
 

 

 

CHAPTER II 

LITERATURE REVIEW 

 

2.1.  Pearl Oyster (Pinctada maxima) 

2.1.1.Distribution and Taxonomic position 

 The present of Pinctada maximautilize was recorded for the first time in 

northern Australian waters. They are commonly called the silver-lipped or gold-

lipped and produce the famous South Sea Pearl (SSP). They found in depths of up 

90 metres although their optimal habitat is at about 35 metres (Mamangkey, 2009). 

 

 

 

 

 

 

Figure 2.1 

A distribution of Pinctada maxima  (Mamangkey, 2009) 

 

Pinctada maxima is distributed in the central Indo-Pacific region from 

Myanmar to the Solomon Islands, including Southeast Asia, the Philippines, South 

China Sea, Australia,Papua New Guinea, Indonesia, Polynesia, Micronesia, and 

southern Japan Figure (2.1). The range extends north to Hainan Island off the coast 



 

 

 

of China to 25°S on the west coast of Australia and 16°E on the east coast (Wada 

and Temkin, 2008). 

The taxonomy position of Pinctada maxima is shown below: 

Phyllum Mollusca 

Class Bivalvia 

Order Pterioida 

Family Pteriidae 

Genus Pinctada 

Species Pinctada maxima(Sutaman, 1993) 

P. maxima have a light beige color externally, though variants do occur, and 

radial markings are absent.  Internally, the nacre is thick and has a high luster, with 

the outer border having a gold or silver band (Figure 2.2), the reason why P. maxima 

is popularly known as the golden- or silver-lipped pearl oyster.  The left valve is 

convex and the right valve only slightly so (Scarrattet al, 2012). 

 

 

 

 

 

 

 

Figure 2.2.  

A partial anatomy of P. Maxima (Scarratt et al, 2012) 



 

 

 

 

No discrete or meristic differences in anatomical characters differentiating 

P. maxima from P. margaritifera were found with the exception of byssus 

sloughing in adult individuals exceeding 150 mm in length and the unique shape of 

the anal funnel(Wada and Temkin, 2008). 

Pearl oysters are protandric hemaphrodites, which means that most arefirst 

male, then female. Themale phase usually occurs during the first 2-3 years of life, 

with the change to the female phase in lateryears. Pearl oysters have been reported 

to live as long as 25 years. Pearl oysters reproduce by releasingmillions of eggs or 

sperm into the water column, where fertilization occurs randomly. In less than 

24hours, the fertilized egg develops into a trocophore larva, a free-swimming 

organism (Figure 2.3). Thelarvae remain suspended in the water column for 2-3 

weeks before undergoing metamorphosis, changinginto an attached juvenile “spat.” 

Shortly before metamorphosis, the larva develops an enlarged footand an eye-spot. 

The foot remains after metamorphosis, and the young spat retains the ability to 

moveabout for several months even after it attaches itself to a hard substrate. Pearl 

oysters can attach andreattach themselves using the byssus (Haws, 2002). 

 

 

 

 

Figure 2.3  

The life cycle of the pearl oyster. 



 

 

 

 

2.1.2. Culture systems 

The methods commonly used to grow-out P.maxima are longline (Figure 

2.4) and rafts (Figure 2.5). Longline is a series of spherical or cylindrical floats are 

attached by synthetic rope or chain at uniform interval. The line is generally 20m long. 

The ropes are moored with anchors. The oyster cages are suspended from the ropes. 

This system is good for open sea conditions and is practiced in certain parts of the world 

(Lal, 2005). 

 

 

Figure 2.4.  

Longline used for Pearl oyster culture in clear sea water (Haws, 2002) 

 

In the raft culture system, raft frames are made from timber, plastic pipe or 

bamboo and attached by floats like plastic containers, drums or barrels to provide 

buoyancy. To maintain their position, rafts are anchored or have fixed structure like 

jetties. Ropes with many individuals of P.maxima are attached hang down on ropes 

in longline or raft culture system. The advantage of rafts culture compared to 



 

 

 

longline is that rafts provide a work platform to repair, clean and store culture tools 

and also to maintain pearl oyster. On the other hand, longline culture has better 

design to deal with wave or wind exposure. In grow-out, cleaning the pearl oyster 

periodically is important to remove contaminant organisms which attach on their 

shells (Aji, 2011). 

 

 

 

 

 

 

 

 

 

 

Figure 2.5.  

Raft culture system (Haws, 2002) 

 

Haws (2002) explained that the underwater trestles (Figure 2.6) can be built 

from timber, PVC pipes or steel reinforcing bar. Low trestles are used as a base for 

trays or cages made out of vinyl-coated wire mesh. Higher trestles can be used to 

hang chaplets or lantern baskets. Underwater trestles can be used to culture adult 

oysters or juveniles, depending on which type of container you wish to use. 



 

 

 

 

Figure 2.6.  

Underwater trestles (Haws, 2002) 

 

2.1.3 Environment factors 

a. Chlorophyll-a 

 Chlorophyll is the pigment that allows plants (including algae) to use 

sunlight to convert simple moleculesinto organic compounds via theprocess of 

photosynthesis. Of theseveral kinds of chlorophyll, chlorophyll a is thepredominant 

type found in green plants and algae. Measuring chlorophyll a concentrations in 

water is asurrogate for actually measuringalgae biomass, which is far 

moreexpensive and time consuming. 

 Some amount of algae is naturally present in all healthy lakes. Bymeasuring 

chlorophyll a, we are determining the amount of food available to fuel the lake’s 

food web. Too little chlorophyll a indicates that there may not be enough food to 

support and a bundant biological community. On the other hand, too much 

chlorophyll a indicates that nutrient levels in the lake may beartificially high (Bruce, 



 

 

 

2003). Acording Radiarta (2010a) optimum range for oater farming is 1 mg/l to 2 

mg/l. 

 

b. Temperature 

 The temperature range within the Australian P. maxima fishery is from 19°C 

to 32°C(Gervis and Sims, 1992) Indian Pinctada maxima is from24°C to 28°C 

(Raoet al, 2009) Indonesian Pinctada maxima is from 24°C -31°C (Hamzah and 

Setiyono, 2008) above 28°C, the pearloysters show signs of exhaustioin (Chellams, 

1987). Cold water reduces the heart rate, slows growth rates, hinders reproductive 

development and renders pearl oysters more vulnerable to infection reported 

heavier mortalities on stressed P. maxima during winter.  

 The temperature also determines the rate of deposition of nacre both on 

shells and on nuclei and therefore limits pearl culture sites to areas within the 

optimum temperature ranges. However, although the growth of pearls is reduced 

with lower temperature, the quality or luster is improved due to the thinner layers 

of nacre and so most harvesting of pearls is carried in the winter (Garvis and Sims, 

1992). 

 

c. Bathymetry 

 The upper limit of most of the Pteriidae is within the intertidal zone, 

although in many areas it is unusual to find any of the commercial species in waters 

shallower than 10 m, owing to commercial fishing pressure. Pinctada maxima has 

a depth range of 0-80 m, with the depth limit being dependent upon location. 



 

 

 

Pinctada margaritifera, which is naturally most abundant around the low tide mark, 

extends to depths of 40 rn in the Torres Straits and Polynesia (Garvis and Sims, 

1992) but the optimum depth for growth in culture is 2-30 m (Hamzah, 2003) 

 

d. Currents 

 A current is beneficial, since water exchange provides a constant supply of 

oxygen and nutrients to the pearl oysters. Water exchange also helps prevent a 

build-up of waste products beneath the farm that could cause problems with water 

quality. It is important to observe both surface and bottom currents at a site, since 

in some areas the surface current may appear to be adequate, but the bottom current 

may be much less. Waste products can then accumulate underneath the farm. Areas 

with fast currents or rough water, however, are difficult to work in and possibly 

harmful to the pearl oysters. Therefore, only slight currents are tolerable. Areas with 

stagnant water or rotting seaweed present are also not good sites (Haws, 2006). 

Water currents also have influence of filtration of Pinctada maxima, best currents 

for culture of oyster in Indonesia is 0.1 m/s (Taufiq et al, 2007) and according to 

Kangkan (2010) is 0.2 m/s - 0.4 m/s. Optimum range for Pinctada maxima shows 

in Table 2.1. 

 

 

 

 

 



 

 

 

Table 2.1.  

Optimum range for Pinctada maxima 
 

Environment factors Units      Optimum range Reference 

Chlorophyll-a   mg/l      1-2   Radiarta., 2010 

SST   °C      28   Rao et al, 2009 

       Hamzah and Setiyono., 2007 

       Chellam., 1987 

Bathymetry   m 2-30 and <40  Garvis and Sims., 1992 

       Hamzah., 2003 

Current    cm/sec      10-40   Taufiq., 2007 

       Kangkan., 2010 

 

 

2.2. Coastal areas of Buleleng 

Coastal areas can be generally defined as an area of transition between the 

land (terrestrial) and ocean (marine). Definition of coastal ecologically according 

to some experts is that marine waters are still influenced by the natural processes of 

land and land areas still affected by the natural processes of the sea.  The total area 

of the entire coastal district in Buleleng Regency was recorded at 996.33 km2, or 

approximately 72.44% land area of Buleleng Regency. Buleleng Regency has 1 

small islands namely Menjangan Island. Number of coastal villages in Buleleng 

regency as many as 51 villages (Figure2.7). 

 

 

 

 

Figure 2.7  

Coastal Vilages in Buleleng (BPLPS Denpasar, 2011) 



 

 

 

2.2.1.  Potential areas for pearl oyster farming 

 Indonesia boasts 95,181 kilometers of coastline whichis among the longest 

in the world. As such, Indonesia is endowed with the richest marine coastal sea-

beds biota. Many kinds of crustaceans such as lobsters, crabs, and shrimps as well 

as various types of mollusks, such as clams and oysters are among Indonesia is 

major fishery products. Indonesia is also a major producerof non-edible fishery 

products called pearls, thanks to the pristine marine environment which provides 

the best possible environment for pearl-producing oysters. Indonesia is the biggest 

producer of South SeaPearls in the world market (Manistry of Trade of The 

Republic of Indonesia, 2010). 

Haws (2002) explained that a pearl farming begins with conducting a 

feasibility study to determine whether the proper conditions (financial, 

environmental, operational and biological) that allow pearl farming to be profitable 

exist forthe situation in which you wish to farm. If the results of the feasibility study 

are positive, a farm site will be selected and the farm structure established. A source 

of pearl oysters must then be obtained. A new stock of young pearl oysters should 

be added each year to the existing pearl oysters on the farm, sothat new cycles of 

grafting and harvesting can take place regularly. After young pearl oysters 

havereached about 2 years of age, they are ready for grafting, which starts the 

development of a cultured pearl. After an inspection 40 days after grafting to 

evaluate the results, the pearl oysters are kept on the farm for a further 12-24 

months. The pearls are then harvested, and the pearl oysters that produce good 

quality pearls are grafted a second time (Figure 2.8). 



 

 

 

 

Figure 2.8.  

Steps in pearl farming (Haws, 2006) 

 

Buleleng has initiated marine farmingin Bali, its can be seen in figure 2.9. 

Aquaculture development in Buleleng regency has prospects because waters with 

moderate currents and speeds have pretty good plankton. Potential aquaculture area 

of 1,000 hectares consisting of ponds, aquaculture in ponds, rice paddies and fish 

hatcheries. The main commodities marine farming are: raising grouper and 

milkfish: 50 ha, Seaweed Cultivation: 250 ha, cultured pearls: 250 

Ha.(http://bulelengkab.go.id) 

http://bulelengkab.go.id/


 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.9.  

Fisheries Production per District (Marine and Fisheries Department of Buleleng 

Regency, 2010) 

 

2.2.2.  Site selection 

Site selection is probably the single most important factor that determines 

the commercial viability of an aquaculture operation. An aquaculture operation 

should be located, designed and operated to provide optimum water quality and to 

avoid conditions that may induce stress, reduce growth or predispose the fish to 

disease. Some biological and natural distribution information for the species should 

be known before a site is selected for cage grow out ie. is the species found naturally 

in that location, are the temperature limits of the area within that of the species etc. 

The area should be of a suitable depth, have good tidal flow with pristine conditions 

and ideally sheltered from intense wind and wave action.  
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The main physio-chemical parameters that need to be considered in grow 

out systems include factors such as water temperature, water quality, dissolved 

oxygen and light. Other than a limited ability to influence the quality of the 

surrounding water by modifying feeding and other management practices, open, 

offshore grow out systems are inherently dependent on natural conditions to provide 

a suitable growing environment (www.pir.sa.gov.au/aquaculture). 

Widowati(2004)Explained that the results obtained on the level land into 5 

classes, namely Very Under (S1), line (S2), Exact Conditional (S3), Not Available 

(TS1), It is Not Available (TS2). Fishponds said to be highly suitable if the land 

does not have a significant limiting factor to the use of sustainable, appropriate if 

you have limiting factors that can reduce the level of production but still barrier 

factor can be overcome. While the corresponding conditional fishponds said if the 

land is a major limiting factor for stabilitation of level management must be applied. 

 

2.3. Remote sensing 

 Remote sensing is science (and art) of acquiring informationabout an object, 

without entering in contactwith it, by sensing and recording reflected oremitted 

energy and processing, analyzing, and applying that information (Patenaude, 2014). 

 The Remote Sensing is basicall a multi-disciplinary science which includes 

a combination of various disciplines such as optic, spectroscopy, photography, 

computer, electronics and telecommunication, satellite launching etc (Aggarwal, 

1998). 

http://www.pir.sa.gov.au/aquaculture


 

 

 

 Process of Remote Sensing Energy Source or Illumination (A) - the first 

requirement forremote sensing is to have an energy source which illuminates or 

provides electromagnetic energy to the target of interest. Radiation and the 

Atmosphere (B) - as the energy travels from its source to the target, it will come in 

contact with and interact with the atmosphere it passes through. This interaction 

may take place a second time as the energy travels from the target to the sensor. 

Interaction with the Target (C) - once the energy makes its way to the target through 

the atmosphere, it interacts with the target depending on the properties of both the 

target and the radiation. Recording of Energy by the Sensor (D) - after the energy 

has been scattered by, or emitted from the target, we require a sensor (remote - not 

in contact with the target) to collect and record the electromagnetic radiation. 

Transmission, Reception, and Processing (E) - the energy recorded by the sensor 

has to be transmitted, often in electronic form, to a receiving and processing station 

where the data are processed into an image (hardcopy and/or digital). Interpretation 

and Analysis (F) - the processed image is interpreted, visually and/or digitally or 

electronically, to extract information about the target which was illuminated. 

Application (G) - the final element of the remote sensing process is achieved when 

we apply the information that we have been ableto extract from the imagery about 

the target, in order to better understand it, reveal some new information, or assist in 

solvinga particular problem (Samarakoon, 2000). 

 

 

 



 

 

 

2.4. Geographic Information System(GIS) 

The geographic roots of GIS go back some 2500 years and have their basis 

in geographic exploration, research and theory building. In the early 1960s the 

assembled geographic knowledge began to be formalized as computer tools 

functioning to input, store, edit, retrieve, analyze and output natural resources 

information. The first GIS was the Canada Geographic Information System and it 

marked the inception of world wide efforts to formalize and automate geographic 

principles to solve spatial problems. After more than 40 years of development, GIS 

is now a mainstay for addressing geographic problems in a wide variety fields apart 

from natural resources (FAO, 2007). 

Geographic Information Systems (GIS) approaches can provide decision-

support to resource managers, aquaculture industry representatives, and local 

community stakeholders. As a way to provide some decision-support to the complex 

issues of aquaculture and coastal planning, GIS is often used as a tool to develop 

spatially explicit approaches to natural resource decision-making scenarios. In the case 

of coastal areas, GIS can be used to balance divergent interests and has been applied in 

a variety of contexts including aquaculture, energy production, conservation, fishing, 

and recreation. For instance, GIS has been used to comprehensively assess and direct 

aquaculture development worldwide, both inland in ponds and reservoirs, and in coastal 

areas in Ireland and China. These examples required both sound scientific knowledge 

of species and habitats and an effective GIS geodatabase that provides the spatial 

component to integrate biophysical and socio-economic characteristics. However, data 

products that can support aquaculture decision-making across multiple stakeholder 

interests are generally unavailable, with the ones that do exist often developed for a 



 

 

 

specific client, thereby limiting the use of GIS as data product that can be used by a 

range of different stakeholders. Furthermore, there are a number of drawbacks that have 

limited the usefulness of GIS data products to date, including: (1) the amount of 

technical expertise required; (2) poor levels of interaction among GIS analysts, subject 

matter specialists, and end users of the technology; (3) continuity of GIS products and 

results; (4) communication of results back out to the community; and (5) the disconnect 

of researchers from the actual systems under study. Although such limitations have 

been identified, there is a need for GIS to play a larger role in enhancing the 

participation of community members in management decisions (Puniwai, 2014). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


