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ABSTRACT 

Quantitative assessment of the percentage cover of sessile organisms colonizing the artificial reetballs in 
three selected localities according the year of deployments (1998,1999 and 2002) around the Talang- 
Talang Islands of Sarawak had been carried out using a sampling quadra with the aid of SCUBA showed 
that the organisms assemblage in all sites was not much different from each other, even though they were 
deployed in separate locations with different timeframes. Sessile organisms of the reefballs were classified 
into several major groups and the percentage cover of the macro algae group was significantly higher (P< 
0.05) comparing to the other groups of organisms. The percentage cover of live hard corals were poor in 
all site. Macro algae-hard corals competition over space was predicted to be the major contributing factor 
for this scenario. Several other factors such as the physical feature, the chemical properties of the macro 
algae (allelochemicals) and the accumulation of clay and silt on the top of reefball potentially inhibited the 
growth of hard corals on the reefballs substrate. Water quality parameters that were examined were 
postulated not influencing the species assemblage and the percentage cover of the organisms. The overall 
percentage cover of the organisms colonizing the reefballs was influenced by the location and the age of 
the reetbalIs. 

Key words; Sessile organisms, reefballs, percentage cover 

ABSTRAK 

Penilaian peratus penutupan organisma yang menghuni permukaan tukun tiruan reef ball 'telah 
dijalankan secara kuantitatif dengan mengunakan teknik rangka kuadrat mengikut lokasi tertentu 
berdasarkan tahun ianya diletakkan di sekitar perairan Pulau Talang-Talang, Sarawak dengan bantuan 
SCUBA. Secara umumnya, jenis organisma yang mendiami tukun reef ball tidak berbeza antara satu sama 
lain walaupun berbeza lokasi dan masa ianya diletakkan. Oragnisma yang menduduki tukun reefball telah 
dikelasifrkasikan kepada beberapa kumpulan utama dan didapatijumlah penutupan kumpulan makro alga 
adalah yang paling tinggi dan signifikan berbanding jumlah peratus penutupan bagi kumpulan yang lain 
(P< 0.05). Sementara itu, peratus penutupan bagi karang hidup di kesemua lokasi persempelan adalah 
sangat rendah. Ini berkemungkinan besar disebabkan persaingan diantara karang dengan makro alga 
untuk mendapatkan ruang. Selain itu, telah dikenalpasti beberapa faktor faktor fizikal dan kandungan 
bahan kimia (allelochemical) yang ada pada makro alga dan tanah liat dan pasir halus yang termendap 
di permukaan tukun reef ball berpotensi untuk menyebabkan pertumbuhan karang di tukun tiruan reef ball 
menjadi sangat perlahan. Parameter kualiti air yang telah dipercayai tidak memberi kesan yang 
signifikan keatas peratusan penutupan organisma di tukun reef ball mahupun ke atas jenis-jenis 
organisma yang mendudukinya. Secara keseluruhannya, peratus penutupan organisma yang menduduki 
tukun reefball dipengaruhi oleh lokasi dan umur tukun tersebut.. 

Kata kunci: Organisma sesil, reefball, peratus penutupan 
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1.0 INTRODUCTION 

Artificial habitats in marine ecosystem created accidentally or deliberately by human activity, 

from either natural materials or man-made structures offer a great potential opportunity for 

improving habitat, increasing food and energy resources and manipulating assemblages of 

organisms in many ways that benefit humankind especially the quality of life to those who live 

in waterfront villages which economy of that region depends solely on artisanal and commercial 

fisheries activity (Bohnsack et al., 1991). 

The intention of creating such habitat will not only be beneficial for those who are 

involved in fishery sector but for the enhancement of the aquatic ecosystem as a whole. Besides, 

with extra consideration for the dwindling and conflict in managing the natural resources, such 

artificial habitat would be a significant effort in managing the coastal zone and its resources 

towards sustainability of recourse utilization. 

According to Seaman and Sprague (1991), artificial habitat can be describe in many ways 

such as a "benthic concrete pipe reef', a "floating foam filed tire", a "lake brush pile" or a "turtle 

ball", as known as the reefball and these man-made structure are deployed to mimic natural reef 

at least by providing relief to flat, featureless ocean bottom. There are many other types of 

artificial habitat practiced by many other countries world wide. The Japanese has created an 

artificial reefs; the so- called Tsukiiso (Stone et al., 1991). This man-made structure was made 

simply by dumping rocks and boats on the sea floor to enhance fish stocks at an existing natural 

reefs. 
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Apparently, Sarawak is the first state in Malaysia and even in the South East Asia to 

initiate the program on conserving its marine environment and at the same time to improve the 

growth in fishery by deploying a man-made structure as an artificial habitat around the highly 

productive Talang-Talang Islands. Apart from reefball, there are other types of artificial reef 

deployed around the Talang-Talang Islands waters such as palletball, bayball and ultraball 

(Sarawak Reefballs Working Groups, 2002). Somehow, these structures offer the same benefits 

to human kind and to the marine environment itself. 

Theoretically, an artificial habitat should play the same roles and contributions 

ecologically as it is in the natural reefs except for the differences in designs and structure 

positioning in the aquatic environment. As discussed by Bohnsack et al. (1991), many species 

that utilize natural reefs have morphological, behavioral and physiological adaptations that 

preadapt them to successfully exploit artificial habitat. 

According to Bohnsack and Sutherland (1985), colonization in artificial reef habitats 

defined as the establishment of populations and the process of colonization usually begins at the 

moment of deployment. In the early stages, most of fouling organisms for instances the sponges, 

tunicate and corals, colonize the artificial reefs by settlement of pelagic larvae. As artificial 

habitat can provide sources of food, refuge and shelter and sites for orientation and reproduction. 

However, the presence of any species depends on the suitability of living condition, supplements 

and existence of recruits and higher recruitment and immigration than emigration and mortality. 

As stated in a study done by Bohnsack et al. (1991), the amplitude and rate of colonization of 

sessile organisms in artificial habitat, particularly the reefball were determined by these factors: 

1) geographical location of the deployment along with the environmental condition has a 

significant impact in organisms assemblages in any artificial habitat, 2) surrounding substrate 
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may act as an important intermediate habitat that influences recruitment. 3) depth could alter light 

penetration and temperature which are crucial for algal growth, abundance and productivity, 4) 

inverse increase in number by attached sessile species accumulating with time was observed by 

Schoener (1982). The reason is fewer species have evolved at higher latitude and 5) water 

condition and quality have pros and contras effect on the colonization rate, amplitude and pattern 

in an artificial reefs depending on colonist preferences. For instance, the water of 

Los Angeles Harbor on the U. S Pacific coast is considered polluted and turbid, yet the artificial 

habitat there has a flourish population of giant kelp. 

Like other artificial habitats, colonization by invertebrates in reefball can occur rapidly or 

slowly. The time of deployment may influence initial colonization depending on what recruits are 

available in the water column. Substrates are colonized differently within and between locality 

even if the material used is the same (Seaman and Sprague, 1991). However, Woodhead and 

Jacobson (1985) reported some differences in species preferences and rate of colonization 

between reef made from concrete blocks and from coal waste materials, although overall fouling 

assemblages were similar. Fitzhardinge and Bailey-Brock (1989) reported higher recruitment to 

metal surfaces than to rubber in Hawaii, and provided fouling assemblages similar to the nearby 

natural substrate. According to Johnston (1986), the explanation of the statement above is, the 

availability of colonist which vary and temporally depending on factors such as the concentration 

of light penetration and whether or not the surrounding is favorable for the colonists larvae to 

settle down and develop. 

Therefore, in this research, three different sites around Talang-Talang Islands waters with 

three different years of deployment were selected ( Table 1). The purpose of this study was to 
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assess and estimate the rate of organisms particularly the sessile community colonizing the 

reefballs and to compile baseline data on water quality and composition of sediment in that 

particular area. 

Table 1. Reefball deployment data around the Talang-Talang Islands, (Sarawak Reefballs 
Working Groups, 2002). 

Site 1 Site 2 Site 3 

Latitude 01 °52.629'N 01 °52.60'N 01056.331 'N 

Longitude 109°54'582'E 109°45.56'E 109045.902'E 

Location Batu 

Penyu, Sematan 

Batu Penyu, 

Sematan 

Talang-Talang 

Islands to 

Samunsam 

Date of 

deployment 

21/09/1999 22/09/1998 3&4/08/02 

2.0 MATERIALS AND METHODS 

2.1 Study Area 

In Sarawak, one of the areas where the fisheries activity is considered progressive is around the 

Talang-Talang Islands, a few miles away from the coast of Sematan. Due to this potential, three 

different localities of reefball deployments around Talang-Talang Islands had been chosen as the 

study area for this research (Figure 1). Sarawak is the first state in Asia to use environmental 

friendly reefball to conserve its high value and endangered marine lives, in particular the marine 

turtles. The reefball deployment project in Sarawak was initiated by deploying the reefball 

around the Talang-Satang National Park. 
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According to Sarawak Reefballs Working Group (2002), reefballs have been deployed in 

fifteen different localities around Talang-Talang Islands such as Batu Penyu (or 

known as Batu Mandi), Sematan, Kuala Buntal, Tg. Embang, Tg. Belanda, Tukong Ara Island, 

Mersan and around the area from Talang-Talang Islands heading towards Samunsam. However, 

in this study, only three localities around the Talang-Talang Islands were studied. 

To assess colonization of reefball around the Talang-Talang islands, two research trips 

have been conducted. The first trip was held from 13 till 15 of November 2003 and the second 

trip was conducted from 20 till 23 of October 2003. In the first trip, assessment on sessile 

organisms colonizing the reefball had been successfully done on the years of deployment 1999 

and 2002. During the second trip, data had been gathered for reefball deployed in 1998. Also, a 

set of subordinate data from the 1999 deployment were also gathered. 

In both trips, the same methods and materials had were used. First, the clusters of reefball which 

have been deployed in different years were located. These clusters of reefball were located with 

the help of the GPS (Global Positioning System) reading which had been recorded earlier by The 

Marine Fishery Department during the deployment. Some of the readings were not exact, several 

dives were made to locate the clusters of reefballs. 

Data on sessile organisms that colonize the reefball, sediments accumulate on the top, and 

at the bottom of the reefballs and water sample were collected by SCUBA diving. 
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Denoted the reefballs in three selected localities in each year of deployment which were also the 
sampling site for the colonization study and the analysis for total suspended solid (TSS) and 
particle size (PSA). 

Figure I. Location Of Reefball Around Talang-Talang Islands, Sarawak. 

2.2 General Description on Weather, Ocean and Reefball Condition 

Information about local habitat must include the detailed data on water quality and conditions, 

sediments and weather (Seaman and Sprague, 1991). 

2.2.1 Weather and Ocean Condition 

A brief description of weather, wave, current and the ocean's condition was recorded. The first 

trip was held in non-monsoonal season, therefore, the ocean was much calmer than it was in the 
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second trip where it was conducted during monsoon season. Therefore, in this study, bottom and 

shore topography and tidal inundation were described and recorded. 

2.2.2 Reefball Condition 

Important descriptions of the reefball at every locality of deployment were recorded. Data 

collected include the avalability of sediment on reefball top, type of bottom sediment at the 

reefballs area, existance of sessile organisms on reefballs surface, proximity to potential sources 

of recruits such as the natural reefs ecosystem and proximity from mainland or any potential 

source of nutrients fluxes (for example from the estuarine discharge). 

2.2.3 Measuring Reefball Height 

Height of reefballs were measured with a measuring tape. Reefballs were measured straight 

down from the top (reefball highest point) till the point above the sediment (Figure 2). At least of 

three readings were taken (measured from 3 different angles) and the average readings were 

recorded. A total of at least three reefballs per year of deployment were measured. The average 

reading of reefball's height were calculated with the formulae below; 

Average reading (cm) _ (reading l+reading 2+ reading 3)/3 
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Figure 2. Technique in measuring reefballs height. 

2.3 COLONIZATION STUDY 

2.3.1 Quadrat Frame Sampling Technique 

Five quadrats sampling frame made from nylon were used. Each unit of quadrats frame 

measured with 300 cm long x 30 cm width. For each and every smaller square in the quadrats, the 

total unit area was 100 cm 2 (10 cm x 10 cm) (Figure 3). 

30Cm i 
4 

3daC m 

H 
lacm 

Figure 3. Sampling quadrat frame for colonization study. 

2 lOcm 
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Two quadrat frames were used in the data collection. The first quadrat was placed in the 

north to south direction and the other quadrat will cover the west till the east part of reefball at 

each sampling site (Figure 4). 

IN OAÜ3 

iIES T 
S OQPm 

Figure 4. Quadrat frame placement. 

Eai T 

In each direction, only colonist present in the outer squares were counted. Therefore, organisms 

which were enclosed in the middle part of the quadrat were ignored. This was just carried out 

consistency. Identified colonists were recorded in the writing slate according to group such as 

hard coral, soft coral, macro alga or other organisms. Under each of these groups, colonist were 

then classified according to their genus. For example, under the group of hard coral, there might 

be genus Acropora identified (Table 2). 
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To make in situ identification easier, photos of coral and other organisms that were be present 

were arranged according to the genus. However, specimens that could not be identified directly 

were brought up and identified in the laboratory. 

Table 2. Underwater writing slate for colonization study. 

Leader: Date: Visibility: 
Ball #: Depth: Time: 

Quadrat #: eight: Bottom Type: 
Square LHC DHC SC MA SPG MO CA SU LO CB SH NB CO Others 

sp ecif ) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
etc 

By Coverage (percentage): 
LHC - Live Hard Coral; DHC - Dead Hard Coral; SC - Soft Coral; MA - Macro Algae; SPG - Sponge; CA- 

Coralline Algae 
By Number: SU - Sea Urchins; LO - Lobsters; CB - Crabs; SH - Shrimps; NB - Nudibranchs; 

CO - Cuttlefish/Octopus 

To make in situ identification easier, photos of coral and other organisms that were be 

present were arranged according to the genus. However, specimens that could not be identified 

directly were brought to be identified in the laboratory. 

Reefball colonists such as hard corals and mollusks were identified up to the genus level. 

According to Clark (1996), diversities at the generic level is as effective as at the species level, 
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and that in a complex ecosystem, such as the artificial reef habitat and in the natural reefs, it is 

cost effective and time saving. Therefore, to ensure the accuracy of in situ identification, an 

effective guidance kit was used. The kit was a laminated photos of coral and arranged according 

to the genus. Besides that, in quantifying the percentage cover of colonists organisms on the 

reefball, another kit was used. The kit was made from a plastic slide (projector slides) with a 

square of 100 cm2 (10 cm x 10 cm) drawn on it (Figure 5). The total area will then be divided 

into 100 smaller squares which means the percentage the smaller square is 1%. This kit was 

flipped on the top of the small squares in the quadrat frame. 

1% 

Figure 5. Transparency kit. 

Correct species identification may be the most important part of a visual census data base 

(Harmelin-Vivien et al., 1985). Therefore, still photographs and video recording had also been 

used as identification aid especially for ex-situ identification. 
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Percentage cover of colonial organisms were calculated according this formulae: 

Percentage of cover for hard coral (example; Acropora sp. ) 

ö/ßX 100% 

a= total individual count in for genus Acropora 

ß= Total number of squares in each quadrats frame 

Condition of the reefs was assessed using the values obtained from combining the 

percentages cover for live hard corals. According to Clark (1996), arbitrary categories have been 

designed for corals in natural reefs. However, it is also applicable in assessing corals in artificial 

habitat . The arbitrary is as follow; 

Excellent (75 %-100 % live coral) 

Good (50 %-74.9 % live coral cover) 

Fair (25 %- 49.95 % live coral cover) 

Poor (0-24.9 % live coral cover) 

2.3.2. Determining the Number of Individuals of Constituent Genus or Species 

In a complex ecosystem such as in the natural and artificial reefs, diversities at generic level is as 

good as in the species level. However, in both cases, the estimation of individuals in a constituent 

genus or species has to be as accurate as possible. In this study, the number of individuals for 

macro algae was determined by sub-sampling from the main sample collected. The number of 

individual was calculated from a known area estimated from the transparency kit. A single unit of 

square from the transparency is 1 cm- and is taken as equivalent to 1%. A single holdfast of the 

macro algae is equivalent to I% and is estimated as one individual. 
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Larger size organisms such as the barnacles and tunicates were counted individually. 

However, the individual number of hard corals were estimated by counting the polyps . 

2.4 WATER QUALITY STUDY 

2.4.1 Visibility 

Visibility is one of the water quality parameters which is extremely important to estimate the 

colonization rate in reefball ecosystem especially in visual base method. In this study, visibility 

was estimated by using a measuring tape. At the beginning, the one-end of the measuring tape 

was held by Diver A and stay put at the nearest point to the reefball, while Diver B swam 

horizontally until Diver A was out of sight. The length of the measuring tape (measured from 

Diver A till the point where Diver A was out of sight from diver B's position) was the visibility 

at that particular dive area. 

2.4.2 Total Suspended Solid (TSS) 

Total suspended solids were determine according to APHA (1998) technique in every water 

sample collected. At mid level of each reefball, I liter of water was collected using a plastic 

bottle. Water samples were collected in three replicates for the 1998,1999,2002 and also in a site 

100 m further from the 1998 site. Although there were no reefballs in this site, the total 

suspended solid in the water column was determined and will be compared to the amount total 

suspended solid estimated in the other sites. Water samples were brought up to the laboratory and 

filtered using 0.47 gm pore membrane filters that weighed earlier. When this was done, the 

residues that was left on the membrane was then dried in the oven at 103 °C. After l hour, 

residues were brought out from the oven and weighed and recorded. Samples were put back in 
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the oven and the drying process was repeated for another half an hour. Then, samples were re- 

weighed and recorded. The same procedure as stated above were repeated until a constant weight 

obtained. The calculation for TSS analysis is as follows: 

Total suspended solid (mg/I) = {(A-B)* 1000}/ sample volume (ml) 

Where; A= weight of filter + dried residue (mg) 

B= weight of filter (mg) 

2.4.3 Particle Size Analysis (PSA) 

Particle-size analysis (PSA) is a measurement of the size distribution of individual particles in a 

soil sample (Bauder and Gee, 1986). Through various stages of process, both bottom and 

reefballs top sediment were analyzed and classified according to their major groups; sand (63 

micrometer), coarse silt (20 micrometer), silt (5 micrometer) and clay (2 micrometer) according 

to the classifying system used by the Canadian Soil Survey Committee (CSSC) (Bauder and Gee, 

1986). 

At each station, sample at four different locations (north, south, east and west) were 

collected using a syringe at a depth of 10 cm at four different locations (0 m, 10 m, 20 m and 30 

m away) from the reefball. For each station, sediment was collected in two replicates for each 

distance . Samples were placed in plastic bags and mixed thoroughly before been dried overnight 

at 105 °C in the oven. In any stages of analyzing, sediment for a particular replicate were not 

allowed to mix-up with sediment from other replicates. As a precaution, each and every sample 

of sediment were properly labeled. 

Dried sediment were sieved using a2 mm sieve to remove particles larger than the mesh 

size. Sieved sediment were weighed for 10 g and poured into a cone flask. Then, 100 ml of 
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distilled water was added and the mouth of the flask was sealed with parafilm tightly before the 

spinning process took place. Sediment-filled flask cone were left on the spinner for 18 hours. 

Beforehand, for each replicate, four petri dishes were used and labeled as SAND (63 µm), 

COARSE SILT (20µm) , SILT (5µm), and CLAY (2µm) before they were oven-dried overnight 

at 105 °C. Then, petri dishes were weighed and the weights were recorded. 

When the spinning process completed, sediment were sieved with 50 µm of mesh size. 

Sieved sediment were collected in a 1000 ml beaker. While sieving, sediment were rinsed with 

distilled water until the distilled water that came out from the sieve appeared clear. While rinsing, 

the volume of distilled water had to be controlled (volume used for rinsing should not exceeded 

1000 ml). Sediment which were retained on the sieve were transferred into the petri dish with the 

SAND label. The mixture of sediment and the distilled water in the cylinder were placed in a 

water bath with a controlled temperature of 26 °C. 

Pipette analysis was run for clay, coarse, silt and fine silt fractions from the sediment 

sample. The mixture was stirred with a stirrer according to Table 2. Stop watch was used to 

monitor the time fraction between sizes of particle (Figure 2). As for coarse silt (20µm), the 

mixture was pipette with 25 ml pipette. The tip-end of the pipette was dipped until 10 cm depth 

(measured from the surface of the mixture). Pipette volume was transferred into specifically 

labeled petri dish. Silt-contained mixture was obtained in this step. To obtain the clay-contained 

mixture, the depth of the pipettes tip-end was reduced to 6.7 cm. Mixture-contained petri dishes 

were oven-dried overnight at 105 °C. Finally, petri dishes were weighed and recorded. 
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Table 2. Timetable for the soil fraction analysis. 

Sample Stirred 
(min) 

Coarse silt 
(20 µm) 

Fine silt 
(5 m) 

Clay 
(2 m) 

Sample 1 0 4 min 1 sec lh4 min 27 sec 4h 30 min 

Sample 2 2 7 min 1 sec Ih7 min 27 sec 4h 33 min 

Sample 3 8 13 min I sec Ih 13 min 27 sec 4h 39 min 

Particle sizes were calculated using the formula: 

Clay (2 gm) (%) = 100 x (RW2 x CF) / TW 

Where : RW2 = Sample dry weight 

CF = 1000 ml/DV 

DV = Pipette volume 

TW = Sample total weight 

Silt (5 gm) (%) =[ 100 x (RW20 x CF) / TW] - Clay (%) 

Where : RW20 = Weight of dried residues <20 micron / TW x 100 Sand 

(63 gm )(%) = residues net weight / TW x 100 

Coarse silt (20 µm) (%) = 100 - (Fine silt + Sand) (%) 

2.5 LABORATORY ANALYSIS (EX-SITU ASSESSMENT) 

2.5.1 Sample Collection and Identification 

Some species could not be identified in situ, therefore, further identification was done in 

laboratory. In this situation, a small fragment of coral or other organisms were taken out using a 

diver knife. This work was done carefully to minimize destruction and death especially on coral. 
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Once the sample of similar physical appearance was collected, it would not be taken again in the 

next sampling. Specimen will be placed inside a plastic bag and labeled. 

A small fragment of each unidentified sample collected preserved in formalin solution (10 

% concentration) as soon as possible. For organisms like the mollusk, sample were transferred 

into alcohol (70 %) after 72 hours of formalin-preserved. In the laboratory, specimen will be 

cleaned with tap water before identifying. To remove the polyps tissue in coral, specimens were 

soaked in a dilution of 20: 80 of bleach solution Sodium hypochlorite 5.25 % (Clorox) and left for 

I to 2 days (Fang, 1992). When bleaching was complete, the specimen were cleaned with tap 

water again to remove the bleach residues before the drying process. Drying process took several 

hours under the sun. 

Specimens were identified using the magnifier glass and microscope if necessary. For 

further information on systematic, taxonomy and physiology of the specimens, literatures 

regarding marine lives and organisms were referred such as by Bryce and Wells (1993), Ho 

(1992), Littler et al. (1995), Gremli and Newman (1993) and Humann (1993). 

2.6 DATA ANALYSIS 

The diversity and evenness of sessile colonists in the quadrats were determined by the 

Brillouin's Diversity Index (H) and the Pielou homogeneity Index (J) . 

2.6.1 Brillouin's Diversity Index (H) 

According to Clark (1996), Brillouin's H gives the actual diversity of a fully censuses 

collection of organisms and does not require unrealistic assumption about the sampled 
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population. This diversity index provides better discrimination when small replicate samples are 

used, as compared to a single large sample. 

Brillouin's Diversity Index, (H) defined as: 

H= (1/N) log (N! / ni!, nj!.... nx! ) 

Where ,N is the total number of individuals and ni, nj..... nx are the number of individuals of the 

constituent species. Diversities at the generic level is as effective as in the species level, and that 

in a complex ecosystem, like in the artificial reef habitat and the natural reef, it is cost effective 

and save time (Clark, 1996). 

2.6.2 Pielou Homogeneity Index (J) 

The evenness of species was calculated based on Pielou (1966). 

J=H/ln S 

Where, S= the number of colonist genus present in the quadrats frame 

H= Value from Brillouin's species Diversity Index 

2.6.3 Analysis of Variance (ANOVA) One-way (single factor) 

The Analysis of Variance (ANOVA) with single factor was carried out to seek any 

significant difference between percentage cover of colonists, as the variable, in three different 

years of deployment as the factor (Samuels, 1989). The same analysis was carried out to seek 

out significance different in amount of total suspended solid (TSS) in water samples and 

sediments collected in the reefballs area. This analysis was completed with the SPSS software 

and Microsoft Excel. 
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To support the Null Hypothesis (where there was a significant difference detected in 

means of organisms colonizing the reefballs according to specific years of deployment), the 

analysis was proceeded with multiple comparisons as the ad hoc test (Tukey' HSD test) (Zar, 

1984). 

3. RESULTS 

3.1 Colonization of the Reefball 

3.1.1. Site 1 (Year of Deployment 1998) 

Clusters of reetballs were found at the west part of the Talang-Talang Kecil Island 

Figure 1). The average height of the reetballs measured was 1.5 m. This site was located nearby 

the natural reefs system of the Talang-Talang Kecil Island. 

Since this site of deployment was sampled during monsoon season, the horizontal 

visibility was very poor (maximum of 3 m) due to current and wave action. Basically, the 

organisms available during the sampling were classified into six major groups (Table 3). The 

most abundant organisms was the macro algae belonged to the Rhodophyta (red algae). They 

constituted as much as 94.2 % of the total percentage cover of representatives available in the 

sampling quadrat. This group of macro algae comprising of the Chondria armata which was the 

most abundant. This macro algae not only colonized the bare substrate of the reefballs, but was 

also observed to grow on bivalves shells. The reef cementing algae, Porolithon pachydermum 

available in patches often found near the hole and crevices of the reetballs and the Peyssonelia 

sp. were also available in patches and colonized mostly the crevices and near the reefballs hole. 
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Hard corals (encrusting) were estimated at 1.65 % from the whole representatives and 

belonged to the genus Acropora, Diploria, Favia, Porites and Favites. These hard corals were 

found in small patches. 

The mollusks were encompassed of the barnacles (Balanus sp. ) which was the most 

abundant and the rock oyster (Sacostrea cucullata) contributed 2.68 % from the over all 

representatives. However, there were more barnacles than the oyster were observed. 

Under the group of ascidia, the abundance of tunicate or known as the sea squirt 

(Perophora sp. ) was estimated at 4.05 %. From observation, this organisms colonized the 

reefballs surface in two different modes, either in small patches of individuals attached to one 

another or solitary. Opistobranch which is also classified under the mollusks, a sea slug 

(Jorunnafunebris) carried out 0.04 % from the total percentage cover. 
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Figure 6. Percentage cover of organisms in 1998 site. 

3.1.2 Site 2 (Year of Deployment 1999) 

Located further down from the 1998 deployment site, this site was relatively closer towards the 

coast of Sematan. This site was on the South West of Talang-Talang Kecil and the nearby 

landmark, the Batu Mandi (Figure I) . The average visibility and height of reefball taken during 

sampling were 10.2 m and 0.89 m respectively. 

Basically, the organisms found in this site were not much different than those found in the 

1998 deployment site. The organisms were classified into six major groups (Table 3). The macro 

algae (Rhodophyta) contributed the highest percentage cover (80.82 %) and this percentage was 

found significant comparing to the percentage contributed by the rest of organisms (P< 0.05). 

Macro algae encompassed of the Chondria armata was found in great abundance comparing to 
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