
 

 
 
 

PROCFish project 
funded by: 

 
The status of the trochus (Trochus niloticus) resource in 

Tongatapu lagoon and recommendations for management 
 

Kalo Pakoa1, Kim Friedman1, Hervé Damlamian2, Emmanuel Tardy1 
 

December 2008 
 

 
 

This document has been produced with the financial assistance of the European Community 
The views expressed herein are those of SPC and can therefore in no way be taken to reflect the  

official opinion of the European Community. 

                                                 
 
1PROCFish/C Project, Reef Fisheries Observatory, Coastal Fisheries Programme, SPC, BP D5 98848 Noumea 
cedex, New Calenonia. 
2Ocean and Islands Programme, SOPAC South Pacific Applied Geoscience Commission, Private Mail Bag GPO 
Suva, Fiji Islands 



 

 

 

 

 

The status of the trochus (Trochus niloticus) resource in 
Tongatapu lagoon and recommendations for management 

 
By Kalo Pakoa, Kim Friedman, Hervé Damlamian, and Emmanuel Tardy 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Secretariat of the Pacific Community 
Noumea, New Caledonia, 2009



 2

 
© Copyright Secretariat of the Pacific Community (SPC), 2009 

 
Original text: English 

 
Secretariat of the Pacific Community Cataloguing‐in‐publication data 
 
Pakoa, Kalo 
 
The status of the trochus (Trochus niloticus) resource in Tongatapu lagoon and 
recommendations for management / Kalo Pakoa, Kim Friedman, Hervé Damlamian, 
Emmanuel Tardy 
 

1. Trochus shell fisheries —Tonga. 2. Fishery management —Tonga. 
 
 

I. Pakoa, Kalo. II. Friedman, Kim. III. Damlamian, Hervé. IV. Tardy, Emmanuel. V. Title. 
VI. Secretariat of the Pacific Community. 
 
639.4832099612                                                                                  AACR2 

 
ISBN: 978-982-00-0360-6 



 3

Table of contents 

 

Acknowledgements ........................................................................................ 7 

Executive summary ....................................................................................... 8 

1. Introduction ............................................................................................... 9 

1.1 General overview ............................................................................................................. 9 

1.2 Trochus biology and ecology ........................................................................................... 9 

1.3 Trochus fisheries in the Pacific Islands .......................................................................... 10 

1.4 Introduction of trochus in the Pacific Islands ................................................................. 10 

1.5 Introduction of trochus to Tonga .................................................................................... 13 

1.6 Trochus mariculture and seeding ................................................................................... 14 

1.7 Introduction of green snail to Tonga .............................................................................. 17 

1.8 Management of trochus and green snail ......................................................................... 17 

2. Purpose of the survey .............................................................................. 18 

3. The study site ........................................................................................... 19 

4. Survey methodology ................................................................................ 20 

4.1 Design and methodology ................................................................................................ 20 

4.2 Reef front search (RFs) or timed swim .......................................................................... 21 

4.3 Mother-of-pearl transects (MOPt) and searches (MOPs) .............................................. 21 

4.4 Reef benthos transects (RBt) .......................................................................................... 22 

4.5 Lagoon water circulation ................................................................................................ 22 

5. Results ...................................................................................................... 24 

5.1 Coverage and species diversity ...................................................................................... 24 

5.2 Potential habitat for trochus ........................................................................................... 27 

5.3 Species diversity ............................................................................................................. 27 

5.4 Presence and density of trochus ..................................................................................... 27 

5.5 Size distribution of trochus ............................................................................................ 31 

5.6 Other resources ............................................................................................................... 33 

5.6.1 Green snail ............................................................................................................... 33 

5.6.2 Other gastropods ..................................................................................................... 33 

5.6.3 Bivalves ................................................................................................................... 33 

5.6.4 Sea cucumbers ......................................................................................................... 33 



 4

5.7 Reef environment conditions ......................................................................................... 35 

5.7.1 Reef habitat condition ............................................................................................. 35 

5.7.2 Crown-of-thorns starfish ......................................................................................... 36 

5.8 Water circulation model for Tongatapu lagoon ............................................................. 36 

5.8.1 Bathymetry data ...................................................................................................... 37 

5.8.2 Tidal conditions ....................................................................................................... 37 

5.8.3 Winds ...................................................................................................................... 38 

5.8.4 Wave climate ........................................................................................................... 39 

5.8.5 Calibrations ............................................................................................................. 39 

5.9 The circulation model for Tongatapu lagoon ................................................................. 41 

6. Summary of results ................................................................................. 44 

6.1 Trochus (Trochus niloticus) ........................................................................................... 44 

6.2 Green snail (Turbo marmoratus) .................................................................................... 45 

6.3 Giant clams ..................................................................................................................... 45 

6.4 Sea cucumbers ................................................................................................................ 45 

6.5 Triton shell (Charonia tritonis) ...................................................................................... 46 

6.6 Reef habitat conditions ................................................................................................... 46 

6.7 Water circulation ............................................................................................................ 46 

7. Recommendations ................................................................................... 48 

7.1 Trochus (Trochus niloticus) ........................................................................................... 48 

7.2 Green snail (Turbo marmoratus) .................................................................................... 49 

7.3 Other invertebrate resources ........................................................................................... 49 

7.4 Coral reef environment ................................................................................................... 50 

References .................................................................................................... 51 

Tongatapu invertebrate survey appendices .............................................. 54 

 
 
  



 5

 

List of Figures 
 
Figure 1: Natural distribution of Trochus niloticus in the Pacific Ocean (dark blue) and main 
routes of introduction (red arrows) ................................................................................................. 12 
Figure 2: Tonga archipelago showing trochus introduction sites (note: green snail was 
released at Tongatapu and Haapai) ................................................................................................ 16 
Figure 3: Tongatapu lagoon trochus survey area and trochus release sites ................................... 19 
Figure 4: Invertebrate survey profile used by the coastal component of PROCFish 
(PROCFish/C) showing placement of different sampling surveys across different reef zones 
corresponding to the main reef habitats ......................................................................................... 20 
Figure 5: Diagram showing the reef front search (RFs) method .................................................... 21 
Figure 6: Diagram showing the mother-of-pearl transect (MOPt) method .................................... 22 
Figure 7: Diagram showing reef benthos transect (RBt) method ................................................... 22 
Figure 8: Survey coverage at the three arbitrary sectors (western, central and eastern) at 
Tongatapu lagoon; red stars are GPS positions of sampling stations. ........................................... 24 
Figure 9: Distribution of RBt (circles) and RFs assessment stations (black triangles). ................. 25 
Figure 10: Distribution of MOPs (grey squares) and MOPt stations (black squares) .................... 26 
Figure 11: Pictorial view of density distribution of Trochus niloticus at Tongatapu in RBt 
assessments (0.5–3 m). ................................................................................................................... 29 
Figure 12: Density distribution of Trochus niloticus at Tongatapu in mother-of-pearl 
assessments (4–10 m) ..................................................................................................................... 29 
Figure 13: Mean density (±SE, per ha) distribution of Trochus niloticus for three main surveys 
(RBT, MOPt, RFs) in the three sectors .......................................................................................... 30 
Figure 14: Trochus size (base diameter) distribution in the three sectors at Tongatapu ................ 32 
Figure 15: Trochus shell base diameter (cm) for three sectors at Tongatapu. All sectors are 
holding trochus of significantly different mean sizes (P> 0.001, unequal in HSD). ..................... 32 
Figure 16: Most common sea cucumbers at Tongatapu lagoon: Actinopyga mauritiana (A), 
Bohadschia argus (B), Stichopus chloronotus (C), Holothuria atra (D) ....................................... 35 
Figure 17: Mean habitat composition at Tongatapu lagoon showing habitat condition ................ 36 
Figure 18: Three-dimensional bathymetry of Tongatapu lagoon ................................................... 37 
Figure 19: Surface elevation at the gauge ...................................................................................... 38 
Figure 20: Wind roses for Tongatapu ............................................................................................ 38 
Figure 21: Wave propagation for Tongatapu lagoon ..................................................................... 39 
Figure 22: Locations for ADP current meter and tidal gauge in Tongatapu lagoon ...................... 40 
Figure 23: Comparison between real and simulated surface elevation data .................................. 40 
Figure 24: Comparison current speed collected and simulated ...................................................... 41 
Figure 25: Circulation pattern during the spring tide flood ........................................................... 42 
Figure 26: Circulation during the spring tide ebb .......................................................................... 42 
Figure 27: Circulation during the neap tide ebb ............................................................................. 43 
Figure 28: Circulation pattern during the neap tide flood .............................................................. 43 
 
  



 6

 
List of tables 

 
Table 1: Summary of trochus introductions in Tonga ................................................................... 13 
Table 2: Recapture of released trochus broodstock at Fukave and Euaiki .................................... 14 
Table 3: Hatchery produced trochus seeding in Tonga ................................................................. 15 
Table 4: Summary of stations completed in the three sectors ....................................................... 25 
Table 5: Total areas of reef habitat present at Tongatapu lagoon ................................................. 27 
Table 6: Presence and mean density of mother-of-pearl species (individuals per ha, ±SE) for 
different survey types completed at Tongatapu ............................................................................ 28 
Table 7: Total sea cucumber counts at Tongatapu lagoon ............................................................ 34 
Table 8: Overall density of sea cucumbers at stations completed at Tongatapu lagoon ............... 34 
 
 

 

List of Appendices 
 
Appendix 1. Invertebrate species recorded in Tongatapu ............................................................. 54 
Appendix 2. Tongatapu reef-benthos transect (RBt) assessment data review .............................. 56 
Appendix 3. Tongatapu mother-of-pearl transect (MOPt) assessment data review ..................... 58 
Appendix 4. Tongatapu species size review — all survey methods ............................................. 59 
Appendix 5. Habitat descriptors for independent assessments – Tongatapu ................................ 61 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 7

Acknowledgements 

 
The Secretariat of the Pacific Community (SPC) acknowledges with gratitude the funding 
support provided by the European Commission for the implementation of the coastal 
component of the Pacific Regional Oceanic and Coastal Fisheries Development Programme 
(PROCFish/C).  
 
The staff of the Tonga Department of Fisheries are acknowledged for their in-country 
contribution to the survey: Secretary of Fisheries Mr Sione Matoto and Ulunga Fa’anunu for 
their overall guidance; Tui Kolonga’hau Halafihi, Tala’ofa Loto’ahea, Sione Mailau, Martin 
Finau, and Kite Fanua for assisting with survey work; and Mr Masanori Kawaguchi of Tangle 
Nano Seaweed company for providing scuba equipment.  
 
Ms Mary Power, Head of Coastal Management Programme of The South Pacific Applied 
Geoscience Commission (SOPAC) facilitated SPC’s request for assistance by which Mr 
Herve Delamien developed the final Tongatapu Lagoon circulation model. Mr Frank Magron 
of SPC PROCFish provided bathymetric data for Tongatapu to SOPAC for the use in 
developing the circulation model for Tongatapu.  
 
Thank you also to Dr Serge Andrefouet and his team for the maps used in this report, which 
are based on the work of the NASA Millennium Coral Reef Mapping Project 
(http://imars.marine.usf.edu/corals/index.html). 
 
Mr Kenichi Kikutani, former JICA Long-term Expert to Tonga under the JICA/Tonga 
Ministry of Fisheries mariculture project, supplied information about trochus seeding 
activities in Tonga.  
 
Mr Lindsay Chapman, SPC Coastal Fisheries Manager and Acting Manager for PROCFish 
offered guidance, and Julian Heinz from the SPC Publications Section provided editing 
assistance. 
 
 
 



 8

Executive summary 

The gastropod Trochus niloticus was introduced to Tonga in the early 1990s from Fiji Islands. 
The introduced trochus were released at Tabana reef in the Vavau Group and at Fukave reef 
in Tongatapu lagoon. In supported of the introduction programme, the Tonga shellfish 
mariculture programme was developed under the Japan International Cooperation Agency 
(JICA) project and began releasing cultured juveniles trochus at Tongatapu and Haapai in 
1998. 
 
Monitoring surveys found that the introduced trochus had become established, and dispersal 
of recruitment was reported on reefs far away from the initial release point. In 2006 the 
Secretariat of the Pacific Community’s Reef Fisheries Observatory received a request from 
the Tonga Department of Fisheries to assess the reseeded reefs in Tongatapu to provide 
baseline information on the status of the resource and the introduction and reseeding 
programmes. The resource survey was completed from 28 August to 7 September 2006 by 
surveyors from the Secretariat of the Pacific Community (SPC) and Tonga Department of 
Fisheries. The lagoon was divided into three arbitrary sectors — western, central and eastern 
— for comparative analysis of the results to understand distributions and spread across the 
lagoon. 
 
The results confirmed that Trochus niloticus had become established in the lagoon, making 
Tonga the latest island country where the species has successfully been introduced. The 
results show some interesting trends in the population and size distribution across the lagoon. 
Distribution of population was uneven; the highest density was recorded at the western sector 
of the lagoon but restricted to lagoon reefs at Atata and Poloa islands, while density at the 
eastern sector was the lowest. A large proportion of trochus recorded at Tongatapu were 
young (9.5 cm ±0.1 SE). The smaller and younger trochus were present at the western and 
central sectors of the lagoon, while the larger and older trochus were present at the eastern 
sector. The split in shell size and population density distribution led us to examine the 
hydrographic condition of the lagoon to understand this distribution pattern.  
 
Through collaborative assistance from the South Pacific Applied Geoscience Commission 
(SOPAC) which has collected hydrographic data in the lagoon, a model circulation system 
was developed. The model clearly indicated the involvement of tides and wind- and wave-
induced currents in the water circulation patterns in Tongatapu lagoon. About 70–80 per cent 
of the flushing in the lagoon was westward and influenced by easterly wind, and wave 
currents dominate from the east and southeast corner of the atoll rim. Inward flow 
accumulated at the central location in front of Nukualofa Harbour. This phenomenon provides 
a possible explanation for the aggregation of trochus in central lagoon reefs, which act as a 
‘sink’ for recruitment originating from the ‘source’ (spawners) at the eastern sector.  
 
The sea cucumber resource was represented by 13 species whose densities were not high but 
were at a level able to support small-scale fishing activity. A specimen of green snail was 
recorded in this survey and Tridacna maxima stock might need some management attention as 
numbers were relatively low to sustain long-term wild harvest. The main recommendation for 
trochus is that the resource is still too young to consider a commercial harvest, but existing 
stock could support further translocation within Tongatapu itself, especially to reefs still not 
colonised. As a matter of priority management, measures need to be developed to protect the 
resource, for instance legislation to ban collection and sale of trochus. It is also important to 
educate communities and raise awareness to protect trochus.  
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1. Introduction 

1.1 General overview 

Tonga consists of 150 islands — 45 of which are inhabited — and many islets and reefs 
(Lovell and Palaki 2003). The country’s total land area is approximately 649 km2 and its 
exclusive economic zone (EEZ) covers 705,000 km2. Tonga shares maritime boarders with 
Fiji Islands in the west, Wallis and Futuna and Samoa in the north and Niue in the east. The 
country is divided into three island groups: Tongatapu, Haapai and Vavau. The country’s 
population is 100,000 (Tonga Department of Statistics 2006), 65 per cent of whom live on the 
island of Tongatapu. 
 
Marine fisheries have been an important source of food and income for the people of Tonga. 
If reef fisheries provide an important source of food security in Tonga, many inshore reefs 
have been overfished (Lovell and Palaki 2003). In the 1980s and 1990s, the Government of 
Tonga undertook development activities, including aquaculture and introduction of species 
not naturally present in Tonga waters, to diversity the base of reef fisheries activities. The 
successes included commercial farming of sea weed; introduction of commercial mother-of-
pearl (Trochus niloticus), green snails (Turbo marmoratus), and giant clams; and mariculture.  

1.2 Trochus biology and ecology  

Trochus niloticus, commonly known as ‘top shell’ or ‘trochus shell’, is a member of the 
family Trochidae, a large family of marine gastropod molluscs containing several hundred 
species (Nash 1993). It is a conical shaped shell that inhabits shallow tropical reefs and can 
attain sizes of over 150 mm (measured across the base). Trochus is herbivorous — feeding on 
marine algae — and is nocturnal. Large specimens (>100 mm) are visible from the surface in 
clear waters. Trochus occupy a well-defined habitat (the intertidal and shallow subtidal zones 
on the seaward margin of the reef). Despite their cryptic nature they are easily located by 
experienced fishers (Nash 1993). Fishing for trochus is less sophisticated and processing does 
not require specialised equipment. They are normally harvested by gleaning reefs at low tide 
and skin diving in shallow waters. The shell has a high unit value in contrast to finfish and its 
non-perishable quality is an advantage for remote island communities, making it a desirable 
source of income.  
 
The average life span for trochus is 15–20 years and most animals reach reproductive 
maturity by 2 years of age in the wild and 12 months in captivity. The size at which trochus 
first become sexually mature is between 5 and 6.5 cm in diameter. 
 
Lacombe (1993) found that growth rates for animals in the range of 10–14 cm vary between 
locations, with smaller shell sizes general found on southern reefs. Trochus are dioecious 
(separate male and female) broadcast spawners and fertilisation takes place in the water 
column. Spawning is initiated by the males, and females spawn in response to the presence of 
sperm in the water. Females generally spawn for 5–10 minutes, with individuals releasing 
more than one million eggs (Nash 1985). 
 
Spawning often occurs in synchrony with lunar or tidal conditions, generally occurring at 
night and within one or two nights of either a full or new moon (Hyland 1993). Spawning 
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occurs throughout the year in low latitudes and only during the warmer months in high 
latitudes (Nash 1985). In the central Great Barrier Reef region, spawning occurs throughout 
the year. Subsequent to fertilisation, the eggs hatch into trochophore larvae (planktonic phase) 
after approximately 12 hours. The larval phase lasts approximately 3 to 5 days and the 
veligers then settle onto the reef substrate and begin grazing on fine filamentous algae and 
microorganisms (Nash 1985). Trochus adults are largely non-selective herbivores, grazing the 
epibenthos of a wide variety of biotic and abiotic materials including algae, foraminifera, 
molluscs and crustaceans (Asano 1944). Small to medium sizes are cryptic while larger 
specimens are usually visible on the reef. 

1.3 Trochus fisheries in the Pacific Islands 

Trochus is one of the most important coastal resources of the Pacific Islands, providing a 
significant source of income for communities in Cook Islands, Federated States of Micronesia 
(FSM), Palau, French Polynesia, Marshall Islands, New Caledonia, Papua New Guinea, 
Solomon Islands Vanuatu and Wallis. Trochus shell has been used for centuries by the 
indigenous people of the Pacific for ornaments and jewellery, while the meat has been a 
source of protein. Not all of the Pacific Island countries have trochus naturally. The eastern 
islands of Polynesia and much of Micronesia do not have trochus naturally but now have an 
established fishery that was created through past introduction activities. Trochus shell is used 
commercially for the manufacture of mother-of-pearl buttons for clothing, as well as in 
jewellery, handicrafts and for the manufacture of polishing agent. Annual trochus shell 
production from the Pacific Islands in the early 1990s was 2,300 metric tonnes at annual 
export value of USD 15 million (ICECON 1997). 
 
Trochus is a mature fishery in the region which has been best managed through customary 
practices by island communities and resource custodians, and through conventional fisheries 
management systems of quota, closed seasons and size limits. As a shallow reef associated 
species, trochus is easily accessible by fishers. The non-perishability of the shell makes it an 
appealing choice for rural and remote communities that are far away from market centres. 
Increasing demand for trochus shells and increased monetary needs by fishing communities 
have led to overexploitation of trochus in many reefs in the Indo-Pacific region. In addition, 
limited economic potential for coastal communities and weaker national control measures, are 
contributing to the overexploitation of resources in many areas. The use of hatchery produced 
trochus for restocking wild populations has been widely researched (Crowe et. al. 2002) not 
shown convincing results and therefore would not seem to be useful as a stock enhancement 
tool. Translocation of adults, on the other hand, has proven successful in establishing trochus 
fisheries in the islands and areas where the species was naturally absent.  

1.4 Introduction of trochus in the Pacific Islands 

Trochus niloticus is currently the most introduced marine species in the Pacific Islands region. 
Since introduction began in the 1920s, a total of over 100 recorded translocations have been 
carried out between countries in the Pacific Islands region (Figure 1) and many more have 
been made within Pacific Island countries from island to island and from reef to reef (Gillett 
2002). Transplantation is used extensively to establish new breeding populations in the FSM, 
Marshall Islands, Cook Islands, and French Polynesia. Like most gastropods, trochus can 
survive for more than a day out of water. As long as they are kept dump in a cool place, 
trochus can survive for up to 36 hours (Dobson 2001). Movement of adult trochus from one 
reef to another is a form of management that is used where recipient reefs either are deficient 
in the species naturally or overfished to a level where spawning aggregation has become 
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difficult. Movement of adult animals is known to be the most effective means of introducing 
trochus to a new location.  
 
The first introductions were carried out in the 1920s and 1930s in Micronesia by the Japanese 
Colonial Administration (Parkinson 1984). Trochus taken from Palau, Yap and Rabaol in 
Papua New Guinea (Benito Nero pers. com. 2006) were transplanted to Chuuk lagoon, 
Pohnpei, Ulithi, and Saipan (Asano 1991). Then in 1957, trochus were introduced to Cook 
Islands from Fiji Islands and to French Polynesia from Vanuatu (formerly New Hebrides) and 
New Caledonia (Cheneson 1997). More recently, introduction have been made from Vanuatu 
to Samoa, indicating that translocation is likely to continue in the future as more and more 
areas become depleted of the resource. This, however, will depend on the availability of 
sufficient stocks to support such activities.  
 
Introductions to Cook Islands and French Polynesia were amongst some of the most 
successful examples. The first harvested trochus in Tahiti (7912 shells) were transplanted to 
the Society Islands, the Tuamotus, the Gambiers and the Austral Islands (Cheneson 1997). 
After 17 years of release, a total of 350 metric tonnnes of trochus shells was harvested in 
French Polynesia at a market value of USD 70,000 (Parkinson 1984). Similarly in Cook 
Islands 200 metric tonnes of shells were harvested in Aitutaki when the fishery first opened in 
1982, 25 years after the introduction (Nash et al. 1994). Prior to this harvest, shells were 
transplanted to other reefs in Cook Islands including Rarotonga, Manihiki and Palmerston 
(Ponia 2000).  
 
The fisheries in both of these island countries shared several common features. First, the 
initial harvests were used only for transplantation to other islands to expand the resource base. 
Secondly, in both countries, commercial harvests were realised about 20 years after the initial 
introductions were made. Although there is variation between countries in the time period 
between introduction and harvest, at least 20 years seem to be required for the resource to 
increase to a sustainable fishable population. Thirdly, in both countries the fishery is managed 
nationally and locally by the island councils through fishing seasons that are implemented 
island by island. Fishing seasons are well coordinated to support effective monitoring of the 
resource and fishing operations and to enforce management measures. While most 
introductions were successful, a few were not, such as those in Tuvalu and Tokelau. This is 
because of improper protocol in the releasing methodologies, lack of prior understanding of 
the reef habitat conditions where shells were released and improper handling of the reseeded 
animals (Parkinson 1984). 
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Figure 1: Natural distribution of Trochus niloticus in the Pacific Ocean (dark blue) and main routes of 
introduction (red arrows)
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1.5 Introduction of trochus to Tonga  

Trochus niloticus was naturally absent in Tongan waters. Like the other eastern Pacific Island 
countries and territories of French Polynesia and Cook Islands, Tonga is outside the eastern 
limit of the natural distribution range of the larger commercial gastropods Trochus niloticus 
and green snail Turbo marmoratus. Introduction of trochus and green snail was identified in 
the Tonga 1986–1990 Five-Year Development Plan as a way to develop coastal fisheries and 
was later implemented by the Tonga Department of Fisheries. The first introduction in August 
1992 involved 250 trochus from Fiji Islands that were released on Tabana Island in the Vavau 
Group (Gillett 2002. In May 1994 another 1092 trochus, again from Fiji Islands, were 
released at Fukave and Euaiki islands in Tongatapu lagoon (Gillett 2002). Some trochus from 
this second introduction were retained for breeding purposes at the newly built Tonga 
mariculture hatchery at Sopu. Shells released at Fukave were marked by drilling a small hole 
through the outer lip of the shells. 
 
Habitat suitability assessments conducted prior to the release identified 14 sites including the 
Fukave reef. Fukave stood out as the best site because of its suitable extensive bottom habitat 
and because of the good water exchange due to its exposure to high-energy waves. Inward 
currents and tidal flow (assisted by southeast winds) would encourage dispersal of larvae to 
reefs located west of Fukave inside the lagoon. Other related gastropods such as Turbo 
argyrostomus, Turbo setosus and Turbo crassus were indexed as indicators for habitability for 
Turbo niloticus, in addition to bottom topography and encrusting algal cover (Kikutani et al. 
1993). Reefs at the southern coast of Tongatapu — known as the Liku (‘cliff’) coast — are 
poorly developed and lack suitable habitat for trochus. Green snails were released at Fukave 
and Euaiki.  
 
The imported trochus travelled a total of 24 hours from Lakeba Island in the Lau Group in Fiji 
to Nausori by plane, to Nadi by road and finally to Tongatapu by plane (Fa’anunu et. al. 
2000). On arrival the animals were held in saltwater tanks at the Sopu hatchery for several 
days before they were released. The introduction site in the Vavau Group was not disclosed to 
the public, while at Tongatapu the public was made aware of the introduction site but the 
exact release points were not disclosed. The introduction is summarised in Table 1.  

Table 1: Summary of trochus introductions in Tonga 

Date Origin Number Alive Release/sites
8/1992 Lakeba, Fiji 250 250? Tapana Island, Vavau (250 untagged) 
5/1994 Lakeba, Fiji 1092 1046  
11/5/94    Fukave, Tongatapu (400 untagged) 
11/5/94    Euaiki, Tongatapu (400 untagged) 
30/5/94    Fukave, Tongatapu (100 tagged) 
    140 — for breeding in hatchery 
(Gillett 2002; Manu et. al. 1994; Manu et. al. 1995)  
 
Monitoring surveys conducted at Fukave reef by Tonga Department of Fisheries staff from 
1994 to 1996 and from 1999 to 2000 recovered approximately 20 per cent of trochus 
previously released (Table 2). Additional recruitment surveys conducted from 1998 to 2002 
recorded an increasing number of shells at nine other locations west of Fukave (Table 2) at 
sizes ranging from 50 to 125 mm. Results from these monitoring surveys confirmed that the 
newly introduced trochus had established a spawning population and that recruitment had 
begun to spread to other reefs in the lagoon. Introduction sites at Euaiki and Vavau have not 
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been monitored since introduction although local sources report that the species has become 
established at both of these sites (Fa’nunu pers. comm. 2006). 

Table 2: Recapture of released trochus broodstock at Fukave and Euaiki 

Site 1994 1995 1996 1997 1998 1999 2000 2001 2002 

Fukave  147 57 78   208 125     

Euaiki 65             

Onevao         1      

Nuku         0      

Velitoa         2      

Malinoa         0      

Fafa         2      

Pangaimotu         4 5     

Makaha        1 4      

Manima          2     

Kolonga          1 41 15 

Navutoka           8   

Ulanga Lalo        3   93   

(Niumeitolu et al. 1999; Fa’anunu et al. 2000; Kikutani et al. 2006) 

1.6 Trochus mariculture and seeding  

The development of mariculture made it possible to use artificially produced juvenile trochus 
for stock enhancement. Studies on hatchery production and reef reseeding of trochus have 
been conducted in the Asia Pacific region (Castell 1997; Crowe et al. 2002; Hoang 2007). 
While studies are ongoing, these activities have not produced results convincing enough to 
suggest that hatchery reared juvenile trochus can be used for restocking wild trochus 
populations or for introducing trochus to new areas. Juvenile trochus normally inhabit the 
back reef areas and move to the outer reefs as they grow bigger. A suitable habitat for juvenile 
release has to have: (a) algal cover, particularly the brown and red turf algae, which are 
essential as food for the seeds; (b) exposure to good currents for seed dispersal; and (c) 
suitable bottom topography and complexity (moderate to high topography and complexity) 
that provide shelter for juveniles against predators and developed fore reefs to support adults.  
 
The Tonga mariculture programme, established through the United Nations Food and 
Agriculture Organization’s (FAO’s) South Pacific Aquaculture Development Programme 
(SPADP) and JICA, was to support the introduction programme. During the first five years of 
the project, a hatchery facility was developed and training on spawning and hatchery 
management was conducted for the local fisheries staff. It took over three years before the 
first group of seeds was ready for release in 1998, when the shells were at an average size of 
50 mm basal diameter. The first hatchery produced juveniles were released at unknown sites 
in the Haapai and Vavau groups (Ministry of Fisheries Tonga 2004. Eight further releases 
were made from 1999 to 2003, one at Haapai Group and the rest at Fukave and Euaiki, 
Tongatapu (Table 3). Juvenile trochus (≥50 mm) were tagged and measured at the hatchery 
and transported to the release site in plastic boxes by boat. Each juvenile trochus was 
carefully placed in an upright position in a crevice for protection from predators. 
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Table 3: Hatchery produced trochus seeding in Tonga 

Year  Release site Released 
(No)

size 
(mm)

Comments 

1998 Haapai  
Vavau 

350
380

50 +
50 +

sites unknown 
sites unknown 

1999 Haapai 450 50 + sites unknown 
2000 Fukave, Tongatapu 

Haapai 
350
500 

50 +
50 + 

 
sites unknown 

2001     
2002 Ulanga Lalo, Tongatapu 

Atata, Tongatapu 
400
400

50 +
50 +

 

2003 Ulanga Lalo, Tongatapu 600 50 +  
(Ministry of Fisheries Tonga 2004) 
 
Monitoring surveys of the juvenile releases were planned for 1, 12, 24 and 36 months after 
release to assess survival, mortality, growth and dispersal (Kikutani and Yamakawa 1999). 
However, none of these data are available (no data were made available to the SPC team or 
reported in any of the project reports). This made it impossible to assess the impact of the 
reseeding programme.  

According to Kenichi Kikutani, Senior Expert in the JICA Project, the reseeding programme 
was mainly a public relations initiative to educate schools, the public and communities about 
trochus (Kikutani pers. comm. 2008). Public education was implemented through the local 
newspaper, radio and visits to the Sopu hatchery, and this may have been the main benefit of 
the reseeding programme. 
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Figure 2: Tonga archipelago showing trochus introduction sites (note: green snail was released at 
Tongatapu and Haapai)
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1.7 Introduction of green snail to Tonga 

Adult release 
Like with trochus, both adult and juvenile green snails (Turbo marmoratus) were released at 
Euaiki Island. Adult green snails introduced from Vanuatu (54 shells) were originally released 
on Tongatapu at Euaiki (21 specimens) and Vaini Liku (20 specimens) in 1993. The second 
introduction — of 174 specimens (averaging 60.2 mm shell height) — from Japan in 1994 
took place again at Euaiki (Fa’anunu et. al. 1994; Manu et al. 1995). Monitoring of the green 
snail stock from the original release in October 1994 recorded five live green snails from the 
batch released at Euaiki. A survey in 1999 recorded three specimens with an average shell 
height of 180 mm. Two of the animals were more than three years old, suggesting they may 
have been from the original stock released in 1993. No surveys have been conducted on Vaini 
Liku since the release in 1993, so the status of the stock is unknown. One adult green snail 16 
cm high was recovered in Eua Island, which is located 20 km southeast of the Euaiki release 
site. 
 
Juvenile release 
At Euaiki, a total of 2100 green snail juveniles (averaging 57 mm shell height) were released 
in 1998 and at Fukave a further 200 juveniles were released in 1999. Recovery surveys in 
1999 (12 months after release) recorded 11 of the juveniles released the previous year. These 
juveniles had grown 180 mm on average in shell height (Niumeitolu et al. 1999). In addition 
two recovered specimens were estimated to be over three years old, which indicates that they 
may have originated from the adult release in 1993.  
 
At Ha’apai two releases of 500 green snail juveniles were made, one in 1998 and the other in 
2000. Average shell height for those released in 1998 was 52 mm, while for those released in 
2000 the average shell height was 67 mm. Both releases were made at Kito and Muii Uoleva 
reefs in Ha’apai. During the 2000 release, one individual green snail (size 164 mm) was 
recovered at Kito patch reef and three at Muii Uoleva reef that were from the 1998 release 
(Loto’ahea et al. 2000). The recovery of these 5 specimens after two years of release although 
low (1 per cent of the 500 shells originally released) indicated potential survival of the 
artificially reared and released juveniles. The present status of the population of green snails 
at these release sites is unknown.  

1.8 Management of trochus and green snail 

There are no formal management systems in place specifically for trochus and green snail in 
Tonga. However, the Tonga Fisheries Act of 1989 does provide for development of 
legislation on minimum harvest sizes such as the existing regulations for Tridacna derasa, 
Tridacna maxima, Tridacna squamosa, Pteria penguin, Charonia tritonis, lobster and sea 
cucumbers. In the initial phase of the introduction, public awareness was raised through the 
local media and this made a positive impact in educating fishers about the new introductions. 
Outreach activities have been assisted greatly by public and school visits to the Sopu 
mariculture centre. However, as time goes by, awareness levels tend to fall, indicating the 
need for continuous dissemination of information about trochus. 
 
There is no official trochus fishery in Tonga but there have been reports of trochus being sold 
at souvenir shops in Nukualofa since 2003 (Fa’anunu pers comm. 2006). A questionnaire 
survey conducted in the main communities in Tongatapu found that women fishers in 
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Kolonga village have been harvesting trochus for its meat (Malimali 2005). The sizes of the 
shells harvested were from 50 mm to 90 mm. Large adult shells (6 dead shells) were sighted 
on the beach at Navutoka just before Kolonga village, which could indicate the presence of 
some collection activities.  
 
Tonga had its own reef ownership system in the past. Before the 1860s, communities living 
near the sea (siu-i-tahi or sea people) automatically owned the rights to fishing while those 
further inland (siu-i-uta) did not (Malm 2001). Barter was common between siu-i-tahi and 
siu-i-uta, who bartered fish for root crops. The system changed completely to an open access 
system in the 1870s under the new constitution, which abolished the old system by declaring 
that all beach fronts belonged to the king (Malm 2001). In effect, the sea and its resources 
became common property and all had the right to fish wherever they liked. This open access 
practice has had an impact on the successful enforcement of existing marine reserves in 
Tongatapu lagoon as fishers can enter a reserve at any time to fish (Malm 2001). Community 
control over resources is almost nonexistent in Tonga but there is a possibility that the old 
tradition could be revived, which would be useful for managing trochus.  

2. Purpose of the survey  

 
The Tongatapu trochus resource survey was conducted between 27 August and 9 September 
2006.This followed a request to SPC Reef Fisheries Observatory by Tonga Department of 
Fisheries for assistance in providing baseline information about the trochus introduction 
activities conducted in 1994. Trochus was known to have become established at Tongatapu 
lagoon and an assessment was necessary to gather information about the population density, 
distribution and size structures. This information was to be used to develop management 
measures to develop the resource. The main objectives of the survey were to: 

- Collect data on population structure, density, sizes, and distribution of Trochus 
niloticus across the lagoon. 

- Assess the impact of juvenile reseeding activities. 

- Assess the impact of adult and juvenile green snail releases.  

- Collect data on other invertebrate resources to describe the state of these resources.  

- Collect data on the reef environment to assess the condition of trochus habitat. 

- Understand the lagoon circulation dynamics to understand distribution of trochus.  

- Provide recommendations for management and development of trochus and green 
snail resources in Tonga to achieve commercially viable fisheries in the future.  

- Provide training of local fisheries staff on regional invertebrate survey techniques. 
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3. The study site  

 
Tongatapu (Figure 3), the largest island of the Tonga archipelago, is an upraised atoll with a 
total land area of 259 km2. Geologically the lagoon is a remnant of a sunken atoll and the 
northern coastline of the island is low while the south coast rises to 65 m above sea level. The 
bifurcated lagoon (Fangauta lagoon) comprises a total area of 2788 hectares and is relatively 
shallow (1.2 m) and fringed with mangroves. A series of fringing reefs, barrier reefs and islets 
spreads over the lagoon reefs and together these make up 90 per cent of the island’s coral reef 
area and are where most reef fishing activities on Tongatapu take place. Temperatures range 
between 11 and 32oC, with a mean of 23oC in the Tongatapu group, and the prevailing 
southeast trade winds dominate most months of the year. There is a distinct wet season from 
November to April and rainfall is moderate (Lovell and Palaki 2003).  
 

 

Figure 3: Tongatapu lagoon trochus survey area and trochus release site
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4. Survey methodology 

4.1 Design and methodology 

The survey was designed to provide a comparative assessment of trochus across the lagoon by 
looking at the population abundance, distribution, size structures and recruitment patterns. To 
achieve this comparative analysis the lagoon was divided into three arbitrary sectors: a 
western sector covering reefs in the lagoon and the barrier reef, a central sector covering patch 
reefs and islets reefs, and an eastern sector covering the eastern barrier reefs and lagoon reefs 
(Figure 3). Survey stations were planned in advance, using GIS software to prepare the map, 
but actual positions (longitude and latitude) of sampling stations (a waypoint for reef benthos 
transect stations, and 2 waypoints for Reef front search and mother-of-pearl search stations) 
were recorded in the field using a GPS (GARMIN GPS 72). The SPC invertebrate survey 
protocols refined by SPC’s Pacific Regional Oceanic and Coastal Fisheries Development 
Programme (PROCFish) were adopted in this assessment with specific methods targeting 
Trochus niloticus. Different survey protocols were adopted to assess varying invertebrate 
habitats on a coral reef system as indicated in the reef invertebrate profile Figure 4, where 
protocols are indicated by numbers. Dedicated protocols for trochus included timed swim 
searches along the reef front areas (RFs) (5), shallow water (RBt) (2) and the mother-of-pearl 
transects (MOPt) and searches (MOPs) (7) on scuba in depths of 4–10m. Details of these 
survey protocols are described in the following sections. Specific trochus surveys are 
numbers: 2 – Reef benthos transects (RBt); 5 – Reef-front searches (RFs); 6 – Reef-front 
search walk (RFSw); and 7 – Mother-of-pearl transects (MOPt) and mother-of-pearl searches 
(MOPs). 
 

 
Figure 4: Invertebrate survey profile used by the coastal component of PROCFish (PROCFish/C) 
showing placement of different sampling surveys across different reef zones corresponding to the main 
reef habitats  
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4.2 Reef front search (RFs) or timed swim  

RFs, which are only conducted if swell conditions permit, are performed snorkelling along the 
reef front just behind the swells where trochus (Trochus niloticus), green snail (Turbo 
marmoratus) and the surf redfish (Actinopyga mauritiana) generally aggregate (Figure 5). 
Two observers snorkel side by side, separated by 10 to 15 m. Each observer counts and 
records the abundance of conspicuous sedentary species observed on the way (focusing on 
trochus, surf redfish, clams and other gastropods) during five-minute search periods (repeated 
three times, for a total swimming time of 15 minutes). The start and end positions of each RFs 
station swim are recorded on a global positioning system (GPS) unit. The swim distance can 
be calculated using MapInfo software, although it varies among stations depending on wind, 
current and wave conditions. Observation from the surface can also vary with depth and 
visibility, and this technique is used to give only a general indication of resource status, not to 
give precise density data.  

 
Figure 5: Diagram showing the reef front search (RFs) method  

4.3 Mother-of-pearl transects (MOPt) and searches (MOPs) 

Initially, two divers (using scuba) actively searched for trochus for 3 five-minute search 
periods per diver (MOPs) (30 min in total search periods). Distance searched is estimated 
from marked GPS start and end waypoints. If on these searches more than three individual 
shells are found, the stock is considered dense enough to proceed to a density measurement 
using the MOPt assessment, a transect belt technique on scuba.  
 
MOPt are conducted by two scuba divers along three 40 m transects (2 m wide) parallel to the 
reef edge in depths not greater than 15 m. The most common depth range for this assessment 
is from 2–10 m but searches can go down to 15 m. In cases where the reef drop off steeply, 
more oblique transect lines were followed. On MOPt, a hip-mounted Chainman measurement 
system (thread release) is adopted to measure out 40 m transects. This relieves the divers from 
having to worry about measuring tape and saves time and energy in retrieving the tape in the 
often dynamic water conditions where Trochus niloticus is found. Invertebrates observed 
within a 2 m swathe are measured and recorded, but particular attention is paid to mother-of-
pearl species (Figure 6). 
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Figure 6: Diagram showing the mother-of-pearl transect (MOPt) method 

4.4 Reef benthos transects (RBt) 

Reef benthos transects are conducted in relatively shallow water areas (0.5–1 m deep), which 
are representative of the habitat suitable for trochus. Six 40 m transects (1 m wide) are 
examined per station by two observers snorkelling on either side of the transect line and 
recording epi-benthic invertebrates within each transect (Figure 4). These include sea stars, 
sea urchins (as potential indicators of habitat condition), and gastropods, including trochus, 
sea cucumbers and clams. Transects are randomly positioned but laid across environmental 
gradients where possible (usually across reefs and not along reef edges). A single waypoint is 
recorded with a GPS unit for each station (to an accuracy of 10 m) and habitat recordings are 
made for each transect. 
 

 

Figure 7: Diagram showing reef benthos transect (RBt) method 

4.5 Lagoon water circulation  

Water circulation analysis was used to provide some explanation for the uneven population 
distribution results obtained in this survey and to understand the patterns being observed. SPC 
collaborated with the South Pacific Applied Geoscience Commission (SOPAC), with SOPAC 
oceanographers assisting in developing a circulation model for Tongatapu lagoon. Data on the 
hydrographic conditions in the lagoon and on the wind and wave climate of Tongatapu, which 
were collected by different projects of SOPAC, and bathymetry data from SPC’s PROCFish 
were used to develop the model.  
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Understanding dispersal patterns demands good understanding of water circulation dynamics. 
Water circulation dynamics are best studied through the use of computer generated models 
fed with real-time data. Such models have been used in explaining recruitment patterns of 
marine species (Dight et al. 1990b; Doherty and Fowler 1994), which proves that recruitment 
of species is driven by local sources from resident population and by distal sources. While 
little study has been undertaken to understand water circulation and recruitment of trochus, 
studies on Acanthaster planci in the Great Barrier Reef showed that current movement, speed 
and duration of water residence time are responsible for larval transport and settlement and 
thus recruitment (Black et. al., 1995). Details of the process of developing the Tongatapu 
lagoon circulation model are provided in the results in section 5.7. 
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5. Results 

5.1 Coverage and species diversity  

The survey covered potential trochus reefs in the lagoon from Fukave across to the western 
barrier reef as shown in Figure 8. This provided adequate data coverage for comparative 
analysis of results for the three sectors. The eastern barrier reef sector, Euaiki and Kolonga 
reefs, was left out of this assessment due to time constraints and bad weather. The positions of 
all sampling stations are indicated on the coverage map (red stars) — a single waypoint for 
reef benthos transects and two waypoints (start and end) for all other stations (Figure 8). The 
summary of stations completed in the three sectors is presented in Table 4.  
 

 

Figure 8: Survey coverage at the three arbitrary sectors (western, central and eastern) at Tongatapu 
lagoon; red stars are GPS positions of sampling stations.  
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Table 4: Summary of stations completed in the three sectors 

 
 
The distribution of RBt and RFs assessments are shown in Figure 9. The RFs stations were 
conducted along the reef edge and slope zones while the RBt were in shallow back reef areas 
and reef flats of patch reefs. Both assessments were well distributed in the three sectors.  

 

Figure 9: Distribution of RBt (circles) and RFs assessment stations (black triangles).  

The MOPs and MOPt assessments (Figure 10) targeted the main aggregation areas identified 
during the RFs or based on the historical knowledge of local officers.  

Reef benthos 
transects 

Timed swim 
searches 

Mother-of-pearl 
searches 

Mother-of-pearl 
transects 

Western sector 
replicates 

7 stations 
42 transects 

6 stations 
48 search periods 

3 stations 
24 search periods 

6 stations 
45 transects 

Central sector 
replicates 

11 stations 
66 transects 

7 stations 
42 search periods 

2 stations 
12 search periods 

6 stations 
36 transects 

Eastern sector 
replicates 

8 stations 
51 transects 

7 stations 
63 search periods 

 4 stations 
24 transects 
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Figure 10: Distribution of MOPs (grey squares) and MOPt stations (black squares)
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5.2 Potential habitat for trochus 

Tongatapu reef is laid out in a complex structure. Although there is a barrier reef and a 
lagoon, the barrier does not encircle the lagoon, and inshore and middle reefs are a mix of 
land influenced and oceanic influenced structures, due to water flow characteristics and the 
presence of lagoonal islands. Reefs in Tongatapu lagoon constitute an extensive suitable 
benthos for Trochus niloticus and this area could potentially support significant populations of 
this commercial species. Total suitable reef area at Tongatapu is comprised of a western 
barrier and outer reef, a central barrier and outer reef, and an eastern barrier and outer reef 
(Table 5), which all together make up approximately 20 km2 of reef area. 
 

Table 5: Total areas of reef habitat present at Tongatapu lagoon 

 

 

5.3 Species diversity 

A total of 55 species or species groupings (groups of species within a genus) were recorded in 
the Tongatapu invertebrate surveys; they comprise of 15 sea cucumbers, 2 giant clams 
(Tridacna maxima, Tridacna squamosa), 28 gastropods, 6 sea urchins, 3 starfishes and 1 
Cnidarian species. The commercially introduced mother-of-pearl Trochus niloticus and Turbo 
marmoratus (one specimen) were recorded. Overall Trochus niloticus was the most recorded 
invertebrate species (n = 1125 individuals), followed by lollyfish (Holothuria atra) and sea 
urchin (Heterocentrotus mammilatus). A detailed list of invertebrate species recoded is 
provided in Appendix 1. 

5.4 Presence and density of trochus 

Trochus niloticus was present at many locations around Tongatapu. In contrast to other 
mother-of-pearl shell such as Tectus pyramis and Pinctada margaritifera (Table 6), trochus is 
present at 40–100 per cent of the stations completed. To have a better understanding of the 
data, we examined the distribution of trochus across the assessment types and across the three 
arbitrary sectors that were defined. Trochus was present at 40 per cent of MOPs, 46 per cent 
of RBt, 70 per cent of RFs and 100 per cent of MOPt stations This indicates trochus were 
more commonly present at outer reef edges and reef slopes (4–10 m depth) than at the shallow 
reefs.  
 
  

Habitat Km2 Lineal km
Whole lagoon 321.5  
Whole lagoon and barrier reef 63.1  
Western sector 14.3  
Western barrier  6.8 24.6
Middle sector 17.3  
Middle barrier  1.5 7.2
Eastern sector 12.1  
Eastern barrier  11.1 46.9
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Density analysis for the survey types again highlighted the important results of the two 
dedicated assessment types: RBt and MOPt. The highest density of 536.9 ±110 SE per hectare 
was recorded in MOPt assessments at two stations completed in Tongatapu, while RBt 
stations recorded 107 ±38 SE per hectare. Density comparisons for other survey types are 
presented in Table 6.  
 
Table 6: Presence and mean density of mother-of-pearl species (individuals per ha, ±SE) for different 
survey types completed at Tongatapu 
 Density ±SE % of stations % of transects or 

search periods  
Trochus niloticus      

RBt 109 37.7 12/26 = 46 30/159 = 19 
RFs  72.8 29.9 14/20 = 70 83/159 = 52 

MOPs 16.2 11.8 2/5 = 40 6/36 = 17 
MOPt 536.9 110.2 16/16 = 100  97/111 = 87 

Tectus pyramis     
RBt 52.9 12.1 15/26 = 58 26/159 = 16 
RFs 9.4 2.6 10/20 = 50 38/159 = 24 

MOPs 15.2 11.7 2/5 = 40 6/36 = 17 
MOPt 0 0 0/16 = 0 0/111 = 0 

Pinctada margaritifera     
RBt 3.2 3.2 1/26 = 4 2/159 = 1 
RFs 0.4 0.2 2/20 = 10 3/159 = 2 

MOPs 4.5 4.5 1/5 = 20 3/36 = 8 
MOPt 1.3 1.3 1/16 = 6 1/111 = 1 

The maps showing the density of trochus by station for RBt and MOPt assessments (Figure 11 
and Figure 12) clearly indicate the distribution of trochus densities (red bubbles) across the 
survey area. In the maps, the size of the red bubble is proportional to the density. Larger 
densities were present at the central reefs and western inner fringing reefs while smaller 
densities were seen at the eastern reefs. This trend is more obvious for MOPt density 
distribution (Figure 12), where the western inner lagoon fringing reefs show the largest 
densities, followed by the central sector, while densities at eastern sector were again relatively 
low. The comparative distribution (Figure 13) clearly displays this sectoral variation in 
trochus densities. Overall, higher density was recorded at the western sector than the middle 
and eastern sectors. 
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Figure 11: Pictorial view of density distribution of Trochus niloticus at Tongatapu in RBt assessments 
(0.5–3 m). 

 

Figure 12: Density distribution of Trochus niloticus at Tongatapu in mother-of-pearl assessments (4–
10 m) 
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Figure 13: Mean density (±SE, per ha) distribution of Trochus niloticus for three main surveys (RBT, 
MOPt, RFs) in the three sectors 

 
In general, trochus were not evenly distributed across reefs at Tongatapu lagoon. Generally, 
the western sector held denser aggregations of population than both the central and eastern 
sectors (Figure 11 and Figure 12). This result was not ubiquitous, as the barrier reef in that 
sector did not hold significant quantities of trochus, despite having suitable habitat for the 
species (no trochus found in RBt assessments in this habitat, see Figure 11).  
 
These dense aggregations were found on reefs in the lagoon, at two shallow water MOPt 
stations positioned on the fringing reef southeast of Atata. The fringing reef of Atata and 
Poloa islands (Figure 12) is subject to both oceanic influences from tidal flow and wind and to 
influences from land-based activities. Trochus aggregations were found on the reef crest, reef 
edges and the first 10 m of the slope. Deeper slopes in the lagoon (10 m or more) lack 
extensive suitable bottom for trochus and are normally influenced by silt from the lagoon. 
Moderate live coral cover (30 per cent coverage) was present along the crest and slope zones 
within the first 10 meters. Dead coral dominate the bottom and are covered by encrusting 
algae, providing suitable habitat for trochus.  
 
Trochus aggregations were also located on both sides of the barrier reef at the central and 
eastern sectors. The reef on the seaward side of the barrier is quite substantial in area, sloping 
gently into deeper water. The barrier reef platform is wave affected, but ‘embayment’ behind 
undulations in the barrier reef provides some protection in this high energy environment. 
Similarly the lagoon reefs of the barriers are affected by high energy wave actions. 
  



 31

5.5 Size distribution of trochus  

The basal shell diameter of trochus gives an indication of stock condition and can give a 
further indication of whether there has been good spawning and successful recruitment to the 
fishery (young new trochus entering the adult population) in recent years. Size distribution 
has the potential also to show spatial differences in stock dynamics (‘source’ and ‘sink’ areas 
— i.e. potential areas to supply or receive new stock).  
 
Overall trochus size analysis graphs for Tongatapu (Figure 14) showed normal distribution of 
sizes from 3.0 cm to 14.0 cm. Distinctive size variations in the 10–12 cm sizes could possibly 
be an artefact of diameter measurement by surveyors. The mean basal width of trochus at 
Tongatapu (n = 697) was 9.5 cm ±0.1 SE. This result highlights the fact that the stock in 
Tongatapu includes many shells that are relatively young (the mode is around 10.0 cm 
[indicated with red dotted line], which are shells just over four years old). Trochus are single 
sexed and reach first maturity at 7.0–8.0 cm (data from another relatively southerly site, New 
Caledonia), but only become significant producers of viable eggs when they are larger. In fact 
the largest female trochus are by far the greatest egg producers. A female trochus of 10.0 cm 
produces approximately 2 million eggs, whereas a 13.0 cm trochus produces up to 6 million 
or more (Bour 1990; Heslinga 1981; McGowan 1958).  
 
The split in the results from west to east reveals that there are significantly larger, older 
trochus in the eastern sector of Tongatapu (mean size: east = 11.0 cm ± 0.2 SE, central = 8.7 
cm ±0.1 SE and west = 9.6 cm ±0.1 SE; see Figure 14 Figure 15). This result could be a result 
of fishing preferences, or alternatively it could be an indicator that the central and western 
sectors are acting as ‘sinks’ for recruitment originating from the eastern sector. Since there are 
no commercial trochus fishing activities yet in Tonga (the resource has yet to reach 
commercial exploitation level) any result of fishing preferences is ruled out at this stage. This 
leaves the ‘source and sink’ for recruitment as possible explanation. This suggestion is further 
investigated in Chapter 5.7 by looking at hydrographic and current data available for 
Tongatapu lagoon. 
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Figure 14: Trochus size (base diameter) distribution in the three sectors at Tongatapu 

F2, 694 = 38.11,  P<0.001
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Figure 15: Trochus shell base diameter (cm) for three sectors at Tongatapu. All sectors are holding 
trochus of significantly different mean sizes (P> 0.001, unequal in HSD).
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5.6 Other resources 

5.6.1 Green snail 

Only one specimen of green snail (14.0 cm aperture diameter and 19.0 cm shell height) was 
recorded at 7 m depth during a mother-of-pearl transect at the reef slope south of Fukave. No 
adult green snails were released at Fukave reef but 200 hatchery produced juveniles were 
released there in 1999. Green snail reach sexual maturity at 11.0 to 15.0 cm aperture diameter 
according to studies done in Vanuatu (Devambez 1959), which is at the age of 3–4 years, but 
can grow to a maximum of 20.0 cm. The specimen recorded therefore is likely a newly 
mature shell which may have originated from the juveniles released in 1998 or a recruited 
juvenile from the Euaiki population.  
 
The reef condition at Fukave is suitable for green snail, with clean water due to its exposure to 
good wave action and easterly winds. The outer reef slope of the eastern atoll rim and reefs of 
Euaiki were not covered during this survey due to time constraints and bad weather 
conditions. Earlier monitoring assessment at Euaiki had recorded green snail adults and 
juveniles at the release spot. One adult size green snail was captured by a fisherman at Eua 
and must have been recruited from the Euaiki population (Fa’anunu 2000). In Haapai, 
juvenile hatchery produced green snails were also recovered during assessment in 1999.  

5.6.2 Other gastropods 

The white trochus Tectus pyramis (local trochus), a less valuable topshell (also an algal 
grazer), was also present but less abundant (n = 113 individuals recorded in the survey) and at 
lower density than commercial trochus (Table 6). The mean size (basal width) of 
Tectus pyramis (n = 24) was 8.0 cm ±0.2 SE, and the fact that a full range of sizes was 
recorded for this species suggests spawning and settlement of Tectus pyramis has been 
occurring in recent years. Two Charonia tritonis and several Tutufa rubeta were recorded at 
the reef slope areas.  

5.6.3 Bivalves 

The elongate giant clam Tridacna maxima was moderately common with 63 records in total 
and at relatively low density (23.5 ±5 SE per hectare). The Tridacna maxima mean shell 
length was 14.3 cm ±15 SE, indicating that most clams recorded were young animals. None 
of the other three species present in Tonga (Tridacna derasa, Tridacna squamosa and 
Tridacna tevoroa) were recorded in this survey. Tridacna maxima is a delicacy in Tonga and 
is normally eaten raw.  

Despite blacklip pearl oysters, Pinctada margaritifera, being cryptic and normally sparsely 
distributed in open lagoon systems (such as the one at Tongatapu), nine blacklip were 
recorded during assessments. The mean shell length (anterior posterior measure) was 12.3 cm 
±2.2 SE.  

5.6.4 Sea cucumbers  

The barrier and lagoon reefs of Tongatapu provide suitable habitat for a number of 
commercial sea cucumber species. A total 13 sea cucumber species were recorded at 
Tongatapu; the most important commercial species were Stichopus chloronotus, Actinopyga 
mauritiana, Bohadschia argus and Holothuria atra (Figure 16). The most recorded species 
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was Holothuria atra, followed by S. chloronotus and B. argus (Table 7). The medium-value 
Actinopyga mauritiana was not as common, at a low density of 17 ± 7 SE per ha. This species 
was recorded at densities above 400 to 500 per ha in other sites assessed by PROCFish. 
Medium-value S. chloronotus was the second most abundant species in Tongatapu, but again 
at relatively low density: 117.6 ±43 SE per ha (Table 8). At other Pacific Island sites, this 
species was present at >1000 per ha at the highest densities. The low-value Holothuria atra 
was the most abundant sea cucumber, at a density of 244 ± 56 SE per ha, but again this is 
relatively low for this species, which is abundant in many places. It is noted too that suitable 
habitat for Holothuria atra was not covered in this assessment. 

 

Table 7: Total sea cucumber counts at Tongatapu lagoon 

 

 

Table 8: Overall density of sea cucumbers at stations completed at Tongatapu lagoon 

Species Density SE % of stations with  
sea cucumbers  

Holothuria nobilis 3.0 3.0 1/41=2.4 
Bohadschia argus 45.8 18.8 16/42=38.1 
Stichopus chloronotus 117.6 43.0 17/42=40.5 
Actinopyga mauritiana 17.0 7.1 8/42=19.0 
Bohadschia vitiensis 7.6 4.0 4/42=9.5 
Holothuria edulis 3.0 2.2 2/42=4.8 
Actinopyga miliaris 1.0 0.7 2/42=4.8 
Holothuria atra 244.4 56.4 25/42=59.5 
Holothuria leucospilota 29.8 19.4 7/42=16.7 
Actinopyga lecanora 2.0 1.2 3/42=7.1 
Thelenota ananas 0.5 0.5 1/42=2.4 

Species  Total records
Thelenota ananas 4
Bohadschia argus 68
Holothuria atra 166
Stichopus chloronotus 96
Holothuria edulis 17
Holothuria fuscopunctata 8
Stichopus horrens 1
Actinopyga lecanora 5
Holothuria leucospilota 17
Actinopyga mauritiana 31
Actinopyga miliaris 2
Holothuria nobilis 12
Bohadschia vitiensis 8
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Figure 16: Most common sea cucumbers at Tongatapu lagoon: Actinopyga mauritiana (A), 
Bohadschia argus (B), Stichopus chloronotus (C), Holothuria atra (D) 

5.7 Reef environment conditions  

5.7.1 Reef habitat condition 

Reef habitat data were collected to understand the status of resources in relation to their 
habitat condition. Mean habitat condition analyzed as percentage habitat composition is 
presented in Figure 18. Dead coral was the dominant substratum type, representing 
approximately 60 per cent of the composition. Dead coral covered by encrusting crustose 
coralline algae (CCA) (purple-pink coralline) was moderately high (20 per cent); this type 
along with dead coral accounts for approximately 80 per cent of the substratum. A large part 
of the reef at Tongatapu lagoon is dead. Growth of CCA on dead coral rocks is the main 
component of the ‘live rock’ that is sought after for the aquarium export trade. Live rock is 
one of Tonga’s main export products for the aquarium trade. Most live rock is harvested in 
Tongatapu lagoon, mainly around the central reefs such as Ulanga Uta and Ulanga Lalo and 
up to Fafa and Onevai. 
 
In some areas, such as back reefs of the western barrier reef in front of Haatafu and along the 
back reef areas of the main central lagoon reef from Fafa to Onevai and Motutapu, Acropora 
tabulate rubble dominates the bottom. Rubble bottoms are unsuitable trochus habitat, lacking 
in microhabitats and food resources (few trochus were found in these habitats). Similarly, in 
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consolidated rubble areas such as those present at Fafa, Ulanga Lalo and Ulanga Uta, despite 
the presence of good CCA growth, lack of adequate topography and low complexity limit 
capacity to support a greater increase in population of trochus. 
 
Live coral coverage was relatively low at most stations, comprising 20 per cent of the 
substratum composition. Notable live coral coverage was present along the lagoon fringing 
reefs at Atata. Significant coverage of fleshy algae, mainly Turbinaria ornata, was recorded 
at Ulanga Lalo and Ulanga Uta and along the shallow reef slope at Motutapu, Onevao, and at 
Makahaa. Dense macro algal mats such as those present in these areas can effectively reduce 
grazing surfaces for gastropods such as trochus and have been found to inhibit larval 
settlement of benthic organisms (Helsingor 1988). Despite good topography and complexity 
in some of these sites, very few trochus were recorded in areas covered with Turbinaria mats 
in this survey. Soft coral is present in some areas in the central and eastern reef slope areas. 
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Figure 17: Mean habitat composition at Tongatapu lagoon showing habitat condition 

5.7.2 Crown-of-thorns starfish 

The population of Acanthaster planci was relatively low (n = 16) and does not seem to be a 
major problem at Tongatapu. However, one small aggregation recorded at the inner reef west 
of Atata has killed significant live coral growth in that area and could spread to other areas. 
Past aggregations of crown-of-thorns starfish have been recorded at Ha’atafu and Pangaimotu 
by Zann and Muldoon (1993). Live coral coverage at these sites was relatively low, 
suggesting that crown-of-thorns starfish predation may have been an issue in the past.  
 

5.8 Water circulation model for Tongatapu lagoon 

This section describes the methods and processes that were developed by SOPAC to arrive at 
the water circulation system model for Tongatapu. The data used were bathymetry data, tidal 
data, and wind and wave climates. 



 37

5.8.1 Bathymetry data 

The bathymetry data were from two SOPAC/European Union (EU) bathymetry surveys. One 
collected multi-beam data on the periphery of Tongatapu lagoon while the second collected 
single beam data in the Fangauta lagoon. Bathymetry data extracted from Landsat imagery by 
PROCFish and marine chart data inside the Tongatapu lagoon were used. The deep ocean 
bathymetry data were extracted from the Coastal & Marine Geology InfoBank 
(http://walrus.wr.usgs.gov/infobank). The flexible mesh, from 250,000 m2 to 7000 m2, was 
used to control the spatial accuracy depending on the depth. These data were used to develop 
a three-dimensional bathymetry map (Figure 19). 

 
Figure 18: Three-dimensional bathymetry of Tongatapu lagoon 

5.8.2 Tidal conditions  

A gauge at Nukualofa wharf permanently collects tidal data in the lagoon. Tides are semi-
diurnal, with a significant inequality between two successive highs. The model was run over a 
fifteen-day period to simulate the spring and neap tides from 25 November to 10 December 
2003. The spring tidal range goes up to 1.7 m and the neap tidal range goes down to 0.6 m 
(Figure 20). 
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Figure 19: Surface elevation at the gauge 

5.8.3 Winds 

Wind is easterly dominant with an annual mean direction of 130 degrees. As shown on the 
wind rose (Figure 20), the wind blows from the east more than 70 per cent of the time. The 
annual mean wind speed is 4 ms-1. During the simulated period, the wind was blowing only 
from the east as shown in picture below with a mean speed of 4 ms-1. 
 
 

 
 

Figure 20: Wind roses for Tongatapu at two different time periods; A - annual wind rose for 2003, B – 
wind rose for simulated period from the 25 November  to 10 December 2003  
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5.8.4 Wave climate 

Wave climate data are extracted from the SOPAC technical report 201, The wave climate of 
the Kingdom of Tonga (Barstow and Haug 1994). This report gives a monthly variation of 
various wave parameters measured by Waverider buoys. The information for each month 
includes data from at least three years. Unlike winds, the waves are seasonal, with significant 
wave heights averaging about 2.2 m in November to March and increasing to about 2.4 m in 
May to September. The distribution of the peak wave period, Tp, is slightly greater than 10 
seconds. The swells come mainly from the southwest. Figure 21 shows predicted wave 
diffraction from a constant wave field coming toward Tongatapu from the southwest (220 
degrees). The radiation stress (Sxx, Sxy, Syy) from this simulation was used to set up the 
hydrodynamic model. 

 

Figure 21: Wave propagation for Tongatapu lagoon 

5.8.5 Calibrations 

In order to make sure the model simulates correctly the real world, data such as surface 
elevation and current are collected at given locations. We calibrate the simulation by making 
those data match the model results at the same locations (Figure 22). 
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Figure 22: Locations for ADP current meter and tidal gauge in Tongatapu lagoon 

Surface elevation 

The comparison between the surface elevation collected at the gauge at Nukualofa wharf and 
the tides generated by the model at the same location is shown in Figure 23. The calibration is 
satisfactory. 
 

 
Figure 23: Comparison between real and simulated surface elevation data 

 
Current speed 

As shown in Figure 24, the model does not predict the real current speed at this given 
position. Unfortunately, no better prediction could be obtained. At this location, the water 

Current meter 
(ADP) 

Tide gauge  
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motion is partly controlled by the wave-induced current as well as the surroundings reef 
system. Unfortunately, reeves data were based on guesses and wave data were highly 
averaged. The results of this simulation cannot be considered a detailed hydrodynamic study; 
however they give us an understanding of the global water motion. 
 

 
Figure 24: Comparison current speed collected and simulated 

5.9 The circulation model for Tongatapu lagoon 

From this preliminary model, a circulation model was developed from location data, seasonal 
wave data, bathymetry data, and wind and tide data, providing a clear indication of the 
involvement of tides and wind- and wave-induced current in the water circulation and how 
they interact. The dominant wind over Tongatapu is easterly, with an annual mean direction 
of 130 degrees (more than 70 per cent of the year) at a mean speed of 4 ms-1. Wave heights 
average 2.2 m from November to March and increase to 2.4 m in May to September. The east 
barrier is exposed to southeast waves hitting the reef at a height of 1.0–1.5 m.  
 
Water circulation in Tongatapu is controlled by a complex interaction between the currents 
generated by the tide, the wind and waves. During spring tide, the peak tidal current occurs 
and this largely controls the water circulation with slight involvement from the wave- and 
wind-induced current. During the peak of the flood, the lagoon is filled from all sides as 
shown in Figure 25. These inflows meet at the central lagoon region covering the lagoon 
fringing reef from Atata down to Sopu in the western sector and the reefs in the central sector. 
The waves create a current on the southeast corner of the atoll rim while they are breaking on 
the reef.  
 
During the spring tide ebb (Figure 26), tidal current originating from the eastern atoll rim 
flows westward and pushes water out of the lagoon into the ocean at the west, north and east 
through the east passage. However, the water is flushed in the lagoon across the southeast 
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corner of the atoll rim, as the wave-induced current is the strongest at this location. Inside the 
lagoon, the current directed toward the west highlights the wind effect on the water 
circulation. During the neap tides (Figures 27 and 28), tidal current weakens and the easterly 
wind dominates, controlling the system.  
 
Discharge calculation based on the model results highlighted the dominant movement 
westward across the lagoon. Indeed, more than 95 per cent of the flushing on the western reef 
is toward the ocean and almost 90 per cent of the flush on the eastern reef is to the lagoon. 
Larvae originating from the east would according to this model be effectively transported into 
the lagoon following the dominant current movement patterns shown here.  
 

 
Figure 25: Circulation pattern during the spring tide flood 

 

 
Figure 26: Circulation during the spring tide ebb 
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Figure 27: Circulation during the neap tide ebb 

 

 
Figure 28: Circulation pattern during the neap tide flood 

A pool of relatively weaker current (speed of 0.07 m/s > mean > 0.03 m/s) with a mean of 
around 0.06 m/s, develops in the central lagoon region during spring tide flood. Water 
residence time is expected to be relatively high in the basin adjacent to Nukualofa. The mean 
water speed in the lagoon is around 0.06 m/s. Current movement, speed and longer water 
residence time are responsible for larval transport and settlement and thus dispersal and 
recruitment of benthic organisms. This has been revealed in the study of Acanthaster planci in 
the Great Barrier Reef (Black et al. 1995). Water circulation dynamics are best studied 
through the use of computer generated models fed with real-time data. Such models are used 
to explain hydrographic dynamics and their influence on the larval dispersal of certain marine 
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species (Dight et al. 1990b; Doherty and Fowler 1994). This helps explain the ‘source and 
sink’ phenomenon which is driven by local resident population and distal sources. 

6. Summary of results 

6.1 Trochus (Trochus niloticus) 

 The reef of Tongatapu has a complex structure. The barrier does not encircle the lagoon, 
and inshore and middle reefs are a mix of land- and oceanic-influenced structures and 
include islets and sub-lagoons. Reefs of the lagoon, the fringing reef of Tongatapu proper 
and the barrier reefs constitute extensive suitable benthos for Trochus niloticus and this 
area could potentially support significant populations of the species.  
 

 The lagoon reefs of Atata, Poloa and Sopu are less substantial at depths beyond 10 meters. 
Reefs at the seaward side of the barrier are substantial and wave affected but highly 
suitable habitat for trochus is limited, which may limit potential increase in trochus 
density. 
 

 Trochus niloticus, which were introduced in the early 1990s at Fukave, have successfully 
become established at Tongatapu lagoon and have spread to other reefs outside the release 
site, including the inner lagoon reefs of Atata and Poloa, the middle lagoon reefs and the 
fringing reef of Kolonga.  

 
 Some parts of the lagoon still do not have trochus, including Malinoa, the western barrier 

reef and the inner lagoon reefs in front of Haatafu and the inner reefs of Atata at the 
eastern rim.  

 
 Presence of index species is indicative of suitable habitat for Trochus niloticus but 

recruitments have not been successful.  
 

 Trochus niloticus was the most recorded invertebrate species at Tongatapu (n = 1125 
individuals) and was widely present (recorded at 70 per cent of the sampled stations).  
 

 Trochus was not evenly distributed across the reefs of Tongatapu; the western sector holds 
the densest aggregations of the stock (density of 536.9 ±110 SE), which are found at two 
stations near Atata. The middle sector holds a significant population, while the eastern 
sector holds the lowest population of trochus. 

 
 Aggregations in the western sector were not recorded evenly, trochus were found on the 

lagoon fringing reef southeast of Atata, Poloa and Sopu, while none was recorded at the 
west barrier reefs. 
 

 Trochus niloticus stock of Tongatapu includes many shells that are relatively young (mean 
basal diameter 9.5 cm ± 0.1 SE — aged at just over four years). The majority of the young 
trochus were present at the western and central sectors (western: 9.6 cm ±0.1 SE; central: 
8.7 cm ± 0.1 SE), while the larger and older shells (mean size 11 cm ± 0.2 SE) were found 
at the eastern sector. 

 



 45

 The successful establishment and recruitment and population growth of trochus is 
unquestionably due to the contribution of the wild trochus introduced from Fiji Islands in 
the 1990s.  

 
 The impact of the hatchery produced trochus reseeding activities in Tongatapu and Haapai 

is difficult to measure as a result of lack of available historical data on the release, 
recapture and survival of the reseeded trochus. Although trochus were recorded at the 
juvenile reseeded sites, it is impossible to determine whether the shells originated from 
cultured stock.  

 
 We therefore conclude that the present population of trochus at Tongatapu lagoon is the 

result of recruitment from the original introduced adults. 
 

 The trochus population of Tongatapu is a young population with potential to spread all 
over the lagoon and the mainland reefs in the coming years. The stock is still too low to 
consider any fishing for now.  

6.2 Green snail (Turbo marmoratus) 

 Only one specimen of green snail was recorded at Fukave. Fukave was one of the 
juvenile green snail release sites in 1999 so this specimen could be a reseeded juvenile. 
The other possibility is that is was recruited from the Euaiki population. 
 

 Suitable habitat for green snail was found along the reef slope of the eastern and 
southeastern corner of the lagoon rim.  

 
 The main green snail release sites at Euaiki and at Vaini Liku were not assessed in the 

survey. Assessments at the outer eastern lagoon rim, Euaiki, Vaini Liku, Eua and Haapai 
are needed to understand the status of the resource. 

 
 The few recapture data available indicate successful reseeding of green snail using 

hatchery reared juveniles as recorded in Haapai, Euaiki and Fukave. Available data is 
inadequate to fully analyse and determine the impact of the reseeding programme.  

6.3 Giant clams  

 Tridacna maxima was moderately common in Tongatapu but its density was relatively 
low. 

 
 No live specimen of Tridacna squamosa was recorded in this survey but dead shells were 

recorded, suggesting the species may be present but hard to find. 

6.4 Sea cucumbers 

 Of the 13 species recorded, S. chloronotus, Actinopyga mauritiana, B. argus and 
Holothuria atra were the most important species recorded in this survey. Densities were 
relatively low compared to other locations in the Pacific Islands. 
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6.5 Triton shell (Charonia tritonis) 

 Charonia tritonis was less rare at Tongatapu (a few specimens recorded) than at many 
other sites studied in the Pacific Islands by PROCFish. Records of adults and juvenile 
specimens indicate the resource may be healthy.  

6.6 Reef habitat conditions  

 Tongatapu reef is dominated by a relatively high percentage of dead coral substratum. 
Live coral coverage was relatively low to moderate (20 per cent), which is typical for 
lagoonal reefs exposed to terrestrial influences.   
 

 In some areas dead coral was dominated by fragmented Acropora tabulate and 
consolidated rubble substratum, which may be inadequate to support greater aggregations 
due to their limited micro habitats for adult and juvenile trochus.  

 
 The purple-pinkish crustose coralline algae (CCA) cover ranged from moderate to high 

(20–30 per cent). It was more common at the central and eastern lagoon reefs. 
 

 The CCA rock is a valuable resource for Tonga; it is exported for the marine aquarium 
trade as a live rock product. The lagoon reefs of Ulanga Lalo and Ulanga Uta and the 
northern slope of the main middle fringing reef are the main collection areas. 
 

 Turbinaria ornata mat was common at Motutapu, Onevao, Makahaa and Ulanga Lalo. 
These algal mats could inhibit larval settlement and reduce the grazing surface for juvenile 
and adult trochus. Algal mats are efficient inhibitors of larval settlement of benthic 
communities (Helsingor 1988).  
 

 Soft coral was more common in the central and eastern reef slope areas. 
 

 Crown-of-thorns density was moderate in general although small aggregations were 
recorded on the lagoon reefs west of Atata. 

6.7 Water circulation  

 Water circulation patterns of Tongatapu lagoon clearly indicate the involvement of tides 
and wind- and wave-induced current in the western flow of water into a pool of weak 
currents in the central lagoon region in front of Nukualofa covering the area of Atata, 
Polaa, Ulanga Lalo, Pangaimotu, and the rest of middle reefs. 

 
 The circulation model provides a clear indication of the relationship between current 

movement patterns and the distribution of trochus population and size in the lagoon.  
 

 Local retention of larvae around reefs or within reef groups is critically dependent on 
current strength, as fast-moving current weakens the fall of larvae to the bottom (Black et 
al. 1990). The aquatic larval life of Trochus niloticus of 3 to 5 days is long enough to drift 
across the lagoon from the east to west and be offloaded in the central location at the 
region of slower water speed. This indeed explains aggregations at the western and central 
regions; they are the ‘sink’ for recruitment coming from the ‘source’ at the eastern region 
of Fukave. 
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 Four fisheries staff members (Tuikolonga'hau Aalafihi, Tala'ofa Loto'ahea, Sione Mailau, 

and Martini Finau) have been trained on the standardised SPC invertebrate resource 
assessment surveys. The four officers are able to conduct independent invertebrate 
resource assessments in Tonga. 
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7. Recommendations  

7.1 Trochus (Trochus niloticus) 

 The trochus resource in Tonga is a young population with potential to spread to more reefs 
in the lagoon and the reefs of the main island. Maximum time should be given for the 
resource to develop into maturity as a fishery. Only 12 years have passed since 
introduction; a minimum of 20 years are required before its fishery potential can be 
assessed.  
 

 Any form of fishing or sale of shells at this stage will not help the spread of the species 
and instead will hamper accumulation of the stock. Effort should be made to educate the 
community and encourage community members to assist in protecting trochus, and any 
form of harvesting and selling of shells should be discouraged.  

 
 Public awareness and education are urgently required to inform fishers about preserving 

trochus. This could be achieved through posters, newspaper articles, radio and television 
ads and billboard notices placed at the main beaches.  

 
 Trochus shell should not be offered for sale as souvenirs — even dead shells — as this 

would indicate to the fishers that the resource has been officially opened for harvest. 
 

 Development of management regulations, such as a ban on the collection of trochus and 
green snail for meat or for sale, is necessary to give maximum protection to the animals. 
This regulation and its enforcement are a matter of priority. Legislation on minimum or 
maximum harvest sizes should be developed as a priority before the fishery opens in the 
future.  

 
 Authorities should consider moving spawners from some of the aggregations in the 

western sector (Atata reef) to areas that have not received recruitment or where 
recruitment has been slow. Some of these areas are the outer and inner lagoon reefs of the 
eastern barrier reef (from Fukave to Tau), as the dominant westerly flow would make it 
impossible for larvae from the Fukave stock to disperse northward. The other reefs to 
consider for transplantation are Malinoa, the western barrier reef and the inner reefs at 
(Haatafu), and the southeastern end of Kolonga to increase the capacity of recruitment in 
these areas. 

 
 The resource at Euaiki, Eua, Haapai and Vavau need to be assessed to collect baseline 

data on the status of these resources. Tonga Department of Fisheries staff have been 
trained on the standardised invertebrate assessment protocols used by SPC (PROCFish) in 
this survey and it is important that the same assessment techniques be used in all other 
areas so that results can be compared. It would be useful to notify SPC in advance about 
plans to undertake such surveys so that advice can be provided if necessary to assist the 
local staff in planning.  

 
 Lack of available data on the reseeding activities conducted in Tonga from 1998 to 2003 

made it impossible to draw any conclusions about the juvenile reseeding programme. 
More organised data collection and record keeping on reseeding activities would be 
helpful in assessing their impact. Reseeding with hatchery produced trochus has not 
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delivered any results to suggest this method is useful for establishing a trochus breeding 
stock.  

 
 Trochus was present around the edges at Ulanga Lalo (one of the main reseeding sites), 

while none was recorded at the reef flat zone despite a good habitat. Ulanga Lalo is one of 
the prime live rock collection sites in Tongatapu. It would be of benefit to look into the 
removal of rocks and the impact this has on juvenile trochus settlement. Perhaps this 
activity has some effect on trochus recruitment on the reef flat; studies on this could 
provide useful results. 

7.2 Green snail (Turbo marmoratus) 

 The main green snail release sites at Euaiki and Vaini Liku were not assessed in the 
survey. Early monitoring assessments indicated survival of the new breeding stocks and 
natural recruitment. Assessments at the outer eastern lagoon rim of Tongatapu, Euaiki, 
Vaini Liku, Fukave, Eua and Haapai are recommended.   
 

 The reseeding programme for green snail collected some data that indicated survival of 
some hatchery produced green snails (unlike trochus), which can help the fishery 
department to determine the impact of the programme. These early data indicated that the 
reseeding programme may have contributed to the establishment of a breeding population. 
Surveys should be conducted in the main green snail sites to assess the status of the 
resources and the impact of the reseeding program. 

 
 Regulation to protect green snail should be developed along with those to protect trochus.  

7.3 Other invertebrate resources 

 Tridacna maxima stock at Tongatapu was depleted, urgent management attention is 
needed. 
 

 The sea cucumber resource of Tongatapu was relatively low in diversity and abundance 
and any commercial exploitation of these species is not advisable at this stage. It would be 
unsustainable to encourage or expect long-term harvest activities or an increase in harvest 
quantity.  

 
 Some species of sea cucumbers are harvested by subsistence fishers in Tongatapu, thus 

any planning for commercial fishing might consider reserving traditionally important 
species for local use. 

 
 Charonia tritonis has become a rare species in many areas in the Pacific. A few specimens 

were recorded at Tongatapu, including adults and juveniles, indicating the stock might be 
relatively healthy. Existing size limitations should continue to be enforced to control 
taking of juveniles. 

 
 Sea hare (Dolabella sp. — locally named mulione) is a local delicacy, and almost all parts 

of the animal (gonads, vicera and flesh) are consumed. No dedicated assessment was 
made for this resource, but juveniles were detected at additional soft bottom assessments 
at Haatafu.  
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 Tongatapu reef has sufficient loose dead coral rocks (rubble-boulders) with good growth 
of CCA, which are good live rock products for the aquarium live rock trade. The current 
stock of loose live rock could support moderate export activity by one or two export 
operators. Increased production over the longer term would be unsustainable. The stock of 
loose live rock at some of the lagoon patch reefs, such as Ulanga Lalo, Malinoa and 
Ulanga Uta, may not be large enough to sustain long-term harvests; these sites could 
support mariculture activities for live rock in the future.  

7.4 Coral reef environment 

 Crown-of-thorns starfish clean-up is recommended for the moderate population on the 
reef west of Atata before the population increases. Monitoring is recommended for the 
whole lagoon to assess crown-of-thorns starfish status. 
 

 Mats of fleshy algal bloom, especially Turbinaria ornate, were present in some of the 
good trochus reefs. These mats occupy potential space for adult gastropods and prevent 
larvae from settling, which affects recruitment of gastropods. Algal bloom is a natural 
seasonal event and little can be done about it except to be aware of its potential 
detrimental effect on trochus abundance and recruitment. 
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Tongatapu invertebrate survey appendices 
 
Appendix 1. Invertebrate species recorded in Tongatapu 
 

 Group Species Reef benthos Others 

Bêche-de-mer Actinopyga lecanora + + 

Bêche-de-mer Actinopyga mauritiana + + 

Bêche-de-mer Actinopyga miliaris  + 

Bêche-de-mer Bohadschia argus + + 

Bêche-de-mer Bohadschia vitiensis + + 

Bêche-de-mer Holothuria atra + + 

Bêche-de-mer Holothuria edulis + + 

Bêche-de-mer Holothuria fuscopunctata  + 

Bêche-de-mer Holothuria leucospilota + + 

Bêche-de-mer Holothuria nobilis + + 

Bêche-de-mer Stichopus chloronotus + + 

Bêche-de-mer Stichopus horrens  + 

Bêche-de-mer Thelenota ananas  + 

Bivalve Pinctada margaritifera + + 

Bivalve Tridacna maxima + + 

Bivalve Tridacna squamosa  + 

Cnidarians Stichodactyla sp. + + 

Gastropod Astralium sp. + + 

Gastropod Charonia tritonis  + 

Gastropod Conus sp. + + 

Gastropod Conus textile +  

Gastropod Conus vexillum + + 

Gastropod Cypraea arabica +  

Gastropod Cypraea caputserpensis + + 

Gastropod Cypraea sp.  + 

Gastropod Cypraea tigris + + 

Gastropod Drupella sp + + 

Gastropod Lambis crocata  + 

Gastropod Lambis lambis  + 

Gastropod Lambis truncata  + 

Gastropod Latirolagena smaragdula + + 

Gastropod Ovula ovum + + 

Gastropod Pleuroploca filamentosa + + 

Gastropod Pleuroploca trapezium +  

Gastropod Tectus pyramis + + 

Gastropod Thais aculeata + + 

Gastropod Thais sp. +  

Gastropod Trochus niloticus + + 

Gastropod Trochus sp. +  

Gastropod Turbo argyrostomus + + 

Gastropod Turbo chrysostomus +  

Gastropod Turbo crassus + + 

Gastropod Turbo marmoratus  + 

Gastropod Turbo setosus + + 

Gastropod Tutufa rubeta + + 

Gastropod Vasum ceramicum + + 

Star Acanthaster planci + + 
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Appendix 1. Invertebrate species recorded in Tongatapu (continued) 
 

Group Species Reef benthos Others 

Star Culcita novaeguineae + + 

Star Linckia laevigata + + 

Urchin Diadema sp. + + 

Urchin Echinometra mathaei + + 

Urchin Echinothrix calamaris + + 

Urchin Echinothrix diadema + + 

Urchin Heterocentrotus mammillatus + + 

Urchin Tripneustes gratilla + + 
 
+ = presence of the species. 
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Appendix 2. Tongatapu reef-benthos transect (RBt) assessment data review 
Station: Six 1 m x 40 m transects. 

Species 
Transect Transect _P Station Station _P 
Mean SE n Mean SE n Mean SE n Mean SE n 

Acanthaster planci 6.3 3.1 159 250.0 0.0 4 6.4 3.8 26 55.6 13.9 3 

Actinopyga lecanora 1.6 1.6 159 250.0  1 1.6 1.6 26 41.7  1 

Actinopyga mauritiana 22.0 7.2 159 318.2 48.7 11 21.9 10.1 26 81.3 27.8 7 

Astralium sp. 17.3 6.4 159 305.6 55.6 9 17.6 8.1 26 76.4 22.6 6 

Bohadschia argus 72.3 17.6 159 479.2 75.1 24 73.2 29.3 26 126.9 46.6 15 

Bohadschia vitiensis 12.6 5.4 159 333.3 52.7 6 12.3 6.4 26 79.9 19.9 4 

Conus sp. 34.6 8.2 159 305.6 25.2 18 35.3 10.8 26 91.7 16.2 10 

Conus textile 1.6 1.6 159 250.0  1 1.6 1.6 26 41.7  1 

Conus vexillum 7.9 4.1 159 312.5 62.5 4 8.0 5.2 26 69.4 27.8 3 

Culcita novaeguineae 9.4 4.4 159 300.0 50.0 5 9.6 6.7 26 83.3 41.7 3 

Cypraea arabica 1.6 1.6 159 250.0  1 1.6 1.6 26 41.7  1 

Cypraea caputserpensis 1.6 1.6 159 250.0  1 1.6 1.6 26 41.7  1 

Cypraea tigris 7.9 3.5 159 250.0 0.0 5 8.0 3.3 26 41.7 0.0 5 

Diadema sp. 70.8 33.5 159 1 125.0 427.0 10 72.1 39.3 26 375.0 147.3 5 

Drupella sp 1.6 1.6 159 250.0  1 1.6 1.6 26 41.7  1 

Echinometra mathaei 759.4 192.0 159 2 808.1 613.2 43 773.0 345.8 26 1 339.8 561.9 15 

Echinothrix calamaris 17.3 15.8 159 1 375.0 1 125.0 2 17.6 16.0 26 229.2 187.5 2 

Echinothrix diadema 39.3 11.9 159 416.7 75.9 15 40.1 18.7 26 173.6 54.2 6 

Heterocentrotus mammillatus 635.2 113.4 159 1 463.8 225.8 69 633.5 216.0 26 915.1 289.7 18 

Holothuria atra 415.1 50.9 159 835.4 77.7 79 393.2 78.0 26 425.9 81.0 24 

Holothuria edulis 1.6 1.6 159 250.0  1 1.6 1.6 26 41.7  1 

Holothuria leucospilota 47.2 16.4 159 625.0 135.9 12 48.1 31.0 26 178.6 104.7 7 

Holothuria nobilis 4.7 3.5 159 375.0 125.0 2 4.8 4.8 26 125.0  1 

Latirolagena smaragdula 6.3 3.1 159 250.0 0.0 4 6.4 3.8 26 55.6 13.9 3 

Linckia laevigata 25.2 7.8 159 363.6 39.4 11 25.6 12.0 26 95.2 33.7 7 

Ovula ovum 4.7 3.5 159 375.0 125.0 2 4.8 3.5 26 62.5 20.8 2 

Pinctada margaritifera 3.1 2.2 159 250.0 0.0 2 3.2 3.2 26 83.3  1 

Pleuroploca filamentosa 3.1 3.1 159 500.0  1 3.2 3.2 26 83.3  1 
Mean = mean density (numbers/ha); _P = result for transects or stations where the species was located during the survey; n = number of individuals; SE = standard error.   
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Appendix 2. Tongatapu reef-benthos transect (RBt) assessment data review (continued) 
Station: Six 1 m x 40 m transects. 
 

Species 
Transect Transect _P Station Station _P 
Mean SE n Mean SE n Mean SE n Mean SE n 

Pleuroploca trapezium 4.7 4.7 159 750.0  1 3.2 3.2 26 83.3  1 

Stichodactyla sp. 11.0 4.7 159 291.7 41.7 6 11.2 4.4 26 48.6 6.9 6 

Stichopus chloronotus 199.7 41.8 159 756.0 123.6 42 184.8 66.3 26 320.4 102.5 15 

Tectus pyramis 53.5 10.5 159 326.9 26.9 26 52.9 12.1 26 91.7 14.2 15 

Thais aculeata 1.6 1.6 159 250.0  1 1.1 1.1 26 27.8  1 

Thais sp. 3.1 3.1 159 500.0  1 3.2 3.2 26 83.3  1 

Tridacna maxima 33.0 8.4 159 328.1 29.9 16 33.7 8.3 26 67.3 10.1 13 

Tripneustes gratilla 4.7 2.7 159 250.0 0.0 3 4.8 2.7 26 41.7 0.0 3 

Trochus niloticus 106.9 24.3 159 566.7 89.6 30 109.0 37.7 26 236.1 65.3 12 

Trochus sp. 1.6 1.6 159 250.0  1 1.6 1.6 26 41.7  1 

Turbo argyrostomus 7.9 3.5 159 250.0 0.0 5 6.9 4.0 26 60.2 12.2 3 

Turbo chrysostomus 1.6 1.6 159 250.0  1 1.6 1.6 26 41.7  1 

Turbo crassus 15.7 6.6 159 357.1 74.3 7 16.0 6.6 26 69.4 13.9 6 

Turbo setosus 12.6 5.4 159 333.3 52.7 6 11.8 6.9 26 76.4 30.3 4 

Tutufa rubeta 1.6 1.6 159 250.0  1 1.6 1.6 26 41.7  1 

Vasum ceramicum 4.7 3.5 159 375.0 125.0 2 4.8 4.8 26 125.0  1 
Mean = mean density (numbers/ha); _P = result for transects or stations where the species was located during the survey; n = number of individuals; SE = standard error. 
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 Appendix 3. Tongatapu mother-of-pearl transect (MOPt) assessment data review 
Station: Six 1 m x 40 m transects. 
 

Species 
Transect Transect _P Station Station _P 
Mean SE n Mean SE n Mean SE n Mean SE n 

Actinopyga lecanora 2.3 1.6 111 125.0 0.0 2 2.6 1.8 16 20.8 0.0 2 

Actinopyga mauritiana 7.9 4.6 111 291.7 41.7 3 9.1 9.1 16 145.8  1 

Actinopyga miliaris 2.3 1.6 111 125.0 0.0 2 2.6 1.8 16 20.8 0.0 2 

Astralium sp. 1.1 1.1 111 125.0  1 1.3 1.3 16 20.8  1 

Bohadschia argus 1.1 1.1 111 125.0  1 1.3 1.3 16 20.8  1 

Charonia tritonis 2.3 1.6 111 125.0 0.0 2 2.6 1.8 16 20.8 0.0 2 

Conus sp. 1.1 1.1 111 125.0  1 1.3 1.3 16 20.8  1 

Diadema sp. 20.3 8.2 111 321.4 60.1 7 21.3 13.7 16 113.4 47.5 3 

Drupella sp 2.3 1.6 111 125.0 0.0 2 1.7 1.7 16 27.8  1 

Echinothrix calamaris 1.1 1.1 111 125.0  1 0.9 0.9 16 13.9  1 

Echinothrix diadema 27.0 10.0 111 272.7 67.0 11 26.5 12.8 16 105.9 21.5 4 

Heterocentrotus mammillatus 38.3 15.6 111 531.3 124.4 8 43.8 29.3 16 175.3 97.4 4 

Holothuria atra 2.3 2.3 111 250.0  1 2.6 2.6 16 41.7  1 

Holothuria edulis 4.5 2.7 111 166.7 41.7 3 5.2 5.2 16 83.3  1 

Lambis lambis 3.4 2.5 111 187.5 62.5 2 3.9 2.8 16 31.3 10.4 2 

Ovula ovum 6.8 4.8 111 250.0 125.0 3 5.6 3.7 16 30.1 12.9 3 

Pinctada margaritifera 1.1 1.1 111 125.0  1 1.3 1.3 16 20.8  1 

Stichodactyla sp. 3.4 2.5 111 187.5 62.5 2 3.9 3.9 16 62.5  1 

Stichopus chloronotus 7.9 4.3 111 218.8 59.8 4 8.2 6.6 16 66.0 38.2 2 

Thelenota ananas 1.1 1.1 111 125.0  1 1.3 1.3 16 20.8  1 

Tridacna maxima 7.9 4.3 111 218.8 59.8 4 6.9 4.2 16 37.0 12.2 3 

Trochus niloticus 573.2 64.6 111 655.9 70.1 97 536.9 110.2 16 536.9 110.2 16 

Turbo crassus 3.4 2.5 111 187.5 62.5 2 3.0 2.1 16 24.3 3.5 2 

Turbo marmoratus 1.1 1.1 111 125.0  1 1.3 1.3 16 20.8  1 

Turbo setosus 4.5 3.6 111 250.0 125.0 2 3.5 3.5 16 55.6  1 

Tutufa rubeta 1.1 1.1 111 125.0  1 0.9 0.9 16 13.9  1 

Vasum ceramicum 1.1 1.1 111 125.0  1 1.3 1.3 16 20.8  1 
Mean = mean density (numbers/ha); _P = result for transects or stations where the species was located during the survey; n = number of individuals; SE = standard error. 
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Appendix 4. Tongatapu species size review — all survey methods 
 
Species Mean length (cm) SE N total N measured 

Trochus niloticus 9.5 0.1 1126 698 

Holothuria atra 24.9 1.3 523 41 

Actinopyga mauritiana 18.9 0.8 33 24 

Tectus pyramis 8.0 0.2 114 24 

Bohadschia argus 24.5 1.8 160 17 

Tridacna maxima 14.3 1.5 80 14 

Stichopus chloronotus 16.5 1.3 382 7 

Vasum ceramicum 9.8 0.5 10 6 

Holothuria fuscopunctata 40.3 4.2 8 6 

Turbo argyrostomus 5.1 0.0 16 5 

Holothuria nobilis 25.0 3.3 13 4 

Cypraea tigris 8.1 0.4 7 4 

Pinctada margaritifera 12.3 2.2 9 3 

Turbo crassus 8.9 3.1 19 2 

Turbo setosus 4.8 0 23 1 

Ovula ovum 9.7 0 21 1 

Conus vexillum 7 0 8 1 

Tutufa rubeta 23 0 7 1 

Actinopyga lecanora 20 0 5 1 

Turbo marmoratus 14 0 1 1 

Heterocentrotus mammillatus   675 0 

Echinometra mathaei   526 0 

Diadema sp.   117 0 

Echinothrix diadema   81 0 

Stichodactyla sp.   72 0 

Conus sp.   45 0 

Holothuria leucospilota   39 0 

Holothuria edulis   29 0 

Linckia laevigata   28 0 

Acanthaster planci   26 0 

Culcita novaeguineae   23 0 

Astralium sp.   18 0 

Lambis lambis   13 0 

Echinothrix calamaris   12 0 

Bohadschia vitiensis   10 0 

Lambis crocata   5 0 

Tripneustes gratilla   5 0 

Latirolagena smaragdula   5 0 

Thelenota ananas   4 0 

Charonia tritonis   4 0 

Pleuroploca trapezium   3 0 

Drupella sp   3 0 

Pleuroploca filamentosa   3 0 

Thais aculeata   3 0 

Thais sp.   2 0 

Cypraea caputserpensis   2 0 

Actinopyga miliaris   2 0 

Turbo chrysostomus   1 0 



 60

Appendix 4. Tongatapu species size review — all survey methods (continued) 
 
Species Mean length (cm) SE N total N measured 

Cypraea arabica   1 0 

Trochus sp.   1 0 

Cypraea sp.   1 0 

Lambis truncata   1 0 

Stichopus horrens   1 0 

Tridacna squamosa   1 0 

Conus textile   1 0 
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Appendix 5. Habitat descriptors for independent assessments – Tongatapu 
 

 
 


