997; Pickering et al., 1998; Rilov and Benayahu, 

1998; Miller, 2002; Perkol-Finkel and Benayahu, 2004; Perkol-Finkel et al., 2006; 

Einbinder et al., 2006; Levner et al., 2007; Relini et al., 2007; Perkol-Finkel and 

Benayahu, 2007; Shahbudin et al., 2011). Artificial reefs are also used in coastal 

management by protecting coastline and to enhance fish production (Baine, 2001; Perkol-

Finkel and Benayahu, 2004; Burt et al., 2009; Carmo et al., 2010). Harris (2009) proposed 

that artifical reefs support stable bases for coral attachment as there is a rapid growth in 

Acropora corals or known as staghorn corals on artificial reef balls in Curacao, Antigua 

and Indonesia. However, according to Levner et al. (2007), due to poor management and 

inadequate planning related to artificial reef programmes, over 50% of the programmes 

around the globe have failed.    

Artifical reefs can be placed in such areas where reefs have not been compensated 

for destroyed (Miller, 2002) or deteriorated habitats (Rilov and Benayahu, 1998). 

According to Rinkevich (2005), any artificial structures that were dumped into seabed are 

referred as AR. The factors which play important roles in shaping the species composition 

of the artificial habitats include structural design, spatial orientation, depth and age 

(Perkol-Finkel and Benayahu., 2005; Harris, 2009). A study done by Perkol-Finkel et al. 

(2006)  found complex benthic communities at a shipwreck adjacent to natural reefs when 

examining the possible correlations between artificial features in artificial reef community 

development. Perkol-Finkel et al. (2006) and Relini et al. (2007) support that marine 
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species are most likely to select a complex substratum to settle on compared to simple 

substratum.  

2.2 Growth of Corals and Other Living Organisms on Artificial Reefs 

A study by Titlyanov et al. (2005) showed that scleractinian corals and algae 

compete on newly formed substrate. Massive coral species such as Porites lutea and P. 

cylindrical are able to overgrow more than 100 species of the algae and also some sessile 

animal species but only after 30 to 50 years and under favourable conditions. This is 

affirmed by the study of coral transplantation by Edwards and Clark (1998) that found 

branching coral species are favoured for transplantation due to high rate of growth when 

compared to massive coral species.  

 Artificial reefs enhance diversity and abundance in benthic communities (Chou, 

1997; Burt et al., 2009). The result from Chou (1997) also showed the site-specific 

artificial reefs would majorly affect early benthic community structures while in a study 

done by Nicoletti et al. (2007) showed five different phases occur in the development of 

benthic community on artificial reefs throughout 20 years deployment. Artificial reefs can 

also indirectly affect coral reef communities such as increasing foraging pressures of 

herbivores fish in neighboring natural reefs (Miller, 2002; Einbinder et al., 2006). It was 

found in a study done by Burt et al. (2009) that coral cover was highly abundance on 

artificial reefs (50%) than in natural environment (31%). These results showed that 

artificial reefs are capable of encouraging diversity as well as coral abundancy and fish 

communities.  

 Perkol-Finkel and Benayahu (2004) stated that there are limited studies on the 

progression of artificial reef coral communities in a long-term monitoring and the relations 
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with their natural environment. It was found that there are 90% total living cover of 

Nephtheidae in the artificial reef.  The results from this study indicates that AR increase 

local diversity and space accessibility by accumulating novel habitats, inreasing production 

and elevating species diversity in the environment. 

 Long period monitoring of artificial reefs communities are crucial for 

understanding and investigating the artificial reef ecological processes and evaluating their 

effects on the marine environment (Reinicke et al., 2003; Perkol-Finkel and Benayahu, 

2005; Nicoletti et al., 2007) . It is improper to compare established natural reefs to artificial 

reefs during their early development stages because the communities surrounding will 

continue changing due to various dynamic forces (Reinicke et al., 2003; Burt et al., 2009). 

Rinkevich (2005) stated that artificial reefs structures have always been applied in 

restoration projects due to they were used elsewhere and that the hard substrates are just 

veneered by cemented live stone which overlaid the unconsolidated artificial materials. 

Substrate stabilization acts as major restoration tools in coral reefs colonisation which 

continuously enhance natural recruitment and articulating the corals branching and 

colonies. Variations of materials and methodologies have been used for substrate 

stabilization. For examples, by laying artificial material on top or attached to the reef 

substrate, or either preferably used concrete or natural rock and even by using cheaper and 

less laborious methods, such as lashing corals to seabed to form a grid. 

According to Chou (1997), the implementation of artificial reefs in Malaysia started  

in the year 1975. There are 90% of tyres dumped into the water that act as artifical reefs 

while the rest are of concrete culverts and scrap vessels. Other materials used as artificial 
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reefs include open concrete tubes, steel pipes and wood. Even a sunken ship can also act as 

an artificial reef.  

Below shows the Coral Reef Health Criteria developed by Chou et al. (1994): 

 0% - 25% = Poor Condition 

 26% - 50% = Fair Condition 

 51% - 75% = Good Condition 

 76% - 100% = Excellent Condition 

In Singapore, the artificial reefs are tyres and hollow concrete block. The first 

artificial reef consisting of 120 tyres was constructed by Siliman University in 1977. In 

Thailand, artificial reefs include tyres, open concrete tubes, steel pipes and woods. Brunei 

Darussalam even used oil rig jackets as experimental artificial reefs besides using tyres as 

artificial reefs. A study done by Perkol-Finkel and Benayahu (2005) used oil jetties built in 

late of 1960s, vertical steel pillars and truncated square metal pyramids as artificial reefs.  

Results based the on study done by Shahbudin et al. (2011) showed a total of 12 

coral species found at two different types of artificial reefs in Redang Island, Malaysia. 

The coral species observed to colonise are Seriatopora hystrix, Macrodactyla doreensis, 

Striatopora hystix, Favia stelligera, Platygyra sinensis, Oulophyllia crispa, Favites sp., 

Alveopora sp. (crispy), Acropora formosa, Plerogyra sinuosa, Montastrea curta and 

Alveopora sp.  They concluded that artificial reef balls encourage coral propagation and 

provide a suitable medium for coral establishment as well as for other associated marine 

organisms.  



9 

 

A study done by Ming et al. (2010) discovered that scleractinian corals naturally 

colonising a nine-year old marina seawall located in Singapore. The seawall acts as 

artificial habitats and indicated 26 genera from 13 families showed colonisation on the 

seawall. Pectinia and Turbinaria were the most dominant and the range for colonies size 

were measured 10-25 cm in diameter. The factors that taken into this study were the 

marina’s environmental conditions enhance larvae recruitment and growth, the suitability 

of water quality and circulation patterns, modified habitats with favourable conditions for 

corals growth can support the natural recruitment and development of scleractinians.    

2.3 Process of Colonisation on Artificial Reefs   

 A study done by Perkol-Finkel and Benayahu (2005) indicated that the cause of 

lower coral cover and diversity in the Pyramid-artificial reef as compared to the natural 

reefs are due to the benthic community of the former are still reshaping its features and still 

undergoing changes even after a decade of deployment. However, fouling organisms are 

the main component in increasing structural complexity of artificial reefs’ substratum and 

therefore, promote an excellent condition for the coral settlement. Artificial reefs are rich 

with filter feeders and fouling communities help in improving the water quality (Carr and 

Hixon, 1997; Miller, 2002 and Perkol-Finkel; Benayahu, 2007). 

The building of community structure or colonisation of species on the artificial and 

the neighboring natural reefs are also influenced by the characteristics of natural 

surroundings in the marine environment such as reefs’ facing, depth, sedimentation load 

and water circulation (Rilov and Benayahu, 1998; Perkol-Finkel and Benayahu, 2005). 

This is vital in decision making when deploying and designing artifical reefs to increase 

target recruitments, or encouraging distinct community colonisation (Perkol-Finkel and 
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Benayahu, 2007). A following study by Perkol-Finkel and Benayahu (2009) proved that 

sedimentation load and current velocities by wave action double and tripled the survival of 

soft coral Dendronephthya hemprichi to the stony coral Pocillopora damicornis on 

artificial reefs when compared to the natural reefs.  

 

3.0 Materials and Methods 

3.1 Study Area 

The study on colonisation of artificial reef balls was carried out in Talang-Satang 

National Park, TSNP (Figure 1). The national park consists of Satang Islands and Talang 

Islands. Satang Islands consists of Satang Besar Island and Satang Kecil Island. However, 

this research was conducted at the west of Batu Penyu. Batu Penyu is located near the 

Talang-Talang Islands where it is a dive site for local divers and where the Sarawak Reef 

Balls Working Group (SRBWG) deployed the AR randomly around Batu Penyu in 1998. 

The journey to reach the survey site took approximately 30 minutes by using boat from the 

coast of Sematan Village. Two research trips were conducted to assess the study of 

colonisation on artificial reef balls at the Talang-Satang region. The first research trip 

period was on 25
th

 July 2011 until 29
th

 July 2011 and the second research trip period was 

on 22
th

 April 2012 until 24
th

 April 2012.   

There were ten reef balls observed randomly. The first sampling trip covered the 

data collection for reef ball no. 1, 3, 4, 8, 14 and 19 while the second trip covered the data 

collection for reef ball no. 12, 15, 16 and 17. Reef ball no. 1, 3, 4 and 8 were located near 

to the natural reefs while reef ball no. 14, 15, 16, 17, 18 and 19 were far from the natural 

reefs. The depth of reef balls deployed from surface of water varied as shown in Figure 1. 
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Figure 1:  Map of study area showing the position of artificial reef balls in Batu Penyu 
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The coordinates for the study site were N01
o 

52
’ 
43.7” and E109

o
 45

’
 22.1”, which 

were located by using Global Positioning System (Garmin GPSMAP CSx). Diving gears 

were set up ready on the boat before reaching the location of study sites. Sampling 

techniques that were applied throughout the data collection were PVC quadrat frame (0.50 

m width x 0.50 m length) and transparency quadrat frame (0.23 m width x 0.27 m), belt 

transect by using transparency film (0.10 m width x 0.10 m length) and underwater 

photography. Data observation and collection were recorded on an underwater writing 

slate. In the colonisation study, percentage cover up to genus of HC and the growth rate of 

HC colonised were calculated and determined.    

The HC were identified until the genus zone, and the HC and other non-HC that 

colonise the artificial reef balls were listed. Non-HC include gorgonia (seafans), algae, 

sponges, crustaceans and bivalvia.  A mini artificial reef pyramid was also deployed on 

28
th

 July 2011 at Talang Besar to assess the newly settled organisms from the first trip 

(deployment day) to second trip, a duration of approximately 10 months.  

3.2 Sampling Technique 

There were mainly three types of technique applied during data sampling, and the 

techniques were belt transect, quadrat and underwater photography (Figure 2). Artificial 

reef balls were chosen randomly according to the location of the reef ball (Figure 1). A 

rope of 7 metres length was laid on the artificial reef ball, acted as the marker to divide the 

reef ball into half in order to prevent confusion during the data collection. The three 

different zones in each of the reef ball were divided equally according to the height of the 

reef balls and ropes were used to mark and indicate the zones while the data was recorded. 

The zones were classified as top, middle and bottom zone (Figure 3).  
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Figure 2: The sampling techniques applied throughout this study 

   

 

 

 

  

 

 

 

 

Figure 3: Rope acted as marker was laid on the artificial reef balls in order to divide it into three equal zones 

(Top, Middle, Bottom) 
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3.2.1 Belt Transect 

Belt transect was set up horizontally on the artificial reef ball from one starting 

point of the reef ball to the end point of the reef ball (Figure 4). The measurement size of 

the transparency film used for belt transect, when conducting the percentage cover of HC 

and non-HC was 0.10 m width x 0.10 m length (Figure 5). The area covered by both of the 

HC and non-HC in the belt transect were then counted and written on the underwater 

writing slate. This technique covered the percentage cover in reef ball no. 1, 3, 4 and 19.    

 

  

 

 

 

 

 

 

 

 

 

Figure 4: Belt transect was set up horizontally from one starting point to the end point of artificial reef balls 

 

 

 

 

 

 

 

Figure 5: Belt transect (transparency film) with measurement size of 0.1 m width x 0.1 m length  
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3.2.2 Quadrat 

Quadrat frame of two different sizes were used in measuring the percentage cover 

of HC and non-HC. PVC quadrat frame of measurement size 0.5 m width x 0.5 m length 

covered the area for both the HC and non-HC, in reef ball no. 8 and 3. While the other 

measurement size of an A4 size: 0.23 m width x 0.27 m length covered the area of HC only 

in reef ball no. 12, 15, 16 and 17 (Figure 6). Quadrat frame was laid on the artificial reef 

balls. The area covered for HC and non-HC colonised on the reef balls were counted and 

measured following to the area covered by quadrat frame, in a  vertically and horizontally 

directions (Figure 7).    

 

 

 

  

 

 

Figure 6: (i) PVC quadrat frame of measurement size 0.5 m width x 0.5 m length  

               (ii) Transparency quadrat frame of A4 size: 0.23 m width x 0.27 m length   
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Figure 7: Quadrat frame was set up horizontally and vertically on the artificial reef balls 

3.2.3 Underwater Photography 

Underwater photography was carried out when collecting data by using underwater 

camera in order to ease the identification of HC up to genus zone. Photos of HC colony 

were taken and the genus were identified during the ex-situ assessment (Figure 8). 

Transparency quadrat frame was placed on the HC that showed colonisation on the reef 

ball when taking the photos of HC.  

 

Genus: Favia 

Figure 8: Photos of HC colonised on artificial reef balls with quadrat frame laid on the HC  
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3.2.4 Corals Identification 

Underwater identification of HCs was carried out in-situ by using Coral Finder 

Indo Pacific (Kelley, 2009). The underwater photos during fieldtrip were used to identify 

corals in the laboratory by using Corals of The World (Wood, 1983) and The Hard Corals 

of Sabah (Johnston, 1986).  

3.3 Data Analysis 

3.3.1 Belt transect 

The percentage cover of HC and non-HC in the belt transect method were calculated by 

using formula below: 

Area of organisms covered in belt transect (m
2
)
  
X 100% 

 Total surface area by no. of belt transect (m
2
) 

Organisms that were covered in the quadrat frame are equal to the area of 

organisms covered since the area for each small quadrate frame was 1 m
2
. In order to 

obtain the value for the percentage cover, the area of organisms covered (m
2
) must firstly 

be divided over the total surface area covered by the total number of belt transect, laid 

across from one end to the other end of the artificial reef ball excluding the area of holes 

existed in the reef ball. The value was then multiplied with 100%, which finalise the value 

to be in unit of percentage. The total surface area depends on the area covered by the total 

number of belt transect laid on the artificial reef balls. As an example shown below, 

percentage cover by Porites was calculated following the formula above.  
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Example,  

0.022 m
2
(Area of  orites covered in belt transect  

0.29 m
2
( otal surface area covered by no.of belt transect  

  100    7. 9  of  orite  

3.3.2 Quadrat 

Quadrat method applied during this study was to determine the percentage of HC and non-

HC colonised on the artificial reef balls, analyzed according to the formula below: 

Area covered by organisms in the quadrat frame (m
2
)
  
X 100% 

   Area of quadrat frame (m
2
) 

The percentage cover for both of HC and non-HC were obtained by dividing the area 

covered by organisms in the quadrat frame over the quadrat frame area, and multiplied to 

100%. The area covered by the organisms in the quadrat frame included the total number 

HC and non-HC. For an example, the percentage cover by Porites was calculated 

following the above formula, shown as below: 

Example, 

0.0046 m
2
 (Area covered by organisms in the quadrat frame)

  
X 100% 

   0.0249 m
2
 (Area of quadrat frame) 

3.3.3 Estimation of Growth Rate 

The deployment of the reef balls in Batu Penyu was conducted in 1998 and the estimated 

period of deployment was about 14 years. Growth rate of genera that showed the most 

dominant area cover was calculated by using the formula below: (Karsten et al., 2006, 

Yeemin et al., 2006; Jud and Layman, 2012; Bjornsson, 2012) 


