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Abstract 

Pearl culture in the South Pacific Region has the potential to offer great benefits to local 

costal communities. At present, pearl culture is the largest aquaculture commodity in 

terms of value in Fiji. However, pearls cultured currently are round pearls that are a 

costly venture for most local communities as compared to mabé pearls. This shifts much 

interest towards the culture of mabé pearls from Pteria penguin by the local coastal 

communities. The major focus of this study was to produce high commercial valued 

mabé pearls, determine appropriate conditions for juvenile Pteria penguin growth and 

the suitability of mabé pearl culture for rural coastal communities. 

   

Third chapter of the study tested the pontential for 1 propylene phenoxetol (2.8 ml/L, 

3.0ml/L and 3.2 ml/L) and benzocaine (500 mg/L and 1200 mg/L) to anaesthetise Pteria 

penguin in least possible time with minimal mortality. At 3.0ml/L, Pteria penguin 

required an average of 15 and 12.5 minutes to be anaesthetised and recover respectively. 

This concentration also recorded least mortality. Therefore 3.0ml/L of 1 propylene 

phenoxetol is the most suitable anaesthetic to be used. Different concentrations and 

anaesthetics tested had an influence (P<0.05) in the relaxation periods of the oysters. 

126 adult Pteria penguin of an average size of 250±6.5 mm (3.5 years old) were 

implanted after they were fully anaesthetised. Nacre deposited at the base and top of 

nuclei were measured after 6th, 7th, 8th, 9th and 10th months from implantation. Best 

quality mabé pearls of high commercial value were obtained after 9 months. Nacre 

thicknesses at the base and top of the resulting mabé pearls were significantly different 

at different months (P<0.05). After some mortality (34%) was observed in the earlier 

trial, a second trial was executed with 20 younger Pteria penguin (2 years old, 145±4.85 

mm). Only 15% mortality in this trial. However, the mabé pearls formed were of poor 

quality as the growing adductor muscles covered most nuclei. The study concluded that 

Pteria penguin of 3 years old with the size ranging between 250 mm to 300 mm are the 

appropriate ones to be implanted. 

 

Fourth chapter determined optimum growth conditions of juvenile Pteria penguin. 

Juvenile Pteria penguin had were cultured at 10 m, 15 m and 20 m depths in pocket 

panel nets (mesh size, 40 mm x 40 mm) and chaplets. Pocket panel nets had 5, 10 and 

15 Pteria penguin at each depth while chaplets had 10 and 20. They were sampled 
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monthly for next 8 months. At 10 m depth, 100% mortality was recorded after first 

month, which decreased with an increase in depth for Pteria penguin cultured at 15 m 

and 20 m. A second trial using pocket panel nets of mesh size 10 mm x 10 mm was 

carried out at 6 m, 8 m and 10 m depths after immense mortality was recorded during 

the first trial mainly due to predation. Results analysed by Gulland-Holt plot for the 

second growth trial indicated that best growth rates were at 6 m depth that decreased 

with an increase depth.  

 

Chapter 5 involved surveying two coastal villages (Vatulele village and Nacodreudreu 

village) in Vanualevu Fiji Islands, to determine if mabé culture could be there 

alternative source of income. Individual and household questionnaires dealt with 

various socio-economic indicators and education levels. Mabé pearl questionnaires 

questioned the villagers on how familiar the villagers were with Pteria penguin.  

Economic model for mabé pearls was used to determine the feasibility of mabé pearl 

culture in the areas.  Results showed that the current annual gross average income per 

household was FJ$6,050 and FJ$3168 for Vatulele and Nacodreudreu village 

respectively. The economic model results confirmed that an implantation of 10,000 

Pteria penguin would generate an annual return of FJ$208,543 per year, the cost-benefit 

of 1:3.34 and a payback loan period of 1 year. These results elucidated that mabé pearl 

culture is an excellent alternative livelihood for the costal communities in Fiji and the 

region.  
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Chapter 1                            General Introduction 

1.1 The historical significance of Pearls 

The pearl is considered to be the oldest acknowledged and most valuable gem for 

centuries (Landman et al., 2001). The word pearl in Latin means “unique” that 

indicates no two pearls are identical. Pearl is also referred to as ‘Margarita’ that is 

used as a name for girls in most European languages (www.pearloasis.com) while 

the word “Pearl” is used in English. In Spanish, Italian and French, the word 

‘margarita’ is used in romantic expressions.  Moreover, in Ancient Rome, only 

people above certain status were allowed to wear pearl jewelry. 

 

Pearls were first noted by the Chinese in the 13th century, when images (statues) of 

Buddha placed between the two shell valves were later covered with nacreous layer 

that were used for religious purposes (George, 1978; Landman et al., 2001). 

Nonetheless, it was not until the 14th century, when the word pearl first appeared in 

the English language. A fragment displayed in the Louvre Museum in Paris, is 

considered to be the oldest known pearl jewelry of a Persian princess who died in 

520 BC. Furthermore, pearls were reckoned as a symbol of power and prestige, an 

indication of wealth, which had been cherished for years and were met with devotion 

and reverence by different religions (Strack, 2008). Both the Bible and the Talmud 

have quotations signifying the importance of pearls while the Koran declares pearls 

to be an indication of precious entity (Strack, 2008). Veda makes the first mention of 

pearls in Indian religion, after which pearls have been considered ideal wedding gifts 

for Indians because they symbolise purity and faithfulness (Strack, 2008). The 

collection of pearl oysters has a long history in the Pacific that dates back to 1850, 

with the first operations being in Shark Bay, Western Australia, where Pinctada 

maxima (Jameson, 1901) species was mostly cultured (Fletcher et al., 2006).  

 

1.2 Different types of pearls 

There are two types of pearls, freshwater and saltwater pearls. Freshwater pearls are 

derived from mussels while the oysters are the source of seawater pearls. Both types 

of pearls come in naturally irregular to cultured perfectly round pearls with elegant 

colours (www.karipearls.com). However, a special pearl type called Keshi pearls, are 

considered to be cultured that occur in irregular shapes and lustre, obtained from 
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both freshwater mussels and saltwater oysters. Saltwater round pearls can be further 

differentiated by the different species of molluscs that produces different types of 

pearls. Saltwater oysters are also the major source of half pearls (mabé pearls).  

 

1.3 Mabé pearls 

Mabé pearl is defined as a half–spherical pearl that is grown on the inside shells of 

pearl oysters. Tanaka & Yamamoto (1997) stated that ‘mabé’ is the Japanese name 

given to the giant winged-oyster, which was traditionally used for the production of 

the half pearls in Japan. According to Southgate et al. (2008), Pteria penguin 

(Roding, 1758), are the most common winged oysters that are being cultured for 

mabé pearl in Japan, Australia, the Philippines, Indonesia, Thailand, Vietnam and 

Tonga. Mabé pearls are low-priced as compared to round pearls that are either 

produced naturally or cultured.  

 

1.4 Formation of natural round pearls 

Natural pearls were first found in the Pinctada albina (Lamarck, 1819) oyster (Sims, 

1997). A common understanding is that natural pearls are formed when an irritant, in 

most cases a grain of sand, enters the pearl oyster when the shells are open and gets 

embedded between the shell and mantle. The theory further states that the outer 

epithelium of the mantle forms a pearl sac around the foreign material with 

conchiolin, resulting in a pearl (Barik et al., 2004; Bueno et al., 1991; Gervis & 

Sims, 1992; Taylor & Strack, 2008). However, contradiction has arisen on these 

theories. Taylor & Strack (2008) reported that a foreign material is not required for a 

natural pearl formation. Natural pearls are formed as a result of healing of an 

infection or a wound on the mantle. The wound is than surrounded by a sac (pearl 

sac) made from the mantle. The mantle tissue secretes nacre, which fills up the pearl 

sac, thus forming a pearl (Read, 2005; Taylor & Strack, 2008).  

 

1.5 Formation of cultured pearls 

All pearls sold today are cultured pearls. Attempt to produce first cultured round 

pearls during early 1900s, involved great inputs from a number of Japanese 

technicians, with Kokichi Mikimoto being the most famous of these inventors 

(Taylor & Strack, 2008). In 1920s, Mikimoto’s pearls were sold at just a fraction of 

the price of the natural pearls and it was not until 1940s when the price of cultured 
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pearls exceeded the price of natural pearls due to greater acceptance shown towards 

cultured pearl (Landman et al., 2001; Mackenzie, 1999).   

 

A cultured pearl is formed after an incision is made in the gonad. A nucleus and a 

mantle piece from the donor oyster are then inserted into the incision. The resulting 

colour of the pearl will be influenced by the mantle of the donor oyster, which often 

leads to pearls having the colour similar to the nacre of the donor oyster (Gervis & 

Sims, 1992; Mackenzie, 1999). Once seeded, the oysters are tied to ropes or wire 

frames which are then suspended in the water, where biomineralisation process 

occurs. Biomineralisation is the term used to describe the process of pearl formation 

in pearl oysters (Che et al., 2001; Taylor & Strack, 2008).  Studies (Garcia-Gasca et 

al., 1994; Kono et al., 2000; Sud et al., 2001; Taylor & Strack, 2008) have confirmed 

that the mantle of the oysters manages the rate of biomineralisation. The mantle 

epithelium has various types of secretory cells (Barik et al., 2004; Miyamoto et al., 

1996), which manage and secrete different acids, proteins and other chemical needed 

for shell and pearl formation (Garcia-Gasca et al., 1994; Taylor & Strack, 2008).  

  

1.6 Distribution of pearl oysters  

The three major species, which are commercially cultured for pearl production, are; 

Pinctada fucata (Gould, 1850), smallest bivalve used for pearl production (Kripa et 

al., 2007), Pinctada maxima (Jameson, 1901) and Pinctada margaritifera (Linnaeus, 

1758). Pinctada fucata oysters are found in the Western Pacific Ocean, Australia, 

Indian Ocean, and Mediterranean with the subspecies, Pinctada fucata martensii 

found in Japan (Gervis & Sims, 1992). Gervis & Sims (1992) further reported that 

Pinctada maxima oysters are found along the northern coasts of Australia and in 

Papua New Guinea, the central Indo-Pacific from Burma to Solomon Islands and 

South East Asia. Pinctada magaritifera is found in Eastern Africa, Persian Gulf, Red 

Sea, South West Indian Ocean and Indo-Pacific, which includes Australia, French 

Polynesia, and other South Pacific Island Countries such as Fiji, Solomon Islands 

and Tahiti. Pinctada magaritifera forms the basis of pearl production for South 

Pacific Island Countries (Anon, 1991; Gervis & Sims, 1992; Sims, 1993). Pinctada 

fucata occurs in Sri Lanka, India, Australia, Red Sea and the Mediterranean (Sims, 

1993; Wada & Tëmkin, 2008). Pteria mazatlanica (Hanley, 1856) and Pteria 

penguin is cultured in Pacific Coast of Mexico (Monteforte et al., 1995). Pteria 
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penguin is widespread in the Indo-West Pacific, Eastern Africa, Red Sea, Fiji 

Islands, from northern to southern of Japan and south to northern of Queensland 

(Poutiers, 1998). Pteria penguin distribution also includes the Philippines, Taiwan, 

Thursday Island and Southern China (Shirai, 1994; Wada & Tëmkin, 2008) 

  

 
Figure 1.1: The approximate distribution of Pteria penguin in the Pacific. 
Source: Poutiers, (1998).  

 

1.7 Current status of global pearl aquaculture 

The aquaculture industry has sprung from less than a million tonnes of production in 

early 1950s, to an epic 59.4 million tonnes by 2004, with a production value of 

US$70.3 billion (FAO, 2006). Amongst all other aquaculture commodities, pearl 

production from different pearl oyster species is recognised as an evolving 

multibillion-dollar industry in the world for mollusc aquaculture sector (Bondad-

Reantaso et al., 2007; Fassler, 1997).  According to Tisdell & Poirine (2008), the 

pearl industry has been through a drastic economic alteration in the last 50 years. The 

industry has experienced challenges and changes in its market structure, adopted 

development in technologies and advanced in techniques used for the production of 

quality pearls. There is no longer much dependence as was before, on the wild catch 

of the adult oysters by the industry. Instead oysters are either obtained from spat 

collectors as spat, or produced in the hatchery (Tisdel & Poirine, 2008), which 

portrays the progression of the industry globally in recent years.  
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1.8 Pearl oyster culture globally 

Carino (1987) reported that the pearl oyster resource has been exploited extensively 

for economic purposes in pearl fishery. According to Gervis & Sims (1992), Japan 

and Australia have been the major producers of cultured pearls traditionally.  

Nevertheless, India, Sri Lanka, Thailand, Mexico, Sudan, Philippines, French 

Polynesia, Cook Islands and China had also rapidly grown in pearl production sector, 

intensifying the competition for better quality pearls as demanded by the market. 

Gervis & Sims (1992) further reported that for this reason, Japanese government 

wrote the “diamond policy” in 1953, which keeps their pearl oyster cultivating 

techniques a secret by safeguarding and regulating their home pearl production. 

Hence, there is a need for further studies for the production of quality and in-demand 

pearls to increase the success of the emerging pearl production businesses globally. 

Pearl oyster industry offers a wide range of benefits to farmers, coastal communities, 

and national economies (Arjarasirikoon et al., 2004). Pearls are considered an ideal 

export commodity for many countries globally as pearls are non-perishable, shipping 

cost is negligible and for some species, profitable markets are already established.  

 

1.9 Pearl oyster culture in South Pacific Region 

Sims & Sarver (1998) claimed that no other aquaculture industry presents the 

potential for growth in Pacific atoll islands as pearl culture due to the lucrative 

markets that are already established for the pearls. The majority of the pearl 

producing countries in the South Pacific Region are renowned for the production of 

round pearls from Pinctada margaritifera (Linnaeus, 1758), which had been initiated 

in past two decades and are at different stages of production, some of which are at 

preliminary stages while other countries are dealing at commercial stages (Landman 

et al., 2001). The dominance of round pearl production from Pinctada margaritifera 

is most obvious in Eastern Polynesia. Southgate (2007) reported that French 

Polynesia presently dominates the production rate of the pearls in the region, with 

Cook Islands being the second largest producer by a long way. Fiji along with other 

countries such as Marshall Islands, Papua New Guinea, Solomon Islands, Tonga, 

Kiribati and Federated States of Micronesia are still at their different stages of 

commercialization (Southgate, 2007). The report further states that the pearl export 

from South Pacific Countries currently stands at USD110 million per annum. 

However, this is a decline from year 2000, where the export valued at USD170 
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million per annum. The decline was caused by suspected Vibrio bacteria coupled 

with overstocking and bad weather in Cook Islands. According to Kimani & Mavuti 

(2002), successful pearl oyster cultivation in South Pacific, especially in French 

Polynesia and Cook Islands, has resulted in an intensive research on the ecology and 

biology of tropical oysters.  

 

1.10 Pearl oyster culture in Fiji 

The Asian Pearl Company of Japan established the oldest known pearl farm in Fiji in 

1966 at Vukanicula Bay off Gau Island. The aim of the project was to produce pearls 

using Pinctada margaritifera and Pteria penguin species (Uwate et al., 1984). The 

report further stated that the pearl farm was relocated to Namarai Bay, Viti Levu in 

1968 as greater potential for pearl culture development was indicated at Namarai 

Bay. Despite all these efforts made previously, Fiji has only recently emerged as a 

pearl producing nation, which produces some of the best quality pearls in the world 

(Hunter, 2008-2009, pers. comm). In his address, then Minister for Fisheries and 

Forests, Hon Ilaitia Tuisese in 2006, said that Fiji had a total of 14 pearl farmers, of 

which 4 were foreign with local partnership while the remaining 10 were indigenous 

farmers (www.fiji.gov.fj).  However, 2008 Fiji Department of Fisheries Annual 

Report states that only 11 farms are operational in Northern and Western division 

with annual revenue of FJ$6 million. J. Hunter Pearls is the major producer of 

quality pearls in Fiji using black – lip oyster, Pinctada margaritifera located at 

Savusavu and Kioa. Two other pearl farms, Maivalili Pearls and Paradise Pearls 

(Table 1.1) are small but promising and emerging pearl farms in Fiji. Namarai pearl 

farm in Rakiraki has had no records on the amount of pearl produced in recent years. 

A farm owned by Fiji Fisheries close to J. Hunter pearls farm in Savusavu has also 

struggled to produce quality pearls for years and was not producing pearls when this 

research was carried out.  

 

 

 

 

 

 



 

 7 

Table 1.1: The number of saleable pearls in the major pearl farms in 2007.  Source: 
Fiji Department of Fisheries, Annual Report, 2008 
 

Farm No. of saleable pearls (2007) 

J. Hunter Pearls 520000 

Maivalili Pearls 500 

Paradise Pearls 600 

 

1.11 Establishing a pearl farm in the South Pacific Island Region 

There are many challenges and difficulties facing anyone wishing to establish a pearl 

farm. To commence pearl farming of any species of oyster, a new farmer should 

have ample oysters of the required species. Spat collection of pearl oysters is 

currently the main method of getting oysters for most pearl farmers, though wild 

oysters are mostly used to initially set up a pearl farm. Haws & Ellis (2000) defined 

spat collection as a process through which the free-swimming larval stages of pearl 

oysters are attracted to and settle on a substrate that is suspended in the water. The 

materials used to make spat collectors depend on the species of the spat to be 

collected and the location where the collectors are to be deployed (Gervis & Sims, 

1992). Successful spat collection depends upon the material used, location along with 

season and depth at which the collectors are deployed. Current flows and eddy 

formations are the two vital factors that determine the location at which the collectors 

are to be deployed. Haws & Ellis (2000) reported that polyethylene shade cloth 

bunched in some way to provide folds in which the spat can hide to avoid predators 

works well. Alagarswami (1987) further illustrated the different types of collectors 

that could be used include rope collectors, synthetic filamentous spindle, slit bamboo 

collectors, coconut shell collectors, spat settlement along the slope of a break way 

and ‘Hapa’. The collectors are hung on lines, which are in 20 m to 30 m depth and 30 

m from the reef edge in order to reduce the predation, by fish and marine organisms. 

According to Alagarswami (1987), optimising spat collection depends on providing 

suitable spat collectors at the right time. Deploying spat collectors for the correct 

soak time and during the best season also prevents the collectors from becoming a 

substratum for unwanted barnacles and other marine organisms. Best results are 

obtained from the collectors during the peak-spawning season of the oysters. A study 

carried out in the Solomon Islands by Friedman et al. (1998) used the method of 

deploying spat collectors for 24 months whereby fifty spat collectors were deployed 
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every 3 months and were harvested after 6 months. However, developing pearl 

culture industry on basis of spat collection may not always be feasible due to large 

variation in the spat recruitment and scarcity of wild stocks (Martı´nez-Ferna´ndez et 

al., 2003; Martı´nez-Ferna´ndez et al., 2004). 

 

Moreover, studies carried out by Mohammed & Yassien (2002) and Rodgers et al., 

(2000) demonstrated that stocks of common pearl oysters such as Pinctada 

margaritifera and Pinctada maxima had been over fished for the purpose of pearl 

production for years. To avoid this setback, hatchery trials are carried out for 

Pinctada margaritifera to help reduce the amount of oysters harvested from the wild. 

However, oyster hatchery trials are difficult and success rate is very low (Deo 2008, 

pers. comm.) as it requires qualified personnel. 

 

Establishing pearl farms require significant capital for setting up the infrastructure 

and for labour costs. Most locals could apply for loans from various money lending 

organisations to establish their pearl farms. Upon establishment, a pearl farm needs 

to be maintained properly to avoid any problems and issues in future.  

 

1.12 Problems and issues encountered in the pearl industry 

The successful culture of pearls can encounter numerous obstacles. In some 

countries, like Kiribati, pearl farmers experience shortage of oyster spat to have their 

pearl farms operational at a large scale due to frail ecosystems (Beckmann, 2006; 

Southgate, 2008a). Countries like French Polynesia have a better geographical 

location, which provides the country with a large number of Pinctada margaritifera 

spat (Ponia, 2005), while the major pearl farms in other countries like Fiji have opted 

to have hatchery produced spat to expand the pearl business. The lagoonal system in 

French Polynesia allows maximum larva retention in the lagoons as compared to 

bays in Fiji (Seeto, 2009, pers. Comm).  

 

Furthermore, Tonga has experienced shortage of Pteria penguin spat for the 

production of mabé pearls, which eventually led to hatchery spat production. 

Emerging countries in the pearl sector need to have effective plans to have a thriving 

pearl business (Heffernan, 2006). There is also a need to have proper regulations and 

legislation in the area of water rights, tenure and leases for private sector in most of 
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the South Pacific island countries. In addition, pearl oyster diseases experienced by 

some countries, is also a major issue in the pearl industry. Mass mortality of Akoya 

pearls were first noted in 1994, which continued unbated over several years in Japan 

(Nakayasu et al., 2004). The cause of such mortality in Japan is yet to be known 

exactly, which caused the Japanese pearl industry billions of yen (Nakayasu et al., 

2004; Uchimura et al., 2003). The mass mortality of Pinctada margaritifera in 

French Polynesia observed in 1985 and 1986 that continued to 1990s but decreased 

gradually, was attributed to poor handling of the oysters, careless grafting coupled 

with unfavorable environmental parameters, overstocking of the farms and suspected 

Vibrio bacteria outbreak (Heffernan, 2006; Humphrey, 2008; Tun, 2000; Westaway, 

1998).   

 

The pearl oyster industry of Australia, Cook Islands and China had also been struck 

with pearl oyster diseases over the years (Humphrey, 2008). Moreover, lack of 

expertise in the field, coupled with less developed technology in some countries has 

resulted in more failed pearl farming ventures (Upare & Devi, 2000). Production of 

round pearls from any species of oysters requires special skills and extensive 

experience, which must often be imported at a high cost to a pearl farmer. Often, 

foreign recruits are engaged for these purposes, who are paid hefty rates. However, 

the setback of needing a large capital and extensive knowledge to establish round 

pearl culture could be solved through mabé pearl farming.    

  

1.13 Mabé pearl culture 

1.13.1 Origins of mabé pearl culture 

First mabé pearls were produced in the 19th century, where Japanese technicians 

followed similar techniques as practiced by Buddhist monks of the 12th century 

(George, 1966) and produced half pearls from marine oysters. The most expensive 

half pearl was sold for US$200,000 in Dubai. This was the famous ‘Hope Pearl’, 

which was purchased by Tavenier in India in 1650 and later sold to King Louis XIV 

in 1669. The pearl has a size of 150 x 83 x 50 mm and is 454 carats (Taylor & 

Strack, 2008). 
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1.13.2 Global culture production trends of mabé pearls 

Kripa et al. (2008) reported that mabé pearls produced are from different species of 

pearl oysters globally. Landman et al. (2001) described that mabé pearl producing 

species include Pteria penguin, Pteria sterna, Pinctada mazantlantica, Pinctada 

maxima and Pinctada magaritifera. Countries producing mabé pearls include Japan, 

Indonesia, French Polynesia, Mexico, Thailand, Australia, China and The Kingdom 

of Tonga (Kripa et al., 2008; Southgate et al., 2008). In Japan, major mabé pearl 

farming from Pteria penguin was inaugurated in 1950s. The annual yield in Japan 

now stands at 200,000 mabé pearls, which are obtained from hatchery produced 

oysters due to exhaustion of the natural stocks (Southgate et al., 2008). The report 

further stated that mabé pearl culture in Mexico started in 1996 and now has an 

annual yield of 8,000 mabé pearls. According to Southgate et al. (2008), Chinese 

companies have begun with the cultivation of mabé pearls in China and have spat 

being successfully produced from hatcheries in Southern China, where the natural 

stocks are low in number. Tonga is the only country in the South Pacific Region 

reputed for mabé pearl production. The Ministry of Fisheries had an export of 

US$10,000 in 1996 (Southgate et al., 2008).  

 

1.13.3 Origins of mabé pearl culture in Tonga 

Tanaka & Yamamoto (1997) revealed that various trials of mabé pearl production 

had been carried out in Tonga, which now has a small niche market whereby the 

mabé pearls produced, are sold to the tourists. The initiation of pearl oyster farming 

in Tonga was done in 1960s and the decision by the Tongan Government to carry out 

an experimental venture on pearl production was taken in 1975 (Teitelbaum et al., 

2008; Uwate et al., 1984). According to Teitelbaum et al. (2008), Tonga had the 

potential to diversify their pearl production business as Vauva’u had Pteria penguin 

stocks. An area of 850 ha farmed for mabé pearls in Vava’u can approximately yield 

750,000 pearls worth US$7.5 million as estimated by Japanese specialists (Southgate 

et al., 2008). Tonga has also carried out successful hatchery runs for Pteria penguin 

where 500,000 eyed larvae were produced and later 60,000 spat were harvested from 

the spat collectors (Southgate, 2008a). 
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1.13.4 Origins of mabé pearl culture in Fiji 

Mabé pearl production history of Fiji dates back to year 1966 when Asian Pearl 

Company from Japan initiated pearl farming in Vukanicula Bay in Gau (Southgate et 

al., 2008; Uwate et al., 1984). However, the project is considered not to be very 

successful as there are no figures present on the production status. There had been 

some reports of mabé pearl production in Rakiraki, however, this too could not be 

confirmed due to possible secret policy of the owner. Passfield (1995) reports that 

Pteria penguin is probably sufficient in its abundance in local waters to be utilized 

for mabé pearls. The report further stated that Western Vanua Levu and parts of 

Totoya lagoon has the highest number of Pteria penguin in the wild and with 

expertise available in Fiji, mabé pearl culture can be initiated.  

  

Moreover, a survey carried out by Southgate (1997) of a number of reefs in Fiji 

showed that there is a moderate number of Pteria penguin, which can support the 

initiation of mabé production based on spat collection. This depicts that the resource 

is readily available which only waits for utilization. Aquilina (1999) suggested that 

nations with the intentions of initiating pearl farming should start small, utilize the 

available resources and self-knowledge, look for a market, use the jewelers to value 

the mabé pearls produced and keep investing if the business is profitable. Most of the 

other pearl producing island nations in the South Pacific use rejected Pinctada 

magaritifera for half pearl production, which is a source of additional income. J. 

Hunter Pearls of Fiji also uses the rejected Pinctada magaritifera species of oysters 

for mabé pearl production. A local farm boy does the implantation after being taught 

by the Japanese technicians. However, the mabé pearl production from Pteria 

penguin has not been done at J. Hunter Pearls as it is assumed to be more 

complicated in comparison to Pinctada magaritifera. Local technicians have a 

perception that implanting Pteria penguin is difficult as the shells are more difficult 

to open compared to Pinctada margaritifera.  This is because Pteria penguin shells 

are more brittle compared to Pinctada margaritifera shells. The local technicians 

believe that forcing Pteria penguin to open would break the shells and stress the 

oysters that would cause mass mortality. Half pearls produced from Pinctada 

margaritifera have not been sold to their full potential since being produced in Fiji. 

The economic viability of half pearls produced either from Pinctada  margaritifera 

and Ptera penguin has yet to be determined in Fiji.  
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1.14 Future prospects of mabé pearl aquaculture 

Mabé pearl culture offers the South Pacific island countries with an ideal commodity 

for the local costal communities. The culture and business of mabé pearls can 

enhance the existing livelihoods for local communities as it comes with greater 

benefits. In spite of no proper established markets for mabé pearls, countries like Fiji 

in South Pacific, have a booming tourism industry, which can be a classic market for 

jewelry and handicrafts produced from mabé pearls.  This perfect example can be 

followed by other Pacific Island Countries to experience the benefits mabé pearl 

culture offers.  In addition, according to Adams et al. (1999), the island countries in 

the region generally have major problems of generating income due to small 

landmasses, not enough terrestrial resources, and low number of inhabitants. People 

of such Pacific Island Countries are left with no choice but to make the most out of 

the sea, which is the only other alternative resource available.  For these reasons, it 

becomes essential that studies on this sector be carried out, which no doubt would 

help in the development of most of the Pacific Island Countries. Moreover, 

production of round pearls in Fiji using Pinctada margaritifera has already raised 

concerns of its declining stocks in the wild, as commented by the owner of J. Hunter 

Pearls (Hunter 2008, pers. comm), therefore, culturing mabé pearls from Pteria 

penguin can ease the immense pressure placed on black - lip oyster natural stocks.   

 

1.15 Why culture mabé pearls? 

The infrequent and costly production of round pearls by the coastal communities 

allows engagement by the costal communities in the production of mabé pearls at a 

village or household levels.  Interested locals are less fortunate to start up a round 

pearl farm with a substantial amount of expenditure. Mabé pearl production can 

ensure that rural coastal communities be actively involved in the pearl business and 

own a pearl farm. This proves that mabé pearls are commercially important (Haws, 

2002), which are much easily produced compared to round pearls (Kripa et al., 

2008). Furthermore, mabé pearl culture will embolden the South Pacific Island 

communities to show greater stewardship over their natural resources and foster 

reassertion of their traditional tenure regimes (Sims, 2003). In addition, a publication 

by FAO in (2006) stated that aquaculture sectors like this provides employment and 

generates income for any nation. Sims (2003) wrote that pearl culture of any species 

of oysters, presents a substantial amount of benefits for the developing countries in 
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South Pacific Region. Some of these benefits are; diminution in the pressure on the 

stocks that were exhausted by years of oyster shell fishing and promoting the revival 

of pearl oyster population. However, mabé pearl culture in South Pacific has yet to 

verify this point as it is just at its primary phase.  

 

1.16 Overall objective  

There is a need to determine the potential of mabé pearl culture to increase the 

participation by interested rural coastal communities in the pearl aquaculture industry 

in Fiji. The study aims to acquire increased understanding in the production of 

quality mabe pearls, determining appropriate conditions for Pteria penguin juvenile 

oyster growth, and better understanding through socio-economic surveys, the 

suitability of mabé pearl culture for rural coastal communities.  

 

1.17 Thesis overview 

For the aims of the research to be accomplished, Chapter 2 has a detailed literature 

review while Chapter 3 deals with developing improved methods to produce quality 

mabé pearls as compared to mabé pearls produced in Tonga from Pteria penguin, 

with emphasis on culture depth, position and duration of culture. Chapter 4 looks at 

determining the best growth conditions for Pteria penguin juvenile into adult oyster 

in Savusavu Bay. The chapter deals with different stocking densities of oysters in 

pocket panel nets and chaplets, which were deployed at three different depths 

initially. The latter part of the chapter tests three other different depths with the 

locally made pocket panel nets, focusing on the same factors as mentioned above. 

Chapter 5 determines, using socio-economic assessment tools, the potential benefits 

from and main constraints of up taking mabé culture practices by two chosen coastal 

communities in Cakaudrove, Vanua Levu, Fiji Islands. The two villages surveyed 

were Vatulele and Nacodreudreu village. This chapter also uses several economic 

indicators to decide on the financial and educational status at individual and 

household levels. The final chapter, Chapter 6 has general discussion, which 

summarizes the total findings from the research project, reports various limitations 

encountered during the research and has recommendations for future research.   
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Chapter 2                              Literature Review 

2.1 Introduction 

Pteria penguin is mainly used for producing mabé pearls in the South Pacific region 

as compared to other species.  Mabé pearls from Pteria penguin are renowned for 

their uniqueness when compared to half pearls from other species as they show the 

most beautiful color (Tanaka & Yamamoto, 1997). Production of round pearls in 

Pteria penguin is considered to be fairly difficult by most technicians as the wing-

shaped shells make the seeding operation difficult (Nava et al, 2000). Monteforte 

(1997) further stated that Pteria genus has anatomical difficulties for round pearl 

formation since the pearl sac is very wide at its base and the implanted nucleus 

moves freely. Nevertheless, a series of trials have been carried out on successfully 

producing round pearls in Pteria penguin (Liang et al., 2008; Mao et al., 2003a; Mao 

et al., 2003b; Mao et al., 2004; Yu et al., 2004). However, these studies were struck 

with massive mortalities and nuclei rejections, making the production of round pearls 

unprofitable.  

 

2.2 Nomenclature, taxonomy and morphology 

Pearl oysters belong to the family Pteriidae that comprises three genera, Pteria, 

Pinctada and Electroma. Pinctada and Pteria take up the taxonomic position (Gervis 

& Sims, 1992). The currently accepted taxonomic framework for Pteria penguin is 

shown below:   

Kingdom: Animalia 

      Phylum: Mollusca 

          Class: Bivalvia 

              Order: Pterioida 

                  Family: Pteriidae 

                      Genus: Pteria 

                          Species: penguin (Röding, 1798) 

(Allen & Steene, 2003; Gervis & Sims 1992; UniProt Taxonomy, 2008; Wada & 

Tëmkin, 2008). 

 

Pteria penguin shells are large and strong, with the shell becoming less oblique as 

the age increases, increasing the angle between the hinge and normal axis (Wada & 
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Tëmkin, 2008). Pteria penguin individuals are concordant in colour that varies from 

dark brown to black with alternates to lighter shades of brown or green, which may 

or may not have thin faded radial rays of lighter colour then the outside shell 

background. (Gervis & Sims, 1992; Wada & Tëmkin, 2008). Pteria penguin is more 

elongate in shape in comparison to Pinctada species. The shells are solid and 

elliptical ovate in the outline. The top left shell appears to be more convex having a 

strong byssal notch anteriorly compared to the lower right shell with the hinge line 

being long and straight, having two dentricles. Poutiers (1998) described Pteria 

penguin shell to be fairly compressed, with a straight dorsal margin, which often 

appears at each end into a wing–like ear. Wada & Tëmkin (2008) reported that the 

shell length of Pteria penguin large individuals is either equal to or shorter then their 

heights while shell length surpass shell height in small individuals, which results 

from a shift in growth from retrocrescent in juveniles to infracrescent in adults. The 

interior of the shell is partially nacreous, with most of its shell being a wide non-

nacreous margin ventrally (Poutiers, 1998). Wada & Tëmkin (2008) described nacre 

to be “iridescent, silvery, often with a pink tint, typically more pronounced along the 

nacreous border”.  

  

The interior has one sub central posterior adductor muscle scar that is mostly present 

in adults. Their gills are of filibranchiate type, which has folded or smooth branchial 

sheets, with a small grooved foot and a well-developed byssus. The mantle lobes are 

free with marginal tentacles (Bueno et al., 1991; McLaurin, 2007; Poutiers, 1998). 

Pteria penguin consists of the same anatomical organs as compared to the other pearl 

oysters with the only variation in their visceral mass (George, 1978).  
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Figure 2.1: The soft anatomy of Pteria species. Source: Wada & Tëmkin, (2008) 
“Abbreviations: af: anal funnel;ain: ascending intestine; aso: abdominal sense organ; 

au: auricles; by: byssus; byf: byssal thread fusion; cg: cerebral ganglia; ct: ctenidia; 

dg: digestive gland; din: descending intestine; f: foot; g: gonad; k: kidney; lg: 

ligament; lp: labial palp; mm: mantle margin; mo: mouth; nb: border of nacreous 

layer; oe: esophagus; pam: posterior adductor muscle; pg: pedal ganglia; prm: 

posterior pedo-byssal retractor muscle; r: rectum; sm: suspensory membrane; ss: 

supramyal septum; st: stomach; v: ventricle; vg: visceral ganglia” (Wada & Tëmkin, 

2008). 

 

2.3 Biology 

2.3.1 Fishing and habitat 

Pteriidae have been exploited from the ancient times for their ability to produce 

pearls, showing its economic grandness in the Indo-West Pacific. The soft parts of 

the bivalve are consumed by the natives of the costal population (Keenan et al., 

2004; Poutiers, 1998). Pteria penguin attaches itself to various substrates such as 

rocks, pebbles and aquatic plants by its strong byssus and is found mainly in warm, 

tropical to subtropical, waters from the shallows to a depth of 25 m and in channels 

(Morton, 2003; Poutiers, 1998; Wada & Tëmkin, 2008).  

 

2.3.2 Life cycle and larval development 

There are few published reports on the life cycle and larval growth of Pteria penguin 

oysters. However, all commercial pearl oysters have the same major larval 

developmental stages as evidenced in a successful run for Pteria penguin in Tonga 
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(Southgate, 2008-2009, pers. comm). After spawning, fertilization takes place 

between the sperms and eggs. The next major stage is gastrula that is followed by D-

veliger stage and then early umbo and umbo. Eye-spot is the last stage before an 

oyster spat is seen (Bueno, et al., 1991; Southgate & Ito, 1998; Saucedo & 

Southgate, 2008). The time it takes for these stages to occur and the larval size 

reached at a certain time is different for different species of oysters (Saucedo & 

Southgate, 2008). According to Beer (1999), Pteria penguin larval growth demanded 

water temperature of 26.9 ºC to 29.5 ºC for 23 to 25 days, which showed high larva 

survival in contrast to Pinctada species.  

 

2.3.3 Food habits 

Pteria penguin is a suspension or filter feeder, just like any other bivalves. There are 

no specific reports on the feeding habits of Pteria penguin. According to Lucas 

(2008) and Tomaru et al. (2002a), the oysters feed on particulate organic and 

inorganic matter which are characterized as picoplankton (<0.2 µm to 2 µm), 

nanoplankton (2 µm to 20 µm), microplankton (20 µm to 200 µm) and mesoplankton 

(200 µm to 2000 µm). The exchange of particulate inorganic and organic matter 

between the ambient water and the tissues occurs on the large surfaces of exposed 

epithelium, which is between the mantle cavity and water currents (Lucas, 2008). 

The rate of feeding by the oysters varies with different sites and depths at which they 

are cultured, depending on the seston (food) availability. (Pouvreau et al., 2000a; 

Pouvreau et al., 2000b; Tomaru et al., 2002b; Yukihira et al., 1999). Meteorological 

factors including wind and water currents also control the availability of seston for 

pearl oysters (Arfi et al., 1994; Wildish & Kristmanson, 1985).  

 

2.3.4 Grow Out  

Pteria penguin had been growing in their natural habitats with very limited grow out 

trial experiments being carried out to determine the conditions for maximum growth 

rate (Monteforte & Morales-Mulia, 2000; Shirai, 1994). The growth of juvenile 

Pteria penguin has to be monitored until adult shell length of approximately 280 mm 

is attained, which is a suitable size for mabé pearl production. A growth trial carried 

out by Smitasiri et al. (1994) had Pteria penguin suspended at 1 m, 4 m and 8 m 

depths. Comparison was made between the growth of oysters at different depths. The 

effect of cleaning the oysters on the growth rate was also investigated. Results 
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demonstrated that the rate of mortality of the oysters declined with an increase in the 

depth of water. However, there was no significant difference in the growth rate of 

cleaned oysters when compared to uncleaned oysters. Instead, the growth rate of 

uncleaned oysters at the bottom was higher compared to any other depths.  

 

 Lee et al. (2008) advised that a growth study should cover the rates of chemical 

reactions that administer the body composition and dimensions. Other studies 

reported that bivalve growth study looks at comprehensive features including 

alterations in the body dimension, body mass and chemical components of tissues 

(Hart & Joll, 2006; Mills, 2000). However, most growth studies focus on the growth 

of shell sizes as it is much easier to measure and poses a reduced amount of damage 

to the individuals. There are various growth factors that have to be considered when 

carrying out grow out trials for bivalves. Studies carried out by Taylor et al. (1997a) 

on pearl oysters, Holliday et al. (1991) and Jarayabhand (1988) on other oysters, 

Newell (1990) on mussels, Honkoop & Bayne (2002) on Pacific Oyster, Hurley & 

Walker (1996), Parsons and Dadswell (1992), and Beal & Krause (1990) on other 

molluscs confirmed that growth of bivalves is affected by their stocking density. 

These studies demonstrated that stocking density is negatively related to the growth 

rate of the oysters. Other studies carried out confirmed temperature to have an impact 

on the biological processes of marine organisms such as growth, respiration, feeding 

and reproduction during their grow out trials (Bayne & Newell, 1983; Saucedo et al., 

2004; Widdows & Bayne, 1971). Furthermore, depth is another aspect, which is 

considered to be a foremost growth-controlling factor (Gervis & Sims, 1992; Taylor 

et al., 1997b). However, studies (Gervis & Sims 1992; Monteforte, 1996; Monteforte 

& Morales-Mulia, 2000; Taylor et al., 1997b; Taylor et al., 1998) showed that attest 

to depth, there are other factors such as different culture locations, culture types used 

and other oceanographic parameters that also have an influence on the shell growth, 

shell shape, pearl quality and survival of the oysters.  

  

2.4 Mabé pearl formation process 

Kripa et al. (2008) described that mabé pearls are produced from an adhesion of a 

nucleus on the inner surface of the oyster shell, between the mantle and shell. The 

nucleus can be of various shapes such as hemispherical, heart and tear drop shapes. 

Studies carried out previously indicate that mantle epethelia is responsible for nacre 
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secretion, which then covers up the pasted nucleus, resulting in a mabé pearl 

formation (Gong et al., 2008; Ruiz-Rubio et al., 2006). The mabé pearls are then cut 

and processed to be sold.  
 

 
Figure 2.2: The diagrammatic representation of mabé pearl formation after a nucleus 
is pasted between the shell and mantle tissues.  Source: Taylor & Strack (2008). 
 

 2.5 Socio–economics of mabé pearl culture 

To determine the economics of mabé pearl culture in Fiji, socio-economic analysis of 

mabé pearls has to be carried out.  It becomes important that mabé pearls produced 

are sold at reasonable prices to cover up its costs of production and be profitable to 

attract people into the business of pearls. There had not been any studies reporting on 

the involvement of communities in taking up mabé pearl culture as a source of 

income for their livelihoods. Therefore, it becomes essential for socio–economic 

surveys to be carried out which would help show the communities, the possible 

benefits from pearl culture. Socio economic surveys deal with the minor socio 

economic indicators to major indicators, depicting the financial and educational 

status of a household. This would demonstrate the feasibility of pearl farming to 

become an alternative livelihood for the households. The members of the community 

are to be well versed with the techniques of quality mabé pearl production. Just like 

any other products, mabé pearls should also generate incomes that outweigh the 

existing source of income, to attract the attention of the member. This would be the 

only probable grounds for the diversion of locals towards mabé pearl production 

from their daily source of income. Moreover, Haws et al. (2006) reported that the 

production of half pearls is well suited for costal communities or farmers who intend 
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to begin a pearl farm. The market for mabé pearls is not well established locally. 

However, Haws et al. (2006) further reported that a 10mm good quality mabé pearl 

could be sold at around US$50 and a 15mm mabé could be sold for US$85 to US$95 

to jewelers (Gemworld International, Inc., 2006). Moreover, out of 3 or 4 pearls in an 

oyster, there is a possibility that one will be of a good quality which can be sold at 

US$30 depending the degree of perfection, luster and size. (Rangel-Davalos et al., 

1998; Tanaka & Yamamoto, 1997). According to the report, if a farmer has 250000 

oysters, he can earn around US$7.5 million. These figures show the great benefits 

mabé pearl culture has to offer to developing countries in the Pacific. 
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Chapter 3                Experimental Production of Mabé Pearls  

3.1 Introduction 

The initial part of this chapter looks at the best anaesthetic with the most appropriate 

concentration to be used for anaesthetising Pteria penguin in order to prepare them 

for seeding operation. The second part focuses on developing improved methods to 

produce quality mabé pearls in Fiji, with emphasis on nuclei position, culture depth 

and culture duration.  

 
Mabé pearls produced by Pteria penguin have a unique colour and lustre compared 

to half pearls produced by black and silver-lip pearl oysters (Tanaka & Yamamoto, 

1997).  For this reason, growing interest is shown towards the production of mabé 

pearls from Pteria penguin. Mabé pearls are known to be formed naturally as well. 

This occurs when holes are bored from the outside surface by polychaetes, sponges 

or other marine organisms. The pearl oyster then reacts to the damage by secreting 

increased amount of nacre in that area leaving no trace of the damage. In most cases 

repairing leads to a protuberance or blister pearl being formed inside the shell, which 

can be of a few centimeters in length (Taylor & Strack, 2008).  

 

Mabé pearl culture requires certain skills and knowledge for the process to be carried 

out efficiently. A special consideration has to be given when opening Pteria penguin 

valves and pasting nuclei on valves.   

  

3.1.1 Anaesthetic trials 

Pteria penguin valves can be easily opened using certain anaesthetics.  Anaesthetics 

cause the adductor muscles of the oysters to relax, reducing muscularly stimulated 

haemolymph wastage, and preventing muscle contractions during biopsy (Norton et 

al., 1996; O’Connor & Lawler, 2002). However, exposing oysters for too long in an 

anaesthetic can cause mantle and body collapse (Mamangkey et al., 2009; Norton et 

al., 1996).  Mantle and body collapse is when an oyster is not in a state of holding its 

mantle attached to the shells. Mantle and body collapse can also be triggered due to 

the old age of oysters.  There have been a number of trials carried out in effort to 

determine as appropriate anaesthetic for pearl oysters (Table 3.1).  
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Table 3.1:  Various anaesthetic trials carried out on different species of pearl oysters. 

 

3.1.2 Implantation and culture of Pteria penguin 

Implantation process in Pteria penguin involves pasting a number of nuclei on the 

inner surface of the oyster shell, between the mantle and shell. According to Gervis 

& Sims (1992), a total of up to seven nuclei can be pasted on both the shells of an 

oyster, preferably when it is fully anaesthetised. The number of the nuclei to be used 

Anaesthetic 
used 

Concentration Oyster species Results Reference 

Menthol 
crystals 

250 ppm P. margaritifera 
 
 

Variations in the 
relaxation periods, small 
oysters were fast to relax. 

Kripa et al. 
(2008) 

P. penguin All oysters were relaxed 
faster then P. 
margaritifera, irrespective 
of size. 

4 ml/L of 
seawater 

P. maxima High mortality. Mamangkey et 
al. (2009) 

Clove oil 2 ml/L, 3 ml/L 
of seawater 

P. margaritifera No relaxation noted. Kripa et al. 
(2008) P. penguin No relaxation noted. 

0.25 ml/L of 
seawater 

P. maxima High mortality. Mamangkey et 
al. (2009) 

1 propylene 
phenoxetol 

2 ml/L of 
seawater 

P. margaritifera Relaxed after 15 minutes 
of immersion, however 
high mortalities and bead 
rejections were noted. 

Norton et al. 
(2000) 

2.5 ml/L of 
seawater 

P. maxima Caused the number of 
relaxed Pinctada maxima 
oysters to decrease with 
time. 

Mamangkey et 
al. (2009) 

P. imbricata and 
P.  albina 

Oysters were 
anaesthetised in 15 
minutes and took 10 
minutes to recover 

O’Connor & 
Lawler (2002) 
and Norton et al. 
(1996)  

MS 222 
 
 
 

1 ppt P. radiata Efficiently anaesthetised 
the oysters. 

Ehteshami et al. 
(1995) 

2-
phenoxyeth-
anol 

3 ml/L of 
seawater 

P. maxima Oysters were relaxed for 
up to 30 minutes. 

Mamangkey et 
al. (2009) 

Benzocaine 
 
 
 
 
 
 

1200 ml/L of 
seawater 

P. maxima Oysters were relaxed for 
up to 30 minutes. 

Mamangkey et 
al. (2009) 

250 mg/L and 
500 mg/L of 
seawater 

P. sterna 
 

Oysters were relaxed after 
5 minutes and were 
immoveable for 45-60 
minutes after which they 
recovered.  

Acosta-Salmon 
& Rangel-
Davalos (1997) 
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depends on the size of the oyster. The oysters should be able to fully close their 

valves after the nuclei have been pasted. No two nuclei should be pasted directly 

opposite each other, as this will pose difficulty for the oyster to close the shells 

efficiently.  

 

Polycynoacrylate glue, also known as super glue, is well-accepted for pasting the 

nuclei. Other glue types have also been tested. Kripa et al. (2008) used arsenic-free 

zinc oxide, polycarboxylate cement and cyanoacrylate-based glue. It was found that 

glues with zinc oxide as a component were not able to retain the nuclei. 

Polycarboxylate and cyanoacrylate-based glue showed good results with more then 

80 percent retention. However, there have been mortalities noted when using liquid-

based polycynoacrylate glue, as this type of glue can easily ooze and flow towards 

the internal organs of the oysters. Therefore, gel based polycynoacrylate glues are 

recommended for pasting the nuclei.  

 

For Pteria sterna, Ruiz-Rubio et al. (2006) found that nuclei should be implanted 

when the temperature of the water is low (e,g. winter or spring). This is because, as 

the water temperature increases, the active metabolism of the oysters increase, 

resulting in increased nacre secretion by the oysters, hence more deposition on the 

nuclei. The mantle coats the half pearl nucleus and the usual nacre deposition on the 

shells continues with the ultimate product being a half pearl (Gervis & Sims, 1992). 

 

3.1.2.1 Culture apparatus used 

Mabé pearls can be cultured using the various types of culture apparatus to hold 

Pteria penguin. Ruiz-Rubio et al. (2006) carried out a trial whereby pocket nets and 

plastic cages were used to assess nacre deposition in Pteria sterna. However, the 

results obtained showed no major difference between the different culture apparatus 

used as nacre deposition varied each month for these apparatus. Other research used 

plastic mesh trays (Pit & Southgate, 2003), blue mesh cages (Tomaru et al., 2002b) 

and square lantern nets (Kripa et al., 2007). Other types of culture apparatus include 

box nets, pocket nets with and without frames, openable sandwich nets, circle nets 

and chaplets (Gervis & Sims, 1992; Haws, 2002).   
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After seeding and placement of the oysters in appropriate culture apparatus, the 

oysters are taken out to sea where they are tied to lines and rafts on the farm (Bueno 

et al., 1991; Cabral, 1989; Ellis and Haws, 1999; Gervis & Sims, 1992; Suja & 

Dharmraj, 2005).  The actual deposition of the nacre occurs while the oysters are in 

the sea on the farm.  

 

3.1.2.2 Site selection and environmental parameters 

Mabé pearl culture sites have the same site selection requirements as other pearl 

oysters.   Bueno et al. (1991) stated that site selection of a pearl farm should always 

consider technological and economic factors. He went on to say that sheltered bays 

are idyllic for farm location.  Suitable environmental conditions are needed for a 

good growth rate of the oysters. Pearl oysters can survive in water with temperature 

between 20 ºC to 28 ºC and can survive in salinity between 25 ppt to 30 ppt for 2 to 3 

hours (Anonymous, 1997; Bueno et al., 1991). However, Gervis & Sims (1992) 

stated that a temperature of 19 ºC to 32 ºC is the optimum range for Pinctada 

margaritifera and Pinctada maxima. Temperature is a factor that is considered to 

control the rate of nacre deposition on the shells and nuclei of the pearl oysters, 

hence it confines the culture location to areas within the most favorable temperature 

ranges. Although low temperature means reduced growth rates of the pearl nacre, the 

lustre quality of the pearls is improved due to the thinner layers of nacre formed. For 

this reason, pearls are mostly harvested during the winter (Gervis & Sims, 1992). 

Other factors required for better pearl culture includes gravel sea floor, depth of 15 

m, minimal silt load and good water circulation, which brings in sufficient oxygen 

and nutrients while flushing away waste materials (Anonymous, 1997; Bueno et al., 

1991; Gervis & Sims, 1992; Haws, 2002). The amount of food available in the 

culture area depends on the meteorological conditions and the depth at which the 

oysters are cultured (Pouvreau et al., 2000a; Yukihira et al., 1999). Selected areas 

should be away from industrial, agricultural and domestic pollution sources, to 

ensure constant clean water for better pearl quality when harvested.  

  

3.1.3 Culture period 

Culture periods for half pearls have been reported differently in different studies. 

During culture, the oysters must be recurrently cleaned and handled gently. Tanaka 

and Yamamoto (1997) reported that a culture period of 1.5 years is needed to 
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produce half pearls from Pteria penguin. However, according to Ruiz-Rubio et al. 

(2006), the best quality mabé pearls from Pteria sterna can be harvested 9 months 

from implantation. Furthermore, mabé pearls harvested after 5 months had poor 

lustre with no commercial value. Mabé pearls harvested after 6 months from 

Pinctada margaritifera at J. Hunter Pearls were also poor in quality (Hunter 2008-

2009, pers. comm). Haws et al. (2006) suggested that half pearls should be checked 

after 6 months from implantation to see if enough nacre has been deposited on the 

nucleus. If the nucleus is not seen through the nacre layer, then nacre thickness must 

be reaching the appropriate size. Nacre covering can either be checked by a flashlight 

when the oyster is alive or after killing the oyster. It is vital that enough nacre is 

deposited to prevent breakages during processing. Haws (2002) reported that good 

quality half pearl can be harvested after 9 months to 12 months when the nacre 

thickness is approximately 3 mm thick. Haws et al. (2006) added that harvesting 

should not be delayed for long as this will lower the quality of the half pearl by 

losing its sharpness.  

 

3.1.4 Processing harvested mabé pearls 

The harvested half pearls are carved into many different shapes. These shapes 

depend on the market demand. The shaping of mabé pearls previously took an 

average of 30 minutes, when hand grinders and hacksaws were used. However, a 

workshop in Tonga where Tokerau Jim, regarded as the master carver from Cook 

Islands was hired, showed that a ring saw and hand drill with a rate of more then 

45000 rpm could make the required shapes in less then 1 minute (Teitelbaum et al., 

2008).    

 

3.1.5 Pearl grading and marketing 

Currently, there is no accepted international standard of pearl grading system, 

although, pearl jewelers have their own different classification techniques. Saleable 

pearls are usually classified using the alphabetical nomenclature such as A (high), B 

(medium) or C (low) grade (Ruiz-Rubio et al., 2006 and Ellis and Haws, 1999). 

Pearls can be further graded within the A category to show the highest quality pearls 

(Table 3.2, page 34). This can be AAA, (highest quality), AA (good quality) and A 

(medium quality) depending on the quality of pearls formed (Ruiz-Rubio et al., 

2006; www.pearl-guide.com). There are no established markets for mabé pearls 
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abroad as compared to the round pearls. Mabé pearls could be sold to various carvers 

and jewelers locally. After processing, they can sell the products to tourists locally 

and export overseas if a market is identified  

  

3.1.6 Aims  

� Determine the best location for the nuclei to be pasted on the shells, for 

quality mabé pearl formation. 

� Determine the duration of cultivation required in order to produce mabé pearl 

with sufficient thickness. 

� Determine the effect of water temperature, salinity, depth and dissolved 

oxygen on the quality of the mabé pearl formed. 

� Determine the best age at which to culture mabé pearls in Pteria penguin.  
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3.2 Methodology  

3.2.1 Experimental site  

The experiment was carried out in Savusavu Bay, on a commercial pearl farm, J. 

Hunter Pearls. The farm is approximately 20 ha in size with a mean depth of 25 m, 

and located close to Savusavu town (Figure 3.1). The site is enriched with diverse 

marine species as no fishing activities are allowed. The site has produced finest 

qualities of round pearls from Pinctada margaritifera in the world and has good 

current circulation. The pearls produced from this site have enabled J. Hunter Pearls 

to be a major competitor in black round pearl markets through out the world.   

 

 
Figure 3.1: Pteria penguin grow out trial and mabé pearl production sites in 
Savusavu Bay. Source: http://www.googleearth.com 
 

3.2.2 Growth culture from spat to adult Pteria penguin 

Pteria penguin for the experiment were obtained as by catch when collecting 

Pinctada margaritifera (target commercial species) from spat collectors deployed at 

Vatubukulaca, Vatulele and Farm site (Figure 4.1, p. 56). They were collected as 

spat, drilled close to the hinge with a 1.5 mm diameter drill and tied to ‘center ten 

Grow out trial site Line A, Mabe pearl 
production site 

J. Hunter Pearls shed 

Fisheries shed

Line C 

Savusavu town 
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knots’ (CTN). CTNs are culture apparatus, which are covered by mesh materials 

such as chicken mesh wire, onion bags or plastic mesh to hold the oyster spat and 

protect them from predation during grow-out (Figure 3.2, p. 28 & Figures 4.2, 4.3, p. 

57).    

 

A CTN contained a total of 20 Pteria penguin, the same number of individuals as 

CTNs with Pinctada margaritifera.  Each Pteria penguin was taken out of the CTNs 

upon reaching a size of 110-130 mm. The previously drilled holes were made bigger 

using a 2.0 mm diameter drill bit. These oysters were then tied (ear hung) to chaplets. 

A total of 20 oysters were tied to each chaplet, which were later tied to Line A in the 

farm. The oysters were further thinned out upon reaching an average size of 170-180 

mm, with each chaplet having only 10 adult oysters until they had grown to a size of 

275-325 mm (or 3.5-4.0 years old). 

 

         

Figure 3.2: Oysters tied in   Figure 3.3: Chaplet with 20  Figure 3.4: Chaplet with 
CTNs. (Photos: Author)       oysters. (Photos: Author)        10 oysters. (Photos: 
Author) 
 

3.2.3 Experiment procedure  

From an initial total of 300 oysters, which were cleaned two months prior to the trial, 

only 165 oysters survived until the implanting process. These oysters were used for 

the first trial, which were an average height of 250±6.5 mm at the beginning of the 

experiment. Out of 165 oysters, 105 oysters were implanted and 60 oysters were 

discarded due to signs of disease in them. The oysters were brought to the farm shed, 

where they were thoroughly cleaned before commencing with the implanting 

procedure.  
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A second trial was initiated after mortality among some of the oysters used in the 

first trial, from mantle and body collapse due to suspected age factor. The oysters 

used for the second trial were of an average age and height of 2 years and 145±4.8 

mm respectively. A total of 20 oysters were implanted during the second trial. The 

aim of the second trial was to determine if the age factor was the actual cause of 

mortality in the adult oysters used in the first trial.  

 

3.2.3.1 Relaxing with 1 propylene phenoxetol at 2.5 ml/L, 3.0 ml/L and 3.2 ml/L 

Oysters were cleaned and exposed to direct sunlight. This was a mode used to stress 

the oysters, which caused the oysters to open the valves slightly. Just as the shells 

were opened slightly, a wedge was inserted in between to prevent the oysters from 

closing their valves. The method allowed a quick application of the anaesthetics 

inside the oyster shells, which resulted in less time taken for oysters to relax. Three 

different solutions of 1 propylene phenoxetol with concentrations of 2.5 ml/L, 3.0 

ml/L and 3.2 ml/L of seawater were prepared (Mamangkey et al., 2009). The 

solutions were then evenly stirred in 20 L round basins to completely dissolve all 1 

propylene phenoxetol droplets. Each solution had 5 slightly opened valve oysters 

(Figure 3.6, p. 32). The mantles of the oysters were poked with forceps to determine 

if the oysters were relaxed. The oysters were considered to be fully relaxed if there 

was no reaction by the mantle upon poking (Southgate 2008-2009, pers. comm).  

   

3.2.3.2 Relaxing Pteria penguin with benzocaine 

Benzocaine solutions of concentrations 500 mg/L and 1200 mg/L were made 

(Mamangkey et al., 2009). To prepare a benzocaine solution of 500 mg/L, 9.75 g of 

benzocaine was firstly dissolved in methyl alcohol to a saturation of 250 mg/ml. The 

solution was then poured into a small container (0.5 L) of hot seawater of 88-92 ˚C to 

completely  dissolve benzocaine crystals (Acosta-Salmon et al., 1997; Acosta-

Salmon et al. 2005; Mamangkey et al., 2009).  The solution was then poured into a 

container with 19.5 L of seawater to get to the desired concentration. 1200 mg/L of 

benzocaine solution was prepared by dissolving benzocaine in ethanol first (100 

mg/L) and then mixing the solution with seawater (Acosta-Salmon et al., 2005; 

Mamangkey et al., 2009). A new set of 15 oysters was used with each concentration 

tested, with the same form of data recording as done for 1 propylene phenoxetol.  

 



 

 30 

The time taken for the oysters to fully relax and recover was noted. These oysters 

were further observed for 7 days to note if there were any mortality. Kruskall–Wallis 

analysis was done to determine the difference in time taken for the oysters to relax in 

different concentrations of each solution. Pearson’s Chi Square test was used to 

determine the difference between the recovery rates and mortality of the oysters for 

each of the different concentrations. Both the analyses were carried out using SPSS 

Version 13. 

 

3.2.3.3 Implanting procedure 

At any point in time, only 5 oysters were being anaesthetised in the solution for 

implanting. This was to prevent any mortality of the oysters as a result of being kept 

in the anaesthetic solution for more then 15 minutes that would cause mantle and 

body collapse. Oysters were wedged to prevent the closure of the shells when they 

were clamped. The oyster valves were not opened more than 25 mm to avoid damage 

to the adductor muscles. Upon clamping, the mantle tissue was pushed back to 

expose the suitable nacre position. Some oysters experienced mantle or body 

collapse after they were relaxed. A normal practice would be to discard these oysters 

as stated by Mamangkey et al. (2009). However, in this study, oysters with mantle or 

body collapse were implanted due to limited number of individuals available during 

the first trial.  

 

A total of 5 hemispherical nuclei were implanted in one oyster. Three nuclei were 

pasted on the shell which was more curved while 2 were pasted on the less curved 

shell. Each nucleus used had a diameter 15±0.05 mm and height 0.7±0.05 mm. 

However, the smaller oysters for second trial, had only 3 nuclei implanted, with 2 on 

the more curved and 1 on the less curved valve. Each nucleus had a diameter of 

0.8±0.05 mm and a height of 0.4±0.05 mm. Before pasting nuclei, the locations at 

which the nuclei were to be pasted were determined. Figure 3.10 shows the 

spots/regions on the valves where the nuclei were pasted on the large oysters. Pasting 

of nuclei on the same spots was consistent on all the oyster valves. A specially 

ordered gel polycyanoacrylate from Australia was used for pasting the nuclei. 

Locally sold liquid polycyanoacrylate was not suitable to be used as it could easily 

flow towards the tissues of the oysters causing irritation to oysters, leading to 

mortality.  
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Tools used to hold the nuclei for pasting as showed in Figure 3.12, p. 33 were locally 

made. The insertion tools made for Pteria penguin were longer than the insertion 

tools used for other species of pearl oysters, which took into account the longer non 

nacreous part in Pteria penguin. Nuclei were positioned in the insertion tool with the 

dome side first and the flat side up. On the flat surface of the nuclei, just a blob of 

polycyanoacrylate was applied. Applying excess polycyanoacrylate would blemish 

the mabé pearl formed as it oozes around to the sides of the nucleus forming clumps 

around the edges of nuclei pasted. The nuclei were then firmly pressed on the top 

valve of the oyster for 5-10 seconds in order for it to stick (Haws et al., 2006). The 

oyster was then turned, put back on the clamp and nuclei were pasted on the other 

valve. The nuclei were not pasted directly opposite each other as this would pose 

difficulty for the oysters to close their shells completely.   

 

The implanting process took an average of 3 minutes only per oyster, with an 

average of 36 seconds per nuclei. It was vital to have the oysters opened and be out 

of water for as less time as possible to reduce any mortality. After the oysters had 

been implanted, they were placed in a 30 L container of aerated fresh seawater for 

recovery. There was a continuous aeration supplied by a battery-operated aerator.  

Water in the container was changed at every 30 minutes interval. Oysters were 

considered to have recovered after they began to close their shells when touched or 

when taken out of water. Recovered oysters also closed their shells if their mantles 

were touched (Mamangkey et al., 2009; Norton et al., 1996). Time taken for oysters 

to fully relax and recover was noted. Once the oysters recovered, they were tied to 

chaplets and left at the farm shed pontoon for observation of any mortality overnight. 

Each chaplet had a total of 10 oysters tied. For these trials, 1 propylene phenoxetol of 

3.0 ml/L was predominantly used, as it required less effort to be prepared compared 

to benzocaine solution. Upon implanting, oysters were tied to Line A at 

16˚46’10.18”S, 179˚19’26.61”E, (Figure 3.1, p. 27). Oysters were further monitored 

for 1 week, to note if there were any mortalities after the treatment. 
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Figure 3.5: Oysters exposed in the sun         Figure 3.6: Oysters in 1 propylene                           
to slightly open the valves.                         phenoxetol solution. 
(Photos: Author)                              (Photos: Author)   
 

Figure 3.7: Fully anaesthetised oyster.         Figure 3.8: Implanting Pteria penguin   
(Photos: Author)                            (Photos: Author)  

 

                   
Figure 3.9: Nuclei pasted on the valves        Figure 3.10: Spots where the nuclei               
of a clamped oyster.                                       were pasted on both valves.  
(Photos: Author)                                             (Photos: Author) 
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Figure 3.11: Oysters recovering after              Figure 3.12: Tools made for holding  
being anaesthetised and implanted.                the nuclei and wedges for opening  
(Photos: Author)                                            oysters. (Photos: Author)     
  

3.2.3.5 Pearl Culture 

Fifteen implanted oysters were tied at 15 m depth while another 15 oysters were tied 

at 20 m depth. This was to done to note if there was any difference in the mabé pearl 

quality and size at different depths of mabé pearl culture. These oysters were 

harvested after 10 month of culture period (Southgate 2008-2009, pers. comm). The 

rest of the implanted oysters were then tied to Line A (Figure 3.1, p. 27), in the farm 

which was suspended at a depth of 10m. Water temperature was recored using a data 

logger every 2 hours while DO content and salinity were measured using YSI 85 

meter every week. Secchi disk was used to record turbidity every week. Oysters were 

cleaned from any fouling and unwanted marine organisms every 2 months. The lines 

were also checked at monthly intervals to ensure that everything (anchors, floaters 

and droppers) was in place.  

  

3.2.3.6 Monthly Sampling mabé pearls  

After 5 months of implantation and culture, three oysters from 10m depth were 

sacrificed every month from, 6th, 7th, 8th, 9th, until the 10th month. Mabé pearl formed 

was carefully cut using a high-speed diamond-cutting disk from the shells. The 

thickness of the nacre layer formed at the top and base of nuclei was measured 

(Figure 3.13), using a micrometer screw gauge (±0.01 mm) and analyzed using 

ANOVA, as done by Ruiz-Rubio et al., (2006) for half pearls from Pteria sterna. 

The data obtained provided the duration of cultivation required for the production of 

mabé pearls with sufficient thickness, which are commercially demanded and are of 
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premium quality. The data obtained also proved the appropriate location of nucleus 

on the shells for quality pearl formation.  

 

 
                         Figure 3.13: Nacre thickness measured at the top and base of a nucleus. 

  

3.2.4 Harvesting, Grading and Marketing 

After 10 months of cultivation, all the oysters implanted were harvested and the 

mabé pearl cut out using the same high speed-speed cutting disk. Mabé pearls 

harvested were graded using alphabetical nomenclature such as AAA (high quality), 

AA (good quality), A (medium quality), B (Sufficient quality) and NC (not 

commercial) (Ruiz-Rubio et al., 2006). The luster, size, shape and nacre determined 

the quality of the pearls.  

 

Table 3.2: Criteria that were used for grading mabé pearls. Source: Ruiz-Rubio et al. 
(2006) ; www.pearl-guide.com; www.pearlstruck.com. 
 

Grades Mabé Pearl Characteristics 

AAA The highest quality of pearl. Perfect quality, with outstanding 

luster, with at least 95% free from any forms of defect. Dark 

colors and good symmetry.    

AA Good quality. At least 75% of the surface does not have any 

form of defects. Has good luster with unvarying colors.  

A Medium quality. With at least 25% of defects. Varying colors 

with poorer symmetry and no over-tones. 

B Sufficient quality. Uneven surfaces, with a lot of flaws, but 

having good luster.   

NC Pearls with no commercial value. Poorest luster of all, with 

virtually all surface imperfections and very thin nacre. 

   

Top nacre thickness 

Base nacre thickness 
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Graded mabé pearls classed as grades AAA and AA were kept in the J. Hunter Pearls 

showroom to gauge the responses from the customers.  
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3.3 Results 

3.3.1 Anaesthetic trials 

All oysters selected for anaesthetic trials were fully relaxed in 2.5, 3.0 and 3.2 ml/L 

of 1 propylene phenoxetol within 40 minutes (Figure 3.14). Additionally, all the 

oysters in 1200 mg/L were also fully relaxed in the same period of time (Figure 3.15, 

p. 37). On the contrary, only 12 oysters were fully relaxed in 500 mg/L of 

benzocaine within the 40 minutes time allocation. 1 propylene phenoxetol at 3.0 

ml/L was considered to be the most appropriate anaesthetic as this concentration 

relaxed the required number of Pteria penguin with minimum mortality. The 

recovery periods of Pteria penguin oysters were also economical at this 

concentration (Figure 3.16, p. 37).  
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Figure 3.14: Average time taken for oysters to fully anaesthetise at different 
concentrations of 1 propylene phenoxetol.  
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Figure 3.15: Average time taken for oysters to fully anaesthetise at different 
concentrations of benzocaine. 
 

 
Figure 3.16: Recovery times of the oysters after being anaesthetised at different 
concentrations in both the relaxants.  
 
 
 
 
 

-----------1 propylene phenoxetol-------------//---------benzocaine---------
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Figure 3.17: The number of oysters died at different concentrations in both the 
relaxants after 7 days.  
 

3.3.1.5 Statistical analyses 

According to the Kruskal–Wallis (κ) analysis, the different concentrations of 1 

propylene phenoxetol (κ = 36.55, p = 0.00) and benzocaine (κ = 19.40, p = 0.00) at 

0.05 significance level, had an influence on the time required for Pteria penguin to 

be fully anaesthetised.  However, the Chi square analysis shows that the different 

concentrations of these anaesthetics did not have significance difference, 1 propylene 

phenoxetol (χ2 = 0.17, p = 1.0) and benzocaine (χ2 = 0.05, p = 1.0), on the recovery 

times required by the oysters. Moreover, the mortality rate of the oysters also did not 

differ significantly, 1 propylene phenoxetol (χ2 = 0.17, p = 0.92) and benzocaine (χ2 

= 0.00, p = 1.00) after 7 days from implanting.  

 

3.3.2 Water parameters  

Water parameters at the mabé pearl culture site varied over the months of year 2009. 

Average temperature at the culture site ranged from 25.28 ºC in August 2009 to 

29.68 ºC in March 2009. Average salinity ranged from a minimum of 31.2 ppt in 

April to a maximum of 33.5 ppt in November, 2009, while the average lowest DO 

value of 4.88 mg/L was recorded in March and the average highest of 7.04 mg/L in 

September, 2009. February 2009 recorded the average minimum turbidity value of 7 

m while average maximum turbidity of 3.5 m was recorded for several months, as 

shown in the graph below.  

 

-----------1 propylene phenoxetol-------------//---------benzocaine-----------
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Water parameters at the experimental site
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Figure 3.18: Different average water parameters recorded at the experimental site 
over different months of mabé culture and juvenile Pteria penguin grow trials.  
 

3.3.3 Mortality of Pteria penguin during mabé pearl culture 

From the total Pteria penguin implanted during the first trial, 34% (36 oysters) 

mortality was recorded. Majority, 78.8% (28 oysters) of total oyster mortality was 

recorded within 3 weeks after implantation. However, a decrease in mortality 

proportion was recorded during the second trial. Only 15% (3 oysters) died during 

the second trial.  

 

3.3.4 Nacre measurement 

A constant nacre deposition on the top and base of nuclei was observed during the 

first 9 months of culture. However, a decrease in the rate of nacre deposition was 

observed in the last (10th) month of culture. The maximum thickness of nacre 

deposited on top of a nucleus was 1.27±0.05 mm and the minimum was 0.33±0.05 

mm while the nacre thickness at the base varied from a minimum of 0.28 ± 0.05 mm 

to 1.00±0.05 mm. These maximum nacre deposition measurements were recorded in 

the month of November, 2009. Average maximum nacre deposited at the base and 

top of nuclei sampled at different months was also the greatest for November, 2009.  

Figure 3.19, p. 40 shows the average thickness of nacre deposited over different 

months of culture.   
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Figure 3.19: Average thickness of nacre deposited on the top and base of the nuclei 
in Pteria penguin over different months of culture.  
 

Mabé pearls formed over the culture period in Savusavu Bay varied in colors. The 

color of mabé pearls varied from metallic grey to gold. The mabé pearls had 

greenish, purplish and light bluish overtones. Mabé pearls formed close to the 

adductor muscles were metallic grey to white in color.    

 

3.3.4.1 Statistical analysis 

The rate of nacre deposition on the top (F=15.39, p=0.00) and base (41.54, p=0.00) 

of nuclei were significantly different at different sampling months.   

 

3.3.5 Nuclei positions on the shells 

Nuclei positions on the shells of Pteria penguin had an influence on the quality of the 

mabé pearls formed. Figure 3.10, p. 32 shows the positions at which the nuclei were 

pasted on the shells. Mabé pearls formed at positions 1 and 2 virtually shared the 

same characteristics. Majority of the pearls formed at these 2 positions showed good 

metallic luster. All mabé pearls at these positions had perfect round (symmetrical) 

shapes. The mabé pearls formed at these positions were graded as AA. On the other 

hand, 82% of the mabé pearls formed at position 3 were from medium to low in 

quality in this experiment. Mabé pearls formed at this position were mostly dull 

white in color, exhibiting very less commercial values. These pearls were graded as 

B.  Mabé pearls formed at position 4 had perfect lustre and colors needed for 

commercial purpose. Golden colored mabé pearls with light green overtones were 
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mainly observed at this position. However, 14.6% of the total mabé pearls sampled 

from this position were asymmetrical (irregular) in shape. Furthermore, 18.9% of 

mabé pearls formed at position 5 had asymmetrical shapes. The quality of mabé 

pearls formed at this position was good as most of the mabé pearls had golden color 

with green and purple overtones. The mabé pearls formed at positions 4 and 5 were 

graded as AA and A respectively.  

 

3.3.6 Mabé pearls produced at 15 m and 20 m depths 

Mabé pearls formed at 15m and 20 m depths did not vary in size as compared to 

mabé pearls that were cultured at normal depths and harvested after 10 months of 

culture. However, majority of the mabé pearl harvested from 15 m and 20 m depths 

were bright white in color with a great reduction in the golden color.  

 

3.3.7 Mabé pearls from younger oysters  

Mabé pearls formed in younger oysters were generally poor in quality. As the oysters 

grew, the positions where the nuclei were pasted initially had shifted towards the 

inner white nacreous region. The golden nacre layer grew outwards as the oysters 

grew in size. The mabé pearls were white with regular shapes.  

 

The diagrams on the next page show the different qualities of mabé pearls that were 

formed on young and adult oysters. Figures 3.20 & 3.21, p.42 show mabé pearls 

formed on less and more concave valves of adult oysters.   
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Figure  3.20: Mabé pearls formed on less    Figure 3.21: Mabé pearls formed on              
concave valve. (Photo: Marilyn)                   more concave valve. (Photo: Marilyn)                        
     
 

 
                            Figure 3.22: The initial   nacre layer where the nuclei were first  
                            pasted. (Photo: Author) 
 

 

 

 

 

Initial nacre 
layer  
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3.4 Discussion 

3.4.1 Anaesthetic trials 

There are numerous methods that are presently utilised to anaesthetise marine 

invertebrates (Sendall, 2003). The effectiveness of the different anaesthetics on the 

molluscs is species specific and concentration specific (Aquilina & Roberts, 2000; 

Mamangkey et al., 2009).  According to the results obtained (Figures 3.14 & 3.15, p. 

36 & 37), Pteria penguin responded differently to dissimilar anaesthetics with 

varying concentrations. As the concentrations of the anaesthetics increased, the time 

required by the oysters to relax decreased. An anaesthetic was considered to be most 

efficient if it induced relaxation in less then 15 minutes and had a recovery time of 

less then 30 minutes with minimum mortality amongst the oysters (Mamangkey et 

al., 2009; Norton et al., 1996).  The most favorable results were obtained with 3.0 

ml/L compared to 2.5 and 3.2 ml/L concentrations of 1 propylene phenoxetol. The 

concentration of 3.0 ml/L required an average of 15 minutes for Pteria penguin to 

relax with a minimum mortality (1 oyster) after 7 days after implanting. These 

oysters required an average recovery time of 12.5 minutes.  

 

Oysters in 2.5 ml/L of 1 propylene phenoxetol required the longest average time 

period to be relaxed (26.4 minutes) and a shortest time to recover (10.7 minutes) with 

a mortality number of 3 oysters after 7 days. The concentration 3.2 ml/L recorded the 

shortest mean time period (10 minutes) for the oysters to relax. However, 3.2 ml/L 

also recorded the longest recovery session of 14.1 minutes and recorded the highest 

mortality (7 oysters) after 7 days. On the contrary, oysters relaxed in 500 mg/L and 

1200 mg/L required a mean time of 25.0 minutes and 16.1 minutes respectively, with 

an average recovery times of 14.2 minutes and 13.9 minutes correspondingly. Two 

oysters were observed to be dead in 500 mg/L while 3 oysters died in 1200 mg/L 7 

days after implanting.  

 

The commonly used mollusc anaesthetic is 1 propylene phenoxetol. Pteria penguin 

required higher concentration (3.0 ml/L), of 1 propylene phenoxetol compared to 

Pinctada margaritifera (Norton et al., 1996) and Pinctada maxima (Mamangkey et 

al., 2009), where 2.5 ml/L provided favorable results for the Pinctada species. 

According to O’ Connor & Lawler (2002), 2.2ml/L of 1 propylene phenoxetol 

anaesthetised Pinctada imbricata and Pinctada albina within 15 minutes and the 
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oysters had recovered within 10 minutes. However, 2.5 ml/L of 1 propylene 

phenoxetol used to anaesthetise abalone, Haliotis iris resulted in muscle contraction 

followed by mortality (Aquilina & Roberts, 2000).  

 

In addition, the average time taken for 1200 mg/L of benzocaine to relax Pteria 

penguin was slightly longer then the time taken to anaesthetise Pinctada maxima 

(10.5 minutes) (Mamangkey et al., 2009), Pinctada fucata (10.27 minutes) and 

Pinctada margaritifera (9 minutes) (Acosta–Salmon et al., 2005). Despite the slight 

extended time required to relax Pteria penguin oysters, the results were fairly 

positive. Few cases of body and mantle collapse were noted resulting from 1200 

mg/L of benzocaine, as reported by Acosta–Salmon et al. (2005) for Pinctada fucata 

and Pinctada margaritifera. Body and mantle collapse (neurodegeneration) was 

mainly noted in 3.2 ml/L of 1 propylene phenoxetol that resulted from the strong 

concentration of the solution and the oysters being kept for longer time than required 

in the solution.  It was observed that the oysters with body and mantle collapse had 

wider valve openings than normal and would take more than required time to 

recover, or in most cases die. According to Mamangkey et al. (2009), 

neurodegeneration of the important internal organs of the animals can result from 

extended periods of animal exposure to anaesthetics that eventually lead to death.  

 

The type of anaesthetic to be used should also consider labour cost and preparation 

period. Therefore, the solution should be prepared with minimum labour and time 

period possible. Moreover, Mamangkey et al. (2009) stated that the potential health 

hazards and toxicity to human users should also be considered while using various 

anaesthetics. Preparation of 1 propylene phenoxetol solution was more effortless 

over benzocaine solution preparation. 1 propylene phenoxetol was readily soluble in 

natural temperature of seawater while benzocaine required dissolving in methyl 

alcohol first before heating the solvent water to 88-92 ˚C, to completely dissolve the 

crystals. 

 

3.4.2 Nacre deposition 

Nacre thickness is one of the main measurable features that determine the pearl 

quality (Ruiz-Rubio et al., 2006). A constant rate of nacre deposition was recorded in 

the 6th, 7th, 8th and 9th month of culture in the present study. The rate of deposition on 
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the nuclei increased with an increase in water temperature for the mabé pearls 

sampled from August 2009. Maximum average nacre thickness on the top and base 

of nuclei was recorded in November 2009 (Figure 3.19, p. 40). There was a slight 

decrease noted in nacre deposition rate in December 2009, despite being the hottest 

month during the culture period compared to November (Figure 3.18, p. 39). 

Nevertheless, the deposition rate was still higher then the colder months. For a 

commercial mabé pearl culture, nacre thickness of commercial value between 0.7 

mm to 2.5 mm was usually attained in 6 months to 12 months (McLaurin et al., 

1997; Ruiz–Rubio et al., 2006; Shirai, 1994). For round pearls, a minimum thickness 

of 0.35 mm is required to attain its commercial purpose (Ruiz–Rubio et al., 2006). 

Results obtained from the present study demonstrated that commercial thickness in 

mabé pearls from Pteria penguin was reached 6 months after implantation. However, 

the quality of mabé pearl kept improving through out the culture period and it was 

not until the 9th and 10th month of culture, the highest commercial value of mabé 

pearls was noticed. The results from this study are slightly different from similar 

research carried out in Mexico. Ruiz–Rubio et al. (2006) used Pteria sterna for the 

study and confirmed that commercial nacre thickness was attained after 5 months 

from seeding but the commercial value of the mabé pearls was the highest after 9 

months from seeding.  

 

3.4.3 Lustre  

Lustre is an imperative characteristic of pearls that also has an influence on their 

quality. The lustre of mabé pearls from Pteria penguin was good enough when they 

were first harvested after 6 months from implantation process. However, some mabé 

pearls had uneven surfaces when harvested after 6 months. These uneven surfaces 

were improved along the mabé culture period. The quality of luster of mabé pearls 

also somewhat improved during with the culture period. The best quality lustrous 

mabé pearls were obtained in 9th month of culture. This was after the months of low 

temperature (June-October). The slightly reduced water temperature is believed to 

have brought about slightly more lustre in the mabé pearls compared to the mabé 

pearls harvested from the previous months and the 10th month (December) (Gervis & 

Sims, 1992; Ruiz–Rubio et al., 2006; Taylor & Strack, 2008; Wada, 1973). The 

improvement in the lustre was as significant as was the improvement noted in the 
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reduction in the uneven surfaces. As the improvement in uneven surfaces of the 

pearls progressed, lustre in mabé pearls emerged as well.  

 

3.4.4 Positions of nuclei on the shells 

 Position of nuclei pasted on the shells of Pteria penguin oysters was the other factor 

that determined the quality of the mabé pearl formed, see Figure 3.10, p. 32. At 

positions 1 and 2, there were no asymmetrical (irregular) mabé pearls formed. 

However, most (89%) of the mabé pearls formed at these positions were metallic 

grey or white in color with the absence of golden color. Golden colors could have 

been obtained if the nuclei were pasted more closely towards the golden nacre layer 

(Figure 3.21, p. 42). All, 100% of the mabé pearls formed at these positions showed 

the required commercial lustre with no imperfections. At position 3, 65% of mabé 

pearls formed were dull white with poor lustre. When oysters were first harvested 

after 6 months, the adductor muscles were observed to have covered the nuclei at 

position 3 in 2 oysters from the 4 sampled. The covering of the nuclei by the 

adductor muscles increased with the culture period. This gave the mabé pearls a dull 

color. There could have been duller colored mabé pearls from position 3 (Figure 

3.10), if smaller oysters were used. This was evidenced in younger oysters that were 

used during the later period of the study. Mabé pearls that were produced from these 

oysters were all dull white/grey in color with much less commercial value. The 

adductor muscles grew and enlarged as the young oyster grew and covered most of 

the nuclei pasted at position 3. 

 

Ruiz–Rubio et al. (2006) also reported this issue, where lustre of mabé pearls from 

Pteria sterna was greatly diminished due to adductor muscle enlargement. However, 

in initial section of the current study, the growth rates of adult Pteria penguin were 

minimal, which minimised the adductor muscle enlargement on the pasted nuclei. 

Moreover, 53% and 47% of the mabé pearls formed at positions 4 and 5 were 

asymmetrical respectively.  According to Ruiz–Rubio et al. (2006), asymmetrical 

mabé pearls were formed when the mantle could not completely cover all the nuclei 

pasted on a valve. This resulted from an increased shell surface due to multiple 

nuclei being pasted on a valve. Despite the asymmetrical shapes of mabé pearls, 

professional carvers were interested in the colors and lustre these pearls carried. 
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Some of the asymmetrical mabé pearls could make sought after necklaces or other 

ornaments according to these carvers, due to its unique shapes.  

 

From the results obtained, Pteria penguin of 3 years of age are considered to be the 

best for implantation. These oysters would have an average size of 250 mm to 300 

mm. Nuclei pasted on spots 1, 2, 4, and 5 (Figure  3.10, p. 32) would yield mabé 

pearls of high commercial values.    

 

3.4.5 The number of nuclei to be pasted on the valves 

Pasting 5 nuclei per oyster (3 on the more concave valve and 2 on the less concave) 

presented no difficulty to Pteria penguin due to its renowned large size. The 

resulting mabé pearls were also not of as poor quality as reported by Ruiz–Rubio et 

al. (2008), where 3 nuclei were pasted in an oyster. However, sufficient space is 

required by the carvers around a mabé pearl to design and produce ornaments of high 

commercial value. For this reason, it would be appropriate to have 2 nuclei pasted 

evenly per valve. It is only preferable to produce few mabé pearls of good quality 

rather than producing more than ample mabé pearls from a valve, which would affect 

the finest ornament production due to lack of space. In some commercial pearl farms, 

oysters used for round pearl production are later used to produce mabé pearls (Ruiz–

Rubio et al., 2006). At J. Hunter Pearls in Savusavu, Pinctada margaritifera were 

used to produce mabé pearls after each oyster had produced 3 round pearls 

successively. Mabé pearls harvested were not of high commercial value since the 

oysters were harvested just 6 months after implantation process. Had the oysters been 

cultured a few more months, slow tissue growth of the oysters would have yielded 

much better qualities of mabé pearls.   

 

3.4.6 Mortality amongst Pteria penguin 

The mortality amongst adult Pteria penguin after the implantation process was a 

concern. The exact cause of mortality could not be investigated. However, several 

contributing factors for such a mortality rate were considered.  The adult oysters used 

were 3.5 to 4 years old. These oysters would have encountered difficulty to recover 

efficiently after being subjected to anaesthetic as compared to the younger oysters 

that were used in the later part of the study. Pteria penguin would also have been 

somewhat stressed when the implantation process was first initiated due to lack of 
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experience by the implanter. This issue was later eased as essential skills were gained 

by implanting more oysters. Oysters were also exposed to sunlight to open up their 

valves before being introduced to the anaesthetic solution. A slight prolonged period 

of exposure would have also caused stress amongst the oysters.   

 

3.4.7 Different depths of mabé pearl culture 

The present study also demonstrated that the depth at which mabé pearls were 

cultured did not significantly affect the rate at which nacre was deposited. The size of 

mabé pearls harvested from 15 m and 20 m were of the same size to those from the 

surface depths. However, as mentioned earlier, there were no golden colored pearls 

produced at these depths. The mabé pearls were bright white in color. According to 

Tanaka & Yamamoto (1997), the golden color of mabé pearls decreased with an 

increase in depth in Tonga. This was also influenced by other environmental factors 

and genetics. The report further illustrated that such bright white mabé pearls were in 

demand in pearl markets. However, this contradicted the local quality demand of 

quality mabé pearls. Professional carvers from Fiji opt for large sized golden or 

overtones of multiple colors that would give the mabé pearls its exceptional values in 

the local and selected overseas markets.    
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Chapter 4                  Juvenile Pteria penguin Grow out Trials 

4.1 Introduction  

The chapter begins with a grow out trial, whereby the new set of juvenile Pteria 

penguin is stocked at different densities and deployed at 10 m, 15 m and 20 m 

depths. The culture apparatus used were pocket panel nets and chaplets. The mesh 

size of the pocket panel nets used during the first trial was 40 mm x 40 mm. The 

subsequent section deals with another grow out trial carried out at 6 m, 8 m and 10 m 

using locally made pocket panel nets with mesh size of 10 mm x 10 mm. The 

stocking density of Pteria penguin used in the second grow out trial was the same as 

used in the first trial. The impacts of stocking density, depth, predation, fouling rates 

and water parameters on the growth rates of juvenile Pteria penguin were also 

determined.  

 
Growth phase study of bivalves is an important aspect in any bivalve culture. Urban 

(2002) defined growth as the increase in the length or weight over a period. Rapid 

growth of bivalves in aquaculture industry is highly desirable as this minimises the 

time to harvest thus increasing the profit margins. However, Lee et al. (2008) stated 

that pearl oysters need variable growth rates at their different growth stages. Rapid 

growth rates of hatchery produced, round pearl oyster spat, are required for 2 years to 

obtain as many oysters as possible for seeding (Rose & Baker, 1994). This also 

means that larger sized nuclei could be implanted to produce larger pearls that are 

demanded currently.  Contrarily, slow growth rates of pearl oysters are preferred 

before being seeded, as weak muscles keep the rejection rates of the implanted nuclei 

to a minimum and release gametes, which would create more space in the gonad for 

an easy nucleus insertion (Gervis & Sims, 1992; Lee et al., 2008; Saucedo & 

Southgate, 2008). Wada (1973) reported that seeded oysters are preferably grown in 

deep colder waters where low metabolic rate and growth are maintained for the 

production of quality pearls. In addition, there is a strong relationship between the 

shell growth rate of the pearl oysters and nacre deposition (Saucedo & Southgate, 

2008).   

 

The growth rates of all the pearl oysters are controlled by various environmental 

factors. Any factor either exogenous (e.g. genetic potential and neurohormonal 
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expression) or endogenous (e.g. environmental and culture conditions) could affect 

the growth rate of the bivalves if their physiological processes are affected (Pouvreau 

& Prasil, 2001; Saucedo & Southgate, 2008).  Growth studies of such nature have 

been carried out either in laboratories or in the field whereby the conditions can be 

manipulated or natural variation of these variables can be monitored (Brown, 1988). 

Findings have differed on the most important factors responsible for growth of the 

bivalves. 

 

4.1.1 Factors influencing the growth of Pteria penguin 

4.1.1.1 Salinity and temperature 

Salinity and temperature are reported to be amongst essential factors that are 

responsible for bivalve growth and survival (Kinne, 1964; O’Connor & Lawler, 

2004). Salinity is considered to be the key cause of all oyster distribution (Taylor et 

al., 2004). Changes in salinity have shown an influence in the filtration rate (Kang, 

2008; Zhuang, 2005), oxygen consumption (Kang, 2008; Shumway & Koehn, 1982), 

the rate of particle transport over the gills and electrolytic balance (Taylor et al., 

2004). A study carried out by O’Connor & Lawler (2004) showed that Pinctada 

imbricata can survive in salinities between 32-35 ppt with high mortalities noticed as 

the salinity went below 23 ppt. Contrarily, a trial carried out by Taylor et al. (2004) 

proved that Pinctada maxima can tolerate a salinity range between 25-45 ppt. 

Furthermore, all juvenile Pteria penguin died in water with less then 16 ppt while 

there was also some mortality noted in water with 20-24 ppt in southern China (Yu et 

al., 2005). The study further confirmed that salinity below 20 ppt might prove lethal 

to Pteria penguin.  

 

Moreover, as mentioned earlier, temperature is another factor, which controls the 

growth in juvenile oysters (Rio–Portilla et al., 1992) and nacre deposition in adult 

oysters. Temperature varies between sites and geographical locations (Andersen & 

Nass, 1993; Lodeiros et al., 1998; O’Connor & Lawler, 2004; Sims, 1993; Saucedo 

et al., 2004). MacDonald et al. (1987) concluded that increased temperatures caused 

elevated energy usage in the oysters from British Columbia. An increase in 

temperature caused an increase in oxygen consumption and ammonia excretion in 

Pinctada mazatlanica to a point beyond which it became lethal (Alexander et al., 

1994; Saucedo et al., 2004). Other studies carried out in different countries on 
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different bivalves also confirmed the same impact of temperature on the oxygen 

intake rates (Aldridge et al., 1995; Hong-sheng et al., 1998; Kang et al., 2008; 

MacDonald & Thompson, 1986: Newell & Branch, 1980). A study on the impact of 

temperature on the clearance rate of Crassostrea gigas by Bougrier et al. (1995) 

verified that the clearance rate of the bivalves increase with an increase in the water 

temperature. This also applied to pearl oysters (Yukihira et al., 2000). Yukihira et al. 

(2000) further considered temperature to be the factor that influenced the 

physiological rates, growth and mortality of the oysters during an attempt to 

determine the comparative effects of temperature on suspended feeding and energy 

budgets of Pictada margaritifera and Pinctada maxima. Moreover, a decrease in 

temperature during the larval phase of bivalves could inactivate certain enzymes and 

cause mucus secretion in many other bivalves, which may affect the growth rate 

(Pilditch & Grant, 1999; Tettelbach & Rhodes, 1981).   

 

4.1.1.2 Food availability  

According to Yukihira et al. (2006), food availability is also a vital factor amongst 

other factors that influences the growth, condition and survival of suspension-feeding 

bivalves. Griffiths (1980) stated that particulate organic matter is the main food 

source for many filter-feeding bivalves.  General feeding of the bivalves involves 

retention of the particulate matter from the suspension on the gills when filtering, 

which is then passed to mouth and goes down the esophagus. Mucus produced by 

some bivalves helps trap food particles and feeding is considered to be an automatic 

process where the retention of food particles is determined by the rate of filtering and 

the concentration of food available in ambient water (Jørgensen, 1981; Jørgensen, 

1996). Feeding characteristics of Pteria penguin at different stages of their growth 

remains yet to be well studied.  However, similar studies have been carried out on 

other pearl oyster species and bivalves. Studies have determined the quality and size 

of the seston (particulate organic and inorganic matter), with the species composition 

of phytoplankton needed by the pearl oysters for an evaluation of their food 

environment (Tomaru et al., 2002b). Tomaru et al. (2002b) further suggested that 

seston and phytoplankton > 2 µm composition should be monitored regularly for 

Pinctada fucata martensii since the pearl oysters show food preference just like other 

bivalves (Hawkins et al., 1996; Kiørboe & Møhlenberg, 1981). However, this 

statement is contradictory to Nasr (1984) whereby the findings reported absence of 
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food selectivity in Pinctada margaritifera in Red Sea. Yet recent studies showed 

nanoflagellates and cryptophytes are preferential food sources of Pinctada 

margaritifera although cryptophytes show low abundance in water column (Loret et 

al., 2000). Pouvreau et al. (1999) confirmed meteorological conditions and current 

speed (Wildish & Kristmanson, 1985), to have an effect on seston variation.  

 

Meteorological conditions have indirect influences on the feeding processes of the 

pearl oysters by altering the concentration and composition of seston significantly 

(Pouvreau et al., 2000b). Particulate organic and inorganic matter concentration 

increases with wind speed. In addition, wind is also the major factor responsible for 

setting up vertical circulation in shallow waters, which increases the food availability 

for plankton feeders, since algal cells are periodically resuspended in the whole water 

column (Arfi et al., 1993; Arfi et al., 1994; Arfi & Bouvy, 1995). An increase in the 

food availability resulted in an increase in the ingestion rates, and clearance rates 

correlated positively with the quantities and qualities of food available in water for 

scallops (MacDonald & Ward, 1994) and mussels (Ibrahim et al., 2002; Bayne et al., 

1993). Numaguchi (1994) claimed that Pinctada fucata martensii had a slow growth 

in waters with low food concentrations in Ohmura Bay, Japan. However, according 

to Yukihira et al. (1999), Pinctada margaritifera fed more efficiently in waters with 

low food concentrations while Pinctada maxima preferred waters with a range of 

food concentrations and silty conditions. On the contrary, Hashimoto et al. (2008) 

reported that the domination of indigestible particulate inorganic and organic matter 

in water could result in mass mortality if ingested by the pearl oysters. Food 

concentrations vary with the depth at which the oysters are cultured. 

 

4.1.1.3 Depths  

Depth is amongst factors that determines the concentration of food available, 

temperature and extent of fouling. Studies on the growth of tropical scallops at 

different depths (Leighton, 1979; Lodeiros et al., 1998) have shown scallops growth 

was inversely proportional to water depths. Lodeiros et al. (1998) confirmed that the 

plankton biomass and temperature decreased and scallop mortalities increased with 

the depth. This is further supported by Fuentes et al. (2000) for mussels. It has also 

been noticed that the rate of fouling also varies with depth. A grow out trial carried 

out for Pteria penguin showed that there was no major difference in the shell size at 
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1 m, 4 m and 8 m depths. However, more fouling and infestations were noticed at the 

surface depth compared to the bottom depths that resulted in higher mortality 

amongst Pteria penguin at the surface (Smitasiri et al., 1994). 

 

4.1.1.4 Fouling and predation 

Fouling reduces growth rates and causes mortalities amongst the oysters (Murad-B & 

Mohammed, 1976; Pit & Southgate, 2003). The cause of mortality and slow growth 

in oysters are caused by an increase in the competition between the host and other 

filter-feeding fouling organisms (Claereboudt et al., 1994), lack of food supply due 

to reduction in the water flow through the culture apparatus (Bondad-Reantaso et al., 

2001; Fre´chette & Grant, 1991) and reduction in oxygen availability (Alagarswami 

& Chellam, 1976).  Lodeiros & Himmelman (1996), also described the same impact 

of fouling, as mentioned above, in trials carried out in Venezuela. Lodeiros & 

Himmelman (1996) additionally reported that fouling organisms add substantial 

weight to the culture apparatus, threatening the stability and buoyancy of the system. 

For these reasons, culture units should be cleaned on a monthly basis, in order to 

reduce fouling (Southgate & Beer, 1997). Lodeiros & Garcia (2004) found that sea 

urchins attached to culture apparatus could reduce shell and net fouling apart from 

manual cleaning of the pearl oysters.  

 

Guenther et al. (2006) reported age as a key factor that determined the extent of 

fouling on Pinctada fucata. Age is inversely proportional to periostracum thickness, 

a factor which prevents fouling. Moreover, results from other studies elucidated that 

suspension and shallow water culture may increase the exposure to fouling 

organisms, which can directly affect the health by causing hindrance in opening and 

closing of the host shells efficiently (Lodeiros & Himmelman, 2000; Velez et al., 

1995). The rate of fouling decreases with an increase in depth (Leighton, 1979; 

Lodeiros & Himmelman, 1996).  Moreover, fouling and predation are closely related 

factors that are considered to be the major causes of mortality for pearl oyster spat. 

Predators include ranellid gastropods, xanthid and portunid crabs, and flatworms 

(Friedman & Bell, 2000) and other boring organisms (Che et al., 1996). Predators 

such as gastropod Cymatium and crabs that settle onto enclosures, are a concern in 

tropical countries as they affect growth rates of the pearl oysters, which could result 

in mass mortalities amongst oysters (Freites et al., 2000).  
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4.1.1.5 Stocking density 

Additionally, appropriate stocking density of the bivalves is also an important factor, 

which determines the success of bivalve business. Stocking density of oysters should 

be optimal that allows faster growth rates, be economical and reduce labour and 

culture apparatus costs (Maccacchero et al., 2007; Rheault & Rice, 1996).   Spat can 

remain on collectors for up to six months after which thinning out processes are vital 

to reduce mortality due to predation and inter-specific competition. Stocking bivalves 

at high density can decrease their growth rates, which results from intense 

competition for food and space (Beal & Kraus, 1990; Beal & Kraus, 2002; Fre´chette 

& Bourget, 1985; Hadley & Manzi, 1984; Honkoop & Bayne, 2002; Mgaya & 

Mercer, 1995; Sheridan 1997). The impact of high stocking densities would be the 

same for pearl oysters of any species as mentioned for other bivalves below.  

 

Toro et al. (1995) concluded that an increase in the stocking density resulted in a 

decrease in the live weight gained by bivalves in Southern Chile. The study further 

stated that high stocking density resulted in accumulation of silt, which affected the 

feeding efficiency of the oysters. Moreover, study carried out by Cote et al. (1994) 

on giant scallop Placopecten magellanicus showed that the rate of growth, mass of 

the shell, muscles and other soft tissues were negatively affected by high stocking 

densities. However, some other studies on the impact of stocking density on bivalves, 

report no significant effect on bivalve growth rates. This may have been due to 

stocking density chosen being less than the critical density, which could exploit food 

and space availability (Grecian et al., 2000).  A grow out trial by Monteforte et al. 

(2005) on rainbow pearl oyster Pteria sterna, showed that the effect of different 

densities was noticed during the late culture  and not during the nursery culture. 

However, no studies had reported the impact of stocking density on the growth and 

survival rates of Pteria penguin when the grow out trials in the current study were 

commenced.   
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4.1.2 Aims 

The study aimed to determine the best growth conditions of Pteria penguin juveniles 

into adult oysters in Savusavu Bay. These included:   

� Determining the appropriate depth and stocking density to obtain maximum 

growth rate in juvenile Pteria penguin.  

� Finding out the impact of water parameters and fouling on the growth and 

survival of Pteria penguin juvenile oysters.  

� Comparing the two methods (pocket panel nets and ear hanging) used to 

culture Pteria penguin.   
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4.2 Methodology 

4.2.1 Experimental site 

The research site chosen for grow out trials was the same commercial farm that was 

used for mabé pearl production, operated by Justin Hunter in Savusavu (Figure 3.1, 

p.27). The site was extensively utilized for the production of black - lip oyster pearls. 

Line A (Figure 3.1) was used for grow out trials, which already had Pteria penguin 

stocked previously. This site was thought to be an ideal location as it was preferred 

by the company management. The site would not interfere with the company’s daily 

activities.  

 

 
Figure 4.1:  The three different sites at which the spat collectors were deployed.  
Source: http://www.googleearth.com 
 

4.2.2 Spat collection 

The juvenile Pteria penguin used were collected from the company’s three common 

spat collection sites. These were Vatubukulaca, Vatulele and Farm site, as shown in 

Figure 20. Tahitian spat collectors were used for spat collection. Study by 

Monteforte et al. (1995) showed that spat collectors can be deployed from the 

surface to a depth of 15m. When collected, spat were of 10 mm to 15 mm in their 

Vatulele spat 
collector site  

Farm spat 
collector site 

Vatubukulaca 
spat collector 
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average size. Pteria penguin spat were collected as a by catch when collecting 

Pinctada magaritifera spat as a major catch. The hinges of the Pteria penguin were 

drilled using a 0.1 mm battery operated hand drill. These spat were then woven onto 

to a main rope (Figure 3.2, p. 28). Each main rope had 20 spat evenly spread out. 

Two ropes with Pteria penguin spat were then put into a CTN mesh culture 

apparatus. CTN stands for ‘center ten knots’. CTNs were made up of chicken wire 

with mesh dimensions of 20 mm x 20 mm to protect the young oysters being 

predated.  

 

4.2.3 Construction of ‘centre ten knots’ 

A sheet of chicken mesh wire (20 mm x 20 mm mesh dimensions) of length 1 m and 

width of 0.75 m was cut. The sheet was then rolled length wise to make it cylindrical 

in shape with the one end tied with binding wire. One of the two hollow ends was 

then tied with a steel wire to enclose it. The tied end then became the bottom of end 

of the CTN mesh. The two ropes with spat tied to them were then evenly positioned 

inside the CTN mesh vertically. The top end of the CTN mesh was then tied with the 

loose ends of the two ropes to entirely close the CTN mesh. A complete CTN mesh 

will be closed from all directions to avoid any predators from entering (Figure 4.2). 

CTN meshes with spat were then tied to the lines in the farm.  

 

         
Figure 4.2: A CTN made from chicken   Figure 4.3: A CTN made from PVC            
mesh wire.                                           material, currently used.  
(Photo: Author)                                               (Photo: Author)        
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However, CTN made from chicken mesh wire is no longer used as it is a source of 

zinc that is harmful to the oysters. Instead, imported PVC mesh materials are now 

used to make CTNs (Figure 4.3).                    

                                                                                                                                                              

4.2.4 Sorting out the juvenile Pteria penguin  

Juvenile oysters used were approximately a year old at the beginning of the trials. 

Each Pteria penguin was taken out from the CTN mesh and cleaned of fouling 

organisms such as seaweeds, sponges and barnacles.  It took one week to clean and 

sort out the oysters of required size from the CTN mesh. Healthy oysters which had 

no signs of any diseases were chosen for grow out phase. A total of 450 oysters were 

selected.  Each day the number of oysters cleaned was put in a plastic cage that was 

then tied to a pontoon attached to the farm shed until ample oysters to be used were 

attained, after which measuring of the oysters commenced 

 

4.2.5 Measuring Pteria penguin 

The first grow out trial commenced in November, 2008. Oysters were measured 

using a vernier caliper (Figures 4.4 - 4.6, p. 59). The vernier caliper had a standard 

error of ± 0.05 mm. A total of three definite dimensions were recorded. These were 

shell height (dorso-ventral or DVM), shell thickness and shell wing (anterior-

posterior or APM).  Shell height represented the largest measurement of an oyster, 

which is measured at right angles to the hinge. The shell length measurement was the 

largest horizontal dimension connecting the dorso-ventral margins of the shells taken 

parallel to the hinge line (Hynd, 1955; Saucedo et al., 1998). Thickness of an oyster 

is defined as the maximum distance between the external surfaces of the two valves 

when they are closed (Alagarswami & Chellam, 1977).  Wing length of an oyster is 

the maximum distance between the extended wing-like shell and the hinge line. The 

average height, thickness and wing length were 91.68±10.5 mm, 17.30±1.2 mm, 

78.75±6.0 mm respectively, at the beginning of first grow out trial. Figures on the 

next page show the diagrammatic representations of each of the measurements.  
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Figure 4.4: Thickness            Figure  4.5: Wing length   Figure 4.6: Shell height  
(Photo: Author)                     (anterior-posterior, APM)  (dorso-ventral, DVM)   
                                               (Photo: Author)                  (Photo: Author) 
 

4.2.6 Chaplets  

Oysters were tied to chaplets and pocket panel nets after the measurement. There 

were 6 chaplets in total for each depth of 10 m, 15 m and 20 m. Three of these 

chaplets had 10 oysters tied while the other 3 had 20 oysters tied. Figures 4.7 and 4.8 

below show how oysters were arranged. This was the procedure to find out which 

was the best stocking density that would have the Pteria penguin juvenile oysters 

growing at a maximum growth rate. Chaplets were made up of 2 m ropes, which had 

10 knots tied out evenly. The juvenile oysters were ear hanged (Beer, 1999), by 

drilling near the hinge.   

 

         

Figure 4.7: Chaplet with 20 oysters.             Figure 4.8: Chaplet with 10 oysters. 
(Photo: Author)                                             (Photo: Author) 

 

4.2.7 Pocket panel nets 

Pocket panel nets used for the first trial had 5 pockets with a mesh size of 40 cm x 40 

cm. At each depth, 6 pocket panel nets were deployed with three different stocking 

densities. The first 2 panel nets had 5 oysters in each nets (1 each in a pocket), the 
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other two had 10 oysters in each nets (2 oysters in each pockets) while the last two 

panel nets had 15 oysters in each (3 oysters in each of the pockets). Pockets of the 

panel nets were tied with a thin string at the openings to prevent any predators from 

entering in the pockets. The diagrams below show how oysters were arranged in 

pockets of panel nets at different stocking densities. 

  

             

Figure 4.9: Panel net with      Figure 4.10: Panel net        Figure 4.11: Panel net  
5 oysters.                                  with 10 oysters.                   with 15 oysters.   
(Photo: Author)                       (Photo: Author)                   (Photo: Author) 

 

Chaplets were marked with red, yellow and green masking tapes that had 2 different 

stocking densities at 3 different depths. Pocket panel nets were marked with red and 

yellow masking tapes that had 3 different stocking densities at 3 different depths. 

This was done to distinguish different chaplets and pocket panel nets once they were 

taken out of water for monthly sampling. These oysters were then taken towards the 

deeper end of Line A (Figure 3.1, p. 27).  

 

4.2.8 Adjusting the lines to the required depths 

Two scuba divers were hired for tying the ropes at the requisite depths of 10 m, 15 m 

and 20 m. For this reason, anchor and dropper lines were used for grow out-phase as 

the main line (Line A) would have been difficult to be adjusted to three different 

depths. For depths 15 m and 20 m, ropes of length 10 m and 15 m were tied 

horizontally from the dropper line to the anchor line at 15 m and 20 m depth 

respectively. Line A was used for 10 m depth deployment, as it was being adjusted to 

10 m previously by the company workers for holding previous Pteria penguin stocks. 
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Following the adjustment of the ropes to the required depths, Pteria penguin tied to 

chaplets and pocket panel nets for 20 m depth were taken down first, followed by 

oysters to be tied at 15 m depth. Each of the chaplets and pocket panel nets were 

spaced out to approximately 0.75 m from each other.  

 

The oysters were sampled every month from December 2008 to April 2009. Their 

wing length, height and thickness were recorded to monitor their growth rates. 

Mortalities occurring at each depth were noted.  Impact of fouling and predation on 

the growth rates and mortality of the oysters was also noted. Same water parameter 

values as shown in Figure 3.18, p. 39 were also used for the grow out trial.  

 

4.2.9 Growth trial at 6 m, 8 m and 10 m 

A second grow out trial was carried out at 6 m, 8 m and 10 m depths. The trial was to 

confirm that the mortality occurred at the shallow depth (10 m), during the initial 

trial was generally through fish predation. The results would also indicate the most 

appropriate depth of Pteria penguin culture from all the depths that were tested 

during both grow out phases. The panel nets used for the trial were made locally with 

1 cm x 1 cm mesh size multifilament material. Stocking density of the oysters were 

the same as the previous trial for each of the pocket panel nets. For each depth, each 

pocket panel net had 5, 10 and 15 oysters respectively with replicates, totaling 6 

pocket panel nets per each depth. The average length of Pteria penguin was 

123.67±8.2 mm and the thickness was 24.96±3.8 mm for the second trial. The size of 

the oysters had increased from the oysters that were used during the first grow out 

trial as they were all from the same batch. The trial commenced in July 2009 and 

continued until December, 2009. Shell height and shell thickness of the oysters were 

measured monthly. The wing length of the oysters was not measured for this grow 

out trial as the wings are very brittle  and were easily broken during the first grow out 

trial, causing inconsistency in the results. Water parameters and other factors 

influencing the growth rates, as recorded during the first trial, were also recorded in 

the second trial.  
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Figure 4.12: Panel net          Figure 4.13: Panel net         Figure 4.14: Panel net with 
with 5 oysters.                       with 10 oysters.                    15 oysters. 
(Photo: Author)                     (Photo: Author)                   (Photo: Author)   
  

4.2.10. Analyses  

Gulland–Holt plot was used to analyse the growth data for the oysters from both the 

trials (King, 1995). The Y axis of the graph represented the average growth rate 

(mm/month), while the X axis represented mean length/thickness. The value of the 

constant (k) represented the growth coefficient of the length and thickness from 

different culture apparatus, stocking densities, and depths. The constant (k) was used 

to determine if there were significant differences in the mean of the oyster height and 

thickness. Levene tests and Shapiro–Wilk tests were performed on all data for 

homoscedasticity and normality before carrying out parametric or non – parametric 

tests. The tests used were one way ANOVA and Kruskal – Wallis tests. SPSS 

version 13 was used for these statistical tests.  
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4.3 Results 

4.3.1 Pteria penguin in pocket panel nets at 10 m, 15 m and 20 m (first trial)   

Massive mortality was noted amongst the Pteria penguin grown at the above 3 (first 

trial) depths. There was a 100% mortality observed at 10 m depth resulting from 

predation by fish. The mesh size (40 mm x 40 mm) of the pocket panel nets used for 

this grow out trial served no barrier to the predators. The predation rate was more 

active at 10 m depth, which gradually decreased with an increase in depth. Such 

mortality numbers of the oysters affected the mean calculation of heights and 

thicknesses. Wing lengths of the oysters were not sampled after 3 months of culture. 

The wings were very brittle that easily broke during sampling periods. The constants 

obtained from Gulland-Holt plots did not represent the expected values due to high 

proportion mortalities. For this reason, the growth constants could not be used to 

demonstrate the difference in the growth rate at 10 m, 15 m and 20 m depths. Figures 

4.16 & 4.17 show the mortality percentages of Pteria penguin in pocket panel nets at 

the 15 m and 20 m depths respectively. 

 

Cumulative mortality of the oysters at 15m depth
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Figure 4.16: Percentage mortality of oysters at 15 m depth from December 08-
August 09.  
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Cumulative mortality of oysters at 20m depth
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Figure 4.17: Percentage mortality of the oysters at 20 m from December 08-August 
09.  
 

4.3.1.1 Statistical analyses 

Pteria penguin oyster mortality at 15 m and 20 m depths were significantly 

influenced by density at which the oysters were stocked. At 15 m, one way ANOVA 

test value was; p = 0.019, F = 28.167 for different densities while for 20 m, the 

ANOVA test value was; p = 0.033, F = 13.00 for different densities. Moreover, 

according to Kruskal – Wallis test for overall analysis, there was a significant 

difference in the numbers of oysters that died (p = 0.033, k = 4.523) at 15 m and 20 

m depths while stocked at different densities.  

 

4.3.2 Pteria penguin cultured in chaplets at 10 m, 15 m and 20 m 

High percentage mortality was noticed amongst juvenile oysters that were ear hung 

in chaplets at the three depths. Hanging the oysters on the chaplets provided the 

oysters with no protection against the predators. This resulted in more death rate 

compared to the oysters that were cultured in pocket panel nets. The mortality trend 

was similar to oysters that were cultured in pocket panel nets at 10 m, 15 m and 20 

m.  There was a 100% mortality noticed at 10 m that gradually decreased with an 

increase in depth.  

 

Mean calculation of the heights and lengths were greatly influenced by the mortality 

rate of the oysters. Therefore, the growth constants calculated were not appropriate to 

provide the accurate growth trends at different depths and stocking densities. Figure 
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4.18 & 4.19 show the percentage mortality of Pteria penguin oysters tied to chaplets 

at 15 m and 20 m respectively. 

 

Cumulative mortality of the oysters 15m depth 
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Figure 4.18: Percentage mortality of oysters at 15 m depth from December 08-
August 09.  There was a 100% mortality noticed amongst the oysters tied to green 
chaplets.  
 

Cumulative mortality of the oysters at 20m depth

0%

20%

40%

60%

80%

100%

R
ed

Y
el

lo
w

G
re

en
R

ed
Y

el
lo

w
G

re
en

R
ed

Y
el

lo
w

G
re

en
R

ed
Y

el
lo

w
G

re
en

R
ed

Y
el

lo
w

G
re

en
R

ed
Y

el
lo

w
G

re
en

R
ed

Y
el

lo
w

G
re

en
R

ed
Y

el
lo

w
G

re
en

R
ed

Y
el

lo
w

G
re

en

Dec Jan Feb Mar April May June July Aug
Months

Pe
rc

en
ta

ge
 m

or
ta

lit
y

10 oysters 
20 oysters

 
Figure 4.19: Percentage mortality of oysters at 20 m depth from December 08-
August 09. 
 

4.3.2.1 Statistical analyses 

One way ANOVA test demonstrated that the mortality rate of the oysters in chaplets 

were influenced by the stocking densities at 15 m and 20 m depth, p = 0.00, F = 

42.50 and p = 0.10, F = 21.03 respectively. However, overall mortality of the oysters 

was not influenced by the two depths varying stocking densities, p = 0.13, F = 2.78. 
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4.3.3 Pteria penguin grown at 6 m, 8 m and 10 m depths (second trial) 

Pteria penguin grown at the above three depths represented the most reasonable 

growth rates at different depths and stocking densities. There was minimal mortality 

amongst the oysters that least affected the mean calculation of the oysters monthly.  

 

From the total oysters (180) that were used for the second grow out trial, 2.78% (5) 

mortality was recorded. Maximum mortality of 1.67% (3) was observed amongst the 

oysters at 6 m depth. These oysters were from yellow taped pocket panel that had a 

stocking density of 15 oysters. 1.11% (2) mortality was noted at 8 m depth. Each of 

these oysters was from yellow taped pocket panel net with 10 and 15 oysters. On the 

contrary, there was a 100% survival of the oysters at 15 m depth in all the pocket 

panel nets.  

  

Pteria penguin at different depths and stocking densities showed different growth 

rates. Growth rates of oysters were influenced by food availability, fouling rates, 

stocking density and water parameters at different depths. Tables 4.1, 4.2 and 4.3 on 

the next page shows growth coefficients of Pteria penguin in pocket panel nets at 

different depths and stocking densities from Gulland–Holt plot. The growth rates of 

oysters were measured as mm/month. 
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Similar trend of growth constants between different stocking densities, as observed at 

6 m and 8 m, was also recorded for 10 m. Pteria penguin cultured at 6 m with the 

stocking density of 5 oysters showed the greatest growth rates compared to all other 

depths tested. However, the predation and the fouling rates were also the maximum 

at 6 m, which were controlled. Hence, culturing Pteria penguin between 6 m to 7.5 m 

would be most appropriate.  

 

4.3.3.4 Statistical analyses  

One way ANOVA test indicated that there was a significant difference in the mean 

standard height and thickness growth constants in pocket panel nets with the stocking 

density of 5 oysters (p = 0.02, F = 17.40 and p = 0.02, F = 28.89 respectively) at 

different depths. The mean standard height constants of oysters in pocket panel nets 

with 10 oysters also differed very much. The height constant of the oysters had p 

value = 0.02 and F = 17.73. However, no significant difference was noted in the 

mean standard thickness of the oysters (p = 0.22, F = 2.67) at different depths. The 

pocket panel nets with 15 oysters at different depths showed similar results to pocket 

panel nets with 5 oysters. No significant difference was noted in the mean standard 

height and thickness constants, p = 0.09, F = 34.39 and p = 0.57, F = 0.69 

respectively.  

 

Furthermore, the growth rates of the oysters with different stocking densities at a 

particular depth also varied to some extent. The mean standard height and thickness 

constants for oysters at 10 m with different stocking densities, did not differ 

significantly, p = 0.71, F = 0.38 and p = 0.06, F = 8.59 respectively. For oysters at 8 

m depth, the mean standard constant for height (p = 0.466, F = 0.996) and thickness 

(p = 0.65, F = 0.50) also did not showed significant difference at different stocking 

densities. On the contrary, the mean standard height and thickness constants of 

oysters at 6 m depth varied significantly, p = 0.02, F = 16.83 and p = 0.02, F = 

21.056 respectively. The overall analysis of variance test for height of all Pteria 

penguin showed that growth constants were influenced (p = 0.03, F = 4.81), when 

oysters were cultured at different depths and at different stocking densities. However, 

thickness of the oysters were not influenced (p = 0.24, F = 1.56) despite being 

cultured at different depths with different stocking densities.  
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Mortality of oysters at various depths and stocking densities did not vary 

significantly. Kruskal–Wallis test demonstrated that culture of Pteria penguin at 

different depths and stocking density did not influence the number of oysters died, p 

= 0.36, κ = 2.04. 
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4.4 Discussion  

An increase in length, weight and volume of bivalves and other living organisms is 

expressed as growth over a time period. Requirements of all pearl oysters for an 

optimum growth at various stages of their life cycle are different. Pteria penguin is 

no exception. Pteria penguin requires different culture methods and right conditions 

for maximum growth rate. Pteria penguin growths were affected by different 

mechanisms (Kurihara et al., 2005) and other factors at different depths. These 

factors include food availability, stocking density, fouling rates, culture apparatus, 

predation and water parameters.  

 

4.4.1 Depth 

In this study, the results from the second grow out trial showed that growth rates of 

Pteria penguin were inversely proportional to depth in Savusavu Bay. Both the 

heights and thicknesses of the oysters illustrated this trend. This contrasts to earlier 

growth trials of Pteria penguin (Smitasiri et al., 1994) and Pinctada imbricata 

(Urban, 2000), where no significant difference was noted in the growth rates of 

oysters at different depths. However, most other oyster growth trials have the same 

trend as depicted by Pteria penguin oysters in this study (Fuentes et al., 2000; 

Lodeiros et al., 2002; Sara & Mazzola, 1997; Zrnčić et al., 2007). Oysters at 6 m in 

the present study showed marked difference in the growth constants compared to 8 m 

and 10 m. The difference in the growth rate is attributed to more food availability at 

the surface, which decrease with depth (MacDonald & Thompson, 1985; MacDonald 

& Bourne, 1987). The change in water or food components affected the oyster 

activity resulting in varied shell growths at different depths (Emerson et al., 1994).  

Oysters were exposed to a food supply that varied unpredictably in quantity and 

quality at different depths. According to Arfi et al. (1993), shallow water has more 

particulate organic matter and chlorophyll a for filter feeders through wind induction 

that is considered to be the major factor controlling the productivity of the area. 

Previous studies report that pearl oysters show food preference on size and quality 

(Kuwatani, 1965; Tomaru et al., 2002a). In the present study, quality and quantity of 

food at different depths could not be investigated due to unavailability of specific 

measuring instruments. There had also been no proper studies done on currents, 

species of plankton and chlorophyll types present in Savusavu Bay. However, 

according to the results obtained in this study, shallow waters in Savusavu Bay 
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probably have dominance of preferred food types by Pteria penguin that supported 

the added shell growth rates.  

  

4.4.2 Water parameters 

Water temperature also controls the growth rates of the oysters at all stages of the life 

cycle (Lucas, 2008). The report further stated that the body temperature of the pearl 

oysters is approximately the same as the environment temperature. Yukihira et al. 

(2000) reported temperature as a factor that controlled the metabolic rates of the 

oysters, hence controlling the growths at different depths. Temperature in water 

decreases with an increase in water depth and is reported to influence the metabolic 

rates of pearl oysters by affecting the clearance rates, heart beat rates and oxygen 

consumption rates (Lucas, 2008; Saucedo et al., 2004; Yukihira et al., 2000). The 

decrease in temperature with increasing depths further explains a decreased growth 

rate with increasing depth for Pteria penguin. November 2009 was the coolest month 

(Graph 3.18, p. 39), which recorded the least change in shell growth (shell height and 

thickness).  Different species of pearl oysters are reported to have an optimum or 

narrow temperature range that best supports the faster oyster growth. Pteria penguin 

optimum temperature requirement is yet to be determined accurately. However, the 

current temperature recorded demonstrated that Pteria penguin should grow as 

required between 26-29 ºC. Optimum temperature would prevent reduction in growth 

rates. This is because higher temperature then required reduces growth rates if there 

is less food available. This results from an increased metabolic energy wastage 

caused by high temperature (Bayne & Worall, 1980; Pouvreau et al., 2000b).   

Salinity did not drop lower then 31.2 ppt, which was recorded in April. Salinity value 

of less then 20 ppt is reported to be lethal for Pteria penguin (Yu et al., 2005). Past 

years recordings of the salinity values in Savusavu Bay for Pinctada margaritifera 

showed that salinity usually looms in the reported range of this study. The reported 

salinity range had supported ideal shell growth rates of Pteria penguin that is 

somewhat similar to the salinity range reported for other species of pearl oysters 

(O’Connor & Lawler, 2004; Taylor et al., 2004).  Furthermore, the DO levels in the 

present study are well above the lethal limits of any pearl oysters. There were no 

signs of reduced DO level noticed amongst Pteria penguin during the culture period. 

The DO level ranged from a low of 4.88mg/L to 7.04 mg/L, which was reasonably 

higher than the minimum DO level (1-1.5ml/L) Akoya pearl oysters could survive in 
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(Lucas, 2008). Lucas (2008) further confirmed that temperature, salinity and pH are 

the factors that influence the rate of DO diffusion from the ambient water into 

hemolymph. In areas of high stocking densities, DO levels would be greatly reduced 

due to anoxic fecal accretion at the bottom, pollution, stratified and stagnant water 

with high temperature resulting in stress and mortality amongst oysters (Lucas, 

2008).  

 

4.4.3 Stocking density 

Stocking density of oysters is also amongst vital factors controlling the growth rates 

of pearl oysters. In this study, the pocket panel nets with 5 oysters at 6 m depth 

showed the maximum growth rates followed by pocket panel nets with 10 oysters, 

and then by pocket panel net with 15 oysters at the same depth. This trend was also 

observed at 8 m and 10 m. However, the growth constants between different 

stockings densities were not significantly different at 8 m and 10 m. This could be 

due to the stocking density chosen being lower than the critical stocking density that 

would exploit total food and space available. Lower stocking density of Pteria 

penguin reduced the intra-specific competition for food and oxygen between the 

oysters. Competition for space was evident in the pocket panel nets with 15 oysters at 

each depth. The bysuss of each oyster in a pocket was either attached onto the shells 

or bysuss of another oyster (Figure 4.20, p. 76). In some cases, the byssus 

attachments onto another oyster’s shells prevented the oyster from fully opening its 

shells. This was suspected to be one of the causes for mortality at 6 m and 8 m depths 

in pocket panel nets with 15 oysters. The growth of Pteria penguin at the bottom 

depths would have been further reduced if higher densities were chosen due to less 

food available at the bottom.  

 

Several other authors also confirm that stocking density had an inverse relationship 

with the bivalve growth in their studies (Parsons & Dadswell, 1992; Román et al., 

1999; Taylor et al. 1997a; Vincent et al., 1994). Taylor et al. (1997a) reported that 

Pinctada maxima grew best at the lowest stocking density amongst stocking densities 

tested. The study further confirmed that the shell length and wet weight of the pearl 

oysters were significantly higher than the oysters stocked at higher density. 

Furthermore, Román et al. (1999) reported that queen scallops Aequipecten 

opercularis, grew best at 25 individuals per tray compared to other higher stocking 
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numbers per tray. Pteria penguin juveniles have to be stocked at a reasonable 

stocking density that would decrease the management level, reducing the expenditure 

to get more culture apparatus. It was also observed that greater stocking density 

resulted in more fouling rate by other bivalves. Appropriate stocking density would 

also reduce labor costs of a pearl company. Stocking density between 10 oysters to 

15 oysters per pocket panel net is predicted to be economical.  

 

4.4.4 Fouling  

Fouling on the pearl oysters has become a major issue in the pearl industry. 

Numerous studies have been carried out to note the impact and rate of fouling on the 

pearl oysters. Biofouling is considered to be the most complicated and costly 

production issue in the bivalve culture industry. The expenses related to control 

biofouling impacts have been reported to be billions of dollars (Nys & Ison, 2008). 

In this study, the growth rates of Pteria penguin at different depths were also affected 

by the rate of fouling. Pteria peguin at 6 m depth showed the greatest extent of 

fouling, followed by 8 m and then 10 m. Fouling at 15 m and 20 m was almost 

negligible. Despite 6 m being the depth with the greatest fouling rates, it had the 

oysters with highest growth constants. The growth constants would have been even 

higher if the fouling was fully controlled. The water flow, that brought along food, 

was somewhat reduced around the oysters due to the presence of intense fouling 

organisms. There was also competition between the oysters and the fouling 

organisms on the limited food supply (Claereboudt et al., 1994; Fre´chette & Grant, 

1991). Pocket panel nets with 15 oysters had the most number of fouling organisms 

settled on them. Fouling organisms observed on the oysters and pocket panel nets 

included barnacles, bivalves, polycheates, crabs, ascidians, sponges, hydroids and 

algae. The multifilament made pocket panel nets with Pteria penguin oyster shells 

provided these organisms with a perfect substrate to settle on. Fouling on pocket 

panel nets used during the first trial (40 mm x 40 mm) was less compared to fouling 

observed in the pocket panel nets during the second trial (10 mm x 10 mm). This 

proved that smaller mesh size attracts more fouling organisms due to easy settlement. 

A similar study for scallops by Cote et al. (1994) reported that smaller size mesh 

attracted more fouling organisms then the larger sized mesh. It was also noted 

fouling rate decreased with an increase in depth. This trend was also observed in 
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other marine bivalve cultures (Leighton, 1979; Lodeiros & Himmelman, 1996; 

Lodeiros & Himmelman, 2000; MacDonald & Bourne, 1989).  

 

In the present study, highest mortality number was recorded at 6m depth and in 

pocket panel nets with 15 oysters. The greater mortality rate of highly fouled Pteria 

penguin at 6 m compared to the mortality rate at other depths, hints that the mortality 

was caused by the colonization of organisms on the shells during the second grow 

out trial. The high concentration of fouling organisms would have reduced the ability 

of the ligaments to open and closes the shells, causing stress to the oysters resulting 

in mortality (Cropp & Hortle, 1992; Lodeiros & Himmelman, 1996). Velez et al. 

(1995) reported that fouling organisms on E. ziczac hindered the closure of the shells 

efficiently. Moreover, fouling on the Pteria penguin hinges left the oysters very 

susceptible to predators. However, as depth increased, mortality rate amongst the 

oysters decreased as well due to decreasing fouling rates. The fouling organisms also 

added a significant amount of weight on the culture apparatus. The increased friction 

and drag required more human effort to pull the culture apparatus to the surface for 

monthly cleaning. Several other research findings had described similar negative 

impacts of fouling on bivalve culture that can gradually lead to mass mortalities if 

not controlled (Alagarswami & Chellam, 1976; Nys & Ison, 2008; Taylor et al., 

1997a). 

 

4.4.5 Predation  

Predation is also a major concern on pearl farms that could cause high mortalities if 

not controlled. Predators include a range of fishes, gastropods, crustaceans, 

echinoderms, rays, turbellarians and octopus (Gervis & Sims, 1992; Humphrey, 

2008; Pit & Southgate, 2003). In this study, predation was major cause of mortality 

during the first grow out trial (10 m, 15 m and 20 m). Oysters in pocket panel nets 

and chaplets at 10 m were all eaten during the first month of culture. It was observed 

that predation rate decreased with an increase in depth. Predators mainly included 

fishes from shallow depths. Fishes observed were Plectropomus spp., Lethrinus spp. 

and Balistes spp. Cymatium spp. gastropods and xanthid crabs were also noticed in 

some pocket panel nets. The mesh size of pocket panel nets used during the first 

grow out trial could not prevent the predators from reaching the oysters. Pteria 

penguin oysters simply tied to chaplets were more exposed to predators, which made 
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the oysters even more susceptible to predation. The diagram below shows a Pteria 

penguin being bitten by a triggerfish. 

 

    
 
Figure 4.20: Byssus of one Pteria penguin Figure 4.21: A Pteria penguin been                 
attached on another Pteria penguin.            bitten by a fish.  
(Photo: Author)                                             (Photo: Author) 
 

However, in the second grow out trail (6 m, 8 m and 10 m), the mortality of oysters 

due to predation was negligible. The hypothesis that oyster death was mainly caused 

due to predation during the first grow out trial was proved after the second grow out 

trial, where pocket panel nets with smaller mesh sizes were used. The smaller mesh 

size (10 mm x 10 mm) prevented the larger and most harmful predators from 

reaching the oysters. However, pocket panel nets with smaller mesh size also could 

not prevent all sizes of predators from entering. Small sized predators settled as 

larvae, metamorphosed upon settling and preyed on the oysters (Humphrey, 2008). 

Although the impact of such small predators was virtually negligible during the 5 

months of the culture, the impact would intensify later as the predators would grow 

during the culture phase. Friedman & Bell (2000) had classified these predators into 

3 groups; carnivorous gastropods, crustaceans and turbellarian worms. While the 

pocket panel nets with small mesh size reduced predation, it had more fouling 

compared to nets with larger mesh size.  

 

4.4.6 Comparisons between different culture apparatus used 

Pocket panel nets with smaller mesh size were the most appropriate culture apparatus 

to be used during the juvenile stage of Pteria penguin. Pteria penguin tied to chaplets 

were worst affected by the predators. It is suggested that Pteria penguin should not 
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be tied to chaplets until they are of 140 mm to 150 mm in size. They are to be kept in 

mesh materials until their shells are hard enough to withstand being crushed by fish 

and other predators.  
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Chapter 5                                  Socio-Economic Survey 

5.1 Introduction 

This study uses various socio-economic indicators to survey two coastal 

communities, Vatulele village and Nacodreudreu village in Savusavu. The study 

evaluates the financial and educational status of various randomly chosen individuals 

over 18 years old (economic active age) and households from the two communities. 

The possibility of mabé pearls to be an alternative source of livelihood for these 

communities is investigated in this chapter. Three sets of questionnaires were used. 

The first two were individual and household questionnaires that were designed to 

depict the financial and educational backgrounds. The third questionnaire was 

designed to determine the interest shown towards mabé pearl culture by these 

individuals. The subsequent section of the chapter uses economic model, particularly 

prepared for mabé pearls (Johnstone & Ponia, 2009), to assess the viability of mabé 

pearl business for the two local communities.  

 
The expansion of saltwater pearl culture has resulted in strong competition from 

countries like Australia, Japan and French Polynesia, which are the major pearl 

producing countries (Tisdell & Poirine, 1998). The pearl markets are dominated by 

these nations, are examples for other emerging pearl producing countries to pursue. 

This turns out to be a challenging task for budding countries. In order to demonstrate 

their presence in the pearl markets, up coming countries have a challenging task of 

producing pearls, which are either equal to, or of superior quality to the pearls, which 

are in the markets at present. The contemporary market demands pearls of larger size 

with perfect luster and even surfaces. According to Tisdell & Poirine (2008) and 

McElroy (1990), Japan at present is the largest importer of raw pearls with a value of 

US$241 million owning 58.5% of the total market share. Japan also tops the list of 

countries which export worked pearls (pearl made jewellery and necklaces) with a 

25.7% market share, trailed by Australia with 23.3% and followed by China, Hong 

Kong and French Polynesia respectively (Tisdell & Poirine, 2008). Tisdell & Poirine 

(2008) further stated that French Polynesia was the highest producer of raw pearls in 

2004 (26.9%), trailed by Indonesia and Australia with 23.6% and 19.5% 

respectively, of the total pearl market. Furthermore, pearl culture is reported to have 

potential to improve the livelihood of the coastal communities of many of the 
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developing nations (Mirera & Samoilys, 2008; Anonymous, 2005; Tisdell & Poirine, 

2008). With the assistance from numerous development organizations such as 

Worldfish Centre and Australian Centre for Agricultural Research (ACIAR), there is 

a ceaseless effort to enhance the living standards of disadvantaged coastal 

communities in developing nations (Tisdell & Poirine, 2008). The South Pacific 

Island Nations are lack of great landmasses, however with ocean resources being a 

source of food and income of virtually all the coastal communities, pearl culture 

business will no doubt generate sufficient interest in the local members of the 

communities. 

 

Moreover, introductory studies and pearl production trials have been carried out in 

some of the developing South Pacific Island Countries. These countries include; 

Solomon Islands, Kiribati, Marshall Islands and Federated States of Micronesia, that 

have used Pinctada margaritifera to produce trial batches (Southgate et al., 2008). 

The report further stated that Fiji has shown indication for the expansion of recently 

established commercial farms of Pinctada margaritifera. Production from each of 

these countries individually will comparatively have minor influence on the global 

pearl market, however these countries will surely have a considerable influence on 

the market of Black South sea pearls collectively, putting immense pressure on 

French Polynesia, a predominant producer of black pearls (Southgate et al., 2008). 

Unlike round pearls, mabé pearls produced from Pteria penguin do not have 

lucrative markets overseas. Nevertheless, mabé pearls from South Pacific Island 

Countries can be sold in local markets and to visiting tourists. Therefore, it can be an 

alternative source of income for coastal dwellers.  

 

5.1.1 Pearl business as an alternative livelihood for coastal dwellers 

According to Crawford (2002), development of alternative livelihoods is viewed as a 

common way of improving the socio-economic status of the coastal communities and 

reducing overexploitation pressure on other fisheries resources.  According to Tisdell 

& Poirine (2008), pearl production is an ideal commodity for local coastal 

communities as pearls have a higher value in relation to their weight and are easily 

storable, reducing the transportation difficulty. These two advantages of pearl culture 

outweigh aquaculture of other animals in the South Pacific Island Countries where 

transportation of the products is a problem.  
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Fiji, as compared to other main pearl producing countries, is a minor pearl producing 

nation. The nation only produces round pearls at present, with potentials to 

encompass mabé pearl as a possible source of revenue. However, a socio - economic 

survey needs to be carried out to verify the viability of mabé pearl production in 

developing countries like Fiji.  

 

 
Figure 5.1:  The map of the Fiji Islands. Source: 
www.fiji.gov.fj/publish/fiji_map.shtml 
 

5.1.2 Socio-economic indicators for Fiji 

According to the population enumeration carried out in 2007, Fiji’s population stands 

at 837,271 compared to 775,077 in 1996. The rural sector had a total population of 

412,425, while the urban sector had a population of 424,846 in 2007. It is projected 

that by 2030, Fiji’s population will exceed a million. The northern part of the country 

experienced a major decrease in population during the 1996-2007 intercensal period 

due to expiry of the leases for lands rented by Indo Fijians (Fiji Islands Bureau of 

Statistics, 2008). According to figures released by the Fiji Islands Bureau of 

Statistics – Key Statistics (2008a), the average household size for rural communities 

is 5.04 compared to household sizes in the urban area which stands at 4.75. The 

statistics further revealed that average household income earned is FJ$12,753 per 

annum. Average household income earned by the communities in the rural sector is 
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FJ$10,559 while households dwelling in urban area earn FJ$15,267 per annum with 

variations between the ethnic groups (Fiji Islands Bureau of Statistics-Key Statistics, 

2008b). Narsey (2006) reported that the average expenditure per adult for the nation 

was FJ$2,630 per annum during 2002 - 2003 household income and expenditure 

survey. Average expenditure per adult in rural and urban communities is FJ$2,100 

and FJ$3256 per annum respectively.   

 

However, the economic indicators just for the island of Vanua Levu, conjointly with 

the villages to be surveyed could not be obtained. The 2007 population census has 

the statistics for the population size for each province and towns, but has no 

economic indicators. Therefore, the two communities selected for the potential mabé 

business, close to Savusavu town had to be surveyed. The community members from 

these villages were interviewed in order to determine their weekly income, 

expenditure and savings. Kronen et al. (2007) stated that other aspects such as living 

costs, access to boat transport, fishing gear and marketing infrastructure also have 

important implications on the coastal community’s marine systems. Therefore, all 

these factors were considered during the socio-economic survey. 

 

5.1.4 Economic model of the mabé pearl culture 

Economic modelling is a useful tool for evaluating the viability of any aquaculture 

commodity for many countries. The software for mabé pearl was developed by 

Secretariat of the Pacific Community, in collaboration with Queensland Department 

of Primary Industries and Fisheries (Tisdell & Poirine, 2008). The software can not 

be altered in anyway due to privacy settings. The model takes into account all the 

expenditure involved in setting up a mabé pearl business. The model then outputs 

various economic indicators like cost-benefit ratio, internal rates of return, net 

present value, payback period and risk analysis.  

 

5.1.6 Aim 

Socio-economic assessment tools were used to identify the potential benefits and the 

main constraints to mabé pearl culture by coastal communities in Cakaudrove 

province.  
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5.2 Methodology 

5.2.1 Survey sites 

Vatulele and Nacodreudreu were the two costal villages chosen to be surveyed.  

Vatulele is situated at 16°43’12.35”S, 179º18’53.90”E while Nacodreudreu is 

located at 16°41’52.23”S, 179°13’37.63”E, shown in Figure 5.2. Both the villages 

have their qoliqolis (fishing rights) fall under Wailevu ‘qoliqoli’. Vatulele village is 

14 km while Nacodreudreu village is 30 km away from Savusavu town, the main 

commercial center of the province of Cakaudrove. Both the villages have copra, 

yaqona, fishing and dalo production as major economic activities. Some individuals 

from both the villages have some knowledge in pearl culture as they had been 

working on pearl farms in the area. 

 

 
Figure 5.2:  Locations of Vatulele village and Nacodreudreu village that were 
surveyed. 
Source: www.googleearth.com 
 

5.2.2 Survey execution  

The survey was carried out in months of April and May, 2009. A member from each 

of the villages, who is employed by Maivalili Pearls was taught the technique of 

mabé implanting and trained administering of the questionnaires. After furnishing 

Nacodreudreu 
village 

Vatulele 
village  
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them with ample information, they were chosen to be the guides and translators 

where needed in the respective villages. A ‘sevusevu’ was presented to village elders 

of each village and the background of the study was explained, before commencing 

the survey. Every attempt was made to survey maximum number of houses in both 

the villages.  

 

5.2.3 Questionnaires and economic model 

5.2.3.1 Household questionnaire 

Ten households representing Vatulele village and Nacodreudreu village were 

surveyed respectively. The variables listed below were identified as indicators to 

demonstrate the status of each household. These variables were the basic necessities 

needed to meet the daily needs and other luxury items that were expected to be 

present in a typical village household. Others factors included in the questionnaire 

were the different forms of expenses for each household and the amount of income 

earned.  

� Dwelling characteristics: This section focused on the type/size of the house 

owned, and other daily dwelling characteristics such as water source for the 

household, type of toilet, energy used for lighting and cooking by the 

households.  

� Household belongings: Various belongings such as boats, vehicles, 

computers and other notable things owned by the household were recorded. 

� Dwelling tenure: Houses occupied by each household was the prime focus for 

this section of the questionnaire. The questions asked determined which year 

the household had moved into the house, who owns the house, if the house is 

being rented, the amount of rent paid monthly. There were also questions on 

the type and the amount of insurance paid if any, by the household for their 

house.  

� Household billings: The sum of bills paid by the household members for 

electricity, water, phone, post office rental and internet for a month was 

recorded. 

� Transport expenses: This part queried the households on the purchase of 

transport, from vehicles to boats, fuel consumption and their maintenance 

with the monetary value. There were also answers sought for the sum of 
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money spent on transport for the past twelve months if the household had not 

bought any form of transport. Other fees including vehicle registrations and 

insurances paid were recorded. 

� Education and recreation/sport: The amount of money involved in the 

payment of school related expenses including school fees, boarding fees, 

clothing, books, and other expenses were recorded. Fees levied for recreation 

and sports purposes were also noted. 

� Special events: The sum of money spent on special occasions such as 

weddings, birthdays, funerals and other activities were recorded in this 

section. 

� Agriculture, livestock, fishing and other sales: Revenue generated from the 

sales of agricultural products, livestock, seafood, homemade produce and 

handicrafts were noted. The expenses involved in the production of such 

products or items were also taken into consideration to determine the net 

amount of money obtained from this section.  

� Remittance activities: This section recorded the sum of remittances either 

given or received by the family in cash or kind for the past twelve months. 

� Contributions to church and village halls: Money contributed towards 

church, village, halls and schoolwork was dealt within this section of the 

questionnaire.  

The above mentioned household variables and activities sufficiently reflected the 

basic socio–economic status of each of the households surveyed. Assurances were 

made that all expenditure and income generating activities present in any village 

were covered in this questionnaire.    

 

5.2.3.2 Individual questionnaire  

Individuals over 18 years were classified as people who had the basic understanding 

and knowledge to understand the significance of the evaluation done by the 

questionnaire. These individuals were also regarded to be in the economic active age 

group. Every effort was made to interview as many individuals as possible. A total of 

44 individuals were interviewed from each village, with Vatulele having 58 and 

Nacodreudreu having 65 individuals falling in the required range. The questions 

asked would indicate the educational and financial background of an individual 
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needed to be analysed and compared with the possible income earned from mabé 

pearl culture. Individual questionnaires had the following details  

� Personal details:  Interviewee’s date of birth, ethnic origin, marital and literacy 

status were recorded in this section. 

� Health Issues: This section included the health problems faced by the 

interviewee and how the diagnosed health problem/sickness was cured for the 

past three months. Any expenses involved in curing various sicknesses and if 

the condition prevented the interviewee from carrying out his/her routinely 

activity during this period were recorded.  

� Educational details: The level of education attained by individuals who have 

accomplished their education period and the level of education for individuals 

currently in education sector were determined. Various aspects, such as mode 

of traveling to school, the distance to school, time it takes to reach to school 

and reasons for not going to schools were discussed. After the completion of 

their secondary education, vocational and other tertiary education attendances 

were ascertained.  

� Labor force:  Each individual was questioned about their current employment, 

the type of work he/she is doing or reasons for not working, for individuals 

who were not employed. If the interviewee owns a business, then the number of 

people employed through his business was determined. 

� Wages and Salary: The occupation, name of the employer and the period of 

being employed for any individual employed, were questioned in this section. 

Gross income with any commission earned in one week was determined. From 

the earned income, different payments made, were also verified.  

� Self Employed and other business activities:  This part was designed for 

individuals who were not employed, but carried out certain forms of their own 

activities to draw income. Their business details were noted with the type of 

activity carried out. 

� Loan information:  Loans for any reasons, such as for the purchase of land, 

house, vehicles and cultural/religious events, borrowed by the individuals were 

listed in the questionnaire. The amount borrowed, year borrowed, term of loan, 

amount of the latest payment, period covered by the last payment and the 

interest rates on the loans were to be looked at in this section.  
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These typical questions would indicate the ability and enthusiasm of the individuals 

to undertake mabé pearl culture as a substitute livelihood.  

 

5.2.3.3 Economic model for the mabé pearl culture 

The economic viability of a pearl farm was determined using a cost and benefit 

analysis that took into consideration all costs and revenues over the life of the 

project. Appendices (p. 139) shows different expenses, revenue earned, risks and 

other vital components of the model in detail. Table 5.2, p. 88 shows major expenses 

accounted when establishing a mabé pearl farm. It has justifications to some of the 

main values used. The table on the next page shows Expenses involved in setting up 

a mabé pearl business such as capital expenditure, labour costs, and additional 

operating costs are some of the inputs for the model. Other inputs included marketing 

prices, production value and risks in setting up a mabé pearl farm after which the 

software generated output values. 

 

The monetary values of these inputs were obtained from J. Hunters Pearls current 

accounts section. The values had minimum uncertainty surrounding them as the 

prices used were most recent and used by J. Hunter Pearls when the research was 

being carried out. However, chaplet prices were maximized to account for CTNs, 

which was not in the software and could not be added due to privacy settings. It was 

assumed that the farm size was 500 m x 500 m and ropes with length of 200 m would 

be used. This was an ideal farm size for mabé pearl culture beginners as it also 

covers spat collector sites. The number of Pteria penguin used for the model was 

10,000. The space between each chaplet for adult oysters would be 0.5 m and a 200 

m length rope would accommodate 400 chaplets. With each chaplet having 10 adult 

oysters, each line would have 4000 adult Pteria penguin. This would require only 3 

of 200 m long lines. The remaining space and lines on the farms would be used for 

holding Pteria penguin spat and juveniles. The expenses involving the technicians 

would be less since these technicians would be the locals. It was assumed that there 

would be no mooring, lease or any other fees as the villagers had their rights over the 

sea area chosen. The output values were as follows: 

� Net Present Value (NPV) - how much the business is worth after the input 

values had been entered. 

�  Annual Return - amount of money that the business made at the end of year. 
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� Internal Rate of Return - percentage of money the business got back on the 

amount being invested.  

� Cost- Benefit Ratio - the money that the business got for every dollar that was 

spent in the business.  

� Risk analysis – the minimum and maximum revenue that could be earned 

from mabé pearl culture business taking risks such as cyclone, theft, poor 

quality mabé pearls and oyster mortality into consideration.  

It was assumed that different qualities of mabé pearls would be produced and sold at 

different prices as shown in the table below. The prices were determined after 

consultation with a professional carver, who had been in the mabé pearl carving field 

for years. 

 

Table 5.1: Assumptions made on the different percentages and qualities of mabé 
pearls produced and different prices at which these pearls could be sold. 
 

Rounds – Grade of pearl % Price (FJ$) 

A 40% $30 

B 30% $20 

C 30% $5 

Drops – Grade of pearl % Price (FJ$) 

A 60% $30 

B 20% 25 

C 20% $10 

Other shapes – Grade of 

pearl 

% Price (FJ$) 

A 50% $15 

B 25% $10 

C 25% $5 
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Table 5.2: Different forms of major expenses with monetary values and other 
components justified 
 
Variables Amount/Cost Justification 
Total number of 
shells on the farm 

10000 oysters A total of 10000 oysters were considered for the 
establishment of a mabé pearl farm, suitable for 
farm size chosen. 

Number of shells 
seeded 

95% Expected mortality of the oysters from juvenile to 
adults was 5% as observed in other pearl farms 

Cost per seedable 
shell 

FJ$0 Oysters would be caught as spat or adults. For spat, 
costs were accounted for the purchase of spat 
collectors while adult oysters would not have any 
direct cost. All other costs were accounted in other 
categories in the model.   

Number of spat 
collector main lines 

10 This would be sufficient to catch the required 
number of oysters, based on previous catches. 

Length of spat 
collector lines 

200m All the lines (juvenile oysters, adult oysters and 
spat collector) would be of 200 m.   

Number of nuclei 
per shell 

4 5 nuclei would be implanted per oyster. However, 
it was assumed that only 4 would have commercial 
values. This was done to add increased risks to the 
business, as pearl qualities could only be 
determined after harvesting.   

Rejects 10% Maximum oysters expected to have disease or with 
mantle and body collapse.  

Seeding mortality 5% A maximum of only 5% oysters were expected to 
die due to stress during seeding since the seeding 
technique is not very complicated.  

Drops FJ$0.65 The prices of nuclei were determined after 
payments were made for the nuclei imported from 
French Polynesia.  

Rounds  FJ$0.65 
Others FJ$0.50 
Growth mortality 5% After seeding, 5% of oysters were expected to die 

during the culture period.   
Marketing cost as % 
sale of pearls 

5% A maximum of 5% of revenue generated from the 
sales of pearls would be used for marketing 
purposes. 

Number of 
technicians 

2 2 technicians would be able to seed 200 oysters per 
day and would work 90 days per year.  

Technician’s weekly 
wages 

FJ$150 Each technician would be paid FJ$150, since they 
would the be locals. This is an approximate pay of 
the labourers at J. Hunter Pearls.  

Technician’s 
assistants wages 

FJ$120 This was an approximate wage value of the worker 
at J. Hunter Pearls. 4 workers would be employed. 

Cleaning labourers 
wages 

FJ$120 4 workers would be employed and there would be 1 
permanent laborer to look after the farm daily. 

Owners drawings FJ$12000 This was considered appropriate value after 
consultation with a pearl farmer in the area. 

Cost of fuel FJ$3000 This value was determined after consultation with a 
fuel company in the area.  

Office expenses FJ$7000 This was an approximate value that was approved 
by J. Hunter Pearls accounts personnel.  
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5.2.3.4 Mabe pearl survey 

In this section of the study, members of both communities were informed about the 

possible benefits mabé pearl culture could offer. The critical questions that were 

answered by the members, to gauge their interests towards accepting mabé pearl 

culture are listed as follows.  

� Use of sea: Frequency of resource use from sea by the members of the 

communities was recorded. The members were asked for the types of animals 

that were caught (fish or invertebrates), whether the animals caught were for 

family consumption or for sale, and the average amount of income that could 

be obtained from the sales. Fishing rights ‘qoliqoli’ ownership and 

accessibility of ocean resource to the members was discussed as well. Their 

interest in any other aquaculture commodity and the sacrifices i.e. giving up 

their current activities to take up mabé culture by the members of the 

communities, were also noted in this section. 

� Mabé pearl culture: In this section, the community members were thoroughly 

introduced to the culture of mabé pearl. These included spat collection, 

growth from juvenile to adult stage, implanting techniques, different culture 

apparatus, harvesting techniques and marketing of the pearls. Using the 

designed economic model software for mabé pearl (Johnstone & Ponia, 

2009), the members were informed about the expenses involved in setting up 

a mabé pearl farm. The members were also enlightened on the possible net 

income that could be generated from implanting 10000 Pteria penguin. The 

interest shown towards the idea of mabé pearl culture by the community 

members was observed. Major obstacles that could be faced by the members 

to were also discussed. The members were asked to report the abundance of 

Pteria penguin in 100 m2 quadrant seen during their normal dives. Finally, 

after informing the community members all the prospective benefits and 

consequences of mabé pearl culture, they were asked if of mabé pearl culture 

could be their alternative source of income. 
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5.3 Results 

5.3.1 Household questionnaire  

The average household sizes for Vatulele and Nacodreudreu villages were 6.1 and 

5.4 members per household respectively compared 5.04 that was the national average 

rural household size in 2007 (Fiji Islands Bureau of Statistics–Key Statistics, 2008a). 

The largest household size in Vatulele village had 7 members while the smallest 

household size was made up of 3 members. In contrast, the highest and lowest 

numbers of members present in Nacodreudreu village households were 7 and 2 

members respectively. 

 

Propotion of males and females in each village

0%
10%

20%
30%

40%
50%

60%

Males Females

Gender

Pe
rc

en
tag

e 

Vatulele village
Nacodreudreu village

 

Figure 5.3: Proportions of males and females of the total individuals surveyed in 
each village. 
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Figure 5.4: Different age range of the members of different genders in various 
households for both the villages. 
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5.3.1.1 Dwelling characteristics   

Dwelling charasteristics
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Figure 5.5: Proportions of various dwelling characteristics for each household in the 
two villages surveyed.  
 
Both the villages, Vatulele and Nacodreudreu had river as a source of water for their 

everyday drinking, which ran to their households via water pipes. The villagers used 

the same water source for their daily activities such as washing, bathing, drinking 

and cooking. Vatulele villagers had a dam built, from where each household got their 

water. Nacodreudreu villagers had a village reservoir to which water was supplied 

from a nearby river. Both villages did not pay for use of water.  

 
 
Furthermore, none of the households in both villages had access to internet. Both the 

villages had similar ways of disposing wastes, which was by burning and burying. 

Average number of rooms per household in Vatulele village was 2 with 4 being the 

maximum number of rooms in a household and 2 being the minimum. Nacodreudreu 

village also had an average of 2 rooms per household. However, the maximum 

number of rooms per household was 5 while the minimum number of room was 1. 

The majority of houses in both the villages, Vatulele (94%) and Nacodreudreu (92%) 

were constructed in the 1990s. 
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 5.3.1.2 Household appliances  

Average proportion of household appliances
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Figure 5.6: Mean percentage ownership of household appliances for each household 
in both the villages. (Vatulele village has no electricity)      
 
5.3.1.3 Dwelling tenure    

The houses inhabited by each household in both of the villages had been owned by 

them outright. The mean rent that would be acquired by each household per month in 

Vatulele village, if they were to rent their houses would be FJ$135 per month, with 

maximum amount of rent equivalent to FJ$200 per month while the minimum 

amount would be FJ$50 per month. In contrast, each household from Nacodreudreu 

village would be getting an average of FJ$83 per month, with FJ$200 and FJ$50 

being the highest and lowest renting sums respectively. The difference in the average 

rent for the two villages depended on quality and size of the houses. There were no 

households in both the villages that were paying any form of insurances for the 

security of their houses and no payments were made regarding the connection or 

reconnection of the dwelling tenure for the past 12 months.   

 

5.3.1.4 Household billings 

The only form of billings paid by the household members of Vatulele village was the 

cell phone charges. On an average, a household spent FJ$22.50 per month on phone 

bills, with the maximum and minimum bills of FJ$40 and FJ$5 per month 

respectively.  However, for Nacodreudreu village, an average of FJ$18.75 per month 

was spent on phone bills while a mean of FJ$10.10 per month was paid for electricity 

bills from each household. The maximum charge of FJ$60 per month was accounted 



 

 93 

for phone bills, while the least was FJ$5 per month. The highest amount of electricity 

bills paid was FJ$22.80 per month and the lowest amount paid was FJ$5 per month.  

 

5.3.1.5 Transport expenses 

There was no purchase of any form of transport, from vehicles to boats, by any of the 

household members surveyed, from both the villages in the past 12 months. Fishing 

activities were mainly carried out in bamboo rafts, ‘bilibili’. However, numerous 

households from both villages had various expenditures on some form of 

transportation, which included hiring cabs, carriers and rental cars. Household 

members of Vatulele village spent an average of FJ$187 per household in the past 12 

months in hiring cabs and carriers. The maximum and minimum amount spent over 

12 month period on transportation was FJ$221 and FJ$22 respectively. In contrast, 

members of Nacodreudreu households had spent a mean sum of FJ$102.30 as 

transportation costs in the past 12 months, which included hiring cabs, carriers and 

rental cars. The highest amount spent on transport transportation cost was FJ$350 

while the lowest sum paid was FJ$20 per household for the past 12 months.  

 

5.3.1.6 Education and recreational/sport 
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Figure 5.7: Average amount of money spent by each household on different forms of 
educational expenses and activities by both the villages.  
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5.3.1.7 Special events 
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Figure 5.8: Average amount of money spent by each household on various special 
events held in both the villages in the past 12 months.   
 

5.3.1.8 Agriculture, livestock, fishing and other sales 
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Figure 5.9:  Income earned (as a percentage of total income earned from all 
activities) from different economic generating activities in both the villages for a 
month.   
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Figure 5.10: Average sums of income earned by each household from both the 
villages for a month.  
 

5.3.1.9 Remittance activities 

A total of 16% (7) households had given, while 18% (8) households had received 

some remittances in the past 12 months from Vatulele village.  On an average, 

remittance received in cash by households of Vatulele village was FJ$14 for the 

previous 12 months with the maximum amount of FJ$20. The remittances received 

were by relatives residing abroad. The mean amount of cash given as remittance for 

other relatives by each household was FJ$41 with the maximum amount of FJ$100. 

On the contrary, 0.05% (2) households had received and given remittances from 

Nacodreudreu village. An average of only FJ$5 was given as remittance by the 

households of Nacodreudreu village to relatives and a mean of FJ$60 of remittance 

was received from the Social Welfare Department in preceding 12 months.  

 

5.3.1.0 Contributions to church 

On an average, a sum of FJ$259 and FJ$113 per annum was contributed towards the 

church missionary per household in Vatulele village and Nacodreudreu village 

respectively. The maximum amount paid was FJ$283 while the minimum amount 

was FJ$138 in Vatulele village. Contrarily, the maximum and minimum amount 

contributed was FJ$152 and FJ$98 respectively in Nacodreudreu village.  

5.3.2 Individual questionnaire  

The population of both the villages was entirely made up indigenous Fijians.  From a 

total of 44 individuals surveyed in Vatulele village, 55% of them were married, 40% 
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were not married while the remaining 5% were widowed. Contrarily, out of 44 

people surveyed in Nacodreudreu village, 73% of them were married, 21 % were not 

married and 6% were widowed.   

 

5.3.2.1 Literacy status 

Literacy status

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

Fijian & English Fijian only
Languages spoken, read & writen

Pe
rc

en
ta

ge

Vatulele village
Nacodreudreu village

 
Figure 5.11: Percentage of individuals that could read and write in Fijian and 
English or could only read and write in Fijian, in both the villages surveyed.   
 

5.3.2.2 Health 

From a total of 44 individuals that were surveyed at Vatulele village, 22.2% of the 

individuals had encountered some form of health sickness in the past 3 months. 75% 

of sick individuals were treated at medical centres whereas 25% of the individuals 

sought traditional or herbal methods. Seventy five percent of the sickness types 

prevented the individuals from carrying out their routinely chores, while the 

remaining 15% of the individuals continued to perform their usual work despite sick.  

Similarly, there were also 22.2% of the individuals from the total potion surveyed, in 

Nacodreudreu village, who were being sick for the past 3 months. 50% of the health 

issues from Nacodreudreu village resorted to medical centres while the remaining 

50% were cured through traditional methods. All the health issues (100%) identified 

at Nacodreudreu village had prevented the unhealthy individuals from carrying out 

their normal chores affecting their usual daily income source.       
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5.3.2.3 Education 

Different education level for each individual
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Figure 5.12: various levels of education attained by the individuals, as an average of 
the total population from both the villages.  
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Figure 5.13: Time taken to find a job by individuals as a percentage proportion of 
the total number of individuals surveyed in both the villages.  
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5.3.2.4 Labour force 

Average proportion of individuals working in different sectors
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Figure 5.14: Average proportion of individuals from both the villages, working in 
different sectors.  
 

5.3.2.5 Wages and salary 

A total of 31% (14) of individuals from the total portion surveyed in Vatulele village, 

had some form of employment in the last 3 months. From the sector that received 

wages and salary, 43% (6) of the individuals were employed by a major pearl farm in 

the area, Maivalili Pearls. The mean wages received by an individual working in past 

3 months was FJ$1320. Another 36% (5) of the individuals from the sector were 

engaged in grass cutting activities which were contracted to the villagers by the 

Public Works Department. The average income earned by cutting grass was 

FJ$1,200 per an individual for the past 3 months. Fourteen percent (2) of the 

individuals were employed by businessmen in Savusavu town, who received a mean 

wages of FJ$1,110 per individual in the past 3 months while the rest 6%, were 

employed in the government sector.  Interestingly, the government employed only 

2% (1) of the total number of individuals surveyed. The mean income earned by this 

individual was FJ$2,100 in the last 3 months. In contrast, wages and salary sector for 

Nacodreudreu village was made up of 67% (29) of total individuals surveyed. Fifty 

eight percent (17) of the sector had individuals who were categorised as cane cutters 

and raked in an average income of FJ$1,080 per individual in the past three months. 

The maximum and minimum amount earned from cane cutting was FJ$2,400 and 

FJ$600 respectively for the past 3 months. Other forms of work included 

carpentering, grass cutting and working at the pearl farm, which made up the 
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remaining of the sector, 42% (12). Average income earned by these individuals was 

FJ$1,200 per individual for the past 3 months.  

 

5.3.2.6 Self employed or other business activities 

Operation of own business accounted for only 2% of the total individuals surveyed in 

each of the two villages. In Vatulele village, 2% (1) of the individuals sold food 

items in Savusavu town and earned a sum of FJ$1,380 in the past 3 months. 

However, in Nacodreudreu village 2% (1) of the individuals wove mats, which 

gained a total sum of FJ$750 in the past 3 months.    

 

5.3.3 Economic model of the mabé pearl culture 

5.3.3.1 Output summary 

Table 5.3: Output summary of mabé pearl culture using 10,000 Pteria penguin 
oysters, for the two villages.   
 

Summary  Value (FJD) 

Annual production (pearls) 34,834 mabé pearls 

Annual gross revenue $490,960 

Technicians (no foreigner required)  $0 

Annual production cost $147,137 

Production cost per pearl $4.22 

Revenue per pearl $14.09 
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5.3.3.2 Economic indicators 

Table 5.4: Various economic indicators for mabé pearls obtained in regard to the 
two villages.  
 

Economic indicators Value (FJD) 

Net present value $2,391,968 

Annual return $208,543 

Internal rate of return 179.84% 

Benefit-cost ratio 3.34 

Payback period 1 year 
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Figure 5.15: Various costs accounted per mabé pearl production. 
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Figure 5.16: Discounted cumulative cashflow shows status of the mabé pearl 
business for 20 years and the payback period of the business, which is 1 year. 
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Cumulative Probability Distribution
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Figure 5.17:  Predicted lowest and highest returns per annum that could be 
encountered in mabé pearl culture business.  
 

Table 5.5: Risk analysis table (for detailed explaination, refer to Appendices, p. 139) 

 Risk factors Chances of 
occurrence 

Possible damage 
or disturbance 
to business 

Probability 

Zero to poor -   - 
Poor to average Cyclones Once in 10 years 50% 0.25 
Average to 
good 

Diseases, 
thefts  

Unquantified 25% 0.5 

Good to 
maximum 

Spat shortage Unquantified 15% 0.25 

 

Table 5.6: Price risks (for detailed explanation, refer to Appendices, p.139) 

 Risk factors Chances of occurrence Probability 
Zero to poor -  - 
Poor to average Less then expected price 10% 0.1 
Average to good Normal price  70% 0.7 
Good to 
maximum 

Highly demanded 20% 0.2 

 

5.3.4 Mabé pearl survey 

The villagers from both the villages have been using sea resources for a variety of 

purposes. These include collection of invertebrates and fishing for family 

consumption and sales.   
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Figure 5.18: Mean percentage of individuals from the total number surveyed that 
used sea on different number of days in a week.  
 
 
5.3.4.1 Ocean as food source and income generator 
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Figure 5.19: Utilisation sea resources for different purposes by the individuals from 
both the villages. 
 

The average income procreated from sea resources for individuals who went out 

fishing in the past week for Vatulele (13/06/09–21/06/09) and Nacodreudreu village 

(17/09/09–25/09/09) was FJ$28 and FJ$34 respectively. The maximum amount 

brought in from fishing was FJ$52 while the minimum was FJ$10 for Vatulele 

village. In Nacodreudreu village, the highest and the lowest amount earned from 

fishing were FJ$60 and FJ$12 respectively. Ocean resources were very well 
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accessible by the individuals as the ‘qoliqoli’ for both the villages fell under Wailevu 

tikina.    

 

5.3.4.2 Current activities in the villages 

Giving up current activities
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Figure 5.20: Average number of individuals from the total number surveyed that 
would give up their various normal activities to uptake mabé pearl culture. 
 

Despite the strong enthusiasm shown towards the culture of mabé pearls from the 

individuals of both the villages, there were some major obstacles to be dealt with. 

Responses from the individuals of both villages were virtually the same. Having 

capital to start off with the mabé pearl business appeared to be a major concern 

followed by the skills required for mabé pearl culture. The individuals would resort 

to various aid donors such as the government or certain non-governmental 

organisations to fund such projects. Other commercial sources such as banks are also 

possible donors.  

 
Pteria penguin is a well recognised oyster species in both the villages. The villagers 

commonly refer to the oyster as ‘melamela’ in Fijian language. According to the 

individuals from Vatulele village, they would spot an average of 5 Pteria penguin 

per 100 m2 quadrant during their dives while Nacodreudreu divers would spot a 

mean of 6 Pteria penguin for the same sized area.    

 

The villagers focused on selling the products (mabé pearls and processed mabé pearl 

products) locally after they were informed that mabé pearls had no markets abroad. 
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The focus was selling the products to various handicraft centres and to the tourists by 

setting up stalls in town. The villagers accepted mabé pearl culture as an alternative 

source of income after considering the benefits it had to offer.  
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5.4 Discussion 

The results obtained from socio-economic surveys and economic modeling of mabé 

pearls depicted the possibility of mabé pearls to be an alternative livelihood for the 

surveyed villagers. The data obtained showed various constraints and benefits in 

taking up mabé pearl culture as an alternative livelihood as mentioned below. 

 

5.4.1 Constraints of mabé pearl culture 

5.4.1.1 Lack of investment capital 

Individuals from both the villages clearly lacked capital to set up a mabé pearl farm. 

Socio-economic indicators such as dwelling characteristics (Figure 5.5, p. 91), 

availability of household appliances (Figure 5.6, p. 92), revenue earned through 

different economic generating activities (Figure 5.10, p. 95) and the proportion of 

villagers in labour force (Figure 5.14, p. 98) illustrate that capital required to set up a 

mabé farm would not be easily available.  The dwelling characteristics of each of the 

households exhibited the lifestyles of the villagers. From Figure 5.5, it can be 

concluded that virtually all the houses in both the villages were of average to low 

standards. Households from Nacodreudreu village considerably had more types of 

different household appliances compared to the households from Vatulele village 

(Figure 5.6). This was due to electricity supply in Nacodreudreu village, which 

provided the villagers with the comfort of using electric appliances. Mobile 

telephones were the most common household items noticed in both the villages from 

the total proportion of other household items. The second most common item was 

radios in both the villages. Moreover, revenue generated from agriculture as a 

percentage of total income earned from all activities was higher in Vatulele village 

compared to Nacodreudreu village. Other economic generating activities such as 

fishing, home produced foods and handicrafts did not contribute significantly 

towards the total income earned. The revenue generated in both the villagers through 

such activities was not high enough to set aside enough capital to establish a mabé 

pearl farm after accommodating all the expenses.    

 

Expenses for households from both the villages were significant in regards to the 

revenue earned yearly. Mobile telephone bill topped the list of all bill payments. The 

average amount of mobile telephone bills paid by the households of Vatulele village 

for a month exceeded the mobile telephone and electricity bills from the households 
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of Nacodreudreu village. Transportation cost for the past 12 months was significantly 

higher for Vatulele village in comparison to Nacodreudreu village. Other household 

expenditures included educational expenses and expenses involved while organising 

special events. Figure 5.7, p. 93, shows that the average amount of money spent on 

formal education (primary, secondary, tertiary or other educational activities) per 

household was higher in Nacodreudreu village compared to Vatulele village. Bus 

fares of the students topped the list amongst all the other school related expenses in 

both the villages. It was interesting to note that Vatulele villagers had more special 

events during the last 12 months as compared to Nacodreudreu village (Figure 5.8, p. 

94). Common special events occurring in both the villages included funerals, 

weddings, birthdays and church functions. The average expenses per household on 

these events from Vatulele village was higher then Nacodreudreu village. Church 

functions recorded the highest expenditure in Vatulele village while funeral expenses 

were the greatest at Nacodreudreu village amongst all other special events. 

Individual questionnaires depicted that health related expenses were not very 

significant, however, the expenses involved in treating the health problems were 

taken into account while determining the total expenses. Such expenses presented 

much difficulty for the individuals to save up enough capital to establish a mabé 

pearl culture business.  

 

5.4.1.2 Lack of basic necessary item (boats) to establish mabé pearl business 

It was surprising that none of the individuals surveyed from both the villages had any 

boats. Villagers used bamboo rafts ‘bilibili’ to transport them to their fishing spots 

and back. Villagers from Vatulele village were also allowed to use company boats 

(Maivalili Pearls). Unavailability of basic items such as boats presents a barrier to 

entry into mabé pearl business and would just add to the expenditure involved when 

establishing mabé pearl business.   

 

5.4.1.3 Lack of interest in fishing activities 

According to Figure 5.9, p. 93, majority of the individuals were involved in 

agricultural activities. Income derived from fishing activities was also low compared 

to income generated from agricultural activities (Figure 5.10, p. 95). In addition, 

majority of the individuals falling in employment sector from Nacodreudreu village 

were employed as cane cutters in Labasa. These show that the individuals from both 
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the villagers were earning their livelihoods from the current economic generating 

activities. It would be somewhat difficult for a sudden diversion of their minds to an 

alternative livelihood. Sea was mainly used in subsistence form rather then being an 

income generator (Figure 5.19, p. 101). It would be rather difficult to convince these 

individuals to change their existing sources of income. The culture period of mabé 

pearls was also questioned by some individuals. The change in community 

perspectives would only be possible should the revenue generated from mabé pearl 

culture is more than the income earned currently.  

 

5.4.1.4 Lack of qualification  

The majority of the individuals from both the villages had attained education to 

primary and secondary levels only (Figure 5.12, p. 97). The individuals lack basic 

understanding on managing a business. This was the reason why there were only 2% 

of the individuals from each of the two villages running their own business during 

the time of survey (Figure 5.14, p. 98). Lack of qualification to find appropriate jobs 

also resulted in individuals producing goods mainly for family consumption. 

Individuals involved in production of food for family consumption also sold farm 

produce to earn much needed money when circumstances arose.  

 

The solutions to above mentioned constraints could be as follows: 

� Interested locals should save up enough capital from their regular activities to 

secure required loan from various money lending organisations. 

� Every effort should be made to own basic items such as boats before 

establishing mabé pearl business, to reduce capital required. 

� Qualification and experience would be gained as the locals progress through 

the mabé pearl business. Various workshops could also be organised whereby 

the experts in mabé pearl field would further inform the farmers on the 

progress made in the industry with time.   

� Proper business management workshops should also be organised as most 

locals have very little knowledge of it.  

 

5.4.2 Benefits   

The benefits of mabé pearl culture were determined after the analysis of the results 

from the economic model. The results showed every reason why mabé pearl culture 
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could be an alternative source of income for costal communities. It also has the 

ability to improve the living standards of coastal communities drastically with the 

amount of income it would generate.  

 

5.4.3 Economic model 

The data entered in the economic model were only relevant for the two coastal 

communities surveyed and would not be applicable to any other villages. The model 

ignored any mooring or sea leases as the two villages were not accounted for any. 

 

5.4.3.1 Interpretation of economic indicators and risk assessment  

With an annual production cost of FJ$147,137 these mabé pearls could earn an 

annual gross revenue of FJ$490,960. The average cost of producing one pearl would 

be $4.22 with a mean revenue of FJ$14.09 per pearl. An average annual return of 

FJ$208,543 is guaranteed from this mabé pearl business. Internal rate of return or 

how much the business would get back on its investment was 179.84%. The benefit–

cost ratio was 3.34, thus the business would make a profit of FJ$2.34 on every FJ$1 

that is spent. According to Figure 5.15, p. 100 a total of FJ$4.22 is spent per mabé 

pearl production. Moreover, the payback period or turn over time of the business was 

1 year, Figure 5.16, p. 100. After the 1st year of operation, the business would be able 

to pay off all the loans that were secured to establish the mabé pearl business and 

would be benefiting on the profits from the 2nd year of operation.  

 

However, like any other businesses, mabé pearl culture also has various risks to be 

considered. Mabé pearl culture is a medium to low-risk business. According to 

performed risk analysis in the worst of times, the business would have to pay 

FJ$8,302 and would reap a sum of FJ$294,767 during maximal profitable periods 

(Appendix, p. 139).  

 

The greatest risk to mabé pearl business would be the loss of oysters during a 

cyclone (Table 5.5, p. 101). Despite cyclones being the major threat, it would not 

cause a total mortality of the oysters. Pearl farms are also prone to diseases and 

thefts. Damages caused by cyclones are virtually inevitable, however, diseases could 

be prevented through better management of the farms. Farmers would also have to be 
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ready for major loses of oysters caused mainly by cyclones. Thefts could also be 

prevented by having security guards to look after the farm mainly at nights.  

 

There also needs to be a proper determination for peak spawning season of adult 

Pteria penguin in order to deploy the spat collectors at appropriate times for 

maximum spat collection. Prices of the mabé pearls would always depend on the 

quality of the pearls being produced (Table 5.6, p. 101). The prices of mabé pearls 

are expected to increase with an increase in quality and demand for the pearls. With 

an expanding tourism industry in Fiji, the prices of mabé pearls will no doubt 

increase in future. The only draw back would be the competition from other farmers 

Even though there are some risks as stated, mabé pearl culture can be a highly 

profitable business if it is managed properly. The economic indicators justify this. 

All the four factors give a hopeful result indicating that the business will be highly 

successful and viable.  

 

5.4.4 Mabé pearl survey 

Both of the villages greatly rely on the sea resources, as shown by Figure 5.18, p. 

102 whereby majority of the individuals use ocean resources virtually 7 days a week. 

The sea as shown by Figure 5.19, p. 102 is used mainly as a food source and as a 

source of income in some cases by the individuals from both the villages. Collection 

of invertebrates by the villagers included giant clams, beach-der-mer, black-lip 

oysters, winged oysters, chitons, crabs, shrimps, and other edible univalves and 

bivalves. The villagers had ample knowledge in aquaculture industries. However, 

their interests were chiefly restricted to pearl farming due to the operation of two 

pearl farms in the area. Prawn farming, tilapia farming and seaweed culture were all 

second to fourth choices of the villagers. Despite the interest shown towards the 

culture of mabé pearls, it was vital to analyse current activities that the village would 

give up in order to embrace mabé pearl culture as an alternative livelihood as shown 

by Figure 5.20, p. 103. By looking at the opportunity costs of the activities that the 

villagers have to give up, the economic viability of the mabé pearls could be 

determined. The economic costs of giving up their current activities are low because 

most individuals are either seasonal or part time workers with a wealth of pearl 

culture knowledge.  
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Upon understanding the various benefits and consequences in taking up mabé pearl 

culture, it was observed that villagers were still keen to try out the mabé pearl culture 

as a livelihood. However, there were a number of obstacles that had to be overcome 

before a mabé pearl farm could be established. The foremost, as reported by the 

respondents, was the capital needed to start with a pearl farm. The villagers relied 

greatly on various non-government and government organisations for aid to help 

establish pearl farms as none of the individuals had sufficient funds to start with 

pearl. Approximately 10% of the respondents from each of the villages were eager to 

secure loans from various money lending organisations after considering the payback 

period for mabé pearl culture. According to the villagers, skills needed to efficiently 

look after a pearl farm is not a major concern as they know basic principles after 

gaining much needed work experience from the two pearl farms. However, the 

villagers urged that the implanting techniques be well demonstrated in order for them 

to gain enough skills for efficient implanting.  

 

Some villagers had a sound knowledge of the carving skills needed to process raw 

mabé pearls to an economical product. Savusavu town is blessed with high number 

of tourist arrivals, which makes the town an appropriate market for mabé pearls. 

Some of the processed mabé pearls were also displayed at J. Hunter Pearls 

showroom. The responses of the customers towards these mabé pearls were 

overwhelming and products were greatly appreciated. Stalls can be set up for mabé 

pearls, which no doubt would attract more buyers then any other handicrafts, 

currently being sold when cruise ships berth in Savusavu Bay. Mabé pearls produced 

could also be sold to some of the professional carvers in Fiji, who made an approach 

when the very first mabé pearls were harvested during the research.  This depicts that 

Fiji can establish her own market for mabé pearls overseas with the help of such 

experienced carvers.  

 

5.4.5 Comparison of current livelihoods with mabé pearls as an alternative 

livelihood 

The average total household expenditure for the households that were surveyed in 

Vatulele village was FJ$1,518.40 per annum. Contrarily, a mean of FJ$1,572.50 per 

annum was spent in Nacodreudreu village per household. The expenditure included 

bills, transportation costs, educational costs, organising special events and giving 
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remittances.  The average total income gained from the sales of agricultural products, 

livestock, marine animals and remittances for the households surveyed in Vatulele 

village was FJ$6,050 per annum compared to FJ$3,168 per annum in Nacodreudreu 

village. With the average total expenditure virtually the same for both the villages 

and a significant difference in the average total income, an average sum of 

FJ$4531.60 and FJ$1595.50 per annum were saved by each household in Vatulele 

village and Nacodreudreu village respectively. The amount of money saved by each 

household could have been much less as the questionnaire did not account for money 

spent on domestic shopping (groceries, household items, clothes, etc). 

 

Moreover, an average of FJ$564 per annum was earned by an individual for the total 

number of individuals (44) surveyed in Vatulele village. In contrast, a mean of 

FJ$266 was earned by the respondents from Nacodreudreu village. It should be noted 

that the majority of individuals surveyed were involved in production of goods 

mainly for family consumption, therefore were not accounted for deriving any 

income in wages and salary sector. The females and elderly people surveyed were 

also the contributing factors to average income being low.  

 

With the consideration of the average household and individual incomes derived per 

annum, mabé pearl culture currently serves as an ideal substitute livelihood for both 

the villages. Mabé pearl culture offers average annual revenue of FJ$123,157. 

Cooperatives can be formed in villages if culturing mabé pearls individually is 

complicated, which could earn a mean of FJ$12,357 for the total number of 

households surveyed in each village. On individual basis, an average of FJ$2,799 

could be earned for the 44 individuals surveyed in each village. The magnificent 

difference between the current livelihood and mabé pearl culture portrays that mabé 

pearl culture is a more appropriate livelihood. Mabé pearl culture could be one of the 

ways for the eradication of poverty in most of the local coastal communities. The fact 

that mabé pearls require only 7–9 months of culture period before being harvested 

and easily grasped implanting techniques, it further encourages coastal communities 

to consider it as an alternative livelihood. Therefore, with all the benefits mabé pearl 

culture has to offer, greater interest should be shown by the government towards it, 

as mabé pearl culture stands a great chance of being a major export commodity in 

years to come. 
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Chapter 6                                 General Discussion  

6.1 Introduction  

Mabé pearl production from Pteria penguin is just at its initial phase in pearl 

producing nations of the South Pacific. The Kingdom of Tonga has an edge in mabé 

pearl production from Pteria penguin over other nations in the region. Mabé pearl 

culture in Tonga was inaugurated in 1960s and it was in 1975 that the government of 

Tonga carried out experimental trials to study the benefits from mabé pearl venture 

(Teitelbaum et al., 2008; Uwate et al., 1984). Ever since, Tonga has advanced in 

mabé pearl sector with the governments’ involvement. Successful Pteria penguin 

hatchery trials in Tonga imply the industry’s flourishing future in the country.  

 
The first mabé pearl farm in Fiji is reported to have been established in 1966 (Uwate 

et al., 1984). However, the success rate of mabé pearls from Pteria penguin was very 

low. There were no reports available to ratify the production status of mabé pearls 

from Pteria penguin in Fiji, when this research was carried out. Mabé pearls are 

produced from sloughed round pearl producing oysters in many of the pearl 

producing countries from the region. These oysters had grown excessively old to 

produce round pearls of market demands. However, mabé pearls produced from 

oyster species other then Pteria penguin in the region, are not renowned for high 

commercial values due to its inferior qualities. This presents an opportunity for mabé 

pearls produced from Pteria penguin to capitalise in establishing its own markets 

locally and abroad. Mabé pearls from Pteria penguin would receive a tremendous 

interest because (1) of its higher commercial values, (2) its much simpler and less 

expensive to produce compared to round pearls and (3) it can easily establish its 

market locally and abroad since it would be sold at a cheaper price.  

 
Mabé pearl production from Pteria penguin presents massive potential to improve 

the livelihoods of the local costal communities in Fiji. The general objective of this 

study was to determine the potential of mabé pearl culture to increase the 

participation by interested rural coastal communities in the pearl aquaculture industry 

in Fiji. The study involved acquiring increased understanding to produce quality 

mabé pearls, suitable growth conditions of juvenile Pteria penguin into adults, and 

feasibility studies through socio–economic surveys to improve the livelihoods for 
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two chosen villages.  The initial section of this chapter summarises the major 

outcomes of the project while the later section presents various limitations 

encountered during the study and recommendations to enhance similar studies in 

future.    

 

6.2 Mabé pearl production 

This chapter of the study investigated methods to produce finest quality mabé pearls 

of high commercial value from Pteria penguin. Anaesthetic period, nuclei pasting 

positions, culture duration period and appropriate age of implanting Pteria penguin 

were determined in this chapter. 

 

Results generated from the anaesthetic trials confirmed that 1 propylene phenoxetol 

of 3.0ml/L of seawater was the most appropriate relaxant from rest of the 

concentrations tested.  Oysters were relaxed in 15 minutes. Relaxing Pteria penguin 

takes up most of the time during the implanting period. A concentration of 3.0 ml/L 

of 1 propylene phenoxetol fastens the process by anaesthetising the oysters at the 

most reasonable periods that provides continuous supply of oysters to be implanted. 

It also prevents stocking of more then required oysters for implanting at a point in 

time. This would lead to body and mantle collapse, as observed in 3.2 ml/L of 1 

propylene phenoxetol solution. Furthermore, 3.0 ml/L of 1 propylene phenoxetol also 

had practical recovery periods (12.5 minutes) with very less mortality (1 oyster) of 

the oysters. The preparation of 1 propylene phenoxetol was also more effortless and 

less health hazardous compared to benzocaine solution preparation. This reduces the 

number of laborers and expenditure for a pearl business.  

 

The study also found that positions, at which the nuclei were pasted, had an influence 

on the quality of mabé pearls formed. Mabé pearls with high commercial values were 

produced at positions 1, 2, 4, 5 (Figure 3.10, p. 32). The mabé pearls had perfect 

lustre with varying astonishing colours. Nuclei pasted at position 3 were covered 

with adductors muscles after 6 months from implantation. This gave the mabé pearls 

a dull white color with virtually no commercial value. The results obtained also 

confirmed that there was a constant nacre deposition on the nuclei pasted from 

implantation process. Mabé pearls sampled after 6 months had sufficient nacre 

thickness at the base and top to that of a good commercial mabé pearl. However, the 
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lustre of the mabé pearls kept improving along the culture period. The best quality 

mabé pearls were obtained in 9th of month of culture. This was the month of low 

temperature. Therefore, low temperature is believed to bring out more lustre and 

reduce uneven surfaces in mabé pearls (Ruiz–Rubio et al., 2006). A culture period of 

9 months is most appropriate for mabé pearls.  

 

Implanting Pteria penguin at an age of 2.8 years to 3 years would produce mabé 

pearls of high commercial values, as the oyster growth is reduced by this age. Pteria 

penguin of approximately 2.5 years of age could also be used. However, it is 

suspected that mabé pearls produced would not of good quality as produced by 3 

years old Pteria penguin. 

 

6.3 Pteria penguin grow out trials 

The chapter determined the best growth conditions for juvenile Pteria penguin 

oysters. The impact of depth, stocking densities, fouling, water parameters and 

culture apparatus on the growth rates of Pteria penguin were determined.   

 

The results obtained demonstrated that the best growth rates of juvenile Pteria 

penguin was at 6m. The growth rates of the Pteria penguin decreased with an 

increase in the depth. This could be due to a decrease in seston (food supply) with 

depth (Gervis & Sims, 1992). Moreover, stocking density of the Pteria penguin also 

had an influence on the growth rates. At all depths, pocket panel nets with 5 oysters 

showed the fastest growth rates, followed by oysters with a stocking density of 10 

and then oysters with a stocking density of 15. However, it should be noted that a 

stocking density of 5 oysters is not economical. It is recommended that Pteria 

penguin to be stocked at 7 oysters to 10 oysters per net. Pteria penguin would still 

have a good growth rate at these stocking densities.  

 

Fouling on the culture apparatus and on oysters was a major concern. Maximum 

fouling rate was observed at 6m depth, which decreased with an increase in depth. 

Fouling impacted the growth rates of Pteria penguin by vying for food, space, and 

oxygen (MacDonald & Thompson, 1985; Urban, 2000). In some cases, fouling also 

hindered the normal opening of valves, causing stress to oysters. The results further 

depicted that predation of juvenile Pteria penguin was also a concern. A great 
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proportion of mortality was noticed amongst the oysters during the first trial, where 

pocket panel nets of mesh size, 40 mm x 40 mm were used. These pocket panel nets 

served no barrier to predators as the predators easily entered the nets. However, the 

issue was solved when locally constructed pocket panel nets of mesh size 10 mm x 

10 mm was used. Lowering Pteria penguin to greater depths would reduce fouling, 

mortality and predation rates. However, this would also mean sacrificing higher 

growth rates. Hanging juvenile Pteria penguin in chaplets exposed the oysters more 

to predators. Pteria penguin should only be hung in chaplets when they are of 200 

mm in size. These oysters would have stronger shells upon reaching 200 mm that 

could not be easily crushed by the predators.  

 

6.4 Socio–economic survey 

In this chapter of the study, feasibility of mabé pearls to be an alternate livelihood for 

the local coastal communities was verified. Two local coastal villages (Vatulele 

village and Nacodreudreu village) were surveyed using individual, household and 

mabé pearl questionnaires. The questionnaires dealt with various socio–economic 

indicators for the villagers.  Economic model designed particularly for mabé pearls 

was used to determine the viability of mabé pearls in both the villages.  

 

The households from both the villagers had various forms of expenditure costs. 

These included bills, transportation costs, educational costs, organising special 

events and giving remittances. The revenues for the households for both the villages 

were derived from the sales of agricultural products, livestock, marine animals and 

receiving remittances. Average money saved by each household was FJ$4531.60 and 

FJ$1595.50 per annum for Vatulele village and Nacodreudreu village respectively. 

Moreover, the results obtained from individual questionnaires depicted that 

individuals in the active economic age group (18 to 35 years) from both the villages 

were well educated to understand the concept of mabé pearl culture. The average 

amount of income earned annually by each individual from both the villages was not 

so significant but the expenditure for each individual quite high. Mabé pearls 

questionnaire data confirmed that the villagers were well versed with Pteria penguin. 

Pteria penguin is well stocked in Savusavu Bay and are mainly used for consumption 

by the villagers. However, upon informing the villagers on the economic generation 

possibility, the villagers realised the benefits Pteria penguin had to offer. The results 
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from economic model showed that mabé pearl presents an immense opportunity to 

help improve the livelihood of coastal communities. With the cost–benefit ratio of 1: 

3.34, mabé pearl culture is ranked as one of the most profitable aquaculture 

commodities. The payback period for loans acquired to establish mabé pearl venture 

with 10,000 oysters was just 1 year. This further appraises mabé pearl culture as a 

lucrative venture.  The much less cost and simple techniques to produce mabé pearls 

potential for future.  

 

6.5 Constraint and limitations  

There were some limitations encountered during the research that somewhat delayed 

and affected the study. 

 

There was a delay in the arrival of nuclei and anesthetics. This deterred the 

implantation process to commence on time. Nuclei were imported from Tahiti, which 

took approximately 1 month to arrive. 1 propylene phenoxetol and benzocaine were 

also not available locally. These anesthetics were also a hassle for the major 

chemical companies in the country to import due to Fiji Customs Authority’s 

stringent measures on such chemicals. The implantation process had to wait until 

Professor Paul Southgate brought the anesthetics from James Cook University. 

 

Moreover, adult Pteria penguin to be used were not cleaned for more then a year. As 

a result, massive mortalities were noted amongst these oysters that reduced the 

number of oysters to be implanted. Adult Pteria penguin implanted during the first 

trial were also fairly old, which resulted in mortalities after implantation.  

 

Lastly, the culture apparatus used during the grow out trials was not very appropriate. 

Pocket panel nets with large mesh size had to be used during the first grow out trial 

due to unavailability of suitable culture apparatus that resulted in massive mortalities 

amongst the oysters. Locally made pocket panel nets from multifilament material for 

the second grow out trial was observed to have more fouling compared to proper 

imported culture apparatus.   
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6.6 Conclusion 

Mabé pearl culture could be an alternative livelihood for the coastal communities in 

Fiji. This fulfills the overall objective of the research study. The research study could 

be a guide to many of the interested pearl farmers to initiate a mabé pearl business as 

it deals with scientific and technical issues often encountered in pearl industry. 

Overall findings from this study are mentioned below. 

 

Pearl farmers are now aware of the most appropriate anaesthetic with the best 

concentration (1 propylene phenoxetol at 3.0ml/L of seawater) to be used to relax 

Pteria penguin. The study further apprises the farmers on the best nuclei pasting 

spots on the valves to get mabé pearls of high commercial values. Mabé pearl 

farmers are now aware of the culture period required to produce some of the finest 

quality demandable mabé pearls.  

 

Mabé pearl culture was further complimented by the results from third chapter of the 

study that determined the best growth conditions of Pteria penguin. The growth trial 

study results illustrated the best depth, type of culture apparatus, stocking density and 

other factors required for best growth rates. Interested farmers now have a clear 

guide to mabé pearl culture, from growing Pteria penguin from young until the 

oysters are ready for implantation process, and then to harvesting the cultured mabé 

pearls.  

 

Overall results from the fourth chapter (socio–economic surveys) undoubtedly 

elucidated that mabé pearl culture offers huge benefits over the existing livelihoods 

of most of the local coastal communities. The interest shown towards mabé pearl 

culture from the respondents was overwhelming. The encouraging results from the 

study had already prompted two major pearl farmers in the area to establish their 

own mabé pearl ventures along with their normal round pearl production business. 

The farms had already been stocked with Pteria penguin. In one of the pearl farms, 

mabé pearl implantation process would initiate from mid this year (June, 2010), after 

implanting and mabé pearl culture techniques were relayed to them. Approaches 

were also made by other emerging pearl farmers, who showed immense interest 

towards mabé pearl culture. However, it is essential that some large-scale farm trials 

be carried out by major pearl company’s without any involvement of local 
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communities. This would be an example for local communities should the mabé 

pearl culture be successful.  

 
The project has produced biological information that would form the basis for mabé 

pearl culture development in Fiji. Mabé pearl culture industry establishment would 

further complement the current lucrative round pearl industry in Fiji. It presents a 

great source of revenue for Fiji. While the study provided much needed scientific 

information and comprehensive economic analysis, further studies on Pteria penguin 

could be more amended.    

 

6.7 Recommendations 

A study on hatchery production trial of Pteria penguin in Fiji needs to be carried out. 

Pteria penguin stocks in nature would be exhausted once major mabé pearl culture is 

initiated. Hatchery produced Pteria penguin spat would meet the demands of Pteria 

penguin needed by the farmers in future. 

 

A trial where Pteria penguin of 2.5 years of age is implanted has to be executed. The 

quality of mabé pearls formed from these oysters should be examined. It has been 

observed that Pteria penguin growth is reduced by this age and mabé pearls of high 

commercial value could be produced. The mortality rate of the oysters after the 

implantation process would also be reduced.  

 

Apart from normal hemispherical nuclei used in this study, other shapes of nuclei 

could be used. These are heart shapes, teardrop shapes or any other shapes of 

interest. The commercial value of mabé pearls from these shapes should be compared 

to the common hemispherical shaped mabé pearls.  

 

Juvenile Pteria penguin could also be cultured in other types of culture apparatus. 

These are imported trays with lids and other forms of nets. A growth trial on 

culturing Pteria penguin using the mentioned culture apparatus should be attempted, 

to observe if there is any significant difference in the growth rates of Pteria penguin 

cultured using different culture apparatus. 
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The mesh material used to construct 10 mm x 10 mm pocket panel nets was made up 

of multifilament material. Pocket panel nets made up of appropriate material 

(imported) could be used in future to determine if there are any differences on the 

fouling rates on these two different materials used for constructing pocket panel nets.  

 

Lastly, a pilot project should be initiated in a coastal village that would culture mabé 

pearls from Pteria penguin with the involvement of the government. The benefits of 

mabé pearl culture have been demonstrated in this study. However, pilot projects are 

more appropriate and needed to show the benefits of mabé pearl culture to other local 

coastal communities.  
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Household and Income Survey 
  

Individual Questionnaire  
 
  

Village Surveyed  
_________________________________ 

Date  ________________________________ 
Household No. ______________________________ 
Name of the person interviewed 
 
_________________________________ 

Age Gender 
 Male Female 

  
Name of the Interviewer   

________________________________ 
  

1.0 What is the person’s relationship with the head of the household? Place a tick 
(√) beside the correct option) 
Head  Spouse  Son/daughter  Parent  Other 

Relatives 
 Friend/ 

Visitor 
 

 
2.0 What is the person’s date of birth?  
Day Month Year 
_______ ___________ _______________ 
 
3.0 What was this person’s age at last birthday?  
 
4.0 What is the person’s ethnic origin? Place a tick (√) beside the correct option) 
Fijian  Indo-Fijian  European   Part 

European 
 Part 

Chinese 
 

Others          
 
 5.0 What is this person’s martial status? Place a tick (√) beside the correct option) 
Never 
married 

 Married  Divorce or 
separated 

 Widowed  Defacto  

 
6.0 Literacy status 
Can this person read and write a simple sentence in.. Place a tick (√) beside the 
correct option) 
Fijian & 
English 

 Fijian only  English only  Other 
languages 

 None  

 
7.0 Internet usage 
Where does this person use internet mostly? Place a tick (√) beside the correct 
option) 
Home  Work  School/Uni  Library  
Internet shop  Friends/Relatives  Other Place  Don’t Use  
 
8.0 Health 
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8.1 Did you have a health problem or sickness in the last 3 months? Place a tick 
(√) beside the correct option) 

If No, then go to 9.1 
 

8.2 Did you get care for the health problem or sickness?  Place a tick (√) beside 
the correct option) 

If No, then go to 8.6  
 

8.3 Where did you get the help from the health problem or sickness? Place a tick 
(√) beside the correct option) 
Hospital  Health Care  Dispensary  
Traditional healer  Village nurse  Others  
 
8.4 If you got help but did not use a health facility, what was the main reason? 
Place a tick (√) beside the correct option) 
Facility to far  Facility staff not 

friendly 
 Relative works at 

facility 
 

No medicine at facility  Can’t pay for transport  No transport available  
Sick at night  Bad weather`  Too busy to go   
Illness not serious  Use local healer first  Other reasons  
 
Other reasons, describe _______________________________________________ 
 
8.5 What was diagnosed health problem/sickness? Place a tick (√) beside the 
correct option) 
Skin sores  Diarrhoea  Stomach 

pain 
 Cold/flu  Conjunctivitis   

High blood 
pressure 

 Diabetes  Asthma   Fever  Other  

 
Other sickness, describe ________________________________________________ 
 
8.6 How long were you sick for? Place a tick (√) beside the correct option) 
1 day  2-3 days  4-7 days  1-4 weeks  >4 weeks  
  
8.7 Did this health condition prevent you from undertaking your usual 
activities? Place a tick (√) beside the correct option) 

 
 

 
 
9.0 Education 
 
9.1 Is this person now attending a formal education? Place a tick (√) beside the 
correct option) 

Go to 9.2 
Go to 9.9 
Go to 9.10 
 

Yes  No  

Yes  No  

Yes  No  

Yes, currently attending  
No, never attended  
No, have left school  
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9.2 What level and class/form/year are you currently in? Place a tick (√) beside 
the correct option) 
Kindergarten  
Primary (Class) 1 2 3 4 5 6 7 8 
Secondary (Form) 1 2 3 4 5 6 7 
FIT (Year) 1 2 3 4 5 
USP 1 2 3 4 5 6 
Technical/vocational 1 2 3 4 5 
 
9.3 What is main mode of traveling to school? Place a tick (√) beside the correct 
option) 
Walk  Public 

transport 
 Private 

vehicle  
 Boat/bilibili  others  

 
Others, describe _________________________________________________________ 
 
9.4 What is the estimated distance to get to school? Place a tick (√) beside the 
correct option) 
<100m  100-

500m 
 500m-

1km 
 1-5km  5-10km  10km+  

 
9.5 What is the estimated times it takes to get to school? Place a tick (√) beside 
the correct option) 
< 5 minutes  5-30 

minutes 
 30-60 

minutes 
 1-2 hours  >2 hours  

 
9.6 How many hours each week do you attend school? Place a tick (√) beside the 
correct option) 
< 10 hours  10-19 hours  20-29 hours  30-39 hours  ≥ 40 hours  
 
9.7 Do you sometimes miss school while you should be attending? Place a tick (√) 
beside the correct option) 
No  Yes but rarely  Yes sometimes  Yes frequently  
If No, then go to 10.1 
 
 
9.8 What is the main reason for missing school? Place a tick (√) beside the correct 
option) 
School fees  Sick  Have to 

work 
 Suspended  Bad 

weather 
 

Disaster  Teacher 
absent 

 Family 
problems 

 Distance to 
travel 

 Truancy  

 
Other reasons, describe 
___________________________________________________ 
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9.9 Why have you never attended school? Place a tick (√) beside the correct 
option) 
School 
fees 

 Distance 
to travel 

 Family 
problems 

 Disability  Too 
young 

 Others   

 
Others reasons, describe 
____________________________________________________ 
 
9.10 What year did the person completed formal schooling?  

 
 
9.11 Did you get vocational and technical course after completing the school? 
Place a tick (√) beside the correct option) 

 
 

9.12 Give details for the training at the vocational course? 
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
________ 
 
9.13 After completing your school/training, how long did it take you to get a 
job? Place a tick (√) beside the correct option) 

Go to 10.1 

 
9.14 What type of work was this first job? Place a tick (√) beside the correct 
option) 
Working for government  
Working for private sector  
Working in a family business  
Running an own business  
Producing goods for family consumption   
 
 
10.0 Labor Force (For people above 15 years) 
 
10.1 During last week, did the person do any work? Place a tick (√) beside the 
correct option) 

If Yes, then go to 10. 4 
 

10.2 During last week, did this person have a job, which he did not go to? Place a 
tick (√) beside the correct option) 

 
 

Yes  No  

Never found a job  
< 1 month  
1-6 months  
7-12 months  
> 12 months  

Yes  No  

Yes  No  
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10.3 What was the main reason the person did not work last week? Place a tick 
(√) beside the correct option) 
Illness/ 
sickness 

 Temporary 
layoff 

 On 
holiday 

 Bad 
weather 

 Seasonal 
worker 

 Custom 
event 

 

Other             
 
10.4 What type of work does this person mainly do? Place a tick (√) beside the 
correct option) 
Work for pay (cash and kind)  
Work for government  
Work for a private sector  
Operate own business  
Unpaid Family Business Work  
Unpaid family business work  
Producing Goods Mainly for Sale  
Farming/gardening  
Fishing  
Handicrafts   
Producing goods mainly for consumption  
Farming/gardening  
Fishing  
 
Others ______________________________ 

 

 
10.5 Do you employ any people in your business? Place a tick (√) beside the 
correct option) 

 
 

10.6 If unemployed, did this person look for a job last week? Place a tick (√) 
beside the correct option) 

 
 

 
10.7 Why didn’t this person look for a job last week? Place a tick (√) beside the 
correct option) 
Attending school  
Retired  
Home duties/child care  
Not interested   
Disabled  
Weather conditions  
Believes no work available  
Transport costs  
Others   
 
10.8 During last week, was this person willing to work? Place a tick (√) beside the 
correct option) 

 
 

Yes  No  

Yes  No  

Yes  No  
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10.9 How long has this person be unemployed? Place a tick (√) beside the correct 
option) 
< 1 
month 

 1-<2 
months 

 2-<6 
months 

 6-<12 
months 

 1-2 years  > 2 years  

 
11.0 Wages and Salary 
 
11.1 
 Job 1 Job 2 
Occupation   
Name of the employer   
Main activity   
How long have you been 
working 

  

 
11.2 How much did you earn in last 12 months (or ask for last week) 
 Job 1 Job 2 
Gross cash pay for this job   
Commission/bonus   
Payment in kind  

- rent 
- utilities 
- food 
- others 

  
  
  
  
  

Total   
 
12.0 Self Employed or other business activities 
 
12.1 Did you receive any income from any other commercial activities during 
the last 12 months, excluding the subsistence activities covered in the household 
questionnaire? Place a tick (√) beside the correct option) 

 
Examples 

 a)    Operation of a transport business 

b) Operation of a retail store 

c) Operation of a trade business (e.g., electrician, mechanic, 

plumber, etc) 

d) Tourism business 

12.2 Please give details of the income earned from the above commercial 
activities 
Business Business 1 Business 2 Business 3 
1.Nature of activity    
2.Type of industry    
3. Estimated value of drawings from 
business-cash only 

   

4. Estimated value of drawings from    

Yes  No  
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business-non cash items used for 
consumption at home 
Total (3+4)    
 
13.0 Loan Information 
 
13.1 In the last 12 months, have you been loan? Place a tick (√) beside the correct 
option) 

 
 

13.2 Loans for the purchase of land and/or dwelling 

 
Mortgage/ Loan 

1 

Mortgage/ Loan 

2 

Mortgage/ Loan 

3 

 Amount originally borrowed $ $ $ 

  Who borrowed from    

 Year     

 Borrower’s cash contribution $ $ $ 

Term of mortgage or loan  Years      Years  Years 

Amount of latest payment $ $ $ 

Period covered by latest payment    

Interest rate (current)                   % % % 
 
 
13.3 Loans for Vehicles 

 Loan 1 Loan 2 Loan 3 

Amount originally borrowed $ $ $ 

Who borrowed from    

Year    

Borrower’s cash contribution $ $ $ 

Term of loan  Years  Years  Years 

Amount of latest payment  $ $ $ 

Period covered by latest payment     

Interest rate (current)  %  %  % 
 
 
 

Yes  No  
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13.4 Loans for cultural/religious events  

 Loan 1 Loan 2 Loan 3 Loan 4 

Amount originally borrowed  $ $ $ $ 

Who borrowed from      

Year     

Borrower’s cash contribution  $ $ $ $ 

Term of loan  Years  Years  Years  Years 

Amount of latest payment  $ $  $ 

Period covered by latest payment      

Interest rate (current)  %  %  %  % 
  
 
13.5 All other loans not covered above 

 Loan 1 Loan 2 Loan 3 Loan 4 

Amount originally borrowed  $ $ $ $ 

Who borrowed from      

Year     

Borrower’s cash contribution  $ $ $ $ 

Term of loan  Years  Years  Years  Years 

Amount of latest payment  $ $ $ $ 

Period covered by latest payment      

Interest rate (current)  %  %  %  % 
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Household Questionnaire 
 

Household Income and Expenditure Survey 
 

Village Surveyed  
_________________________________ 

Date  ________________________________ 
Household No. ______________________________ 
Name of the person interviewed 
 
_________________________________ 

Age Gender 
 Male Female 

  
Name of the Interviewer   

________________________________ 
 
List of all members residing in the Household  
Names M F DOB 
1.Head    
2.    
3.    
4.    
5.    
6.    
7.    
8.    
9.    
10.    
11.    
12.    
13.    
 
Part 1: Dwelling Characteristics  
1.1 The outside of the house is made up of what material? (Place a tick (√) on the 

right option) 
Poured 
concrete 

 Roofing 
Iron 

 Wood  Thatched  bamboo  

 
Other types, descried _____________________________________________ 
  
1.2 The roof is made up of what main material? (Place a tick (√) on the right 

option) 
Poured 
concrete 

 Roofing 
Iron 

 Wood  Thatched  bamboo  

 
Other types, descried _____________________________________________ 
 
 
 
 



 

 156 

1.3 The floor is made up of what main material? (Place a tick (√) on the right 
option) 
Poured 
concrete 

 No floor  Wood  bamboo  

 
Other types, descried ______________________________ 
 
1.4 What is the main source of drinking water? (Place a tick (√) on the right 
option) 
Government 
supplied 
water 

 Bottled 
water 

 Own reservoir 
for the village 

 Rain water 
from the 
tank 

 River 
source 

 

 
Other sources, descried ______________________________ 
 
1.5 Where do they get water from for other activities apart from drinking? 
(Place a tick (√) on the right option) 
Same source as above  River  
 
Other sources, describe_________________________________ 
 
1.6 Do you have too travel for water? (Place a tick (√) on the right option) 
YES  NO  
 

a. If yes, then how long does the trip take? ________________ 
 

b. How many trips do you have to make in one day? __________ 
 
1.7 What is the main toilet type of your household? (Place a tick (√) on the right 
option) 
Flush toilet  Pit toilet  Manual  None  
 
1.8 What is the main source of lighting for the household? (Place a tick (√) on the 
right option) 
FEA power  Own generator  Community 

generator 
 Benzene and 

kerosene lights 
 

 
Other sources, describe ________________________________________________ 
 
1.9 Which energy type do they mostly use for cooking? (Place a tick (√) on the 
right option) 
Gas  Fire wood 

collected 
 Firewood 

bought 
 Kerosene  Electricity  

 
Other types, describe ___________________________________________________ 
 
1.10 Does the Household have internet? (Place a tick (√) on the right option) 
Yes - at 
home 

 Yes - at 
work 

 Yes - at a 
friends 

 Yes – at 
internet 

 No  
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house shop 
 
1.11 What is the main way of disposing waste by the household? (Place a tick (√) 
on the right option) 
Waste 
collected by 
town and 
city councils 

 Lagoon  Burn   Lagoon  Decompose  

Bury   

 
Other methods, describe________________________________________________ 
 
1.12 How many rooms does you house has? (Place a tick (√) on the right option) 
1  2  3  4  5  6  
 
1.3 When was your house constructed? Year _______________________ 
 
Part 2: Household Belongings  
 
2.1 Does your household own any of the following? (Place a tick (√) on the right 
option) 
YES  NO  
 
Provide the total number of items for each in the corresponding box. 
 

Item Total Item Total 
1. Boat (including canoe)  8. Video/DVD player  
2. Hot water system  9. Telephone-landline-private  
3. Bath or shower  10. Mobile telephone  
4. Motor vehicle  11. Computer  
5. Refrigerator  12. Stereo/Radio  
6. Washing machine  13. Electric cooker/stove  
7. Television set/screen  14. Gas/Kerosene cooker  
 
 

Part 3: Dwelling Tenure  
 
3.1 In what year did you move into this house? 
Year_________________________ 
 
 
3.2 Does your household? (Place a tick (√) on the right option) 

1. Rent – and pay rent for this dwelling? Go To 3.3  

2. Rent – paid by employer Go To 3.4  

3. Rent – but occupy free of charge? Go To 3.4  
4. Occupy the dwelling with mortgage / Go To 3.6  
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loan repayments? 

5. Own the dwelling outright?  Go To 3.6  

 
3.3 What was the latest amount of rent paid for this dwelling (and any other 
dwellings rented by the household). Include land lease if as a tenant you are 
required to pay in addition to rent but not bond payments.  Exclude any   
contributions by a person from outside the household, such as a business. 

Type of 
payment  

Amount Paid Period Covered (e.g. 
monthly) 

Rent $  

Go To Q3.5 

3.4 For this house you are renting free of charge, what is the estimated value of 
the rent? 

Type of 
payment  

Estimated Rent Per 
Month 

Rent free 
dwelling 

$ 

3.5 Who are you renting this house from? (Place a tick (√) on the right option) 

 
 
 
 
Go to 3.8 

 
3.6 If you were to sell this house now what would be your asking price? 

 Item Value 

1. House $ 

2. Lot (Land if private)  $ 

3.7 If you were to rent this house, how much would you charge per month? 

Type of payment  Estimated Rent Per 
Month 

Mortgage/Own 
dwelling 

$ 

Rented from:  
1. Private Owner  
2. Employer  
3. Church  
4. Relatives  
5. Other  
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3.8 In the last 12 months, were any of the payments below made in connection/ 
reconnection with your dwelling (or any other dwelling owned or rented by the 
household)? (Place a tick (√) on the right option)  

If No, then go to 3.9 
  

3.9 In the last 12 months, were any payments made for insurance policies on the 
dwelling or its contents (or any other dwelling owned by the household)? 

 

What was the amount of the latest premium (payment) for the policies? 

Type of insurance 
policy 

Amount of latest 
premium 

Claims made 
against policy 

Period covered 
by this 
premium 

1. House $ $  

2. Contents $ $  

3. Fire $ $  
 
Part 4: Household Billings 
 
4.1 Was there any payments made by any household member for the below 
household bills? (Place a tick (√) on the right option) 

 
 

Household bills  

Type of account Amount of latest 
payment (own 

funds) 

Amount of latest 

payment (as gifts) 
Period covered 

1. Electricity $ $ Monthly 

2. Water – Government $ $  

3. Phone - Land line 

                - Cell/Mobile phone 

$ 

$ 

$ 

$ 

 

Monthly 

4. Post Office Rental $ $  

5.  $ $  

6. Fax Machine $ $  

7. Internet at home $ $  
 
 
 

YES  NO  

YES  NO  

YES  NO  
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5.1 Transport Expenses 
 
5.1 Has any member in the household purchased any of following vehicles as a 
means of transport for the family? (Place a tick (√) on the right option) 

 
 

Type of vehicle bought Total Cost ($) Status (a) 

1. Private car/station wagon   
2. Van   

3. Utility, Pick-up, 4-Wheel Drive   
4. Motorcycle / Motor Scooter   
5. Bicycle   
6. Truck   
7. Bus   
8. Boat   
10. Outboard Motor   

Status (a) refers to whether the purchase was made using the own fund or was a gift. 
 
 
5.2 In the last 12 months, did any member of this household pay for the repair or 
maintenance of a vehicle or purchase parts or accessories? (Place a tick (√) on the 
right option) 

 
 

Vehicle parts, accessories, repairs  

Vehicle part (etc) 

Amount 
paid 

(own fund) 
Received 
as Gift 

Item 
Amount 
paid 

(own 
fund) 

Received as 
Gift 

1. New Tires $ $ 6. Panel beating $ $ 

2. Tires Repairs $ $ 7. Windscreen $ $ 

3. Painting $ $ 8.Boatcanoe 
repairs

$ $ 

4. Repairs (labor) $ $ 9.Newengine, 
outboard

$ $ 

5. General repairs , 
inc parts

$ $ 10. Outboard 
repairs/parts

$ $ 

 
 
 
 

YES  NO  

YES  NO  
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5.3 Has any member of the household paid for the higher of the motor vehicle in the 
past 12 months? (Place a tick (√) on the right option) 

 
 

Vehicle hire details  

Hired vehicles Amount paid 
Received as Gift 

Paid by others) 

1. Cab $ $ 

2. Rental cars and vans $ $ 

3. Motor Cycle/Motor Scooter $ $ 

4. Boat / canoes $ $ 

5. Outboard Motors $ $ 

6. Other hired vehicles  (specify) $ $ 

    1. $ $ 

    2.   
 
5.4 Has any member in the household paid for the vehicle/boats etc registration 
or insurance for the last 12 months? (Place a tick (√) on the right option) 

 
 

Type of vehicle/boat 
Amount paid for 

registration 
Amount paid for 

insurance 

$ $
$ $
$ $
$ $

 
Part 6: Education and Recreation/Sport 
 

6.1 Was any payment associated to education and recreation/sport made by any 
member in the last 12 months? (Place a tick (√) on the right option) 

 

 

 

 

 

YES  NO  

YES  NO  

YES  NO  
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Fee or subscription details  

Type of fee or subscription Amount paid Received as Gift 
(Paid by others) 

 
A. Education Expenses 
 
1. Formal education fees - Early childhood (e.g., 
Kindergarten) 

- Primary school 

- Secondary school 

- Tertiary school 

- Other educational institution 

 

 
 
$ 

$ 

$ 

$ 

$ 

 
 
$ 

$ 

$ 

$ 

$ 

2. Boarding/Lodging Fees $ $ 
3. Clothing (school, sport uniforms etc) $ $ 
4. Books & School Supplies $ $ 
5. Other educational expenses -   Teachers Day $ $ 
                                                      Sports Day $ $ 
                                                      Private Tuition $ $ 
                                                      PTA   
                                                      Others (eg, mufti) $ $ 
B. Recreation & Sport 
1.Fees charged for hobby classes (eg, music) 

 
 
$ 

 
 
$ 

2. Subscriptions levied by clubs or leisure groups 
(eg, annual 
    Rugby club subscription, gym membership, etc) 

$ $ 

 
Part 7: Special Events  
 
7.1 Did the household contribute significantly to any event such as 

funeral/wedding etc in the past 12 months? (Place a tick (√) on the right 
option) 

 
 

 
 
 
 
 

YES  NO  
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Part 8: Agriculture, Livestock, Fishing and Other Sales 
 
8.1 Has any member from the household sold any of the below mentioned 
produce in the last 30 days? (Place a tick (√) on the right option) 

 
 

Type of Crop Sales (a) Expenses (b) Net (a-b) 
1. Dalo $ $ $ 
2. Yam $ $ $ 
3. Copra $ $ $ 
4. English Cabbage $ $ $ 
5. Chinese Cabbage $ $ $ 
6. Banana $ $ $ 
7. Cucumber $ $ $ 
8. Pawpaw $ $ $ 
9. Pumpkin $ $ $ 
10. Beans $ $ $ 
11. Green Coconut  $ $ $ 
12. Coconut (ripe) $ $ $ 
14. Tomatoes $ $ $ 
15. Others (specify)     
1. $ $ $ 
 
8.2 Were there any sales of any of the following live stocks by any household 
member in the last 30 days?  (Place a tick (√) on the right option) 

 
 

Type of Livestock Sales (a) Expenses (b) Net (a-b) 
1. Cow $ $ $ 
2. Pig $ $ $ 
3. Chicken $ $ $ 
4 Goat    
5. Duck $ $ $ 

Type of event Amount paid 

1. Funerals $ 
2. Weddings $ 
3. Birthday $ 
4. Church Conference $ 
5. Other Special Event (eg: court case, pastor 
waiting, Soli) 

 

a. $ 
b. $ 

YES  NO  

YES  NO  
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Other, specify    
1. $ $ $ 
2. $ $ $ 
 
8.3 Were there any sales of the below mentioned sea food by any household 
members in the last 30 days? (Place a tick (√) on the right option) 

 
 

Type of Seafood Sales (a) Expenses (b) Net (a-b) 
1. Fish $ $ $ 
2. Shrimp  $ $ $ 
3. Crab (Mangrove) $ $ $ 
4. Lobster (Urau) $ $ $ 
5. Pearl oyster (Civa) $ $ $ 
6. Sea Urchin (Cawaki) $ $ $ 
7. Octopus (Kuita) $ $ $ 
8. Sea Eel $ $ $ 
9. Clamp (Vasua) $ $ $ 
10. Seaweed  $ $ $ 
11. Others (specify)    
1. $ $ $ 
2. $ $ $ 
3. $ $ $ 
4. $ $ $ 
5. $ $ $ 
 
8.4 Has there been any sales of the below mentioned home made produce by any 
of the household member in the last 30 days? (Place a tick (√) on the right option) 

 
 

     Type of Homemade 
Produce Sales (a) Expenses (b) Net (a-b) 

1. Process Food $ $ $ 
2. Process Drink (ice pop, etc) $ $ $ 
3. Chips $ $ $ 
4. Cake (Pie, Scone, etc.) $ $ $ 
5. Fijian made coconut Oil $ $ $ 
6. Coconut cream $ $ $ 
7. Others (specify)    
1. $ $ $ 
2. $ $ $ 
3. $ $ $ 
 
 
 

YES  NO  

YES  NO  
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8.5 Has any member from the household sold any of the below mentioned 
handicrafts in the last 30 days? (Place a tick (√) on the right option)  

 
 

Type of Handicraft Sales (a) Expenses (b) Net (a-b) 
1. Mat $ $ $ 
2. Basket $ $ $ 
3. Hand held Fan $ $ $ 
4. Wood Carving 
(storyboard) $ $ $ 

5. Necklaces, earings, rings $ $ $ 
6. Woven Hats $ $ $ 
14. Traditional Broom $ $ $ 
15. Others (specify)    
    1. $ $ $ 
    2. $ $ $ 
 
Part 9: Remittance Activities   
 
9.1 Has your household in the last 12 months given remittance either in cash or 
kind? (Place a tick (√) on the right option) 

 
 

Type of remittance Amount given 

1. Paid to overseas – cash $ 
2. Paid to overseas – in-kind $ 
3. Paid to Fiji – cash $ 
4. Paid to Fiji – in-kind $ 
  
9.2 Has your household in the last 12 months received any remittance in either 
cash or kind? (Place a tick (√) on the right option) 

 
 

Type of remittance 
Amount 
received 

1. Received from overseas – cash $ 
2. Received from overseas – in-kind $ 
3. Received from Fiji – cash $ 
4. Received from Fiji – in-kind $ 
 
 
 

YES  NO  

YES  NO  

YES  NO  
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Part 10: Contributions to Church, Village (include village cleaning), 
Halls and schools 
 
10.1 Has your household in the last 12 months contributed to either Church, 
Village (include village cleaning), Halls and schools? (Place a tick (√) on the right 
option)  

 
 
Payments received by Amount (Cash) Amount (In kind) 

1. Church $ $ 
2. Village (including village cleaning) $ $ 
3. Schools $ $ 
4.Halls $ $ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

YES  NO  
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Mabe Pearl Survey 
 
1.0  
Village Surveyed  

_________________________________ 
Date  ________________________________ 
Household No. ______________________________ 
Name of the person interviewed 
_________________________ 

Age Gender 
 Male Female 

  
 
2.0 Use of Sea  
 
2.1 (Place a tick (√) beside the correct option) 

a. How often do they use ocean 
resource 

How many times in a week 
1  5  
2  6  
3  7  
4  Never  

b. What do they use sea for Food  Source of income  
c. What animal do they get from 

sea 
Fish  Invertebrates   

d. Name some of the invertebrates 1. ______________  3. ______________ 
2. ______________ 4. ______________ 

 
What is the possible amount of income generated from sea in 1 week? 
______________ 
 
2.2 (Place a tick (√) beside the correct option) 

a. Who owns the qoliqoli (Tikina, 
Province) 

________________________________ 

b. How accessible is the qoliqoli to 
the household 

1. very well accessible 
2. with some difficulty 
3. not accessible at all 

1  
 
2 
 
3   

 
2.3 Are they interested in other aquaculture related commodities (Rank your 
answers from 1-4) 
Seaweed farming ______ 
Prawn farming ______ 
Tilapia farming ______ 
Pearl farming ______ 
Not interested ______ 
 
 
 
2.4 What current activity do they have to give up to take up the interested 
commodity (Place a tick (√) beside the correct option) 
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Agricultural ______ 
Fishing _____ 
Current employment ______ 
Other activities ______ 
 
3.0 Mabe Pearl Culture 
 
The community members will then be thoroughly introduced to the culture of Mabe 
Pearl. They will be informed about all the major expenses to set up a farm, 
implanting techniques, culturing methods/apparatus to be used and marketing of the 
product. It is obvious that they will be much interested in the income obtained from 
the sales of the pearls, therefore this section will be discussed in detail. 
 
3.1 

a. Are they interested in the idea 
of Mabe pearl culture 

Yes _________    No ___________ 

b. Comments made to be noted  
 
 
 
___________________________________ 

 
3.2 What are the major obstacles likely to be faced before establishing pearl 
farming? (Rank the answers from 1-4) 
Capital _____ 
Skills_____ 
Lack of support ______ 
Sea area _____ 
 
3.3 What do they think about the obstacles? 
Can be solved  Can not be  solved  
 
How can it be 
solved_______________________________________________________ 
____________________________________________________________________
____ 
 
3.4 (Place a tick (√) beside the correct option) 

a. Are they familiar with Pteria 
penguin 

 
Yes __________   No ____________ 

b. Is there sufficient numbers 
noticed while diving to start off 
with the culture 

 
 
Yes __________   No ____________ 

c. Approximate numbers per 100m2 ________________________ 
 
 
3.5 (Place a tick (√) beside the correct option) 

a. What is their opinion on the 
expenses involved to begin with 

1  
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the pearl culture 
1. they can not afford 
2. they can afford it  
3. they seek governments and 

other non-governments 
organizations assistance 

2  
 
3  

b. Can they sell Mabe pearls locally Yes ________  No _______ 
c. Where are they going to sell Handicrafts centers _________ 

Jewellery shops _________ 
To tourists by setting up their stall 
______ 

 
3.6 (Place a tick (√) beside the correct option) 

a. Would the possible income 
generated from Mabe pearl 
exceed the current amount of 
income 

 
Yes _________    No _________ 

b. Can this be an alternate source of 
income 

Yes_________     No _________ 

 
 


