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Abstract 

Trochus niloticus (Linnaeus) is a tropical marine gastropod that is of significant economic 

importance among the poorer maritime states of the IndoPacific region. This study was done 

to: 

• detennine patterns of T. niloticus settlement and movement within a reef system 

• make observations of predators and their impact on juvenile T. niloticus 

• develop a novel packaging method to maintain juvenile T. niloticus in good condition 

during transit. 

A small reef system in the north of West Australia was divided into six distinct habitats in 

which a total of 123 T. niloticus, at an overall density ofO.58/m 2, were found over a 12 

month period. 
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A substrate in the inner reef, composed of Porites nigrescens and Thalassia hemprichii, was 

identified as a nursery habitat where 95% ofthe T. niloticus found (density 0.46/m2) had a 

shell width < 30 mm (range 4-30 mm; mean 13.9 rom). T. niloticus were found in significant 

numbers in only three other habitats, where 91 % had a shell width> 30 rom. T. niloticus were 

shown to gain a high degree of size refuge from Thalamita crenata and Gonodactylus sp. 

when they grew to a shell width of25-30 mm. 

Observations of predators suggested that the principal benthic predators of juvenile T. 

niloticus are Morula margariticola, Thalamita crenata and Gonodactylus sp. The principal 

pelagic predator appeared to be Choerodon cyanotus. Each of these predators has a distinctive 

method of hunting and breaking open T. niloticus that left a characteristic damage pattern on 

the shell remnants. 

The common defence used by T. niloticus was a 'drop response'-when a T. niloticus was 

touched, it released its grip and dropped into the substrate. When attacked by 

M. margariticola, however, T. niloticus employed a range of defence measures including 

flight, passive defence (gripping the substrate firmly and relying on the strength of its shell) 

and active defence (rapidly spinning its shell in a slashing motion). 



The survival rate of juvenile T niloticus after long periods in transit (> 24 hours) was 

improved by packing them upright on a solid substrate in rigid containers. 

vi 

This study is significant because it has identified a specific habitat for juvenile T niloticus 

and linked the choice of that habitat to predator foraging behaviour. Applying this knowledge 

to future T niloticus reseeding projects will reduce mortality from predation and ensure that 

the juvenile T niloticus are placed in the most advantageous environment for their survival. 

The use ofthe packaging method described in this study should also reduce mortality rates 

suffered as a result of juvenile T niloticus being in transit for long periods of time. 
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1.1: Preamble 

Chapter 1 

Introduction 

The inshore fishing practices of many developing maritime nations are unsustainable due to 

overfishing and the use of destructive fishing practices (Amos, 1997; Burhanuddin, 1997; 

Crowe et ai. 1997). Recently there has been a shift in inshore fishing from subsistence to 

commercial, which has paralleled a decline in demand for traditional agricultural crops 

(Amos, 1997). Fishing practices and management have often not kept pace with this shift, 

resulting in overfishing and a decline in the catch of commercial species (Heslinga and 

Hillmann, 1981; Salvat, 1981; Siddall and Creswell, 1982; Dwiono et aI., 1995; Amos, 1997; 

Burhanuddin, 1997). 

If small nations and communities are to gain lasting benefit from their marine resources there 

is an urgent need to develop sustainable fisheries backed by effective management (Nash, 

1989; Arafin and Puwati, 1993; Bertram, 1995;). Locally traditional law, such as Sasi in 

Indonesia (Burhanuddin, 1997; Dangeubun, 1997; Pradina et aI., 1997), may exert some 

control over local fishers (Jimmy, 1995), but in many cases mass migration and mobile 

populations have blurred traditional clan or tribal boundaries and limited the effectiveness of 

traditions. Moreover, the pressure on some fisheries is increased by imported capital or over

capitalisation, requiring unsustainably large catches and high returns to payoff (Amos, 1997). 

Because technical and financial resources are usually limited in these communities, fisheries 

and fishery products which neither rely on high levels oftechnology nor require large cash 

outlays are appropriate (Bour, 1990, 1992; Nash et aI., 1995). Where strong traditions are 

involved, local cultural values need also to be taken into account when assessing the viability 

and management options of a particular fishery (Clarke and Ianelli, 1995; Jimmy, 1995; Nash 

et aI., 1995). 

1.2: Trochus niloticus 

One species which has been recognised as suitable for remote fishery (Amos, 1991 c; Magro, 

1997d) is the large marine gastropod Trochus niloticus (Linnaeus), commonly known as the 



'topshell' or 'trochus shell'. There are several species of Trochus, of which only Trochus 

niloticus is considered commercially significant. In this thesis it will be referred to either as 

'Trochus niloticus' or simply 'trochus' . 

2 

Trochus is harvested for its shell, which contains high quality nacre used in the manufacture 

of fashion accessOlles, primarily pearl buttons (Sa1vat, 1981; Carleton, 1984: Bour and Gobin, 

1985; Amos, 1997; Burhanuddin, 1997) but also including jewellery and souvenirs 

(Plate.I.1). The remains of the shells are ground up and used as a component in automotive 

paint (Burhanuddin, 1997). 

Plate 1.1: Trochus products as sold to the tourist and fashion industries in Broome. 

The level of technology involved in shell preparation is extremely low-normally the shells 

are prepared for sale by boiling to remove all traces of flesh and stored in bags, sometimes for 



long periods without any special conditions, before being sent to market (Glucksman and 

Lindholm, 1982). 

Trochus meat is sometimes eaten in trochus fishing areas (Amos,1997; Burhanuddin, 1997) 

and appears to have a small developing market, but the capacity for remoter communities to 

participate in this market is often limited (personal observations). Boiling renders the meat 

unsaleable and if the meat is extracted raw it must be cleaned, packed and kept chilled or 

frozen until it reaches the markets-processes requiring technology often out ofthe reach of 

isolated communities. 
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Trochus niloticus was first described by Aldrovandus in 1606, but he confused it with another 

gastropod which had been found in the Nile River, hence the name niloticus. Since 

Aldrovandus it has been given several other names (BoUT, 1990): 

Trochus spinosus 

Trochus flammeus 

Trochus zebra 

Trochus marmoratus 

Astralium pagodus 

Trochus montebelloensis 

Today the accepted taxonomic classification is: 

Phylum: Mollusca 

Gmelin, 1791 

Bolten, 1798 

Perry, 1811 

Lamark, 1822 

Wood, 1879 

Preston, 1914 

Class: Gastropoda 

Sub-class: Prosobranchia 

Order: Archaeogastropoda 

Super-family: Trochacea 

Family: Trochidae 

Genus: Trochus 

Species: niloticus 

The natural distribution ofthe trochus is from Sri Lanka in the west, to the Fijian Islands in 

the east, and from the Ryuku Islands in the north to the Great Barrier Reef in the south. In the 

decade before the Second World War the Japanese Fisheries Department successfully 

introduced trochus breeding stock to many of the Micronesian islands, principally the 
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Mariana Islands, Truk and the Marshal Islands (Bour, 1987, 1990). In the late 1950's trochus 

were successfully introduced to the Cook Islands, Samoa, Tonga and Society Islands, and in 

the mid 1980's to Tuvalu and Tokelau (Fig. 1.1) (Gillett, 1986a,b; 1989, 1993). The trochus 

fishery now forms a significant part of the local economies in most areas of its range (Nash et 

aI., 1995; Amos, 1997). 

Figure 1.1: Translocations of trochus brood stock within the Western Pacific. (From Bour, 

1990). The striped areas show the natural range oftrochus. 



Before WWII trochus were heavily exploited, mostly for buttons and inlay. With the advent 

of war in the Pacific the fishery declined to almost nothing, allowing stocks to recover. After 

the Second World War there was a brief resurgence in the fishery, but by the mid 1950's 

improvements in technology saw plastic take over the button trade almost entirely and the 

fishery once again all but ceased. 
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Over the last twenty years or so, the use of natural products has become fashionable and there 

has been a corresponding increase in interest in the use of natural pearl-shell buttons. This 

has driven the value of the trochus shell up steeply and resulted in an increased fishing effort 

which has placed considerable pressure on trochus stock (Bouchet and Bour, 1980; Bour, 

1987; Burhanuddin, 1997; Gillespie, 1997; Magro, 1997; Ostle, 1997). 

In most countries or states which produce trochus shell there has been an imposition of size 

limits as a means to regulate the fishery. Examples of size restrictions are shown in Table 1.1. 

Table 1.1: Size restriction imposed by countries and states which participate in the trochus 

fishery (from Amos, 1997). Trochus size is determined by the shell's maximum basal width. 

Country 

Papua New Guinea 

Solomon Islands 

Chuuk 

Kosrae 

Pohnpei 

Yap 

Palau 

Fiji 

Cook Islands 

French Polynesia 

Vanuatu 

New Caledonia 

mImInum SIze 

6.35cm 

6.35 em 

7.62 em 

7.62 em 

7.62 cm 

7.62 em 

7.62 em 

8.89 em 

8.0cm 

8.0cm 

9.0cm 

9.0cm 

maximum size 

15.24 em 

10.16 em 

10.16 em 

11.0 em 

11.0 em 

12.0 em 



In some cases additional management tools are employed ( Shokita et aI., 1991), such as: 

• a restricted fishing season, eg Palau (1 month season) 

• sanctuaries, eg Palau 

• restrictions on technology, eg West Australia (hand picking only) 

Trochus habitat extends from the intertidal zone to a depth of at least 24 meters (McGowan, 

1957). The habitable depth appears to be determined principally by the clarity of water 

allowing light penetration to maintain the algal growth on which the trochus graze. The 

optimum habitat range was detennined by Heslinga et al. (1984) as being in the top 7 meters 

of the water column. Traditional harvesting methods exploit this region by hand picking on 

exposed reef flats at low tide and free diving onto shallow reef slopes (Appukuttan, 1979; 

Heslinga et al. 1984). Free diving is physically very demanding, hence it is not an attractive 

option when trochus numbers drop and the ratio of catch per unit effort becomes low. 

Recently there has been an increase in the use of modem diving equipment enabling longer 

and deeper dives and allowing divers to search more thoroughly for trochus. This has 

increased catch per unit effort, which in turn has led to overfishing in some regions. 

1.3: The West Australia (King Sound) Fishery 

In the King Sound region of north western Australia, where the research for this thesis was 

carried out, trochus fishing originated with the mission station on Sunday Island which used 

trochus to augment its income. After the mission closed in the early 1960' s, the new 

settlement of One Ann Point was established and the trochus fishery resumed by the local 

Bardi people. The Bardi Aboriginal Association Council continues to hold the main 

harvesting authorisation and issues licences to individuals, for whom trochus provides the 

principal source of employment and non welfare income (Ostle, 1997). Monthly records of 

catches have been kept since January 1981 (Magro, 1997b), but prior to this time records are 

scarce or non-existent. Although Ostle (1997) states that there was a break in trochus fishing 

of approximately 40 years prior to 1979, when the current fishery was deemed to have 

commenced (Magro, 1997b), many people in the community claim to have been fishing 

trochus all their lives (personal communications from local fishers, 1995-98), It seems likely 

that the fishery has been more or less continuous, albeit at a low level at some times. 

6 
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Harvesting methods have remained constant (Ostle, 1997) with only hand picking from 

exposed reef permitted, but improvements in transport brought about by light aluminium 

boats and high-powered outboard motors have meant that more reefs can be reached and 

fished in a shorter time. As reefs close to the community become depleted (Magro, 1997 c), 

outer reefs are fished in a radius limited only by the seamanship of the fisher and the amount 

of fuel that can be carried. A minimum size restriction of 65 mm was proclaimed by 

legislation in 1970 (Commonwealth Gazette of 1970, from Magro, 1997b). This was revised 

to 76 mm in 1983, but reduced again to 65 mm a year later and at the same time an upper size 

limit of 100 mm was imposed. These size restrictions remain in place. 

Declining catches from the King Sound trochus fishery appear to indicate that it is being 

overfished (Magro, 1997c; Ostle, 1997). There was a dramatic drop from 135 tonne in 1980 to 

only 9 tonne in 1983, but this decline may have been due as much to a decline in the 

participation rate (from an average of29 fishers per month in 1980 to 4.4 in 1983) as to a 

decline in stocks. There is no way of knowing whether the poor catch resulted from the poor 

participation rate, or the poor participation resulted from the poor catch, but possible 

scenarios for this period are: 

• increased effort required to harvest declining stocks dissuaded less enthusiastic fishers 

• declining stocks on close reefs forced out those without access to a suitable boat 

• social pressures within the community limited the number oflicensed participants 

Declining stock has been noted'by many local fishers (Ostle, 1997; personal communications 

from fishers, 1995-98), an observation apparently borne out by a steady decline in the catch 

per unit effort (Magro, 1997c) since 1985. Fishers generally report that they have to travel 

further now than they did a few years ago to obtain a viable catch. To be viable the catch from 

outer reefs must be proportionally larger to offset the increased costs in fuel and time. Despite 

recognition of declining stocks, there is strong local resistance (rooted indirectly in culture 

and directly in the micro-economy of the community) to management by closure of areas, 

closed seasons or raising the minimum size limit (personal communications from fishers, 

1995-98). 

A possible way to overcome these objections and still maintain the fishery at the current 

levels is by reseeding reefs with hatchery-reared juveniles (Crowe et aI., 1997). Reseeding has 

been used in other fisheries with varying degrees of success (Flagg and Malouf, 1983; Schiel, 



1989, 1992; Stoner, 1994; Stoner and Davis, 1994). The principal problems encountered in 

reseeding programs appear to be predation on reseeded stock (Schiel and Welden, 1987; 

Kubo, 1989; Isa, 1991; Ray and Stoner, 1994), a lack of fitness in reseeded stock (Ray et aI., 

1994) and placing stock into unsuitable habitats (Yamaguchi, 1990; Castell, 1997). 

In 1995 a project to investigate the viability of reseeding trochus was instigated at the 

Northern Territory University under the auspices of the Australian Centre for International 

Agricultural Research (ACIAR) and co-ordinated by Dr Chan Lee ofthe NTU. The project 

involved co-operative research teams from: 

• Northern Territory University (NTU), Darwin, Australia 

• Universitas Nusa Cendana (UNDANA), Kupang, Indonesia 

• Universitas Pattimurra (UNP ATTI), Ambon, Indonesia 

• Fisheries Department, Port Vila, Vanuatu 

• R&D Centre for Oceanology, Guru - guru, Poka, Ambon, Indonesia. 

8 

Hatchery spawning and production oftrochus has been recorded since 1980 (Heslinga, 

1980a,b; Heslinga and Hillman, 1981; Nash, 1988a, 1989; Amos, 1991a; Kikutani and Patris, 

1991; Dobson, 1997; Lee and Amos, 1997; Sigit et aI., 1997). Simplified hatchery 

methodology using temperature shock to stimulate spawning in mature trochus (Lee, personal 

communication) has made trochus juveniles readily available for reseeding, but the costs of 

maintaining food for trochus juveniles in a hatchery is high and demand quickly out-strips 

supply (Lee, 1997). Lee estimates the cost of producing 1-3 mm trochus at 0.7 cents per 

juvenile, but the cost rises exponentially as the trochus grow. It is therefore important to 

determine the minimum size at which the trochus can be released to give the maximum 

economic benefit. 

The hatchery costs remain the same regardless of the survival rate of the reseeded stock once 

they have left the hatchery, therefore the cost per successfully established animal becomes 

higher as the mortality rate increases. Past experience has shown a generally poor to mediocre 

survival rate for reseeded trochus juveniles (Heslinga et aI., 1983a; Hoffschir et aI., 1989; 
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Kubo, 1989, 1991; Hoffschir, 1990; Amos, 1991b, 1995a; Kikutani, 1991; Castell, 1995; 

Crow et aI., 1997). It has been found that survival is higher for reseeded trochus larger than 

about 20 mm (Kubo, 1991; Castell, 1995), but at this size there is the danger that the hatchery 

costs will be higher than the returns from the harvested animals. The economics are improved 

by gaining the maximum survival rate in the reseeded stock. 

1.4: Aims 

This thesis investigates three aspects integral to the survival of reseeded trochus: 

• Determine the natural preferred habitat for juvenile trochus. 

• Assess the impact of predation on reseeded trochus stock. 

• Study ways to improve the condition of reseeded trochus by reducing stress during 

transportation. 

These are described in more detail below. 

1: The natural preferred habitat for juvenile trochus 

Larger juveniles (>30 mm shell width) appear to prefer a different habitat to smaller juveniles 

(Castell, 1995), but few juveniles < 30 mm have been found and there is little known of the 

natural habitat (Heslinga et al., 1984; Nash, 1985a,b; Kubo, 1991: Castell, 1995). A 

monitoring program carried out in a range of habitats within a reef system where juvenile 

trochus have been seen may detennine if there is specific habitat favoured by juvenile trochus. 

If such a habitat exists, it may be utilised for reseeding and possibly improve survival. 

Studies will be done to attempt to determine the natural, preferred habitat of different sizes of 

juvenile trochus and describe migration patterns between habitats. 

2: Predation on juvenile trochus 

Predation is believed to be an important factor in the failure of many reseeding experiments 

(Kikutane, 1991; Kubo, 1991; Amos, 1995a; Castel, 1997). Personal observations on the reefs 



in north west Australia have shown that a range of predators, both benthic and pelagic, 

actively prey on reseeded juvenile trochus. The impact of predation appears to be a major 

factor in limiting the potential success of reseeding programs in this area and a better 

understanding of the predators involved may improve the success rate. 

Studies will be done to attempt to assess the impact of a range of predators on juvenile 

trochus in West Australian waters. From observations of predators, I will present possible 

ways to lessen the effects of predation on reseeding. 

3: Packing techniques which mitigate stress on juvenile trochus during transport 
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Stress may weaken animals, making them easier targets for predators (Rayet aI., 1994) and 

increasing mortality. Many reseeding sites are remote from the hatchery and long periods in 

transit can induce high levels of stress. The current method used to pack juvenile trochus uses 

plastic bags inflated with oxygen, but there has been a high rate of mortality (personal 

observation) associated with this method of packing. When the trochus were unpacked, they 

were often in poor condition and those that survived were frequently slow to become active, 

indicating a stressed condition. 

Studies will be done to attempt to determine methods of packing juvenile trochus that allows 

them to remain reasonably stress free when packed for periods of up to 36 hours. 



Chapter 2 

Site Description 

2.1: Introduction 

In this chapter I will present some background to the trochus fishery in North Western 

Australia, describe the areas in which this research project was carried out and present 

detailed descriptions of the physical and environmental conditions at the main study site at 

Guangan reef on Sunday Island, King Sound. These descriptions will be referred to in later 

chapters when describing the settlement of and predation on reseeded trochus juveniles. 
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In Australia trochus occur in northern Queensland and north western West Australia. All sites 

used in this study were located in the Kimberley region of north western Western Australia. 

This area is remote by any standards (Figure 2.1) with only four towns-Broome, the largest 

centre with a population of 10,500 people, Derby, Wyndham and Kunnunurra. The Kimberley 

region has a total popUlation of26,500 people (Australian Bureau of Statistics, personal 

communication, 1999) in an area of 420,000 km2, almost twice the size ofthe United 

Kingdom. Outside of the towns, the population is sparsely distributed among pearl farms, 

mining camps and predominantly Aboriginal communities ofless than 500 people. 

The climate ofthe region is wet-dry tropical, with a wet monsoon season lasting from 

November to April and a dry season from May to October. A detailed description of the 

climate is given in section 2.2.1. 

The remoteness ofthe sites had both advantages and disadvantages for research. The principal 

advantage was that the lack of any pollutants and limited human interference. The principal 

disadvantage was the distance from the university in Darwin and the time and cost involved in 

regular travel to and from the field. 

Three sites were used in varying degrees for this research. Those sites were Troughton Island, 

Cunningham Point and Sunday Island (Figure 2.1). 
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2.1.1: Troughton Island 

Troughton Island was located amid a group of small, low lying, waterless rocky islands in 

generally shallow waters off the northern coast of Western Australia (latitude 13° 46'S; 

longitude 126° 09' E). The island covered an area of approximately 50 hectares and had a 

maximum elevation of three meters above sea level. There was no permanent surface water 

and vegetation was sparse. It was surrounded by extensive rocky reefs, had no lagoons and 

coral growth was limited to rock pools. Tidal range was up to eight meters (Australian 

National Tidal Tables) and tidal currents were strong, creating generally turbid water for most 

of the year. In the monsoon season the island was regularly swept by tropical storms. 

Summaries of weather patterns in the area are broadly applicable to Troughton Island. 

Broken Hill Proprietary (BHP) Oil Division had sole occupancy of the island which it used as 

a depot to service its oil rigs in the Timor Sea. BHP-chartered fixed wing flights operated to 

and from Darwin on a regular basis. There was a camp on the island that housed 

approximately 12 full-time personnel as well as transient visitors. BHP made these facilities 

and flights available to the ACIAR Trochus Project. This made Troughton Island uniquely 

accessible and, as no visitors are allowed on the island without BHP's pennission, completely 

secure. 

There was no physical evidence (live or dead shell) found to confinn that trochus existed on 

Troughton Island, but surveys by staff from the Museum of West Australia have found 

specimens on similar islands nearby (Lewes Island; Clay Bryce, W.A Museum, personal 

communication). 



Troughton Island proved ideal for studies on benthic predation because: 

• Prolific populations of several predatory benthic species were found on the reef flats 

around the island at low tide. 

• The proximity and accessibility of the reefs enabled easy observation and collection. 

• The reliable electricity supply meant that specimens could be kept on the island for long 

periods in aerated tanks 

• Reliable and comparatively quick (2.5 hours) transport to Darwin meant that specimens 

arrived in good condition. 

• Travel to and from the island could be made at short notice and with a minimum of non 

research-related preparation (eg food, bedding etc.). 

Troughton Island was used extensively by the ACIARJNTU Trochus Reseeding Project for 

reseeding trials and I have drawn on personal observations made during those trials for this 

thesis. 

2.1.2: Cunningham Point 

Cunningham Point was located on the western shore of King Sound, approximately 200 

kilometres by road from Broome (Figure 2.1) within the Gudamul Aboriginal Corporation 

land claim. Roads were poor, but were generally passable by four wheel drive except during 

the heaviest rains ofthe monsoons. Facilities were rudimentary. 
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The site had a coral fringing reef with rock outcrops and no associated lagoon system. The 

reefwas approximately 300-500 meters wide and lay parallel to the shore for several 

kilometres. There was a tidal range >10 meters which created tidal currents in excess of 10 

knots (personal observation) that swept along the reef on both rising and ebbing tides. In the 

monsoon season the area was regularly subjected to severe tropical storms, which were 

characterised by torrential rainfall and resulted in depressed salinities across the reef. 

Conversely, in the dry season high evaporation rates and no freshwater input at allIed to high 



salinities. The summaries of weather patterns given in this chapter were applicable to 

Cunningham Point. 
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Trochus lived naturally at this site, but were in low numbers and no longer commercially 

harvested. According to the traditional owners, the low population was a recent phenomenon 

attributed to overfishing from which the stocks had not recovered. 

The site was used extensively by the ACIARINTU Trochus Reseeding Project. For the 

research presented in this thesis but, it was used only for general observation and video 

taping. 

2.1.3: Guangan Reef, Sunday Island 

Sunday Island is a small, rugged rocky island of approximately 730 km2 situated at the mouth 

of King Sound, West Australia, between latitudes 16033'-16037'S; 123°09'-123°21 'E 

(Figure 2.1). Approximately 330 km2 was submerged rt-ef, lagoon or mangrove at high tide. 

The Aboriginal settlement of Nillagoon was the only permanent settlement on the island. It 

had a pennanent popUlation of two people and five dogs, a regularly visiting population of 

approximately 5-10 people and an occasional population of 30 or more. There was no 

peITIlanent settlement on the island between the time the mission was abandoned in 1960 and 

Nillagoon being established about 10 years ago. During the 25-30 year break in settlement the 

island was regularly visited by people from the neighbouring community of One Ann Point to 

harvest turtle, dugong and trochus shell. These visits continue to the present day, but the 

frequency of such visits was impossible to estimate as there have been no records kept of 

harvesting activities. Those participating were often reluctant to discuss details-especially 

concerning the collection oftrochus shell. This reluctance was in part due to a wish to keep a 

good source of trochus shell secret and in part because the ownership of several areas, 

including Sunday Island, were under dispute. These disputes arose from conflicting 

applications for native title by some traditional owners and a growing awareness amongst the 

community as a whole of the exclusivity ofthe exploitation rights which results from a 

successful land claim. 
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Nillagoon settlernbnt Guangan reef 

Plate 2.1: Sunday Island. Scale 1 : 50,000 
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There arre no pennanent river or stream systems on the island and the only fresh water 

influence on the reefs is from monsoonal stonns betvveen November and April. The steep, 

rocky and sparsely vegetated nature of the land allows little retention of rainfall and there is 

very rapid run-off into the surrounding sea. During the monsoon season the salinity on the 

reefs and in the lagoons can be severely depressed by these storms. Conversely, during the dry 

season high evaporation rates cause elevated salinities (personal observation). 

The island is surrounded by discontinuous reefs, lagoon systems and mangrove forests (Plate 

2.1). The reefs are composed of a frontal rock shelf covered with macro algae, backed by 

large, shallow lagoons and mangroves. The lagoons contain extensive sea grass meadows. 

With the exception of Porites nigrescens, which grows extensively amongst the sea grasses in 

the lagoons, coral growth is restricted to pools on the reef flat, small pockets inside the 

lagoons and the extreme bottom of the intertidal and shallow sub-tidal habitats. 

A small reef known locally as Guangan (plate 2.2), was selected as the focal point for this 

project. Located on the south side of Sunday Island, Guangan is typical of reefs in outer King 

Sound. It is high (exposed for 5-6 hours per tidal cycle) and is composed of a shelving rock 

(granite) bench, occasionally overlaid by thin limestone deposits. It contains a lagoon backed 

by extensive mangrove forests. The waters are sheltered from ocean swells so there is no 

significant wave and surf action except for brief episodes during storms or strong dry season 

winds. Strong tidal currents reSUlting from the large tidal movement do, however, create a 

relatively high-energy environment. 

There were several reasons for selecting this reef for study: 

• It was known to be good trochus habitat and had been fished regularly in the past. 

• It presented a microcosm of reefs in the area with habitats within the study site similar to 

all the identifiable major habitats found on larger reefs. 
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• The community was able to close the reef to trochus collection for the duration of this 

study. Because ofthe proximity to Nillagoon settlement and the small size of the reef, the 

closure could be effectively implemented. 

• The proximity of the base at Nillagoon community provided ease of access to the study 

site. 

To effectively monitor Guangan reef, it was first necessary to accurately map and profile the 

system. Using this information, a study area which incorporated all the major habitats was 

defined. In order to relate data from the monitoring program to environmental factors, the 

variables listed below were recorded throughout the monitoring period: 

• Tidal fluctuations 

• Rainfall 

• Temperature fluctuations in air, open water and in the lagoon 

• Wind direction and speed 

2.2: Methods 

2.2.1: Environmental variables 
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The West Australian Regional Office of the Bureau of Meteorology maintained a daily 

observation post at Cygnet Bay (16°27'S; 123°0'E), approximately 40 kilometres from 

Sunday Island. Daily records were kept of maximum and minimum air temperatures; relative 

humidity; wind speed and direction; cloud cover and rainfall (Appendix I). With the exception 

of rainfall, these readings were likely to provide a reasonable description of weather patterns 

for Sunday Island. 



Tidal records were obtained from tide charts produced for Yampi Sound (Koolan Island, 

160 08'S; 1230 44'E). This is approximately 65 kilometres from Sunday Island and has 

equivalent tides to the mouth of King Sound. 
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Maximum/minimum thermometers were used to measure monthly water temperatures. One 

thermometer was positioned inside the lagoon where it was covered by a minimum of 500 

rom of water at all times. Another thermometer was weighted, tied to hang one meter below a 

surface buoy and anchored in a channel (Figure 2.2) outside the reefto obtain open water 

temperatures. 

----Float 

1 meter 

I-------Maximum I minimum thermometer 

~---Weight 

Figure 2.2: Open water thermometer. 
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A rain gauge was set up at Nillagoon settlement where daily records were maintained by the 

settlement manager, Norman Archer. 

2.2.2: Guangan reef description 

An aerial photograph (scale 1:5000) was used initially to differentiate major habitats. These 

were then ground proofed and delineated using a compass and a 50 meter surveyors' tape. 

Two transects, each two hundred meters long, were run perpendicular to the front of the reef 

flat. Water depth, substratum and species which occurred along the transects were recorded 

and reproduced in a cross sections ofthe reef. 

In order to minimise time in the field, each habitat was photographed (35 rom slides) at each 

monitoring period and scored later in the laboratory. The slides provided a permanent record 

of the substratum composition and seasonal changes. 

2.3: Results 

2.3.1: Environmental variables 

1) Tidal movement 

In 1996-97 the maximum daily tidal range predicted for Koolan Island was 10.3 m with a 

minimum low of 0.5 meters occuring in September and February, and a maximum high of 

10.9 m in March and ApriL Tidal movements are shown on Figure 2.3. 
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Figure 2.3: Tidal movement, Koolan Island August 1996-July 1997. 

2) Rainfall and Humidity 
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Apart from a few millimeters recorded at Cygnet Bay in September, all rain fell between mid 

December and mid May (Figure 2.4). The period of rain, and accompanying high humidity in 

May were unusual since rain rarely falls after February. The total rainfall for the year 

(August-July) was 1485 mm at Sunday Island and 1614 mm at Koolan Island. This was more 

than double the yearly average (715 rrun) for the area. Maximum daily records occurred on 

January 30th at both Koolan Island (144 mm) and Sunday Island (l31 mm) and were the 

culmination of five days of rain and very high humidity (96-100%). The majority of rain 

occurred in conjunction with tropical low pressure systems, often cyclonic, which formed in 

the seas to the north of West Australia and travelled down the coast. According to local 

knowledge (Kharki Stumpagee, personal communication) cyclones seldom crossed Sunday 

Island, but on 15th December a Category two cyclone, with winds of ~130 kms per hour, 

passed directly over Guangan reef and Nillagoon settlement. Although this was a 

comparatively small storm system, the winds generated high seas which caused considerable 

disturbance to the reef system. The localisation of the impact of such events can be seen in the 



difference in rainfall on the 15th December between Sunday Island (55 mm) and Koolan 

Island (14 mm). 

23 

Humidity patterns (Figure 2.4) were typical ofwetldry tropics with contrasting low levels in 

the dry season and high levels in the wet season. The low humidity period was also 

categorised by episodes of strong, dry south easterly winds blowing from the dry interior of 

the continent. This resulted in high levels of evaporation throughout the whole of King Sound 

which were accentuated in the shallow lagoons. 
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Figure 2.4: Rainfall and humidity. Sunday Island and Cygnet Bay August 1996-July 1997. 

Note the abnormal rain episode in May. 
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3) Temperatures 

Air temperature 

Air temperatures recorded at Cygnet Bay were typical ofwetldry tropical conditions and 

ranged from a mean monthly low of 14.7° C in July to a mean monthly high of34.9° C in 

November. In July, at the height of the dry season, both the maximum and minimum 

temperatures were at their lowest (Figure 2.5). From September until the onset of the north 

west monsoon rains in December, both the maximums and minimums rose steadily. Once the 

monsoon rains started, the maximum temperatures dropped but the minimum temperatures 

remained high. From March onward both the maximum and minimum temperatures dropped 

steadily as the dry south easterly influence took over. The effect of the rain episode which 

occurred in May (Figure 2.4) can be seen by the closing ofthe maximum and minimum 

temperatures at this time. On 9th May there was only 1 ° C difference between them. 
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Figure 2.5: Air temperatures, Cygnet Bay August 1996 - July 1997. Note the convergence of 

maximum and minimum temperatures during the rain episode in May. 



Water temperature 

Water temperatures (Table 2.1) were recorded at Sunday Island over the build up to and 

during the monsoon season. 
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Table 2.1: Water temperatures, Sunday Island. Monthly maximum and minimum 

temperatures recorded at Sunday Island over the interval prior to, and during the 1996/97 

monsoon season. Temperatures were recorded inside the lagoon (Lagoon Max; Lagoon Min) 

and in the open sea adjacent to the lagoon (Open Max; Open Min). Note the last recording 

(J anuary-March) covered a two-month period. 

Lagoon Lagoon Open Open 
Max. Min Max Min 

Aug-Sept 36 25 
Sep-Oct 36.5 25 32 29 
Oct-Nov 37 26 32 29 
Nov-Dec 37 25 31 28 
Dec-Jan 39.5 25 34 29.5 
Jan-Mar 37.5 28 

No readings were made in February as cyclonic conditions made access to Sunday Island 

impossible at that time. The open water thermometer was also lost during this period of bad 

weather. This was the second thermometer to be lost from the open water, the first one could 

not be found one month after it was put in. The reason for the first loss was not explained, but 

as there was no storm activity at this time human interference was suspected. 

All temperature readings have been combined in Figure 2.6. Temperatures in the lagoon and 

in the open water show a similar trend up until the last readings in January, reaching a peak 

two months after the air temperature. It must be remembered that the water temperature 

readings cover a full month and that a maximum or minimum figure might represent a single 

event at any time in that month. 
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4) Winds 
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The wind pattern was highly seasonal and winds were predominantly south easterly from 

April to August and north to north westerly from October to February (Figure 2.7). Wind 

velocities peaked from the south east in July at up to 30 km/hr and were high from the north 

north west from November to February. Tropical storms which accompanied the north west 

monsoons produced very high but localised winds. The interim periods between the two 

seasons were characterised by calms and light breezes from all except the south and south 

west quarters. The data presented here are the average of nine years of records (1985-93) 
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2.3.2: Guangan reef description 

Mapping 

The lagoon system was divided into ecologically differentiated habitats which were mapped 

(Figure 2.8), described (Table 2.2) and photographed (Plates 2.3-2.8) . 
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Figure 2.8: Guangan lagoon habitats. 
Scale 1 : 2,5000 
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Plate 2.3: Habitat 1, porites- thalassia. 

Plate 2.4: Habitat 2, porites-enhalus. 
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Plate 2.5: Habitat 3, rubble-thalassia. 

Seaward the reef flat dropped sharply approximately one meter to an expanse of sand which 

sloped gently to areas of dead Porites nigrescens and mixed sea grasses. Observations 

through out the year indicate that these areas of dead coral were the result of severe storm 

action washing live P. nigrescens (Plate 2.3) from within the lagoon. At the extreme low tide 

level there was a dense and varied aggregation of large corals which was only exposed at low 

water spring tides. 

Once the water level fell below the level of the rock shelf the lagoon drained via two 

channels- a primary drainage channel in the centre of the rock shelf and secondary drainage 

channel at the extreme eastern end (Figure 2.8). 

The habitats which were dominated by macro algae showed distinct seasonal changes (Plates 

2.6; 2.7; 2.8). Algal growth was rapid from December until March, but with the change of 

season and the advent of cool south easterly winds much of the weed was sloughed off and 

washed away. 
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a) March, 1997 

b) October, 1996 

Plate 2.6: Habitat 4, Reef flat 
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a) March, 1997 

b) October, 1996 

Plate 2.7: Habitat 5, Sargassum-sand 
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a) March, 1997 

b) October, 1996 

Plate 2.8: Habitat 6, Sargassum. 
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Habitat 1, which was dominated by high Porites nigrescens, was seriously disturbed by 

cyclonic conditions at least once during the monitoring period (December 15th). The coral was 

moved about within the reef and some was washed onto the sand below the reef flat. As a 

result, the sea grass associated with it was cropped but did not appear to suffer root damage 

and regrowth was rapid. 

Profiles 

Two profiles of the study site were drawn (Figures 2.9 and 2.10) which ran due north from 

(perpendicular to) the reef front (Figure 2.8). 
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Table 2.2: Description of habitats on Guangan reef, Sunday Island. 

Habitat 

1. (Plate 2.3). 

Porites (Porites nigrescens) 

+ sea grass (Thaiassia hemprichii) 

2. (Plate 2.4) 

Porites (Porites nigrescens) 

3. (Plate 2.5) 

Coral rubble + 

sea grass (Thalassia hemprichii) 

4. (Plate 2.6) 

Reef Flat 

Depth 

0-10 cm 

10-50 cm 

10-20 cm 

Ocm 

Description 

A dense aggregation of living and dead P. nigrescens to 300 mm thick with T. hemprichii 

growing through it. Most of this habitat was exposed at low tide. 

Large patches of predominantly live P. nigrescens and dense E. acoroides separated by 

areas + sea grass (Enha/us acoroides) of bare sand 

This was an intermediate habitat between the reef front and live P. nigrescens. The 

substratum was medium size (l0-20mm) coral (Porites) rubble with sparse T. hemprichii 

growth. 

Terraced granite ridge which ran the width of the inlet and formed the frontal portion ofth~ 

reef. The ridge had a covering of mixed, short «100mm) macro algae. There was some 

overlay of limestone of coralline origin, but live coral was confined to pools. 



Table 2.2: Description of habitats on Guangan reef, Sunday Island (Continued). 

S. (Plate 2.7) 

Sargassum + Sand 

6. (Plate 2.8) 

Sargassum 

7. 

0-20cm 

0-20cm 

Sand + Sea grass (Enhalus acoroides) >50 cm 

A mixture of Sargassum growing on broken rock and small coral bommies interspersed with 

areas of bare sand. 

A narrow ( <2 meters) belt of dense Sargassum growing on the steep rear face 

and outcrops directly behind the reef flat. This habitat was similar to habitat 5, 

but it lacked the coral bommies and areas of sand. 

This was the largest of the habitats, stretching from the rear of habitat 2 to the mangroves, 

and composed entirely of fine, muddy sand with long, dense E. acoroides growing 

throughout. There was a heavy load of fine sediment which coated the sea grass 

and clouded the water at the slightest disturbance. 

W 
-...I 
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Table 2.3: Profile No.1 on Guangan reef, Sunday Island. 

Meters from Description Meters below 

reef front of habitat reef flat 

0-13 Rising rocky terraces with shallow sandy pools. 0.5 - 0 

Short brown algal species dominant. 

13 - 25 Rocky Reef Flat. Short brown algal species dominant. 0 

25 - 27 Broken and overhanging rock. 0-0.3 

Long (30 - 40 cm) Sargassum spp. dominant. 

27 - 45 Coral rubble and Thallasia hemprichii. 0.3-0.2 

45 - 54 Broken rock reef interspersed with areas of sand. 0.2-0-0.2(humps) 

Long (30 - 40 cm) Sargassum spp. dominant. 

54 - 56 Coral rubble and Thallasia hemprichii. 0.2 

56 - 58.5 Broken rock reef interspersed with areas of sand. 0.2-0-0.2(humps) 

Long (30 - 40 cm) Sargassum spp. dominant. 

58.5 - 79 Coral rubble and Thallasia hemprichii. 0.2 - 0.3 

Scattered live massive coral bombes. 

79 - 105 Coral rubble and Thallasia hemprichii. 0.3 - 0.1 

105 - 121 Coral rubble and Thallasia hemprichU. 0.1 

Scattered Porites nigrescens. 

121-172 Dense Porites nigrescens and Thallasia hemprichii. 0.1 - 0.05 -0.25 

172 - 182 Porites nigrescens and Enhalus acoroides. 0.25 - 0.5 - 0.25 

182 - 198 Coral rubble and mixed Enhalus acoroides 0.25 - 0.1 - 0.3 

and Thallasia hemprichii. 

198 - 230 Sand with patches of E. acoroides and scattered clumps 0.3 

of Porites nigrescens. 

230+ Sand and dense Enhalus acoroides. 0.3 
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Table 2.4: Profile No.2 on Guangan reef, Sunday Island (Continued). 

Meters from Description Meters below 

reef front of habitat reef flat 

0-3 Rocky Reef Flat. Short brown algal species dominant. 0 

3-6 Rock pool with sand base and scattered Thallasia 0.2 

hemprichii 

6 - 22 Rocky Reef Flat. Short brown algal species dominant. 0 

22 - 33 Sand with Thallasia hemprichii 0-0.15-0.1 

33 - 125 Dense Porites nigrescens and Thallasia hemprichii. 0.1-0-0.1 

125 - 127 Porites nigrescens and Enhalus acoroides. 0.1 

127 - 130 Sand with Thallasia hemprichii 0.1-0.20.1 

130 - 132 Porites nigrescens and Enhalus acoroides. 0.1 

132 - 144 Sand with Thallasia hemprichii and patches of 0.1 

Enhalus acoroides and Porites nigrescens. 

144 - 152 Dense Porites nigrescens with mixed 0.1 - 0 - 0.1 

Enhalus acoroides and Thallasia hemprichii. 

152 - 159 Sparse Porites nigrescens with mixed Enhalus 0.1-0.2 

acoroides and Thallasia hemprichii. 

159 - 200 Sand with Thallasia hemprichii and patches of 0.2 - 0.3 - 0.2 

Enhalus acoroides. Coral bommie at 165 m. 

200+ Sand and dense Enhalus acoroides. 0.2 - 0.3 
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2.4: Summary 

High tidal fluctuations created a relatively high-energy environment on Guangan 

despite a lack of consistent wave action. The tides around Sunday Island produced 

currents of up to 14 knots (N. Archer, personal communication) which facilitated a 

rapid exchange of water in the lagoons and prevented silting ofthe frontal reefs. 

Guangan was a high reef that was exposed for approximately 50% ofthe tidal cycle. 

This length of exposure accentuated seasonal fluctuations in the environment. Water 

in the lagoon was heated to almost 40° C in December, resulting in increased 

evaporation and salinity. Conversely, periods oflow salinity within the lagoon may 

have been extended for 5-6 hours when rainfall occurred on an ebb tide. These 

extreme conditions may have limited coral growth within the lagoon to species which 

are highly tolerant of both temperature and salinity fluctuations and may also account 

for the coral distribution which was seen on the reef. The system was dynamic with 

pronounced seasonal fluctuations in temperature, rainfall and wind direction. 

The macro algae and coral in the lagoon provide a great deal of structural complexity. 

Initial observations show that the habitats contain a dynamic and diverse community 

of generally small crustacea and molluscs, including some Trochus niloticus 

(trochus). 

The site description presented here will be linked to a program of monitoring to 

determine the frequency and settlement patterns oftrochus within the Guangan reef 

system (Chapter 3) and observations ofthe interaction between predators and trochus 

(Chapter 4). 
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Chapter 3 

Field Monitoring on Guangan Reef, Sunday Island 

3.1: Introduction 

In past trochus reseeding trials, hatchery-reared juveniles have been placed into a broad cross 

section of reef habitats encompassing a range of different microhabitats (Heslinga et aI., 

1983a; Hoffschir et aI., 1989; Kubo, 1989; Yamaguchi, 1990; Castell, 1995). With a single 

exception-at Efate in Vanuatu (Amos, 1991a,b and 1995) where survival rates of32% after 

200 days and 28% after 13 months were reported from separate trials-there has generally 

been a poor success rate (Crowe et aI., 1997). As with other species, two of the principal 

reasons cited for this poor success rate are predation (Kubo, 1989 and 1991; Amos, 1991 b and 

1995a; Kikutani, 1991; Castell, 1995; Castell and Sweatman, 1997.) and placing the trochus 

into unsuitable habitats (Howard, 1988; Yamaguchi, 1990; Barbeau et aI., 1994 and 1996; 

Castell, 1997). 

In this Chapter I will present the results of a 12 month monitoring program carried out on 

Guangan reef, Sunday Island, to determine if there is a preferred habitat for juvenile trochus 

within this system. There may be many factors which make up a suitable habitat (Heslinga et 

aI., 1984; Castell, 1993 and 1997). The purpose of this study is not to determine all these 

factors, but to identify recognizable indicators of habitats suitable for juvenile trochus. 

There are at least three possible ways in which a larval population can find a suitable 

environment in which to settle (Castell, 1997): 

1) Larvae may selectively settle into suitable habitats. 

2) Larvae may settle haphazardly across the range of available habitats. Those which 

settle into the more suitable environments have a higher survival rate. 

3) Larvae settle haphazardly across the reef and migrate into suitable habitats. 

Observations of the trochus larval cycle in hatcheries (Heslinga, 1981a; Heslinga and 

Hillman, 1981) showed that the length of time that trochus remained planktonic was short but 
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not fixed. From 60 hours after fertilization onward, larvae sampled various substrates until 

they found one that was suitable to settle onto. If a suitable substrate was not found, they 

settled onto unsuitable substrates when their energy reserves ran out. In filtered sea water 

larvae retained swimming cilia for up to 3 weeks before metamorphosis, but when red 

coralline algae were added to the water settlement was rapid (Heslinga and Hillman, 1981; 

Tamashiro et al. 1993). This behaviour can be interpreted as the larvae actively seeking a 

favourable habitat. It should be noted that these observations were made under laboratory 

conditions and there is no certainty that the larvae will behave in this way in the wild. Similar 

substrate preferences have been observed in conch by Davis and Stoner (1994) and in abalone 

by Nash (1992). 

Because the juveniles' cryptic nature, shell sculpturing and colouration enable them to blend 

effectively with their background, they are extremely difficult to locate (Heslinga et aI., 1984; 

Nash, 1985a; Castell, 1997; Dangeubun and Haumahu, 1997). Few juveniles smaller than 20 

rn.m shell width have been found in the wild and little is known of their ecology (Rao, 1937; 

Heslinga et al.,1984; Nash 1985; Kubo, 1991; Castell, 1997). As a result, reseeding programs 

have tended to place juveniles across a range of habitats and this may have contributed to 

poor survival (Castell,1995). 

If they can be identified,juvenile (nursery) habitats can be used to place hatchery reared 

juveniles into the most advantageous environment on the reef, thus improving their chances of 

survival (Stoner, 1994; Stoner et aI., 1994, 1996; Peterson et aI., 1995; Ray and Stoner, 

1995a; Rosselin and Chi a, 1995). Alternatively, where a habitat has been destroyed or 

degraded it may be possible to artificially reproduce a nursery on a suitable reef to establish or 

stabilize a trochus popUlation. 

This monitoring program will also look for spatial or temporal migratory patterns within the 

reef system. Any such patterns detected may indicate either the changing needs ofthe trochus 

as they grow, or temporal changes in the habitat, or both. 

By measuring gonad indices, Gimin and Lee (1997b) determined that the King Sound trochus 

had a bimodal spawning pattern with peak periods from February-April and July-August, and 

minor activity throughout the rest of the year. By extrapolating the occurrence of juvenile 

class sizes the monitoring program will test these findings. 



3.1.1: Aims 

• Test for the existence of a preferred specific nursery habitat into which trochus larvae 

settle. 

• Determine definitive environmental characteristics of any nursery habitats identified. 

• Determine any migratory behaviour of juvenile trochus within the reef system. 

• Confirm the natural spawning cycle of trochus. 

3.2: Materials and Methods 
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Prior to the commencement of the main monitoring program, a search of the area surrounding 

the study site was carried out for concentrations of adult or juvenile trochus. Searches were 

repeated at each monitoring period except May and July. In December a search was done 

although a cyclone precluded detailed monitoring. 

Working alone in extreme isolation in the presence of a range of dangerous marine animals 

such as large salt-water crocodiles (Crocodylus porosus), raised a number of safety issues. In 

order to minimize the risks, sampling was only carried out at low tide, in daylight and within 

comparatively easy reach of safe (dry) areas. 

The following six habitats described in Chapter 2 were included in the monitoring study. 

• Habitat I-Porites nigrescens and Thalassia hemprichii, referred to in this Chapter as 

porites-thalassia. 

• Habitat 2-Porites nigrescens and Enhalus acoroides, referred to in this Chapter as 

porites-enhalus. 

• Habitat 3-Coral rubble and Thalassia hemprichii, referred to in this Chapter as rubble

thalassia. 



• Habitat 4-Reef flat. 

• Habitat 5-Sargassum spp. and sand, referred to in this Chapter as Sargassum-sand. 

• Habitat 6-Sargassum spp., referred to in this Chapter as Sargassum. 

The seventh habitat described in Chapter 2, (Sand and Enhalus acoroides ) was considered 

too dangerous to sample alone on a regular basis because of the presence of salt water 

crocodiles. It was searched whenever the presence of additional people made it somewhat 

safer. 
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I planned to search 10 quadrats in each habitat each month, but weather conditions and injury 

intervened to make this sampling rate impossible to maintain. The number of quadrats 

sampled became variable and the timetable shifted from monthly to bimonthly after four 

months. Monitoring in December and February was missed due to cyclonic conditions, and 

April and June were missed because of injury to myself. Monitoring in May and July was 

carried out by an associate (Dr Tasman Crowe), but because oflimited time some habitats 

were omitted. In August fewer quadrats were searched in some habitats and sargassum-sand 

was completely missed due to unforeseen circumstances cutting the trip short. The actual 

numbers of quadrats sampled and the frequency of sampling are shown in the individual 

habitat results (Appendix II). 

Quadrats were 700 x 700 mm (0.5 m2) and, because ofthe varied complexity of the habitats, 

there was no fixed search time allocated to each quadrat. Searches were continued until all 

material inside the quadrat had been thoroughly examined. 

The position of each quadrat was determined by using compass bearings to triangulate from 

points identified from an aerial photograph. The location of each trochus found was later 

transposed onto a map of the site (Figure.3.5). 

In all habitats except sargassum and porites-enhalus, haphazard placement ofthe quadrat was 

by throwing a weight over the shoulder and placing the quadrat where the weight landed. The 

weight was centred in the quadrat and the quadrat squared to the front of the reef. 



The overall porites-enhalus habitat consisted of expanses of sand with numerous and 

extensive clumps of mixed Porites nigrescens and Enhalus acoroides, but the expanses of 

bare sand were not considered as potential habitat and ignored. Quadrat placement in this 

habitat was by throwing a weight over the shoulder and then throwing the quadrat in the 

nearest clump to the point where the weight landed. 
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Sargassum was too narrow (wo meters at its widest) for throwing a weight to give a true 

random result. To ensure that sampling in this habitat was haphazard, a 50 meter tape was laid 

along the length ofthe habitat and sample sites selected along it by haphazardly moving the 

slide of a vernier calliper. The quadrat was placed with one corner on the tape measurement 

indicated on the vernier calliper and the seaward side laying along the tape toward the 50 

meter mark. (Figure 3.1) 

Reef flat 

Rear edge of reef flat 

Surveyors tape 

Sargassum 

Figure 3.1: Quadrat site selection in the Sargassum habitat. 
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The maximum basal shell width (here after referred to as 's.w.') of each trochus found was 

recorded and is presented in the results in 5 mm class sizes. Field identification of small 

juvenile trochus was often difficult. The principal confusion was between Trochus niloticus 

and Trochus histrio and the only reliable character found to differentiate between the two in 

the field was the number of parallel ridges on the base of the shell (Figure 3.2). T histrio has 

six or seven distinct and strongly nodulous ridges; T niloticus has 13-16 weaker ridges which 

are less distinct toward the outer edge of the shelL The ridges were easily checked by running 

a thumb nail across the shell base, but the ridging in T niloticus became lost when it grew to 

about 20 mm s.w .. Although this method of identification proved reliable, trochus <10 mm in 

width were measured and recorded before being collected and returned to the laboratory for 

microscopic examination. All specimens returned to the laboratory were submitted to Dr. 

Richard Willan of the Northern Territory Museum for confinnation of identification. 

I 
Toothed columnella 

Trochus histrio 

13-16 weak ridges, fading toward 
the outer edge of the shell 

I 

Trochus niloticus 

Figure 3.2: Identification of small juvenile Trochus niloticus. The number and strength of 

ridges differentiates T niloticus from T. histrio. 
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Where trochus could be positively identified on site a number was written inside the shell 

lip with pencil (numbering was consecutive throughout the monitoring period) and the trochus 

released where it was found. 

3.2.1: Predators 

Trials run concurrently with the monitoring program (Chapter 4) identified Morula 

margariticola (hereafter referred to as 'whelk'), portunid crabs and mantis shrimps as major 

predators on juvenile trochus. Whelks were found in the study site in significant numbers and 

were counted in each quadrat. Portunid crabs and mantis shrimp were noted in the site, but 

their high mobility meant that they could not be accurately counted in quadrats. 

3.2.2: Checking the accuracy of the monitoring 

In order to check on the accuracy of monitoring counts, ten quadrats (total of 5 m2 ) were 

collected from porites-thalassia and three quadrats (total of 1.5 m2) from rubble-thalassia. 

The material in each quadrat was searched on site before being taken to the base camp where 

it was placed in polystyrene boxes and flooded with fresh water to kill all animals present. It 

was then sieved and searched minutely to uncover any trochus which may have been missed 

in the initial count. The find rates before and after killing and sieving were then compared. 



3.3: Results 

3.3.1: Checking the accuracy of the monitoring 

In porites-thalassia there were 5 trochus found in the field and another 2 found after the 

substrate had been killed and sieved (Table 3.1). 
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Table 3.1: Trochus found before and after the substrate was soaked in fresh water and sieved. 

porites-thalassia rubble-thalassia 

Area searched (m2) 5 1.5 

Field search: trochus S.w. 9.6,22.8, 16.5, 10.1,6.0 0 

Kill search: trochus s.w. 4.5,3.0 0 

Total trochus 7 0 

There were no trochus found in the rubble-thalassia before or after it was soaked in fresh 

water. 

3.3.2: Trochus Monitoring 

In the twelve month period from August 1996 to July 1997 a total of 424 quadrats (212 m2) 

were searched and 123 trochus found (Table 3.2). The distribution of the trochus showed a 

distinctive pattern, both in density and in individual sizes of the trochus: 

-The average size oftrochus decreased the further behind the reef flat they were found. 

-The density was consistently highest immediately behind the reef flat. 

As very few trochus were found in rubble-thalassia and porites-enhalus habitats (4 and 1 

trochus respectively), these habitats will not be considered further in detail. 



Table 3.2: Summary of overall results for the year August 1996-July 1997 showing total 

numbers oftrochus found. Note the low numbers in porites-enhalus and rubble-thalassia. 

Area searched No. trochus trochus/100m2 

(m2) 

porites-thalassia 39 18 46 

porites-enhalus 37 1 3 

rubble-thalassia 39 4 10 

reef flat 40 14 35 

sargassum-sand 25 14 56 

sargassum 32 72 225 

Total 212 123 58 

Trochus density 
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The average density of the trochus on the reef over the twelve months of monitoring was 58.0 

trochus I 100 m2 (Figure 3.3). The highest density was in the sargassum where the population 

peaked at 4.0 trochus I m2 in September and there was an average density of2.3 trochus I m2 

for the year. 

Densities fluctuated in all sites throughout the year. On the reef flat and in the sargassum

sand and sargassum populations peaked in the later half of the year (August-November) and 

then declined over the wet monsoon season. The rate of decline varied across these three 

habitats (Figure. 3.3). Populations on the reef flat declined rapidly from November to January 

before beginning to recover again in March. Numbers in sargassum-sand declined later and 

more slowly. Similarly, in the sargassum there was a wet season decline in the population, 

albeit a month later than on the reef flat. Precise population recovery periods could not be 

determined because of a gap in monitoring from April to August. 
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Figure 3.3: Occurrence of trochus on the reef over a twelve month period, expressed as 

trochus / m2. Error bars show standard deviation from the mean. 
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Populations in porites-thalassia built up over the wet monsoon and peaked at 1.0/ m2 in 

March and July (Figure 3.3). This pattern was the reverse of that found in the frontal habitats 

in the sargassum, sargassum-sand and on the reef flat, where trochus numbers were at their 

lowest from March to July. 

Trochus size 

Occurrence of trochus size classes was not uniform throughout the study site (Table 3.3). The 

smallest trochus found was 4 mm s.w. in porites-thalassia and the largest was 76 mm on the 

reef flat. 
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Table 3.3: Occurrence of sizes of trochus in the study site for the period August 1996-July 

1997. 

mlillIDum S.W. maxImum s.w. means.w. 

porites-thalassia 4mm 30.2mm 13.9 nun 

reef flat 7.6mm 76mm 43.3 nun 

sargassum-sand 14.5 mm 54.8mm 36.8 nun 

sargassum 25.8mm 68.2mm 43.6 nun 

The majority oftrochus (64.2%) were between 30-55 mm s.w., 11.4% were larger than 55 

mID and 24.9% were under 30 mm. (Figure. 3.4). 
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Figure 3.4: Occurrence of class sizes in the study site in the period from August 1996-July 

1997. These data were influenced by the lack of monitoring in sargassum-sand in May, July 

and August, and in sargassum in May. As these were the two habitats where the majority of 

the larger trochus were found, the actual numbers of >30 mm trochus may have been higher. 



Sargassum 

Porites-Enhalus 

Rubble-Thalassia 

-• , 
e 61 

. Poritcs-Thlllassia 

Trochus size (sw) 

• 1-10 mm 
-10-20 rom 
t 20-30 mm 

B 30-40 mm 
-40-50 mm 

> 50 rnm 

Figure 3.5: Actual position in the study site where each trochus was found. There were no 

trochus found in the upper reaches of the lagoon. There were no recaptures. 
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There is an apparent progression in trochus size from the porites-thalassia to the reef flat. 

The progression is seen on the map (Figure 3.5) depicting the position where each trochus 

was located. There also appeared to be a progression from the northern end of porites

thalassia toward the front of the reef as the trochus increases in size. 

3.3.3: Predatory whelks 

There was a total of915 whelks (Morula margariticola) found in the study site over the 

monitoring period, an overall density of 431/100 m2 (Table 3.4). 

Table 3.4: Occurrence of whelks in the study site over the period from August, 1996-July 

1997. 

Area searched No. whelks whelks II 00m2 

(m 2) 

porites-thalassia 39 405 1038 

porites-enhalus 37 277 738 

rubble-thalassia 39 37 95 

reef flat 40 124 310 

sargassum-sand 25 32 128 

sargassum 32 40 125 

Total 212 915 431 
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Numbers of whelks in each habitat fluctuated through the year (Figure 3.6). Peak popUlations 

occurred in the porites-thalassia in March, coinciding with peak 

sargassum where the popUlations peaked in the dry season from May to August. 
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Figure 3.6: No whelks / m2 throughout each habitat during the period August 1996-July 

1997. Error bars show standard deviation from the mean. 

3.3.4: General physical characteristics of habitats in which trochus were found. 
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The physical characteristics of the habitats in which trochus were found (Chapter 2 and Table 

3.5) differed. The porites-thalassia habitat differed in both substrate and flora from those of 

the reef flat, which differed again from sargassum and sargassum-sand. By contrast, porites

enhalus and rubble-thalassia shared similar flora and coralline substrates with porites

thalassia, but trochus were only found in the later. 

Porites-thalassia and porites--enhalus appeared to offer similar levels of protection from 

pelagic and crustacean predators (see Chapter 4) and had similar population densities of 

whelks-1038 and 738 / 100 m2 respectively. 

In porites-thalassia, there may be some superficial similarity in population trends in whelks 

and trochus population (Figure. 3.7), but this is not borne out by closer examination of data. 
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Figure 3.7: Trochus and whelk densities throughout the year from August, 1996-July, 1997. 



Table 3.5: Comparison of the principal overt characteristics of each habitat sampled during August 1996 and July 1997. 

Definition of each habitat is based on surveys conducted before commencement of monitoring. 

* no sampling between March and September. ** No sampling between March and July 

~orites-thalassia ~orites-enhalus rubble-thalassia reef flat sargassum-sand sargassum 

Substrate: Porites nigrescens Porites nigrescens 10 -20 mm coral granite rock granite rock, sand broken 

and sand rubble mostly of minor limestone small coral bommies granite 

porites origin overlay 

Dominant 

Flora: Thalassia hemprichii Enhalus acoroides Thalassia hemprichii mixed, short Sargassum Sargassumf 

«100mm) 

macro algae 

Water depth: 0-10 cm 10-50cm 1O-20cm Ocm 0-20cm 0-20cm 

(low tide) 

Whelks: seasonally high seasonally high low seasonally moderate low seasonally moderate 

Whelks/m2 3.75-21.2 0-14.2 0.2-2.6 0.4-6.0 1.0-1.6* 0.2-4.0** 



3.3.4: General observations 

In the course of the monitoring a number of observations were made of the general 

reef environment. Relevant observations were: 
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• When severe storms coincided with high tides, moving porites created a cropping 

effect on the sea grass in the porites-thalassia habitat. At these times quantities of 

porites were washed out and redistributed onto the sand below the reef flat. An ad 

hoc survey (approximately 40 meter transect of 112 hour duration, from the front 

of reef flat to the seaward edge of the redistributed porites) immediately after a 

major stonn in December, revealed six trochus ranging in size from 25-30 mIn. 

Trochus were not seen in this area at any other time. Despite this disruption to the 

habitat, the population oftrochus in the porites-thalassia increased steadily over 

this period. 

• High numbers of grazing gastropods, especially Tectus pyramis, T. hanlianus and 

T. histrio, were observed in porites-thalassia and porites-enhalus throughout the 

monitoring period. These were likely prey species for whelks. 

• Trochus observed in porites-thalassia were often moving and appeared to be 

actively grazing both in and out of the water. Similarly trochus on the reef flat 

were often found with algae in their mouth parts when they were picked up, 

indicating that they were actively grazing. In contrast trochus in sargassum and 

sargassum-sand appeared to be inactive and sheltering beneath the sargassum 

canopy. 

• In August 1996, 95 trochus ranging in size from 39 mm-I04 mm s.w. (mean 57.5) 

were found sheltering at low tide under large, intertidal granite boulders at both 

sides of the reef flat. No other aggregation like this was seen on, or near, the reef 

system at any other time during the monitoring period. It was not determined if 

the trochus were moving onto or off the reef. 
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• Trochus within the study site appeared to be distributed according to their size. 

The smallest trochus occurred at the northern, or inner-most section of the 

porites-thalassia (Figures 3.5 and 3.8) and the largest toward the front of the reef. 

There was only one out of 18 trochus found in the porites-thalassia >30 mm s.W. 

and three out of72 <30 rom s.w. in the sargassum. Analysis (x2) using classes of 

0-20, 20-40, and >40 rom sw show that the difference in trochus size between 

porites-thalassia and sargassum is significant, but there is no significant 

difference between the size structure of the populations in the sargassum, reef flat 

and sargassum-sand. 

• Small numbers of dead shell were found within the site. The dead shell was 

generally within the same size range as the live shell found in the same habitat. 

The apparent age of some of the shells Gudged by the degree of algal grovrfu, 

discolouration or encrustation inside the lip) suggests that the shells may remain in 

the vicinity where the trochus died. 

3.4: Discussion 

Trochus may migrate out of the porites-thalassia when they reach 25-30 mrn s.w., but 

as there were no recaptures this could not be confirmed by tracking individual trochus 

from one habitat to another. At this size trochus have a 'size refuge' from portunid 

crabs and mantis shrimp (Chapter 4) and therefore become less likely to fall prey to 

predators (Kubo, 1991; Castell and Sweatman, 1997; Dobson, in preparation). This 

may also be the size when they can no longer move freely within the matrix formed 

by the porites. 

It is likely that the migration proceeds seaward from the sargassum onto the reef flat 

when the trochus reach about 50 rom s.w., following a similar pattern to that reported 

by Castell (1997) at Orpheus Island, but once again there is no direct evidence to this 

effect. 

The only observed characteristic that linked habitats where numbers oftrochus were 

found, and excluded habitats where trochus were scarce, was water depth. All, or part, 
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of the reef flat, sargassum, sargassum-sand and porites-thalassia were exposed at low 

tide, whereas the porites-enhalus and rubble-thalassia habitats were always covered 

with at least 10 cm of water. 
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Figure 3.8: Size distribution patterns within and between habitats. The size of the 

trochus increased from the inner reef toward the open sea. 

There is not enough data available from this monitoring program to determine why 

the trochus appeared to prefer one habitat over another. Predation may pose a viable 

explanation as to why trochus of specific sizes were present or not in given habitats, 

but it does not explain why they were present in one, but not present in another, 

apparently similar, habitat. For example, both porites-thalassia and porites-enhalus 

supported high densities of whelks, yet trochus numbers were high in only porites

thalassia. 

Yi and Lee (1997) observed that small juveniles in the Northern Territory University 

hatchery grazed on the tank walls at all hours, but larger juveniles reduced feeding 

during daylight hours. This pattern was seen in the field where small trochus « 30 



mm s.w.) were observed to move during daylight whereas the majority oftrochus > 

30 mm appeared to shelter passively beneath the sargassum canopy. 
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The porites-thalassia habitat where most of the small juveniles were found, formed a 

complex, open matrix which in some places projected out of the water for up to 5 cm 

and in others was at, or slightly under, the water surface (Plate 3.1). 

Plate 3.1: Matrix formed by porites-thalassia 

With the exception of whelks, this matrix of porites inhibited the foraging behaviour 

of all benthic predators observed during this project (Chapter 4). The susceptibility of 

an animal to predation reduces as the animal grows in size (Venneij,1976, 1979; 

Kubo, 1991; Ray et aI., 1994; Castell and Sweatman, 1997) until it reaches a size 

refuge at which it is too large to be successfully attacked. The size refuge for trochus 

was between 25-30 mm (Chapter 4). This corresponded to the size at which trochus 

appeared to move from the porites-thalassia to the sargassum. 

Trochus were difficult to find in the porites-thalassia where they were very well 

camouflaged (Plate 3.2). The size, colour and behaviour of small trochus made them 



difficult to find (Heslinga et aI., 1984; Nash, 1985; Castell, 1997) and shell 

sculpturing broke up the shell outline and gave added camouflage. 
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Vermeij (1978) suggested that, in addition to camouflage, shell sculpturing may also 

act as a method of heat dispersal by providing added surface area for heat radiation. If 

this is the case, the radial spines (Plate 3.2) may have enabled trochus under - 15 mm 

to lose heat through evaporation as they grazed in the open. The maximum 

temperatures inside the lagoon did not drop below 36° C between August and March 

(Chapter 2)-that is 5° C above the optimum temperature for juvenile trochus (Yi and 

Lee, 1997) and 2° C above the temperature where stress sets in. These temperatures 

were, however, determined in laboratory trials with 5 mm trochus and conditions in 

the field may have varied widely from those in the laboratory. It must also be 

remembered that the method of measuring the temperature range on site (a simple 

maximum/minimum thermometer) recorded only the high point for the period 

between monitoring visits. In reality, the temperature may have only reached that 

point once in that time. A detailed field study of thermal tolerance, thermo-regulation 

and thermoclines between associated habitats may provide some interesting data and 

throw a great deal of light on habitat selection. 

Plate 3.2: Juvenile trochus on Porites nigrescens in porites-thalassia. Note the degree 

of camouflage afforded by the radial spines and colouration. The spines may also 

assist with heat dispersal. 
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When they reached 25-30 mm the trochus appeared not only to migrate from the 

porites-thalassia to the sargassum, but also to undergo a behavioural change. Where 

the small trochus had been observed moving through the porites-thalassia matrix 

during daylight, in the sargas-sum the trochus were found resting passively beneath the 

canopy. Observation had consistently shown that, except for the sargassum itself, 

there did not appear to be sufficient food reserves in this habitat to sustain the 

observed density of population. Laboratory trials by Lambrinidis et al. in 1997(a) 

found that trochus did not eat sargassUffi. These observations appeared to confirm Yi 

and Lees' observations in the laboratory that juvenile trochus > ~ 25-30 mm do not 

feed during daylight hours. However, large juveniles which were picked up on the 

reef flat often had strips of algae caught in their mouth-parts and were probably 

feeding. These trochus were, on average, larger than those in the sargassum with a 

mean s.w. of 53.4 mm (range 43-76 mm, 73% > 50 mm s.w.) compared to the mean 

s.w. ofthe group in the sargassum of 43.3 mm (range 25.8-68.2 mm, 78% < 50 mm 

s.w.). 

The trochus popUlation on the reef flat consisted of two distinct and widely disparate 

size groupings. The smaller group (three individuals-7.6, 9.5 and 11.8 mm s.w.) was 

not a large enough sample to draw conclusions from and were not include in the 

calculation of mean s.w. quoted above. The absence oftrochus between 12 and 40 

mm suggests that the reef flat is not suitable for small juveniles to continue their 

development. 

We know that mature trochus remain exposed on reef flats during daylight because 

that is where they are harvested. It seems that the intermediate size trochus (30-50 

mm) need to seek shelter during daylight low tides, but it is unclear what they are 

seeking shelter from. Two possible explanations may be: 

• Predation-Although trochus over 30 mm appear to have a high degree of size 

refuge from crabs and mantis shrimp (the only marine predators observed on the 

reef flat at low tide), they may be susceptible to predation from birds. Egrets were 

seen foraging on the reef flat at low tide, but their target prey species is not 

known. 
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• Heat stress-By the time they reach 25 mm trochus have lost all shell sculpturing 

and therefor any benefit it may have bestowed in thermal radiation, but they have 

not yet attained the bulk and the thick shell which may afford them some 

protection from solar heating. Heating on the reef is considerable given the 

usually cloudless days and high ambient temperatures (eg the mean high for 

November was 34.9° C -Chapter 2). This hypothesis may be lent credence by the 

fact that the trochus in the sargassum were clustered in the shade under the 

canopy. 

There is not enough evidence to isolate anyone factor. It is, however, possible that 

intermediate sized trochus shelter beneath the sargassum during low tides or daylight 

and emerge onto the reef flat to graze either at night or on high tide. The trochus 

found on the reef flat were seldom far from the sargassum (Figure. 3.4). Ifthis is the 

case, the sargassum can be considered as an extension of the reef flat rather than a 

separate habitat. 

A similar situation to a porites-thalassia, sargassum and reef flat complex was found 

in sargassum-sand. With the exception of a few individuals found on the top of rocks 

or bommies, the bulk of the trochus were sitting passively under the sargassum. The 

overall representation of size classes in the sargassum-sand habitat reflects the overall 

combined representation of size classes in porites-thalassia, sargassum and reef flat 

(Figure.3.9). In this respect the sand-sargassum may be seen as a microcosm of 

habitats occupied by all sizes of juvenile trochus. The low popUlation density of the 

trochus in sand-sargassum (56 / 100 m2), compared to an average of 102 / 100 m2 in 

the other three habitats, suggests that it may not be as favourable a habitat. Sand

sargassum habitat may, however, be generally representative of nursery habitats on 

reefs which do not have expanses of Porites nigrescens or similar. 

Gimin and Lee (1997b) determined that trochus from King Sound reached sexual 

maturity between 50.5-60.6 mm s.w. Of the trochus found in the study site, 22 (18%) 

were within this range (12 between 50.5-55.49 and 10 between 55.5-60.6 mm s.w.). 

Only four (3%) of the trochus found in 12 months of monitoring were over the size 

determined by Gimin and Lee as definitely mature. 
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Based on a steady decline in numbers oftrochus > 50 rnm s.w. (Figure 3.7) and the 

very low numbers of trochus > 60 mm found within the reef system, the [mal phase of 

the juvenile migratory pattern seems to be offthe reef with the onset of maturity. 
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Figure 3.9: Comparative numbers oftrochus in sargassum-sand and the complex of 

porites-thalassia, sargassum and reef flat. 

As the wet monsoon set in December the population of larger juveniles in the 

sargassum, sargassum-sand and on the reef flat declined, and numbers continued to 

fall away as the monsoon progressed (Figure. 3.11). This decline in numbers did not 

appear to be linked directly to fluctuations in lagoon temperature-the peak 

maximum temperature in the lagoon (39.5° C) was reached in December-January 

when the population was already in decline, but still high. It is also unlikely that the 

decline in numbers was in direct response to rainfall-heavy falls early in the wet did 

not have a marked impact on the trochus population. It may, however, have been 

linked indirectly to seasonal environmental factors through algal growth. 



65 

30 
U1 _r porites/thalasSia 
:::l 40 

"5 20 
E 15 
~ 10 

~ 0 5 J~ z 
0 I2ZZl .."".,. """'" 

5-- 10- 15- 20- 25- 30- 35- 40- 45· 50- 55- >60 
10 -15 -20 -25 -30 -35 -40 -45 50 -55 60 

30 Sargassum 

I 
~ 25 
TI 20 

~ I 2 15 

~ ~ 
-: 10 

~ 0 5 
~ Z 

0 !2Za 

5- 10- 15- 20- 25- 30- 35- 40- 45- 50- 55- >60 
10 -15 -20 -25 -30 -35 -40 -45 50 -55 60 

30 
~ 25 

-5 ~O 
g ~~ 

Reef flat 

0 5 
~ Z 0 IZi!Zl =. rZZ2I =. r:zz2I r:zz2I 

5-- 10- 15- 20- 25- 30- 35- 40- 45- 50- 55- >60 
10 -15 -20 -25 -30 -35 -40 -45 50 -55 60 

class size 
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Figure 3.11: Movement of size classes through time. 



(a) November, 1996 

(b) March, 1997 

Plate 3.3: Sargassum cover on the reef flat in (a) November, 1996 and (b) 

March, 1997 
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The macro algae in these habitats was predominantly Sargassum, which increased in 

both density and size over the wet monsoonal period and reached a maximum growth 
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in March-April (Plate 3.3). If, as has been previously stated, Sargassum was not eaten 

by trochus, any increase in Sargassum cover may have decreased available food. At 

the advent of the dry season in April-May the Sargassum cover sloughed off and was 

washed out to open water, allowing regrowth of smaller species of algae. It was not 

possible to determine when the numbers oftrochus began to increase again because 

monitoring was limited after March, but when monitoring began in August trochus 

numbers in sargassum, sand-sargassum and on the reef flat were high. 

In August 1996, 95 trochus were found sheltering at low tide under large, intertidal 

granite boulders adjacent to sand areas at both sides of the reef flat. The group was 

made up of35 (37 %) mature (> 60 mm s.w.), 20 (21 %) immature « 50 rom s.w.) 

and the rest intermediate. An aggregation of this type was not seen at any other time 

during the monitoring period and its appearance in this location implies that trochus 

are capable of moving onto and off the reef (there was no evidence as to whether they 

were moving onto or away from the reef). This movement, at least by the immature 

trochus, may have been related to the regrowth of food species on the reef flat. 

Numbers of juveniles were already high on the reef at this time, so it is possible this 

movement may have been occurring for some time. 

One of the implications of this aggregation was that the larger juveniles were capable 

of moving considerable distances and may partially account for the difficulties often 

encountered in accounting for trochus soon after reseeding (Crowe, personal 

communication). 

The large number of mature trochus in the group may be explained by the aggregation 

coinciding with a peak spawning period (August-September), determined by both 

Gimin and Lee (1997a,c) and from extrapolating growth rates obtained from this 

study (Figure.3 .12). 

Growth rates were inferred by the increase in the mean size of trochus measured. It 

should be noted that, given the small sample sizes and the lack of recaptures, these 

growth rates are an approximation. 
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A mean overall growth rate in the smallest class from January to October 

(Figure.3.12) was 1.08 mm per month. A growth rate of 1.08 mm per month was slow 

compared with those reported by Castell in 1997 (2.3-2.6 mm / month in the field) 

and Gimin and Lee in 1997(a,c) (3.04 mID / month on Nitzschia sp. in the laboratory), 

but in accord with Heslinga and Hillmann in 1981 (0.95 and 1.95 mm / month) and 

Lambrinidis et al. in 1997 (1.65 mID I month), both on mixed algae. 
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Figure 3.12: Growth of the earliest class from January-October. Extrapolation of the 

trendline places the spawning in August-September. The trochus from January-July, 

1997 and August-October, 1996 have been pooled in this graph. 

If this early growth rate is continued, the trochus on Guangan reef would mature and 

move offthe reef at - four years of age (Figure. 3.11). 

Extrapolating the growth rate of 1.08 mm per month backward (Figure. 3.12) 

indicates that a spawning episode occurred in August or September. "When the 

accuracy of monitoring was checked in April 1998, two classes of small trochus were 

found. At a growth rate of 1.08 mm per month, the first (9.6 and 10.1 mm s.w.) would 
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have been spawned in - August, 1997 and the second (3,4.5 and 6 mm s.w.) in

January, 1998. The appearance of small trochus in July, 1997 (6.1, 7.8 nun s.w.) also 

pointed to spawning in - January (1997). 

These findings confirm those of Gimin and Lee (1997) who used gonad indices and 

histological examination to determine that there are distinct seasonal reproduction 

peaks in July-August and December-April. The two annual peaks in spawning may 

have brought about the bimodal appearance of older classes (Figure 3.11). 

Reports of spawning seasons vary widely throughout the range oftrochus (Heslinga 

and Hilhnann, 1981; Nash, 1985; Bour, 1992; Hahn, 1993) and would seem to be 

dependent on local environmental conditions. The seasonal conditions in August and 

January are opposite in all aspects except two--strong winds (albeit for different 

reasons and from different directions) and rough seas (Chapter. 2). Rough seas or 

rapid changes in water have been shown to be a spawning stimulant in trochoids 

(Dobson, 1997; Grange, 1976). 

Personal observations of the spawning behaviour oftrochus in hatcheries showed that 

both males and females climbed to a high point, just below the water surface and 

vented gametes from an extended syphon. Spawning was invariably nocturnal and 

occurred on a spring tide within a few days of a full or new moon (Heslinga and 

Hillmann, 1981; Nash, 1985; Hahn, 1993; Dobson, 1994). Similar behaviour has been 

observed in the wild (Moorhouse, 1932) where the trochus went onto a reef flat at low 

tide and remain there, spawning as the incoming tide covered them. 

In the Northern Territory University hatchery, spawning has been regularly induced 

by draining all the water from a tank containing ripe trochus and rapidly replacing it 

with water 2-30 C wanner (Lee, personal communication). These conditions are 

similar to those on a reef during spring tides in August and January. It is likely that 

turbulence and rapid tidal flows during spring tides stimulate ripening ofthe gonads, 

and thermal shock, brought about by the incoming tidal water being 3-4° C higher 

than night time lagoon temperatures (Chapter 2), stimulates the release of the 

gametes. 
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Spawning at night gives eggs a high degree of protection from visual predators. The 

temperature differential only occurs in this way at night when the open water is 

warmer than that in the lagoon-during the day the differential would be greater and 

the incoming water would be cooler than that in the lagoon. Strong tidal currents and 

rough water ensure that gametes get maximum mixing and that fertilized eggs are 

carried well back into the lagoon or up into intertidal pools. 

The limited larval cycle of trochus, while considered an impediment to their dispersal 

among reefs (Yamaguchi, 1990), may be considered an advantage if the trochus is to 

remain on the reef on which it was spawned. At 27-30° C hatching occurs at about 12 

hours after fertilisation (Heslinga, 1981(a); Heslinga and Hillman, 1981). Fertilised 

ova have slight negative buoyancy and on slack tide would probably settle toward the 

substrate. Once hatched the larvae are mobile, photophobic and actively seek cover 

(Heslinga and Hillmann, 1981). In Guangan lagoon, as on many other reefs in King 

Sound, the substrate in the upper reaches was dense sea grass which would provide a 

suitable environment and some shelter from piscine predators until the larvae are 

ready to settle, - 60 hours after fertilization (Heslinga 1981a; Bour, 1990). 

In this Chapter I have shown that on Guangan reef there are specific and tightly 

defined nursery areas occupied by juvenile trochus of different sizes. The principal 

features of the habitat occupied by the smallest juveniles appeared to be the apparent 

high degree ofprotection it offered from predation and partial exposure at low tide. 

The determining factor for habitats occupied by larger juveniles is uncertain, but it 

may be the level of protection offered from solar heating. 

There is some circumstantial evidence that as the trochus grew they migrated from the 

inner to the outer areas of the reef system and from one nursery habitat to another. 

Few mature trochus larger than 50-60 mm S.W., a size which coincides with maturity, 

were found on the study site. Nor, apart from one occasion in August, were they 

found anywhere in the reef system. 

I could not show whether the majority oftrochus larvae settled preferentially into the 

nursery habitat, or they migrated to it from less suitable habitats after settlement. 

Finding some small juveniles in surrounding areas, however, did indicate that trochus 



larvae did not settle exclusively into a nursery. The very low occurrence of small 

juveniles on other areas of the reef suggested that there was little long term survival 

outside nursery habitats. 
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Growth rates of small juveniles on Guangan reef were in the order of 1.08 mm per 

month. With the exception of Palau this growth was lower than that reported in other 

regIOns. 

The findings of Gimin and Lee identifying peak spawning periods in King Sound in 
August and December-April have been confirmed. 
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Chapter. 4 

Predation upon juvenile Trochus niloticus on reefs in North Western Australia 

4.1: Introduction 

As stated in Chapter 3, predation has been cited as a major factor in the failure of the 

majority of past reseeding programs (Lake et aI., 1987; Barbeau et aI., 1994a) This 

has been especially true in the tropical regions (Schiel & Welden, 1987; Ray & 

Stoner, 1994; Isa, 1991) where lack of success is often due to the actions of a range of 

predators (Kubo, 1989). If predation is a source of natural selection (Vermeij, 1976; 

Preston et aI., 1996), then the problem may be exacerbated if the animals are hatchery 

reared and possibly less fit for the natural environment than their wild brethren. For 

example, they may be stressed to some extent by handling during transport from the 

hatchery to the reseeding site (Chapter 5), or may lack an awareness or recognition of 

predators (Schiel and Welden, 1987; Ray et aI., 1994;). Minimising the impact of 

predation is, therefore, often a vital aspect of any attempt at establishing, or reseeding, 

a popUlation. 

The impact of predation was evident during the A.C.I.A.RIN.T.U. Trochus research 

project (Crowe, personal communication, 1997). During tethering trials, hatchery 

reared juvenile trochus were tethered on reef flats in King Sound and on Troughton 

Island in north west Australia. Survival rates after two weeks were invariably found to 

be < 10%. Recovery of broken ~r damaged shells, or simply broken tethers (6 kg 

breaking strain nylon monofilament), pointed to predation as the cause of the loss. 

This opinion was reinforced when, on several occasions, portunid crabs or whelks 

were observed feeding on juvenile trochus. 

A number of predators have been listed as having an impact on trochus reseeding 

programs. These include portunid crabs (Thalamite admete, Thalamite stimpsoni); 

stomatopods (Gonodactylus spp.) (Kubo, 1989); hermit crabs (Dardanus 

sanguinolentus) (Nash, 1985b); flat worms (Pranocera spp.) and muricids (Thais 

spp.) (Kubo, 1989). Not all of the predators listed as actively feeding on trochus are 



found on the reefs of north west Australia, but there are populations of portunids, 

stomatopods, hermit crabs and muricids (personal observation). 

Kubo (1989) found that the damage patterns on shell fragments found on Okinawa 

reefs could be used to identify the predator responsible for the death of the shell's 

occupant. He was able to differentiate, albeit not always with complete certainty, 

between damage caused by crabs, diodons, stomatopods, gastropods and flatworms. 

By adapting Kubos' approach, it may be possible to estimate the relative impacts of 

different species of predator on the north west Australian reefs by examining the 

shells and fragments they leave behind. This information can then be used in the 

selection of sites suitable for reseeding. 
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Using the shell fragments to identify predators may only be possible for benthic 

predators. Pelagic predators are more likely to carry juvenile trochus away from the 

site or crush them to the point where shell remnants are too scattered and too small to 

analyse (personal observation). Direct observation on a site may give an indication of 

which pelagic predators may be expected to have an impact. 

Observation of the methods of attack used by the dominant predators (Fairweather 

and Underwood, 1983), both benthic and pelagic, should also aid in the development 

of strategies to give reseeded trochus some protection. Attacks may be foiled by 

varying the density at which the trochus are released; by providing physical refuges; 

or by selecting or altering the microhabitat into which the trochus are to be released. 

Alternatively, the creation of an artificial habitat (a release vehicle) to give the newly 

released trochus protection in the early stages may prove a more suitable method of 

reducing the impact of predators (Kubo, 1989). 

Another option is to look for a size-refuge from the predator which appears to have 

the greatest potential impact. The vulnerability to predation of some species lessens as 

their size increases (Vermeij, 1976, 1978; Peterson, 1982; Ray et aI., 1994; Ellis and 

Gibson, 1995; Ray and Stoner, 1995b). When they have reached a threshold size they 
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achieve a 'size-refuge' from a given predator, meaning that they are too large for the 

predator to successfully attack. Ifthe species of predators present on a release site are 

known, it should be possible to release juvenile trochus at a size that will give them 

the benefit of any size-refuge. 

4.1.1: Aims 

In this chapter I will examine the range of predators represented on the reefs of north 

west Australia and assess their potential impact on reseeding programs. I will describe 

the unique damage patterns left on shell fragments by each predatory species and how 

these can be used to detennine which predators are present. I will also discuss 

defences employed by trochus against predators and steps that may be taken in a 

reseeding program to maximise the effectiveness of these natural defences and 

minimise losses of trochus to predators. 

In order to minimise the impact of predation we must first know: 

• what are the principal predators on trochus and which of those predator species 

are present at the reseeding site. 

• the potential impact of those predators on the reseeded stock. 

• the way the predators attack their prey and the dynamics of the prey/predator. 

relationship. 

The specific aims of this chapter are: 

• Identify significant predators of juvenile trochus on the reefs of north west 

Australia. 

• Detennine the potential impact of predatory species on reefs in north west 

Australia. 

• Describe the damage caused to the shells of juvenile trochus by each identified 

predatory species with a view to defining a characteristic damage pattern 

diagnostic for a specific predatory species. 



• Observe the modes of attack with a view to devising a means of affording some 

protection for newly released trochus. 

• Test for size-refuge from benthic predators. 

4.2: Specific materials and methods 

4.2.1: Identifying and determining the impact of benthic predators 

Identifying benthic predators 
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Possible benthic predators were collected from the intertidal reef flats in the general 

location of the reseeding trials carried out by the A.C.I.A.R.IN.T.U. Trochus Project. 

Collections were carried out at low tide when the suspected predators could be either 

picked up by hand or trapped by hand net. 

Species collected from reef flats on Troughton Island, Cunningham Point and Sunday 

Island were: 

Thalamita crenata (Blue crab) 

Gonodactylus sp. (Mantis shrimp) 

Clibanarius spp. (Hennit crabs) 

Pilumnus verspertillo (Hairy crab) 

Octopus sp. (Common reef octopus) 

Conus textilus (Textile cone shell) 

Conus ebraeus (Cone shell) 

Melo amphora (Baler shell) 

Morula margariticola (Whelks) 

Chicoreus trivialis. (Murex) 



All samples were transported to Darwin by air and placed in 20 litre aquaria with 

seawater at 32 ppt and undergravel filters. A simple substrate, similar to that on the 

reef flat, was placed in the aquaria. M margariticola and C. trivia lis were kept in 

communal aquaria, all others were kept individually. 
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After the predators had been allowed two days to acclimate, five trochus ranging in 

size from 2.5-30.5 mm sw were randomly selected from the N.T.D. hatchery tanks 

and introduced to each aquarium. The reaction of the suspected predator was observed 

and mortality among the trochus noted every 24 hour period for up to one week. At 

the end of this period, those animals which did not prey on trochus were either killed 

or transferred into a private aquarium (Dept. of Fisheries conditions goveming 

samples imported from interstate do not allow for their release into Northern Territory 

waters, and re-export was not feasible). Identification of all potential predators was 

confirmed by taxonomists from the Northern Territory Museum. 

Determining the potential impact of benthic predators 

In order to determine the potential impact of confirmed predators, the number of kills 

and rates of consumption in a given period were observed. Trials were conducted 

under laboratory conditions on simple gravel substrates where the predators had 

unhindered access to the trochus. Each predator was kept without food for three days 

before being offered batches of juvenile trochus that were within a size range that it 

had been observed to kill. 

4.2.2: Testing for size-refuge from benthic predators 

Thalamita crenata, which showed the highest observed consumption rates oftrochus, 

was selected to test for the existence of a size-refuge for juvenile trochus. Eleven 

crabs, representing the full range of sizes commonly found on the reef sites, were 

caught and transported to the laboratory. Each animal was in good health and had all 

appendages and shells intact. They were placed into individual aquaria with no 
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substrate on 50% of the bottom (Figure 4.1) two days before the trial commenced to 

ensure that they were all healthy and that they all had equally empty guts. They were 

then offered individual trochus in the size classes 5-8; 8-10; 10-13; 13-15; 15-18; 

18-20; 20-23; and 23-25 mm. The damage the predator could inflict on the trochus 

was noted as either crushed, peeled, holed or intact. Whether or not the attack resulted 

in the death of the trochus was also noted. 

Trochus size classes were not offered consecutively but as they became available 

from the hatchery. Each size class was replicated three times. Two days after feeding 

either the shell remnants or the live trochus was removed and another placed in the 

aquanum. 

All shell remnants were labelled and kept individually for reference. 

Under gravel filter 

Figure 4.1: Aquaria set up for testing predation. 



4.2.3: Observations of modes of attack, interactions between prey and predator 

and descriptions of shell damage 
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Samples of predators identified in 4.2.1 were brought into the laboratory and, after 

two days acc1imatisation, placed with 15 mm trochus. The modes of attack and 

interactions between prey and predator were recorded on VHS video-tape using a 

Panasonic NV- M7A video camcorder. Recording periods were up to 12 hours (tapes 

were changed and reviewed every two hours). 

Damaged shells and shell fragments were collected, photographed and described. 

Individual damage patterns were noted and damage caused by different predatory 

species compared. 

4.2.4: Identifying and determining the impact of pelagic predators 

Pelagic predators were identified using a JVC GR-AX760 compact VHS camcorder 

with a low light (F = 1.2) lens and equipped with a long life external power source (12 

volt fully sealed battery). This model of camcorder was chosen because it was the 

only model available, within budgetary constraints, which offered both a time lapse 

facility and ultra low light reception. 

A waterproof housing (Figure 4.2) was constructed using one P.V.A.150mm drainage 

'T' junction pipe, one P.V.A. glue-sealed cap and two P.V.A. screw-sealed caps. The 

centre was cut from the glue-sealed cap and a 6 mm thick laminated glass lens was set 

into it, sealed with a silicon sealant and the assembly was glued to the 'T' junction 

with P.V.A. adhesive. The centre was cut from one of the screw-sealed caps, a 6 mm 

thick perspex 'view finder' set into it and sealed with a flexible co-polymer sealant 

(Selleys Wet Seal-silicon sealants do not adhere well to perspex). The assembly was 

then screwed onto the 'T' junction and fixed in place with P.V.A. adhesive. The 

remaining screw-sealed cap was used as an access point and the thread and o-ring 

were coated with silicon grease to improve the seal. The completed assembly was 

tested for water resistance by immersion under 6-7 meters of water for two tidal 

cycles. 



The camcorder was placed inside a waterproof dolly before being sealed inside the 

waterproof housing, which was then attached to an aluminium grid and anchored to 

the reef with rocks and boulders. 

Pcrspex 

Camcorder 
~~:;:",... 

Glass ---\1 

Dolly 

Clear perspex 

Camcorder 

Screw to secure camcorder 
to the dolly 

" 

Base 

12 volt battery 

Figure 4.2: Under water video camcorder housing. 

Under-water housing 

Camcorder dolly 
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The camcorder was placed on a reef at low tide and activated just before the incoming 

tide reached the site. Recording was on 60 minute VHS-C tapes, the longest tapes 

available for the model of camcorder used. The camcorder was focused on groups of 

hatchery-reared trochus ranging in size from 10-25 rom which had been placed within 

its field of view. In order to cover as great a period of inundation as possible, the 

camcorder was set to record on time lapse. Because recording relied entirely on 

natural light, observations were made only during daytime. 

Observation sites were at: 

• Guangan reef, Sunday Island, using 35 trochus with the camcorder set to record 

on time lapse rate of one second record I 15 seconds pause. Two video recordings 

were made at this site. 

• Cunningham Point using 30 trochus and with the camcorder set to record on time 

lapse rate of five seconds record I 15 seconds pause. One video only was recorded 

at this site. 

Predators recorded on the video were identified to species and the frequency and 

modes of attack were observed. Identifications were confirmed by Dr Helen Larson 

from the Northern Territory Museum. 
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4.3: Results 

4.3.1: Identifying and determining the impact of benthic predators 

Identifying benthic predators 

Table 4.1: Summary of testing for predation using specimens of known or reported 

predators from the reefs on Troughton Island and King sound. 

Species Common name Prey on trochus Comments 

Thalamita crenata Blue crab Yes Attacked an average of 
90% of trochus offered. 
Did not always eat the 
trochus after killing it. 

Gonodactylus sp. Mantis shrimp Yes Consistently killed 3 
trochus per day 

Clibanarius sp. Hermit crabs No Ate dead or dying 
trochus but did not attaci< 
healthy ones. 

Pilumnus verspertillo Hairy crab No nil 

Octopus sp. Common reef No nil 
octopus 

Conus textilus Textile cone shell No nil 

Conus ebraeus Cone shell No nil 
Melo amphora Baler shell Yes Attacked and killed one 40 

mm trochus 

Morula margariticola Whelks Yes Attacked and killed up to 

40 mm trochus Displayed 

communal feeding with up 

to 4 -5 whelks on a single 

trochus. 

Chicoreus trivia lis Murex No nil 
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Thalamita crenata (Blue crab) 

Ofthe three blue crabs that were used, two attacked and killed trochus within 30 

minutes. The third crab picked up several trochus, but made only perfunctory attempts 

to break each one before discarding it. This crab died less than 24 hours later, so it 

was likely that it was injured, ill or seriously stressed during transit. The surviving 

crabs each killed all five trochus offered. 

The larger surviving crab (60 mm carapace width) was offered 20 trochus (10 

measuring 10-15 mm sw and 10 measuring 15-20 mm. sw). After one hour the shells 

of five trochus had been broken, including the largest and the smallest. After 15 hours 

18 trochus had been killed and after 24 hours 19 of the 20 had been killed. It can not 

be verified if they had all been eaten as some of those killed overnight did not appear 

to be broken enough to allow access to the body by the crab's mandibles. This crab 

was observed to break the shell of a 25 mm trochus in 10 minutes, but it was unable to 

completely break a 32 mm trochus, which survived despite being badly damaged at 

the lip. 

The smaller crab (51 mm carapace width) attacked and seriously damaged a 13 and a 

17 nun trochus (not known if they subsequently survived), but was unable to break 

them open completely. The largest it was capable of eating was 12 rnm. When 

offered 20 trochus in the size range 5-12 mm, the smaller crab broke the shells of 17 

in 24 hours. 

Gonodactylus sp. (Mantis shrimp) 

Initially only one mantis shrimp (total length 70 mm) was available for trial. When 

trochus were introduced to its tank, it immediately stalked and killed one trochus 

measuring 20 mm. sw. After 24 hours it had killed and eaten a 14 nun and an 18 mm 

trochus, but did not seem capable of successfully attacking one measuring 21 rnm. It 

was not seen to attack a 5 nun trochus which was in its tank, but no trace of this 
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trochus could be found after the mantis was removed. It may have been killed, but it 

also possible that it had hidden inside the substrate and been discarded or had climbed 

out ofthe tank and been overlooked earlier. 

An 80 rom mantis shrimp was later added to the trial and successfully attacked a 25 

mm trochus, but ignored one of 31 mm. Because it took a longer time and more 

strikes by the mantis shrimp to break the 25 mm trochus than had been observed for 

smaller trochus, it is likely that 25 rom is at or near the maximum size of prey that it 

can break. 

When each mantis shrimp was offered batches of20trochus between 10 and 17 mm, 

they both killed three trochus in each 24 hour period ofthe trial. 

Clibanarius sp. (Hermit crabs) 

Five hermit crabs of a size representative of those found on the reef sites 

(approximately 5-7 mm carapace width) were used in the trial. None ofthem showed 

any interest in attacking healthy trochus but instead fed opportunistically by grazing 

on the substrate. The trochus did not react to the presence of hermit crabs. 

These helTIlit crabs were not immediately discarded after the trials, but were kept for 

several weeks. Two of them were later seen to be feeding on a trochus from a 

subsequent and unrelated trial, but this trochus had been severely stressed and was 

either dead or near death when placed with the hermit crabs. Further evidence of the 

scavenging behaviour of the hermit crabs was seen when one was observed trying to 

push feeding whelks aside to gain access to a trochus which the whelks had recently 

killed. 



Pilumnus verspertillo (Hairy crab) 

Five hairy crabs of 40-50 mm carapace width were used in the trial. None of them 

showed any interest in attacking trochus, but grazed or foraged on the substrate. The 

trochus did not react to their presence. 

Octopus sp. (Common reef octopus) 
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Two octopus with diameters of approximately 30 cm (tip to tip of arms) were used in 

the trials. Neither showed any interest in the trochus and the trochus did not react to 

their presence. Both octopus tended to remain quietly in shelters provided for them. 

After three days they were offered alternative food (P. verspertillo) to check whether 

they were actually hungry but did not prey on gastropods, or if they were not eating 

for some other reason. In both cases the crabs were attacked and eaten within minutes 

of being introduced to the octopus' tanks. 

Conus textilus (Textile cone shell) 

One textile cone was used for. the trial. It burrowed into the shell grit substrate within 

an hour of being placed in its aquarium. Although it moved around regularly it was 

not seen to emerge in the month it was kept. During this time it was offered trochus 

ranging in size from five mm up to 45 rom sw. Despite this species being a predator of 

gastropods (Dr Willan, N.T. Museum, personal communication), it did not prey on the 

trochus and the troehus ignored its presence. 

Conus ebraeus (Cone shell) 

Three C. ebraeus with shell lengths of 35-40 mm were used for the trial. Like the 

textile cone, they rapidly burrowed into the substrate. They did not remain there, but, 



and were frequently observed on the surface. None preyed upon the trochus and the 

trochus ignored them. 

Melo amphora (Baler shell) 
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One baler shell with a shell length of 110 nun was used for the trial. When it was 

placed in the tank it travelled rapidly around it several times on top of the substrate 

before partially burying itself. Soon after the trochus were introduced to the aquarium 

the baler repeated this behaviour, but at no point did it actually appear to hunt the 

trochus-it simply circled the tank. The trochus, however, reacted to the baler's 

presence by taking evasive action, on most occasions climbing the side of the 

aquarium and often leaving the water. When the baler buried itself again, the trochus 

returned to normal grazing. This behaviour was repeated on four occasions. 

After the trial the baler was kept in a private aquarium where it killed and ate a 40 rnm 

trochus which was kept to clean the tank, but it continued to ignore smaller trochus. 

Morula margariticola (Whelk) 

Ten whelks with shell lengths between 15-22 mm were used for the trials. When the 

trochus were placed with the whelks, the whelks immediately began to actively 

pursue them. The trochus all climbed the sides ofthe aquarium and several left the 

water to escape. On approximately 80% of occasions when a whelk caught a trochus 

it was able to kill it. 

To determine consumption rates, pairs of whelks were placed in aquaria with 14 

trochus to each pair. The first pair of whelks was observed to be feeding 13 hours 

later, but it was not known when the kill was made. After 24 hours, two pairs of 

whelks had killed one trochus per pair and each pair was feeding together. One whelk 

from the third pair was actively hunting. 
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Whelks were observed still feeding on a trochus 11 hours after an observed kill, but 

exactly how much longer they continued to feed was not recorded. After feeding, the 

whelks were not observed to hunt again in the subsequent three days. 

Chicoreus triviaIis (Murex) 

Three C. trivialis with shell lengths between 25-30 rom were used for the trial. At no 

time did they prey on the trochus and the trochus ignored them. 

4.3.2: Testing for size-refuge 

The benthic predators which showed the greatest potential impact on reseeded 

juvenile trochus were the blue crab T. crenata. and the whelk M margaritacola. As 

the whelks appeared capable of killing all sizes oftrochus, only blue crabs were used 

for size-refuge trials. 

A positive relationship was shown between the crabs size and the prey size which it 

can eat. Table 4.2 and Figure 4.3 show that the larger the crab, the larger the trochus it 

was able to eat. There were two anomalies: 

• one 43 rom female which was able to break a hole into a large trochus shell on the 

third whorl up (Figure 4.4 c) to gain access to the trochus body 

• one 50 rom male, which showed little interest in any of the trochus it was offered. 

The latter grazed on the substrate and remained healthy and active throughout the 

trials. 
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Table 4.2: Relationship between the size and sex of crabs and the size oftrochus 

killed or damaged where nJa = crab not used in trial and ( ) = trochus severely 

damaged but not killed. 

Trochus killed or damaged 

Crab 5-7mm 7-10mm lO- B- 15- 17- 20-
size 13mm 15mm 17mm 20mm 23mm 

and sex 

33m nla 3 nJa 0 1 nJa nJa 

43m 3 0 3 1 1 1 0 

43 f 3 nla 3 nJa nla 0(1) 0 

45 f 3 1 3 2 2 0(2) 0 

50m 1 0 1 0 0 0 0 

55m 3 3 3 3 0(1) 2 (1) 2 

58 f 3 3 3 3 3 0(1) 0 

60 f 3 3 3 3 2 (1) 2 0 

65m 3 3 3 3 1 1(1) 1 

65m 3 3 3 3 3 2 (1) 0 

70m 3 3 3 3 3 3 1 

These results indicate that a trochus grown in a hatchery to > 25 mm sw will obtain a 

high degree of size-refuge from T. crenata of < 70 nun carapace width (Figure 4.3). 
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Figure 4.3: Relationship between crab size and percentage oftrochus of different 

sizes eaten. Crab size classes have been divided into small « 45 mm carapace width), 

medium (46-60 mm carapace width) and large (> 61mm carapace width). Results for 

individuals within each group are pooled. 

4.3.3: Observations of modes of attack, interactions between prey and predator, 

and descriptions of shell damage. 

Thalamita crenata (Blue crab) 

Interaction between predator and prey 

Rather than actively hunting for specific prey, Thalamita crenata appeared to forage 

by 'picking over' the substrate and sampling whatever they came across-animal or 

plant. When a trochus was touched, the crab immediately picked it up and turned it 

over. The spire or, less commonly, the edge of the shell was held in one claw (usually 

the left) and the shell attacked with the other (plate 4.1). Trochus appeared to have 
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only one defence against crabs. They withdrew as far as possible into their shells and 

appeared to rely entirely on the strength of the shell to protect them. 

Plate 4.1: Crab attacking a juvenile trochus. 

Shell damage patterns resulting from crab attack 

Three methods were observed being used to open the trochus shells. All left a nibbled 

effect on the shell remnants that were distinctive of crab attack, but each method left 

its own typical damage pattern. 

I) The entire side of the shell was crushed in sections starting at the shell opening and 

working back around the whorl until the trochus foot was exposed (Figure 4.4 a). 

This method of attack was used on trochus that were well below the maximum size 

that the crab could kill. The shell was broken into fragments and often the only 

remnant that could be found was the spire. 
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2) The underside of the shell was peeled by removing small sections of the shell in a 

'can-opener' action around the whorl until the trochus foot was exposed (Figure 

4.4 b). This method was used when the crab was attacking the largest prey it could 

kill. Most of the shell was left intact and the damage pattern was easily 

recognisable. 

3) The shell was broken at a weak point anywhere on the shell, allowing the crab 

direct access to the trochus body (Figure 4.4 c). This method was observed only 

once in the laboratory. It did not appear to be as size-specific as the other two 

methods as it allowed a small crab (43 rom) to successfully prey on a 23-25 rom 

trochus. 
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Figure 4.4: Crab damage to juvenile trochus shells. 
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Morula margariticola (Whelk) 

Interaction between predator and prey 

When whelks were placed with trochus, there initially appeared to be no response 

from either. The trochus occasionally grazed over the whelks and the whelks were 

seen climbing onto the backs oftrochus without eliciting a response. After five hours, 

however, a change in behaviour was observed. This was the start of a series of attacks 

which revealed four sequential defensive behaviours available to the trochus. 

1) Flight-the trochus began to move up the side of the aquarium and leave the water 

with one whelk in apparent pursuit. 

2) Passive defence-when a trochus was caught, it pulled down tightly onto the glass 

and left no soft parts exposed to the whelk. The whelk made a brief attempt to get 

under the trochus and then began to climb onto the trochus shell. 

3) Active defence-the trochus began slowly rotating its shell anticlockwise, in the 

process extending its body out of its shell. Once the trochus was fully extended, it 

convulsively pulled its body back, rapidly spinning its shell (Figure 4.5). This action 

both loosened the whelk's grip and slashed the whelk's exposed foot with the spines 

around the base of the trochus shell. On one of several occasions when this behaviour 

was observed, the trochus repeated this 'slashing' movement only twice before the 

whelk withdrew and made no further attempt at hunting during the observation 

period. 

On one occasion when the whelk was not deterred by the slashing action of the 

trochus and successfully climbed onto its shell, there appeared to be little more that 

the trochus could do. As the trochus moved about the aquarium, continuously shaking 

its shell from side to side, the whelk on its back extended its proboscis down and 
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under the lip ofthe trochus to attack its soft tissues (Figure 4.6). This attack was seen 

to be successful after 2-3 hours. 

1 

The whelk begins to 
climb onto the trochus 

The trochus slowly rotates 
in an anticlock:wise direction 

The trochus rotates rapidly 
clockwise, dislodging the 
whelk and 'slashing it with 
its spines. 

Figure 4.5: Active Defence by juvenile trochus attacked by a whelk. 

Figure 4.6: Whelk attack on a juvenile trochus. 

The proboscis is extended 
under the trochus shell to 
the soft body parts 

4) Evasion-if the first three defences had failed to stop the attack but the whelk has 

not been able to climb onto the trochus back, the trochus climbed onto the whelk's 

back instead. In one observation a trochus remained on a whelk for four hours, but 



three hours after the end of the observation period the whelk was again under the 

trochus and was later seen feeding (with a second whelk) on the trochus. 

Communal feeding 
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When two whelks were placed in an aquarium with several trochus and one began an 

attack, the second whelk extended its syphon and tracked around the aquarium, 

following the current to the initial attack site. By the time it reached the site the 

predator and prey had moved away and the whelk meandered in circles, apparently 

distracted by two small trochus grazing nearby. After moving two or three centimetres 

toward them it doubled back and moved directly to the vicinity of the attack. Such 

action strongly suggests the presence of chemicals released by either the attacker or 

the prey (Feder, 1963). The second whelk made no move to join the attack, but 

stayed close-this paid off as it was later seen sharing in the meal. Interestingly, 

whelks moving to share a meal showed no direct interest in other trochus and, after 

the initial general flight, trochus not being attacked showed no response to whelks. 

Shell damage patterns resulting from whelk attack 

The damage the whelk caused to the trochus shell usually appeared as a polished 

patch which, although occasionally almost invisible, was more commonly rubbed 

down to the nacre. Occasionally this point is broken through leaving a jagged hole 

(Plate 4.2). The feeding strategy of the whelk was not to drill through the shell, 

instead it employed the alternative strategy (Fairweather and Underwood, 1983) of 

extending its proboscis into the aperture and directly to the trochus body-so the 

holing of the shell was not an integral part of feeding. The polishing or breakage 

occurs where the whelk gripped the trochus while feeding. 



Plate 4.2: Whelk damage to trochus shell. Polishing or damage that is restricted to 

this point is indicative of Morula margariticola predation. 

Gonodactylus Sp. (Mantis shrimp) 

Interaction between predator and prey 
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The mantis shrimp appeared to hunt visually. Before attacking, it watched its prey for 

periods ranging from several seconds to several minutes and then literally pounced. 

Trochus under 15 mm were usually carried back to the lair before being broken, but 

larger ones were attacked in situ. The mantis shrimp broke the trochus shell by 

repeatedly striking it with its chelipeds (Plate 4.3). 

As with the crab, the trochus had only one form of defence-it withdrew into its shell. 

The mantis picked up the trochus and visually inspected it, rotating it several times 

before positioning it precisely for breaking. It placed the trochus and moved back 

several centimetres to inspect it. It often repositioned the trochus several times before 

striking the shell the first time, and again between each strike. 
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Plate 4.3: Mantis shrimp attacking a juvenile trochus. 

Shell damage patterns resulting from mantis shrimp attack 

Damage caused by mantis shrimp attacks sometimes looked very similar to crab 

damage, but could be differentiated by a clean break (Figure 4.7) which differed from 

the 'nibbled' effect that crabs produced (Figure 4.4b). In many cases the break was 

vertical and spam1ed two or more whorls. 

, 
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Clean break 

Figure 4.7: Mantis shrimp damage to trochus shell. 

Melo amphora (Baler shell) 

Interaction between predator and prey 

The baler approached the trochus from beneath the shell grit substrate with only its 

syphon exposed. When it was within a few centimetres of the trochus, it emerged 

from beneath the substrate and rapidly engulfed the trochus with its foot. The baler 

passed over the trochus until the trochus was positioned and held in a pocket formed 

by the trailing edge of the baler's foot. The baler then burrowed beneath the substrate 

once again, dragging the trochus with it. The attack, from the time the baler emerged 

from the substrate until it was completely covered again, took approximately 20 

minutes. 



Because the baler had shown no interest in smaller juveniles, the trochus which was 

offered to the baler was larger (40 mm sw) than any used for other trials. 

Shell damage patterns resulting from baler shell attack 

There was no detectable damage to the trochus shell caused by the attack from the 

baler. 
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4.3.4: Identifying and determining the impact of pelagic predators 

Large numbers of bottom feeding fish were evident within five minutes of the tide 

covering the camcorder (a water depth of 250 mm.) at Guangan Reef and 10 minutes 

at Cunningham Point. In both cases it was estimated that more than 75% of the fish 

recorded on the videos were Choerodon cyanotus (Richardson, 1843) (blue bones). 

Plate 4.4: Choerodon cyanotus attacking trochus which had been placed on the reef 
prior to the tide coming in. 



Unfortunately, due to the time lapse function of the video, it was only possible to 

approximate the numbers of fish which were on the site. There was no way of being 

certain that it was the same fish, or group of fish, which appeared in consecutive 

groups offrames. 
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C. cyanotus were seen actively feeding for approximately 95% of the time the videos 

recorded. On several occasions they were seen to be feeding on the juvenile trochus 

which had been placed in front of the camera (Plate 4.4). Their feeding strategy was 

simply to swim over the reef and pick food off the surface. They also foraged under 

coral or rock overhangs, but did not appear to burrow or break away the substrate to 

reach food. As it was impossible to keep track of individual fish as they entered and 

left the camera's field of view, it was not possible to estimate the potential impact of 

an individual fish. 

Lutjanus carponotatus (stripey sea perch) were also recorded feeding. Their foraging 

method was similar to that of C. cyanotus in that they mostly picked over the surface, 

but they were seen to occasionally burrow into the substrate. It is quite possible that 

they did eat trochus, but were not recorded actually doing so. The numbers of L. 

carponotatus recorded were comparatively low compared to C. cyanotus. 

4.4: Discussion 

4.4.1: Identification of predators 

The initial trials to identify which benthic species are predatory on trochus did not 

bring altogether expected results. Conus textilus, for instance, is considered to be 

predatory on gastropods (Dr R. Willan, N.T. Museum, personal communication) yet 

the one used in these trials made no attempt to feed on the trochus offered. The reason 

for this may lie with the individual animal. A sample size of one can not take into 

account differences in behaviour between individuals. As was seen with the crabs, 

some animals do not respond to the same foods as others. It may otherwise be that it 

had fed shortly before capture and was still digesting the meal, or there may have 

been a seasonal reason for it not feeding. That it was still alive and apparently healthy 
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one month after capture suggests that it was not adversely affected by capture. It was 

not clear why this animal did not feed on trochus, but as no further C. textilus were 

found on the site at the time of the trials, the results could not be replicated. Given the 

observed rarity at the sites of C. textilus it would not have been considered significant 

even if it had proven to be a predator. 

Unlike C. textilus, the octopus trials were replicated-albeit only twice. Octopus were 

also expected to prey upon trochus but did not; however, both specimens were willing 

to eat alternative food when it was offered. Given the abundance of octopus observed 

on the reef sites it is fortunate for reseeding that they do not appear to feed on trochus. 

As both Nash (1985) and Kubo (1991) reported hermit crabs (Clibanarius sp.) 

preying on trochus, hermit crabs were expected to prey on trochus in these trials. In 

fact they behaved entirely as scavengers, feeding opportunistically on detritus 

augmented by dying animals when available. All five ofthe hermit crabs trialed 

showed aggression in obtaining their food only to the extent of pushing whelks aside 

to get at their kill. It is likely that there were behavioural differences between 

populations and the species observed in West Australia and those observed elsewhere 

by Nash on the Great Barrier Reef and Kubo in Okinawa. 

While the baler shell (Melo amphora) observed in the laboratory did not a prey on 

small trochus, the fact that, as with C. textilus the trial was not replicated meant that 

balers in general could not be ruled out as predators. The evasive action-most often 

by climbing up the sides of the aquarium-taken by the juvenile trochus when the 

baler approached indicated that it represented a danger to them and was probably 

recognised as a predator. 

It may be that the method the baler employed to actually consume its prey precluded 

it from eating juveniles. The baler rode up and over its prey until it could hold the 

prey with the trailing edge of its foot. In the aquarium it held the prey there while it 

burrowed under the substrate, but when a baler was observed feeding on the reef it 

was folded in two, with the trailing edge brought forward to bring the food to the 

mouth. This was probably the same position as adopted under the substrate by balers 

to feed. It is possible that the smaller the prey, the greater the difficulty the baler has 
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in manoeuvring it into a position where it can be eaten. If this were true then the baler 

would be size specific in its prey selection. Logically, smaller balers would eat 

smaller trochus and thus may have some potential impact on a reseeding program, but 

given the observed low popUlation of balers this impact is likely to be light. 

4.4.2: Shell damage caused by known predators 

The benthic predators which these trials have sho\VIl to have the potential for a 

detrimental impact on a trochus reseeding program were the portunid Thalamita 

crenata (blue crab), the whelk Morula margariticola, and the mantis shrimp 

Gonodactylus sp. 

Examination of shells and fragments of shells left by these three predators showed 

that Kubo's (1991) approach could be applied to north west Australian reefs. Each of 

the predators observed left a distinctive pattern of damage on the shell remains. These 

damage patterns were diagnostic and could be used, with a reasonable degree of 

certainty, to detennine which species of predator caused the death of an individual 

trochus. The only difficulty was finding enough useable shell remnants, often not an 

easy task. 

Although crabs and mantis shrimp often left almost the same sized and shaped 

fragments, there was a marked difference in the break lines (Figure 4.8). Crabs used a 

crushing and levering action-similar to that of a pair of pliers-to break the shells. 

This action left a 'nibbled' appearance at the edge of the break with differential 

breaking of the layers of shell. The mantis shrimp broke the shell with a percussion 

action similar to a hammer, which created a fracture in the shell and left a clean, 

straight and in most cases vertical break with very little differential breaking of the 

shell layers. 

Damage left by the whelks was distinctive when it was there, the problem was that 

they did not always leave damaged shells behind them. In the majority of cases there 

was, but, enough polishing or holes in the dead trochus shell to be able to confidently 

attribute the death to whelk predation. 
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The reason for the polishing-and occasional breaking--ofthe shell just in front of 

the aperture was interesting. It could not be directly associated with feeding as it was 

not always present in successful attacks. A clue to its cause may lie in the whelk's 

habit of communal feeding which was often observed during this study. 
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Figure 4.8: Comparison damage caused to trochus shells by predators. 



103 

Communal feeding was consistently observed both in the laboratory and in the field 

where several whelks were often seen feeding on one trochus. Ultimately there was 

jostling as more whelks arrive than could gain access to the food. Under these 

circumstances it was an advantage for the first whelk to be well adhered to its kill to 

avoid being displaced. As the point where the first whelk sat on the trochus shell to 

feed was the point where the polishing occurred, it was possible that the polishing or 

holes resulted from some form of mechanical or chemical adhesion. 

Past observations of interactions between predators and molluscs have shown clearly 

that, given the opportunity, prey are seldom passive (Feder, 1963; Garrity, 1984; 

Main, 1987; Castell and Sweatman, 1997). Rayet al. (1994) made the point that 

hatchery reared animals may lack an awareness or recognition of predators, but these 

trials have shown this was not necessarily the case with healthy trochus. All the 

juveniles used here appeared to show definite awarenet>s and an apparently suitable 

range of defensive responses when confronted with predators. 

These observations were, however, made in the laboratory. It may be that when 

placed in the wild and onto more extensive, more complex substrates with different 

encounter rates, there may be different or more complex responses needed to survive 

than those which hatchery reared animals had developed. 

It could equally be possible that hatchery reared animals had evolved more complex 

responses which they could not employ in a simplified laboratory environment. For 

example, it would appear that trochus have very few options when attacked with the 

overwhelming force of a crab or mantis shrimp. The observations on which this 

conclusion was based were, however, obtained under controlled laboratory conditions. 

The substrates were fairly simple and largely two-dimensional, consisting of pitted 

and cracked rocky reef overgrown with short algae-similar to the natural substrates 

used for pilot release studies on Troughton Island. 
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Numerous additional observations in the field while monitoring habitats (Chapter 3) 

showed that both juvenile Trochus spp. and Tectus spp. in their natural habitat 

displayed a defensive reaction which was not seen in the laboratory and which would 

be effective against large predators. Juveniles grazing on branching corals or seagrass 

often let go when they were threatened and dropped out of reach. They either fell to 

the substrate where their camouflage was effective, or they dropped and lodged 

between branches of coral where the sharp spines around their bases made 

dislodgment difficult. The foraging methods employed by crabs would have made it 

difficult to capture a trochus on a three-dimensional substrate if the trochus employed 

this 'drop' defence. Because oftheir method of hunting, mantis shrimp were also 

likely to have had a much lower success rate on a three-dimensional rather than a two

dimensional substrate. The monitoring program carried out on juvenile trochus 

(Chapter 3) showed that trochus appeared to live almost entirely in a highly complex, 

three-dimensional environment until they reached a shell width of25-30 mm. At this 

size it appeared that they gained a high degree of size refuge against both crabs and 

mantis shrimps. 

It was quite possible that the trochus defensive response which was observed in the 

laboratory-withdrawing and relying on its shell for protection-may have been 

misinterpreted. The trochus may have been actually displaying a drop response but, 

not being in a three-dimensional environment, this defence was not possible. 

The voracity shown by the crabs in the laboratory may also be quite different in the 

field where trochus occur in much lower densities, live in more complex habitats and 

where alternative prey are available. In Chapter 3 it was shown that, under natural 

conditions, it was unlikely that crabs would encounter aggregations of juvenile 

trochus. Faced with them in the lab, some of the crabs' behaviour (such as killing but 

not completely consuming trochus) may have been aberrant. The crabs' ability to kill 

an average of85% oftrochus offered to them was only an indication of the potential 

impact that crabs could have on a reseeding program, particularly if the trochus were 

released in high densities onto a simple substrate. 
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Trials established a clear positive relationship between the size of a blue crab and the 

maximum sized trochus that it could kill and eat. They also showed that at the limits 

of its capabilities, a crab is able to inflict sublethal damage on the trochus shell by 

breaking and peeling around the lip. As a general rule, a 25 rnm trochus will gain a 

high degree ofprotection from blue crabs of < 70rnm in width. This correlates very 

closely with the observed settlement patterns reported in Chapter 3 where it was 

shown that at this size trochus moved from a highly protective to a more open 

environment. As there were very few blue crabs> 70 rnm observed on the reefs, size 

would appear to be an effective form of protection from crabs. There are exceptions 

of course, as was demonstrated in earlier trials to determine the impact of the blue 

crabs, when one 60 nun crab completely broke up a 25 rom trochus in 10 minutes. As 

a general rule, however, if a trochus is retained in a protected environment until it has 

a shell width> 25 mm, it may have at least one less species of predator to contend 

with. 

The sample size of mantis shrimp (two individuals) was too small to draw finn 

conclusions as to predator/prey size relationships as it could not take into account 

differences between individuals. Observations of these two, however, put the 

maximum prey size at 20 rom sw for the 70 rnm mantis shrimp and 25 mm sw for the 

80 mm mantis shrimp. Despite the small sample size, there is a likelihood that a 

trochus of > 25 mm sw will have some refuge in size against a mantis shrimp < 80 

mm total length. Once again, this correlates well with the findings in Chapter 3 as all 

mantis shrimp observed at the study sites were approximately 80 mm or less. 

There was no detected refuge in size from whelks. In laboratory trials whelks killed 

trochus of up to 40 mm sw-the largest used in the trials. Nor did there appear to be a 

predator/prey size correlation between trochus and whelks-very small whelks were 

able to successfully attack large prey. The fact that whelks were able to kill a 110 nun 

long baler shell and (apparently) a 60 mm crab suggests that: 

• They may be able to kill any sized trochus, including adults. 
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• They have a broad diet (Fairweather and Underwood, 1983). Whelks were present 

where ever there were gastropods, but their numbers were much higher where 

there were small rather than large gastropods (Chapter 3), suggesting a preference 

for smaller prey. 

Generally this means that ifthere are high numbers of whelks on a site, even if the 

whelks are small, the site may not be ideal for reseeding. 

Predation from pelagic fish, especially Choerodon cyanotus, is possibly the single 

most important factor in any reseeding program. The intensity of their foraging meant 

that very few small trochus escaped, especially if the trochus were in a dense 

aggregation. The fish picked over the surface very thoroughly and at times foraged 

beneath overhanging rocks. When food was found it was picked off and crushed. 

Trochus which had just been placed onto a reef could often take some time to become 

active (personal observation), depending on the degree of stress that they had suffered 

during transportation. If they were still inactive when the tide came in they stood little 

chance of survival. 

If the trochus are to be put out unprotected there are some steps which might be 

employed to minimise predation from C. cyanotus: 

• Reduce stress to a minimum (chapter 5) 

• Place the trochus on the reef as soon as the outgoing tide will permit. 

• Place the trochus into a complex habitat. 

• Place the trochus in as Iowa density as practicable. 

Unfortunately, by putting the trochus out on an ebb tide and giving them a chance 

against one group of predators, they become exposed to others such as the crabs and 

mantis shrimp (neither was recorded on the video tapes when the tide was in). Placing 

them on a flood tide merely reverses the problem. 
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Like Fleury et al. (1996), I found it near impossible to quantify predator attacks from 

videos. I also found that accurately gauging the size of the C. cyanotus seen on the 

video tapes was difficult, but they were estimated to be between 250 and 350 mm 

long. No very large fish were seen so there was a possibility that there may be a size

refuge available to trochus from C. cyanotus on some sites. The fact that one 30 mm 

trochus remained in plain view throughout one tide cycle and survived, lent slight 

weight to this possibility. On the other hand, the generally low survival rates in all 

class sizes used in reseeding trials was not encouraging. 

In this Chapter I have shown the impact that predation from a range of species has on 

the trochus reseeding program. I have demonstrated ways in which the significant 

predators may be identified and presented possible ways of mitigating the problem. 

Areas of further research stemming from these findings are: 

• Developing techniques to improve the fitness of the trochus by reducing stress 

when they are placed on the reef. This will be addressed in Chapter 5 

• Examine more closely the possibility of size refuge for trochus from a wider range 

of predators, including fish. 

• Devise a simple and cheap form of artificial habitat that will give trochus a degree 

of protection from a range of predators until they can establish themselves in a 

new environment. Caging studies (Crowe et aI., in prep) have demonstrated that 

protecting juvenile trochus for one week after release can reduce subsequent 

mortality. 
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ChapterS 

Packing to minimise mortality in juvenile trochus in transit 

5.1: Introduction 

Sites designated fer reseeding are o.ften remo.te, in so.me cases tho.usands o.fkilo.metres 

from the hatchery. To. get steck frem the hatchery to. the field may invelve cemplex 

travel arrangements, with sto.ck being transferred frem ene ferm ef transpert to. 

anether a number ef times befere it is finally released. 

The ACIARJNTU Trochus Reseeding Preject presented an excellent example efthe 

travel arrangements required to. meve steck to. a remete and iselated site. Juvenile 

tro.chus were transperted fro.m the hatchery in Darwin to. Sunday Island, Cunningham 

Po.int and Treughto.n Island. 

The lengest o.fthese jo.urneys was from Darwin to. Sunday Island-a jo.urney ef 

appro.ximately l300 kilemetres invelving three heurs flying time, three heurs by read 

and ene ho.ur by beat. Even under ideal co.nditiens, hewever, handling time and 

unavoidable perio.ds efwaiting meant that the tro.chus were packed fer much lenger 

perieds than the seven heurs ef actual transpert time. Delays were eften caused by 

read cenditiens er waiting fer beats, tides er daylight to. negetiate the islands and 

reefs in King Seund. Because travel to. Sunday Island was always en a high tide, o.nce 

en site there was a wait fer a lew tide to. place the tro.chus en the reef. These facto.rs 

invariably led to. travel times o.f 26 heurs o.r lenger. In that time they were transhipped 

fro.m car to. plane, plane to. car, car to. beat and beat to. reef. 

Thro.ugho.ut the 20th Century trechus broedsteck have been translecated en a number 

ef o.ccasiens (Chapter 1), generally in the Pacific regien (Asano., 1938; Van Pel, 1957; 

Parkins en, 1984; Sims, 1985; Gillett, 1986, 1989; Izumi, 1987; Beur, 1989, 1990; 

Ostle, 1997). A number ofmetheds, fro.m dry transpert in weeden crates (Van 

Pel,1957) to. sea-water recirculating systems en beard ships (Asane, 1938; Parkinson, 

1984) have been empleyed to. pack trechus bro.edsto.ck fer transpert. 
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Throughout the ACIARINTU Trochus Reseeding Project, trochus broodstock were 

sent from King Sound to the NTU hatchery in Darwin (Ostle, 1997). The trip was 

made in two legs. For the first leg, the trochus were placed in bins between layers of 

wet sacking and carried by road from King Sound to Broome, where they were placed 

in sea-water (under the wharf) overnight. The following morning they were packed 

between layers of newspaper in double layered plastic bags at 20-40 trochus / bag. 

The bags were inflated with industrial oxygen, sealed with rubber bands and packed 

into polystyrene boxes for air-freight to Darwin. They were returned to King Sound in 

a similar fashion for release after spawning. This form of packing proved suitable for 

mature trochus and resulted in minimal mortality (0-16%) if the animals were out of 

water for eight hours or less. When packed for over eight hours (maximum time 24 

hours) mortality increased to 27-30%. 

Initially a similar method of packaging was employed to transport juvenile trochus 

from the NTU to the reseeding sites, but it proved unsatisfactory. The minimum time 

required to reach a release site was approximately 12 hours (Troughton Island) and, as 

it was not possible to break any of the journeys to rest the trochus in fresh sea-water, 

mortality was unacceptably high. Where the trochus were alive, they were often 

observed to be lethargic and slow to recover. When an animal in poor condition is 

placed into a new environment, it may either die directly from shock or remain torpid 

or lethargic for long periods and present an easy target for predators (Ray et aI., 1994; 

Fleury et aI., 1996; Linnane etal., 1997). 

There was a clear need to develop a specific method of packing juvenile trochus that 

would enhance survival over periods of at least 24 hours-the estimated minimum 

transit time from Darwin to the most distant reseeding site on Sunday Island. Because 

the ACIARINTU Trochus Reseeding Project was testing the viability of reseeding 

different class sizes, there was also a need to determine if different class sizes 

displayed different recovery and survival rates after being packed for long periods. 

Three class sizes were tested: 15-30, 7-10 and < 2 mm. 

In this chapter I will describe a series of trials which were used in the development of 

a method of transporting juvenile trochus which gave a mortality rate of < 10% after 
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being packed 24 hours and < 20% after being packed for up to 36 hours. This method 

is broadly similar to that described by Linnane et al. (1997) to transport live lobsters. 

Observations of mature trochus in their natural environment showed that trochus 

commonly remained out of the water for long periods between tides, sometimes being 

immersed only briefly when the tide was at its peak. This suggested that, given the 

right conditions, trochus should be capable of surviving without free water for some 

time. It followed that ifthe right conditions could be created in a packaging system, 

survival may be enhanced. Trochus appeared to occupy two relatively dry intertidal 

environments: 

• Reef flat: 

Trochus were in the full sun, but in a layer of wet macro algae up to five cm thick. 

Although they did not appear to graze, they were active at a minimal level. 

• Damp rock crevices and overhangs: 

Trochus gripped the bare rock surfaces out of direct sunlight and appeared to be 

totally inactive. 

The conditions on the reef flat were seen as less desirable because they involved a 

wet, rather than damp, substrate and therefore some free water. This led to two 

principal problems: 

• Free salt water is usually subject to special conditions when carried on aircraft. 

• Gastropods often become active where there is free water (as observed on the reef) 

and produce a higher rate of poisonous metabolic by-products. 

Damp rock crevices and overhangs present three major factors which appeared to 

contribute to the survival of the trochus-high humidity, comparatively low 

temperatures and a solid substrate. There were two obvious conditions which varied 

from those extant in the current packing system. They were: 
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• The use of pure oxygen in the plastic bags. 

• The solid substrate in the natural environment. 

A series of trials were conducted to determine the value of using pure oxygen in 

packing and the importance of a solid substrate to the trochus when out of the water. 

5.1.1: Aim 

Establish a method of packaging juvenile trochus that will enable them to survive in 

transit with a minimum of stress for periods of longer than 26 hours. 

5.2: Materials and methods 

5.2.1: General methods 

Preparation 

All trochus used in these trials were spawned and reared in the N.T.V. aquaculture 

hatchery. Trochus were collected from growing tanks and held in aerated plastic 

buckets. Immediately before packing all trochus were measured using vernier 

callipers, placed into the appropriate class sizes for each trial and then randomly 

assigned to equal groups. 

As in previous chapters, trochus measurement was taken as 'maximum shell width' 

and will be referred to as 's.w.'. 
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Packing 

Two packaging methods were used in trials: 

1) Sealed plastic bags 

One litre, clear plastic bags sealed with rubber bands were used in all trials. Pieces of 

absorbent paper approximately 300 x 300 mm were used to maintain humidity in the 

bags. Before being placed in a bag with the trochus, the paper was soaked in sea 

water, then all free water squeezed out by hand. After the trochus were in, all free 

water was drained from the bags, damp paper put in, the bags inflated with either 

oxygen or air and sealed with rubber bands (Figure 5.1). Food grade oxygen was 

taken from gas bottles and air from the hatchery air blower. 

~~--------Rubberband 

-----t---- Air or Oxygen 

1----- Plastic bag 

'1---+------ Damp paper 

Lb,~ _______ Trochus 

Figure 5.1: Packing juvenile trochus in inflated plastic bags for transport. 
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Inflated and sealed plastic bags were haphazardly distributed into polystyrene boxes 

which were sealed and stored away from direct sunlight for periods of24 and 48 

hours. 

2) Resealable, rigid plastic containers 

Materials were sought which could potentially provide a suitable solid or semi-solid 

substrate. Pilot studies of readily available materials (foam plastic, concrete, 

mangrove leaves, shell grit, newspaper and fibre-cement sheeting) were carried out by 

packing between 10 and 15 juvenile trochus per container on each of the substrates for 

24 hours. After this time the trochus were released and their condition assessed. This 

pilot study showed that there were three materials worth further investigation: 

• shell grit « 10 mm) 

• newspaper 

• fibre-cement sheeting (hereafter called 'fibro') 

These materials were subjected to a structured series of trials to test the importance of 

a solid or semi-solid substrate to the trochus and the suitability of each material as a 

packaging medium. 

Resealable, rigid plastic containers measuring 150 x 100 x 50 mm deep (the type used 

for take away food) were assessed as the best available containers for packing using a 

substrate. The bottom of each container was lined with either a layer of wet shell grit, 

wet fibre or damp newspaper. The shell grit and fibro were soaked for 24 hours in sea 

water. Excess water was drained offbefore packing. Immediately prior to packing the 

newspaper was soaked in sea water for approximately one minute and then squeezed 

by hand to eliminate free water. 
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Trochus were packed upright directly onto the substrates in single layers of 10-50 per 

layer. They were covered with damp foam plastic that filled the containers (Figure 

5.2). The foam plastic, which had been soaked in sea water and wrung out by hand 

immediately prior to packing, was used to hold the trochus in place and provide a 

moist environment. The containers were sealed, packed three deep into small 

polystyrene boxes measuring 200 x 150 x 150 mm deep and stored for periods of24, 

36, 42 or 48 hours. During this period the boxes containing substrate trials were 

moved regularly both within the hatchery and in vehicles to simulate transport 

conditions. Boxes containing air/oxygen trials were stored in the hatchery. 

Controls 

All control groups were treated in a similar manner up to the point of packing. After 

the other groups had been packed the controls were placed directly into the recovery 

tank. 

------------:::::::::::"'---Lid 

----Damp foam plastic 

~~--::6~ __ ---Trochus 

~~~~~~~~~~~~~~::::=- Solid substrat (fibro or news paper) 

Figure 5.2: Packing juvenile trochus in rigid plastic containers for transport. 
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Recovery 

After storage all trochus were unpacked and placed in a regular grid pattern on tiles in 

the filter bed of a maturation tank with flowing aerated sea water (Figure 5.3). All 

replicates were placed into the same filter bed. Activity was checked after one hour 

and again after 24 hours. Those that became active within one hour were considered 

to be in good condition with minimal stress, those becoming active between one and 

24 hours were counted as stressed, those inactive after 24 hours were counted as dead. 

Live trochus move off the 

r----r __ -......,--.--"1r-P==r===F9--grid when they recover 

Dead trochus remain on the grid 

I-----Tile 
1---+--- Grid pattern 

!:' ______ ---=-======::::==-Water inlets 

--......... 1i1~---,------.... .,;---F----..-..,,~_w 

Live trochus move off the tile 

Figure 5.3: Placing trochus on tiles in water for recovery after packaging. 

In Shell Grit and Newspaper trials, a different recovery procedure was used. After 

storage the trochus were unpacked and placed in a regular grid pattern in five litre 

aquaria containing aerated sea water. Each replicate was placed in a separate 

aquarium and activity was checked after one hour. Those that had moved during that 

period were considered to be in good condition and those which had not moved 

counted as dead. 
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5.2.2: Specific methods 

1) Determining the value of oxygen in packing trochus 

Two sets of trials were conducted to test the importance of oxygen in packing trochus. 

In the first set trochus were packed in inflated plastic bags, in the second set they were 

packed in rigid containers with a fibro substrate. 

Packing in plastic bags 

Each replicate was packed into a plastic bag (Figure 5.1). Food grade oxygen or air 

was used to inflate the bag, and the bag was immediately sealed. 

Table 5.1: Packing in plastic bags with oxygen and air. 

Trochus size (sw): 10-30 mm 

total time packed treatment ~ trochus ~ replicates 

24 hours aIr 10 6 

24 hours oxygen 10 6 

48 hours air 10 6 

48 hours oxygen 10 6 

total trochus 

60 

60 

60 

60 



117 

Packing in rigid containers 

Each replicate was packed onto a fibro substrate in a rigid container (Figure 5.2). 

Food grade oxygen or air was blown into the space between the foam plastic and fibro 

and the lid was immediately sealed. 

Table 5.2: Packing in rigid containers with oxygen and air. Trochus size (sw): 9-15 

rnm 

total time packed treatment ~ trochus ~ replicates total trochus 

42 hours aIr 40 3 120 

42 hours oxygen 40 3 120 

42 hours control 40 3 120 

48 hours air 40 3 120 

48 hours oxygen 40 3 120 

48 hours control 40 3 120 



2) Determining the value of solid or semi solid substrates in packing trochus 

between 7-30 mm 
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The following trials were conducted to determine ifthere were any advantage in 

survival rates to be gained from packing trochus for extended periods on solid or semi 

solid substrates. The substrates used were shell grit (semi solid) and news paper 

(solid). 

At the time this trial was conducted, only one size class oftrochus was available. 

Table 5.3: Packing in rigid containers with newspaper and shell grit substrates. 

Trochus size (sw): 10-20 mm 

total time packed treatment N° trochus ~ replicates total trochus 

24 hours news paper 50 3 150 

24 hours shell grit 50 3 150 

24 hours control 50 3 150 

48 hours news paper 50 3 150 

48 hours shell grit 50 3 150 

48 hours control 50 3 150 
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3) Fibro and Newspaper 

The following series of trials were conducted to detennine if there were any 

advantage in survival rates to be gained from packing trochus for extended periods on 

solid substrates composed of newspaper and fibro. 

In most cases trials on large (15-30 mm) and small (7-12 rom) trochus were run 

concurrently and packed together in the same containers. 

Table 5.4: Trial!. Packing in rigid containers with news paper and fibro substrates. 

Trochus size (sw): 15-30 rom, 7-12 rom. 

total time treatment N" large N small ~ total trochus 

packed trochus per trochus per replicates 

replicate replicate 

24 hours news 10 10 3 60 

paper 

24 hours fibro 10 10 3 60 

24 hours control 10 10 3 60 

36 hours news 10 10 3 60 

paper 

36 hours fibro 10 10 3 60 

36 hours control 10 10 3 60 
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Table 5.5: Trial 2. Packing in rigid containers with news paper and fibro substrates. 

Trochus size (sw): 15-30 mm, 7-12 mm. 

total time treatment ~ large N" small N" total trochus 

packed trochus per trochus per replicates 

replicate replicate 

24 hours news 10 6 3 48 

paper 

24 hours fibro 10 6 3 ,48 

24 hours control 10 6 3 48 

36 hours news 10 5 3 45 

paper 

36 hours fibro 10 5 3 45 

36 hours control 10 5 3 45 
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Table 5.6: Trial 3. Packing in rigid containers with news paper and fibro substrates. 

Trochus size (sw): 15-30 mm. 

total time treatment ~ large ~ small ~ total trochus 

packed trochus per trochus per replicates 

replicate replicate 

36 hours news 20 0 3 60 

paper 

36 hours fibro 20 0 3 60 

36 hours control 20 0 3 60 

42 hours news 15 0 3 45 

paper 

42 hours fibro 15 0 3 45 

42 hours control 15 0 3 45 

48 hours news 15 0 3 45 

paper 

48 hours fibro 15 0 3 45 

48 hours control 15 0 3 45 

Table 5.7: Trial 4. Packing in rigid containers with news paper and fibro substrates. 

Trochus size (sw): 7-12 nun. 

total time treatment ~ large N° small ~ total trochus 

packed trochus per trochus per replicates 

replicate replicate 

42 hours news 0 20 2 40 

paper 

42 hours fibro 0 20 2 40 

42 hours control 0 20 2 40 
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4) Packaging juvenile trochus of < 2 mm basal diameter 

In order to collect live juveniles for trials, shell grit was collected from filter beds in 

which trochus larvae had settled within the previous two weeks. Using a dissecting 

microscope and mohair brush, juvenile trochus were collected and placed in a clear 

area in the centre of a tray containing lightly aerated seawater. Shell grit was placed in 

the water around the edge ofthe tray and left for 24 hours. At the end of this period 

those juveniles that had not moved from the centre were discarded and those which 

had migrated to the shell grit used for trials. 

The shell grit with the trochus was drained and evenly distributed in three rigid, 

sealable plastic containers. The containers were then filled with damp foam plastic to 

hold the grit finnly in place, sealed and stored in polystyrene boxes. 

After 24 hours the foam was removed, the containers were flooded with seawater and 

lightly aerated. After one hour of recovery time, the shell grit was again examined 

under a dissecting microscope to detennine the number of trochus that were active. 

Trochus were considered active if they gripped the shell grit. 
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5.3: Results 

5.3.1: Determining the value of oxygen in packing trochus 

1) Packing in plastic bags 

lIJoxygen !!§lair 

100% 1 
I 
j 

80% 

>. ... 
~ 
;;-
Q recovery 1 hour recovery 24 hours <J 
~ ... after releas e after release 
~ I " = 40% 1 0:: 
~ 

1 e 

20% 

24 hours 48 hours 

Total time trochus 'Vrere packed 

Figure 5.4: Results from comparisons between packing with oxygen and air in plastic 

bags. Trochus size (sw): 10-30 mm. Error bars show standard deviation from the 

mean. 

A short time after they were placed in the bags, the trochus came out of their shells 

and attached their foot to a solid surface-usually another trochus' shell, but also the 

paper or the plastic bag. When they were strongly disturbed by the bag being jarred, 

many of the trochus retreated into their shells for several minutes before remerging 

and reattaching to a solid surface. Recovery (Figure 5.4) after they had been packed 
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for 24 hours was acceptable, but after they had been packed for 48 hours recovery was 

poor. In all cases there appeared to be some advantage to packing with oxygen. 

Analysis of variance (Table 5.8) showed that trochus which have been packed in 

plastic bags with oxygen do have a significantly improved recovery (98%) and 

survival (98%) than those packed with air (83% and 95% respectively). The effect of 

the packing time is seen as a slight increase in the rate of recovery 24 hours after 

release compared to one hour after release. 

Table 5.8: Repeated measured ANOV A of results from packing trochus in plastic 

bags with oxygen or air. Variances were homogenous (Cochran's test). 

Effect df MS Effect dfError Ms Error F 

Effect 

Air/Oxygen (AlO) 1 918.75 20 183.7500 5.0000 
Packed 1 66752.09 20 183.7500 363.2766 
Recovery Time 1 1302.08 20 92.0833 14.1403 
AlO x Packed 1 2.08 20 183.7500 .0113 
AlOx Time 1 352.08 20 92.0833 3.8235 
Packed x Time 1 252.08 20 92.0833 2.7376 
AlOx Pack x 1 2.08 20 92.0833 .0226 
Time 

2) Packing in rigid containers 

p -level 

.036905* 
000000* 
.001231* 
.916263 
.064655 
113624 
.881944 

There still appeared to be an advantage of using oxygen instead of air when the 

trochus were packed into rigid containers (Figure 5.5). This is confirmed by ANOVA 

(Table 5.9), which indicates that there was a significant effect on survival (control, 

100%; air 73.8%; oxygen 76.3%), but no significant effects from packed time or 

recovery. The trochus in the shorter period of packed time in containers (42 hours) 

was considerably longer than the comparable group in plastic bags (24 hours) so the 

results are not comparable. It is worth noting, however, the difference in the survival 

rates between bags (Figure 5.4) and containers (Figure 5.5) after a 48 hour packing 

time for each. 
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Figure 5.5: Results from comparisons between packing with oxygen and air in rigid 

containers. Trochus size (sw): 9-15 mm. Error bars show standard deviation from the 

mean. 

Table 5.9: Repeated measured ANOVA of packing trochus in rigid containers with 

oxygen or air. 

Effect df MS Effect dfError MS Error F 

Effect 

Air/Oxygen/Control 2 2511.694 12 83.33334 30.14033 
(AJO/C) 
Packed Time (PT) 1 342.250 12 83.33334 4.10700 
Recovery Time 1 1.361 12 15.61111 .08719 
(RT) 
AJO/CxPT 2 93.083 12 83.33334 1.11700 
AJO/CxRT 2 11.361 12 15.61111 .72776 
PTxRT 1 .028 12 15.61111 .00178 
AJO/C x PT x RT 2 28.528 12 15.61111 1.82740 

p -level 

.000021* 

.065523 

.772829 

.359026 

.503136 

.967047 

.202862 



5.3.2: Determining if there is a difference in survival of trochus between 7-30 

mm after being packed on solid or semi solid substrates 
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Results for the trochus which had been packed for 48 hours were rendered partially, 

but not completely, invalid by a failure ofthe aeration system between one hour and 

24 hours after release. Results (Figure 5.6) show that a newspaper substrate appears to 

be better than one of shell grit. 

The results of this experiment were complex, as ANOVA indicated an interaction 

between all three factors tested (Table 5.10), but this may have been due to the failure 

of the aeration system. If the affected result is discounted (recovery 24 hours after 

release, after being packed for 48 hours), then two fairly similar trends are evident. 

Firstly, recovery for those trochus that had been packed for 24 hours increased 

between one hour after release and 24 hours after release. Secondly, the news paper 

substrate gave a considerably better recovery rate at both one hour and 24 hours after 

release. 

Table 5.10: Repeated measured ANOV A of packing trochus on solid (newspaper) or 

semisolid (shell grit) substrates. Variances were homogenous (Cochran's test). 

Effect df MS Effect df MS Error F p -level 

Effect Error 

Newspaper/Shell 2 11080.78 12 53.77778 206.0475 .000000* 
grit/Control 
(N/Sg/C) 
Packed Time (PT) 1 7511.11 12 53.77778 139.6694 .000000* 
Recovery Time 1 1344.44 12 35.33333 38.0503 .000048* 
(RT) 
N/Sg/C x PT 2 454.11 12 53.77778 8.4442 .005137* 
N/Sg/CxRT 2 920.11 12 35.33333 26.0409 .000043* 
PTxRT 1 7168.44 12 35.33333 202.8805 .000000* 
N/Sg/C x PT x RT 2 769.44 12 35.33333 21.7767 .000102* 
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Figure 5.6: Results from comparisons between packing with shell grit and newspaper 

in rigid containers. Error bars show standard deviation from the mean. * The recovery 

of those trochus which were packed for 48 hours was affected by a failure of the 

aeration between the one hour and 24 hour checks. 



5.3.3: Determining if there is a difference in survival oftrochus after being 

packed on solid substrates composed of fibro or news paper. 
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Data for trials 1 and 2 were analysed by a 4 factor ANOVA (Table 5.11) with factors: 

• Substrate (Newspaper, Fibro, Control) 

• Packed time 

• Recovery time 

• Trochus size (sw) 

• Trial 

These analyses indicated complex effects, with an interaction between all factors. 

More detailed analysis are not likely to be particularly meaningful, so in the results 

which follow I simply draw attention to the main trends that are evident. 

As the results for trials 3 and 4 are straight forward, they are shown simply in 

graphical form. 

For the sake of clarity, the results of the large and small trochus in each trial have 

been presented in separate graphs. 
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Table 5.11: Trials 1 and 2. Repeated measures ANOVA of packing trochus on solid 

substrates of newspaper and fibro with controls. 

Effect df MS Effect Df MS Error F p -level 

Effect Error 

N ewspaperIPibrol 2 26370.33 2 1998.11 13.1976 .070434 
Control (NIPIC) 
Packed Time (PT) 1 12284.03 1 250.694 49.0000 .090334 
Size 1 31506.25 1 156.250 201.6400 .044758* 
Trial 1 18000.70 48 301.819 59.6406 .000000* 
Recovery Time 1 3061.78 1 235.111 13.0227 .172094 
(RT) 
NIPIC x PT 2 6598.11 2 1388.111 4.7533 .173813 
NIPIC x Size 2 4225.33 2 397.000 10.6432 .085887 
PT x Size 1 200.69 1 2100.694 .0955 .809157 
NIP IC x Trial 2 1998.11 48 301.819 6.6202 .002890* 
PT x Trial 1 250.69 48 301.819 .8306 .366651 
Size x Trial 1 156.25 48 301.819 .5177 .475316 
NIPIC x RT 2 457.03 2 304.528 1.5008 .399876 
PTxRT 1 2055.11 1 1444.000 1.4232 .444121 
SizexRT 1 3249.00 1 266.778 12.1787 .177663 
TrialxRT 1 235.11 48 43.250 5.4361 .023970* 
NIP IC x PT x Size 2 363.11 2 91.444 3.9708 .201173 
NIP IC x PT x Trial 2 1388.11 48 301.819 4.5991 .014880* 
NIP IC x Size x 2 397.00 48 301.819 1.3154 .277877 
Trial 
PT x Size x Trial 1 2100.69 48 301.819 6.9601 .011202* 
NIPIC x PT x RT 2 213.69 2 105.083 2.0336 .329644 
NIPIC x Size x RT 2 594.25 2 99.528 5.9707 .143458 
PTxSizexRT 1 560.11 1 186.778 2.9988 .333388 
NIP IC x Trial x 2 304.53 48 43.250 7.0411 .002082* 
RT 
PT x Trial x RT 1 1444.00 48 43.250 33.3873 .000001* 
Size x Trial x RT 1 266.78 48 43.250 6.1683 .016551 
NIP IC x PT x Size 2 91.44 48 301.819 .3030 .740018 
x Trial 
NIPIC x PT x Size 2 87.03 2 499.528 .1742 .851629 
xRT 
NIP IC x PT x Trial 2 105.08 48 43.250 2.4297 .098825 
xRT 
NIP IC x Size x 2 99.53 48 43.250 2.3012 .111083 
TrialxRT 
PT x Size x Trial x 1 186.78 48 43.250 4.3186 .043070* 
RT 
NIP IC x PT x Size 2 499.53 48 43.250 11.5498 .000080* 
x Trial x RT 



Trial! 

In this trial large and small trochus were packed for 24 and 36 hours. 

The rates of recovery of the large trochus that were packed on both fibro and news 

paper substrates were depressed due to the samples being accidentally heated in the 

full sun and both were considerably worse than the control (Figure 5.7). It is worth 

noting that the trochus packed on fibro appeared to recover better even under such 

adverse conditions. 
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Figure 5.7: Trial 1, Large trochus. Comparison of recovery and survival oflarge 

trochus after packing in rigid containers on solid substrates offibro or news paper. 

Trochus size (sw): 15-30 mm. Packing density: 24 hours = 10 large, 10 small; 36 

hours = 10 large, 10 smalL Error bars show standard deviation from the mean. At 0.05 

confidence, SSD (Smallest Significant Difference) = 11.94 for means of both recovery 

after 1 hour and after 24 hours. * The polystyrene box holding these containers was 

accidentally moved into the direct sun for approximately two hours. 
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There was no significant difference (Table 5.11) in recovery rates of large trochus 

either one hour or 24 hours after release between trochus packed on the fibro or 

newspaper for 24 hours, but the recovery one hour after release for both substrates is 

significantly different to the control. There is a significant difference (Table 5.11) in 

the recovery rates 24 hours after release between those packed on newspaper and the 

control, while there is no difference between the fibro and the control. 
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Figure 5.8: Trial 1, Small trochus. Comparison of recovery and survival of small 

trochus after packing in rigid containers on solid substrates of fibro or news paper. 

Trochus size (sw): 7-12 mm. Packing density: 24 hours = 10 large, 10 small; 36 hours 

= 10 large, 10 small. Error bars show standard deviation from the mean. At 0.05 

confidence, SSD =11.94 for means of both recovery after 1 hour and after 24 hours. 

Small trochus showed a generally higher mortality rate than large trochus and their 

one hour recovery was poor even after 24 hours (Figure 5.8). Those packed for 24 

hours showed a significant (Table 5.11) difference between substrates offibro, 
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newspaper and control in the recovery one hour after release. This difference 

remained between the newspaper and the fibro 24 hours after release, but there was no 

longer a significant difference (Table 5.11) between the survival rate of the fibro and 

control. 

For the small trochus which had been packed for 36 hours the survival was extremely 

low (100% mortality on news paper). Even so, the difference between the recovery 24 

hours after release was improved on fibro (Figure 5.8). 

Trial 2 

In this trial large and small trochus were packed for 24 and 36 hours. 
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Figure 5.9: Trial 2, Large trochus. Comparison of recovery and survival oflarge 

trochus after packing in rigid containers on solid substrates of fibro or news paper. 

Trochus size (sw): 15-30 mm. Packing density: 24 hours = 10 large, 6 small; 36 hours 

= 10 large,S small. Error bars show standard deviation from the mean. At 0.05 

confidence, SSD = 11.94 for means of both recovery after 1 hour and after 24 hours. 
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There was a unifonnly 100% recovery rate after the large trochus had been packed for 

24 hours (Figure 5.9). After being packed for 36 hours the difference in the recovery 

rates both one hour and 24 hours after release was significant (Table 5.11) between 

the control and news paper, but not between control and fibro. The recovery rate of 

the large trochus that had been packed on fibro for 36 hours did not alter substantially 

between one hour and 24 hours after release. The recovery of those that had been 

packed on newspaper for a similar period showed a marked improvement in recovery 

24 hours after release (Figure 5.9). The fibro substrate perfonned significantly better 

(Table 5.11) over 36 hours when measured on a one hour recovery rate, but not when 

measured on a 24 hour recovery rate where there was not a significant difference. 
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Figure 5.10: Trial 2, Small trochus. Comparison of recovery and survival of small 

trochus after packing in rigid containers on solid substrates of fibro or news paper. 

Trochus size (sw): 7-12 mm. Packing density: 24 hours = 10 large, 6 small; 36 hours 

= 10 large,S smail. Error bars show standard deviation from the mean. At 0.05 

confidence, SSD =11.94 for means of both recovery after 1 hour and after 24 hours. 

When the small trochus had been packed for 24 hours the one hour recovery rates 

were poor (Figure 5.10), but survival improved 24 hours after release with both fibro 

(89%) and news paper (83%). 

i 
I 

I 
! 
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The only marked difference between the substrates occurred in the recovery 24 hours 

after release where the trochus had been packed for 36 hours (Figure 5.10). After 36 

hours, recovery was poor on newspaper both one hour and 24 hours after release, but 

on fibro recovery was reasonable (60%) 24 hours after release. 

Trial 3 

In this, the third and fmal trial with large trochus, the trends which were apparent in 

the first two trials continued with the recovery of those that had been packed on fibro 

having better one hour and 24 hour recovery rates (Figure 5.11). 
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Figure 5.11: Trial 3, Large trochus. Comparison of recovery and survival of large 

trochus after packing in rigid containers on solid substrates of fibro or news paper. 

Trochus size (sw): 15-30 mm. Packing density: 36 hours = 20 large; 42 hours = 15 

large; 48 hours = 15 large. Error bars show standard deviation from the mean. 

The difference between the news paper and fibro substrates is greater at one hour than 

24 hours after release and suggests that the trochus may be more stressed after being 

packed on newspaper. There does not appear to be a large difference in the one hour 
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recovery rates between the three packing periods, but recovery 24 hours after release 

drops considerably between 36 hours and 42 hours. The rates of recovery are similar 

between 42 and 48 hours and appear to have stabilised over this period. 
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Figure 5.12: Trial 4, Small trochus. Comparison of recovery and survival of small 

trochus after packing in rigid containers for 42 hours with news paper and fibro 

substrates. Trochus size (sw): 7-12 mm. Packing density: 20 small. Error bars show 

standard deviation from the mean. 

The one hour recovery in small trochus is extremely low, but the survival rate 24 

hours after release is at approximately 50% on both substrates (Figure 5.12). The 

length of time it took these trochus to become active suggests that they may have been 

highly stressed by the time they were released. 

In general, the small trochus appear to show a lower recovery rate one hour after 

release and appear to have a larger difference between the one hour and the 24 hour 

recovery rates than the large trochus. This difference may indicate that smaller 

trochus are more susceptible to stress than larger ones. 



In general, the small trochus appear to show a lower recovery rate one hour after 

release and appear to have a larger difference between the one hour and the 24 hour 

recovery rates than the large trochus. This difference may indicate that smaller 

trochus are more susceptible to stress than larger ones. 

5.3.4: Packaging juvenile trochus of < 2 mm basal diameter: 

This trial was not satisfactorily completed. There were two principal problems 

encountered: 
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• A great deal of time was involved in searching the shell grit in each container to 

assess recovery. This made it impossible to maintain even an approximately equal 

recovery time within a single container, let alone between containers. Previous 

packing trials suggest that smaller trochus may be more susceptible to stress than 

larger trochus. If this is true, the recovery rates can be assumed to vary widely over 

time, therefore the replicates were not comparable. 

• Determining whether a trochus this small was alive or dead could not be done 

accurately by the method described. Dead shells frequently adhered to the shell grit 

when wet and live ones often dropped offwhen disturbed. 

5.4: Discussion 

The speed at which the trochus recovered is likely to have been an indication of their 

condition on release. Assuming that the trochus were in good condition when packed, 

their condition at the end of a period of transport was likely to reflect the degree of 

stress they had suffered. 
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Trochus moving within the first hour generally indicated that they were in better 

condition than those that took longer to recover. They should have had a better chance 

of survival for MO basic reasons: 

• They could grip onto the substrate sooner and resist being moved about by 

currents, therefore avoided being washed into unsuitable habitats. 

• They were able to move into suitable cover sooner and therefore reduce the risk of 

falling prey to predators. 

For this reason the recorded recovery one hour after release was the more important 

measure for jUdging the degree of success of any of the packing methods, if the 

trochus are to be released directly into the wild. If the trochus are being released into a 

safe holding facility then the survival 24 hours after release may be more important. 

In most cases the survival 24 hours after release was higher than the recovery one 

hour after release, but some of the trochus which had been exposed to heat stress in 

trial 1 appeared to recover, move away and then die. This resulted in a survival rate 24 

hours after release that was lower than the recovery rate one hour after release. 

The conclusion may be drawn that, unlike desiccation, heat stress is not necessarily 

reversed with fresh sea water. 

In order to avoid heat stress in packing, it may be advisable to add a small amount of 

ice to the box if there is a possibility that the box may become too hot. As a protective 

measure against locally chilling the top layer oftrochus too much, a thick layer of 

paper should be laid over the top containers, and a layer of ice then spread on it before 

closing the box. Care must be taken not to allow the ice to come into direct contact 

with the containers as there is a risk of the trochus becoming too cold and dying. This 

procedure was followed in the [mal phase of the NTU/ACIAR project when it became 

apparent that there would be a delay in placing a shipment of juvenile trochus into the 

water and there was a danger that they would become overheated. The result was not 

quantified, but appeared satisfactory (personal observation). 
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There was a marked discrepancy between the mortality rates shown by the trochus in 

the trials using plastic bags with oxygen and the observed mortality rates of trochus 

which were actually shipped to the field (for the NTU/ACIAR Trochus Project) in 

plastic bags with oxygen. The trochus which were shipped to the field suffered 

generally very high mortality rates over periods of 24 hours or less (observations, 

unrecorded), while mortality in the laboratory trials over 24 hours was less than 5%. 

This may be explained by differing stress levels imposed on the groups. 

Observations both in the hatchery and in the field have shown that when trochus are 

out of the water they grip the substrate with their foot and remain motionless until 

they are covered with water again. When the trochus were packed in bags they 

gripped onto whatever was available-each other, the damp cloth or paper, or the 

plastic bag itself. 

When the bags were packed and kept in the hatchery, the boxes were not disturbed 

until they were unpacked. By contrast, when they were actually transported they were 

continuously disturbed-even under the best conditions, the process of transportation 

involves a certain amount of jarring, especially when loading and unloading. 

Observations showed that jarring often caused the trochus to release their grip and 

retreat into their shells. Predation trials (Chapter 4) found that a release-and-drop 

response was common when the trochus was touched. Those that were jarred loose 

would have knocked against other trochus in the bag, causing them in turn to release. 

When trochus withdraw into their shells, it appeared to be a response to a threat 

(Chapter 4) and was, therefore, a stressful situation. When a stressful situation is 

repeated or sustained the animal will inevitably suffer and, probably, eventually die. 

The advantage shown to have been gained by using oxygen when packing in plastic 

bags, but not in rigid containers, may be because higher stress levels in plastic bags 

led to an increased metabolic rate and an increased oxygen requirement. The activity 

necessary to reattach to a solid surface would probably have further increased the 

oxygen consumption. If the sequence of release-reattachment occurred repeatedly, the 



oxygen consumption would have been elevated and may have accounted for the 

higher recovery rates one hour after release of the trochus packed in oxygen. 
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In rigid containers there was no significant difference between those packed with 

oxygen and those packed with air. Recovery rates ofthe trochus packed in containers 

in both air and oxygen were on a par with the recovery in other trials on fibro 

substrates over comparable periods. 

A comparison between packing in plastic bags and in rigid containers suggests that 

one of the principal advantages gained from packing in rigid containers is derived 

from using damp foam plastic to prevent the trochus from being jarred loose and 

knocking against other trochus in the container. 

There may be a small advantage gained-although it is not a significant one-from 

using oxygen in containers. This advantage is tenuous and under normal conditions 

would not be worth the extra time needed to pack. Packing for a reseeding program 

involves packing several thousand trochus. Any extra steps that are introduced will 

mean that the first trochus packed will be in containers for longer periods. The 

cumulative stress caused by these factors is likely to outweigh the slight advantage of 

USlllg oxygen. 

The comparative results between substrates of shell grit and newspaper indicated that 

providing the trochus with a solid substrate to grip onto was another important factor 

in obtaining high survival rates. Semi-solid materials such as shell grit may not allow 

the trochus to grip properly, they may even shift under them and cause the trochus to 

either continuously renew their grip or retreat into their shells. 
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Of the two solid substrates tested, fibro proved to be better over long periods than 

news paper (Figures 5.13 and 5.14). 
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Figure 5.13: Large trochus. Combined recovery and survival rates of large trochus 

packed on fibro and newspaper. Error bars show standard deviation from the mean. 

The results from trial 1 where the trochus had been packed for 36 hours have been 

omitted because of 
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Figure 5.14: Small trochus. Combined recovery and survival rates of small trochus 

packed on fibro and newspaper. Error bars show standard deviation from the mean. 

The results from trial 1 where the trochus had been packed for 36 hours have been 

omitted because of the difference in the conditions (heating) under which they were 

stored. 

Two possible explanations why fibro produced better results may be: 

• Fibre gave a firmer, more natural surface than the news paper for the trochus to 

gnp 

• As it broke down, the newspaper, or the print, may have released toxins which 

poisoned the trochus over time. Further trials would be needed to prove or disprove 

this hypothesis, but it should be considered a general rule to test any material 

before using it as a substrate. Most materials may contain toxic ingredients, 

newspaper especially may vary in the chemical composition of both the paper and 

print and some may be toxic. Testing can be done simply by trial packing two or 

three boxes and storing them for 24-36 hours and then checking recovery times. 
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There are, however, advantages and disadvantages to each substrate material (Table 

5.12). In most circumstances the longest period trochus would be in transit is between 

24 and 36 hours. Over this period the advantages offered by newspaper (Table 5.12) 

outweigh the disadvantages. Ifthere is a possibility that the trochus will be in transit 

for more than 30 hours it is advisable to use fibro. 

The differences in recovery and survival between the large and small groups may be 

due to a higher susceptibility of small trochus to stress. This difference was manifest 

in the large gap the small trochus had between the recovery rate one hour after release 

and surviva124 hours after release. In view of this it would seem to be more efficient 

to avoid sending troehus smaller than 15 mm, although this may not be desirable for 

economic reasons. A balance, determined by individual situations, needs to be struck 

between the cost of maintaining the trochus in the hatchery and the costs arising from 

loss of stock. If small trochus must be sent, extra care should be taken in the packing 

process to ensure that the trochus are in the best possible condition at the outset. 

Observations showed that recovery appeared to be improved in troehus of all sizes by 

turning each trochus upside down under water before placing it upright in a sheltered 

position (personal observation). Pilot laboratory trials showed that the air bubble, 

which would otherwise be trapped in the shell, may have slowed the trochus' 

recovery. 

During laboratory trials it was noted that the packing density of the trochus did not 

seem to have an impact on either their recovery or survival rates. This appeared to be 

borne out during the NTU/ACAIR project, when trochus were packed at as high a 

density as possible without any adverse affect on the trochus (personal observation). 

The only limiting factor in packing was that each trochus must be able grip the 

substrate unimpeded. 
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Table 5.12: Advantages and disadvantages of using fibro or newspaper substrates in 

packing trochus for transport. 

Factor Fibro News paper 

advantage disadvantage advantage disadvantage 

Weight- important if heavy light 

large numbers of 

containers are needed to be 

sent by air 

Local availability-a maybe readily 

common product in one difficult available 

area or country may be 

difficult to obtain in 

another 

Preparation time- fibro must quick and 

important if labour is be cut to size easy 

limited or expensive and 

conditioned 

before use. 

Once 

prepared 

fibro plates 

maybe 

reused many 

times 

Recovery and survival good reasonable 

The advantages of packing trochus in rigid containers, as described in this chapter, 

were confirmed by packing trochus using both news paper and fibro substrates and 

sending them into the field with the NTUI ACIAR reseeding project (Tasman Crowe, 

personal communication, 1997; personal observations). As a result of the observed 
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improvement in the quality of stock when placed on the reefs, the NTU/ ACIAR 

project adopted containers with both newspaper and fibro to transport juvenile trochus 

for all trials .. 

The trials for packing recently settled juveniles on shell grit were not conclusive. 

Problems in counting such small trochus in a comparatively short time were 

compounded by problems in defining ifthey were alive or dead. The problem of 

counting in a short time may be overcome by using several people to count small sub

samples simultaneously. 

Determining if the trochus is alive or dead posed several problems in itself. Not only 

did the dead trochus shells adhere to the shell grit, but live ones dropped off readily 

when disturbed (Chapter 4). Brushing all of them off the grit into a central area and 

waiting for the live ones to move may be a way to separate the living from the dead, 

but considering the susceptibility of smaller trochus to stress, the act of brushing them 

off may cause higher mortality than the packing. 

Unfortunately there was not an opportunity to repeat this trial in the course of this 

research, but if this method of packaging can be proven it may provide significant 

savings by: 

• Reducing hatchery time. The trochus would be kept in the hatchery for only a few 

days to a few weeks. The hatchery would then be available for further spawning. 

• Reducing transport and labour costs. A great many trochus can be packed into a 

small number of containers. 

• Simplifying the reseeding procedures. The proposed method of placing these very 

small trochus on the reef is simple. The trochus are left on the shell grit and the grit 

broadcast or poured over the site. In this way the trochus should at no time be 

disturbed from the substrate on which they had settled. 
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In this Chapter, I have demonstrated that the condition of trochus which have been in 

transit for periods of up to 48 hours can be considerably improved by providing a 

solid substrate for the trochus to grip and by preventing them from being dislodged. 

Areas of further research stemming from these findings are: 

1) Investigating the effects of heat and cold on juvenile trochus. 

2) Ongoing testing of new, locally available materials for packing substrates 

3) Further research into packaging trochus < 2 mm sw. 
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Chapter 6 

Discussion 

The aims of this thesis were to: 

• Detennine the natural preferred habitat for juvenile trochus 

• Assess the impact of predation on reseeded trochus stock 

• Study ways to improve the condition of reseeded trochus by reducing stress during 

transportation. 

In the course of the project it was found that the first of these (habitat and predation) 

were linked and the third, while not being actually linked, drew heavily on field 

observations oftrochus habitats. All appeared to be of major importance to any 

reseeding projects. 

Natural Habitats 

The most important result from this study was probably the determination of specific 

nursery habitats for juvenile trochus. In common with other reseeded species, fmding 

that juvenile trochus occupied well defined areas of reef according to the size ofthe 

animal (section 3.4) has important implications for reseeding. It is likely that survival 

of reseeded stock will be considerably improved if they are placed into an 

environment comparable to that occupied naturally by wild stock of the same size 

(Stoner et aI., 1994; Stoner, 1994). A knowledge of which predators, their numbers 

and their modes of attack is important in determining if there are suitable refuges 

available in sufficient numbers in a prospective reseeding site. It may be that a small 

population of wild trochus have occupied all available safe refuges from the dominant 

local predator species. Alternatively, if natural refuges are to be augmented by some 
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form of artificial habitat, it would be helpful in designing the artificial habitat to lmow 

which predators they are to give protection from. 

For reseeding purposes it may not be necessary to determine exactly why juvenile 

trochus occur in specific habitats (although it may be important to know why they do 

not occur in others). Generally, however, it should be enough to say that juvenile 

trochus are present in a habitat and therefore that particular habitat should be suitable 

for seeding. 

It is likely that a number of subtle factors playa part in defining what is a suitable 

habitat and what is not. Most ofthese factors will need considerable further research 

to determine, but three of the main characteristics of a natural habitat for trochus up to 

about 25 mm sw on Guangan Reef appeared to be: 

• A matrix of material which may provide a range of refuges from predators. 

• A large and complex surface area. 

• Partially exposed for extended periods at low tide. 

While each of these characteristics appeared to be important in its own right, they 

were not always independent of each other. 

1) A matrix of material which provides a range of refuges from predators 

The principal predators oftrochus in North West Australia, as determined by this 

study, were portunid crabs (blue crabs), mantis shrimps, whelks and the tusk fish 

Choerodon cyanotus. Studies (section 4.3.2) indicated that trochus gained a high 

degree of size refuge from blue crabs and probably mantis shrimp at about 25-30 rom 

sw-coinciding closely with the largest sized trochus (30.2 rom) found in the porites

thalassia (section 3.3.2). 



The complex. three dimensional nature of the porites-thalassia substrate may have 

largely negated the observed hunting methods of blue crabs and mantis shrimps 

(section 4.3.3) while enhancing the effectiveness of the juvenile trochus 'drop 

response' defensive strategy which was observed during field and laboratory trials. 

148 

Although there were no direct observations of Choerodon cyanotus on the porites

thalassia, video tape recordings of them foraging elsewhere in the reef system, and on 

other reefs, showed them picking over the surface, rather than burrowing into it, in 

pursuit of prey (section 4.3.4). Provided this behaviour was common and used when 

foraging over all substrates, any trochus taking refuge within the matrix would 

probably be safe from Choerodon cyanotus. 

Similar to other studies (Castell and Sweatman, 1997), there were large numbers of 

whelks found alongside a range of other grazing gastropods, including small trochus, 

in the porites-thalassia. Observations in the laboratory and during the ACAIRJNTU 

reseeding trials showed that whelks readily preyed on trochus if they had the 

opportunity. It was apparent from field monitoring for this thesis, however, that they 

were not reliant on trochus for food as whelk numbers were high in habitats where 

there were virtually no trochus (section 3.3.3). 

2) A large and complex surface area 

The large, complex surface area of the matrix formed by porites-thalassia provided a 

large area for grazing. It is likely that the many small gaps and depressions provided 

grazing, as well as refuge, for smaller gastropods which larger ones may not have 

been able to reach. 

3) Partially exposed for extended periods at low tide 

I could not determine if this was an important feature of the habitat for trochus, but it 

was the one apparent link between the four habitats where trochus were found. 

Possibly more important, being permanently submerged was the one common factor 

among the habitats where trochus were not found. It was possible that exposure at low 

tide allowed trochus to graze upper surfaces of coral or sea grass unmolested where 



they would be in danger from predators if it were covered with water. This is 

consistent with the Nash's (1988b) conclusions on the Great Barrier Reefwhere he 

found that reefs exposed at every low tide had a higher abundance oftrochus than 

those that which were only exposed at spring tides. 
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It may also have been a means for the small trochus to escape from extreme water 

temperatures experienced at times in the lagoon (section 2.2.1). The shell sculpturing 

seen in trochus up to about 25 mm sw may be a means of heat dispersal by 

evaporative radiation (Vermeij, 1978). There would need to be considerable further 

study of heat tolerances of juvenile trochus, the effectiveness of shell sculpturing in 

heat dispersal and detailed studies of water temperature variations across the range of 

microhabitats to test this hypothesis. 

Artificial habitats 

Based on the three characteristics of natural juvenile habitats described above, it may 

be possible to provide artificial habitats at sites where natural nursery habitats have 

either never existed, been lost or been degraded. Artificial habitats have been trialed 

for many species (Amos, 1995a; Huolila et aI., 1997; Kraeuter and Castagna, 1977) 

with varying degrees of success. In most case these habitats have consisted of 

reasonably solid structures such as cages (Crowe, in preparation) or concrete 

enclosures (Kubo, 1989) designed to provide the juveniles with protection against 

predators until they become adjusted to their surroundings. 

Drawing on the results I have shown in Chapters 3 and 4, I propose that dead Porites 

nigrescens, similar dead coral or an artificial material manufactured into similar 

shapes as P. nigrescens, may be used to create a suitable artificial habitat for 

reseeded juvenile trochus smaller than 30 mm sw. 

Where available, naturally occurring dead Porites nigrescens or a similar coral could 

be spread on areas of reef where it would be partially exposed at low tide. From a 

practical aspect, this would be the best option as it would create a complex matrix and 

a virtually natural habitat. If suitable dead coral is not available, artificial materials 

could be used to create similar shapes (Figure 6.1) which would fonn a similar matrix 
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to that found in the porites-thalassia habitat when spread on a reef flat. There are a 

number of materials that may prove suitable for constructing an artificial habitat, the 

most readily available and probably the most suitable being concrete. Further research 

will be needed to develop a cheap and effective artificial habitat that will recreate a 

natural nursery such as described in this thesis. 

~ r ~ , 

~ 
\ 
\ 
\ r 

( 

:; 

1 
__ Blocks fonn a tangled matrix similar 

to the natural habitat 

Figure 6.1: Release vehicle formed by an artificial substrate. 

My observations indicated that there were at least two distinct habitats that were 

occupied by juvenile trochus, this concurs with Castell's (1997) findings in 

Queensland. The first, porites-thalassia, appeared to be occupied by trochus < 30 mm 

sw. The second, sargassum, was occupied principally by trochus between about 25-50 

mm sw. It may, therefore, prove necessary to create more than one habitat for 

reseeding. 
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Reseeding 

As with any reseeded species, the size of trochus released into the wild from a 

hatchery is necessarily bound to the economics of operating a hatchery (Tong, 1980; 

Siddall and Cresswell, 1982; Ray et aI., 1994; Lee, 1997). A balance must be struck 

between the cost of maintaining the stock in the hatchery and an acceptable mortality 

when they are placed in the wild. The smaller the trochus that can be released safely, 

the better the economics (Lee, 1997). Where there are long distances between the 

hatchery and the release site it may be necessary to use trochus larger than about 12 

mm to get an economically viable result (section 5.3). If, however, the hatchery is 

located near the release site it may be possible to use either P. nigrescens or the 

artificial substrate described above as a release vehicle for very small (just settled) 

trochus. A possible scenario for releasing very small trochus in this way may be as 

follows: 

Substrate material which has been conditioned in sea water is spread in a tank 

containing trochus larvae. Once the larvae have settled the substrate is removed 

from the tank, transported to the reef and spread in either a natural nursery 

habitat or an established artificial one. 

To the best of my knowledge this approach to reseeding has not been tried before, but 

considering the simplicity of spawning trochus and their rapid larval development 

there is a good possibility that it would succeed. Basic hatcheries could be set up in 

remote locations using very simple equipment (Figure 6.2). It may even prove to be 

viable to spawn the trochus, hold the larvae for approximately 60 hours (until they are 

ready to settle-section 3.4) and then pour them into the nursery habitat at low tide 

and allow them to settle naturally. 
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Figure 6.2: Possible design for a basic remote trochus hatchery. 
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Management 

A hatchery located near a trochus reef would not only have the advantage of a ready 

supply of brood stock and ease in reseeding, it may also be a potential management 

tool. 

Trochus are broadcast spawners and mature trochus move onto the reef flat where 

they remain to spawn on incoming, evening spring tides (section 3.4). This may lead 

to ripe trochus being over-represented in the population of mature trochus on the reef 

flat at low tide and consequently over-represented in harvests where harvesting is 

from reef flats at low tide. Iftrochus are harvested before they can spawn then their 

potential recruitment value is lost. \\There a reef is consistently harvested, the potential 

loss of recruitment will be considerable. Recruitment loss may then be further 

exacerbated because trochus, as broadcast spawners, need a reasonably high number 

of males and females within an area to ensure a satisfactory rate of fertilisation. If 

numbers are too low, low rates of fertilisation will follow and may present the 

potential for local extinction (Borsa and Benzie, 1996). 

There are three principal traditional management tools available to counter a loss of 

recruitment (section 1.2) (Heslinga et aI., 1984; Bour, 1990; Amos, 1995b; Bertram, 

1995; Dwiono et al. 1995; Clarke and Ianelli, 1995; Jimmy, 1995; Nash et a1.l995; 

Burhanuddin, 1997; Gillespie, 1997): 

• Setting a minimum size limit that will protect a reasonable percentage of mature 

trochus from harvesting. 

• Closed seasons during peak spawning periods to protect spawning trochus. 

• Establishing sanctuaries. 

I propose that these management techniques may be augmented, or even replaced, by 

routinely putting harvested trochus through a local hatchery before they are killed. In 



this way ripe gametes may be retrieved, fertilised and protected through the larval 

phase before being returned to identified nurseries on the reefs. 
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Once again, to the best of my lmowledge, this has not been done before. It is 

logistically viable as the majority oftrochus fisheries are artisanal-as in King 

Sound-and the daily production is generally small enough to be processed through a 

modest hatchery. 

Further research 

There are a number of topics for further research which arise from this study. I 

consider the three most important to be: 

• Further definition of the nursery habitats occurring in reef systems. It is possible 

that nursery habitats may be defined not only by the degree of protection that is 

afforded from predation and the amount and quality of food that is available, but 

also by heat differentials within the lagoon and reef. 

• Determining the feasibility of seeding suitable nursery habitats with very small 

juvenile trochus or larvae. If it can be shown that seeding the reef in the way 

described in this discussion is viable, new methods of managing the fishery as a 

sustainable ranched aquaculture venture, rather than a wild fishery, can be 

developed. 

• Develop a method of building artificial nursery habitats. Developing such habitats 

will be vital to the success of any future reseeding project where natural nurseries 

do not exist, or are not sufficient for viable numbers of juvenile trochus. 

Further research in these three areas would allow hatchery trochus to be placed in the 

best situation to survive on the reef. By narrowing the parameters that define natural 

habitats, researchers are not only identifying suitable reseeding sites, but also placing 
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themselves in a better position to manufacture a suitable artificial habitat if it should 

be needed and improving the likelihood of success in reseeding. 

Conclusion 

The demand for trochus remains high and the price of shell continues to rise 

(Burhanuddin, 1997; Gillespie, 1997). The distribution oftrochus through the poorer, 

less developed countries, combined with the low levels of technology required for its 

harvest and processing, makes it an ideal fishery for communities. Where trochus 

fisheries are exploited they usually form an important part of the local economy 

(Amos, 1997; Roy and Soundrarajan, 1998). In some cases, as at One Ann Point in 

King Sound, trochus may be the major source of income for an entire community. 

In my view, trochus has a good future as a modestly profitable fishery, but if it is to 

realise its potential, it must be managed. To do this, research, such as that contained 

and proposed in this thesis, must be continued until there is a management program 

developed which not only works on paper, but is acceptable to the fishers who must 

make it work in practice (Nash, 1989; Bertram, 1995; Clarke and Ianelli, 1995; 

Jimmy, 1995). It is of very little use to instigate a program which does not have 

popular support, especially if it appears to cost poor people money. An example of 

this was seen in West Australia when the size limit was increased to protect brood 

stocks (section 1.3), but local antipathy to the restriction saw the size limit reduced 

again after only one season (Magro, 1997b; Ostle, 1997). 

Researchers must keep in mind that livelihoods-{)ften irreplaceable and not simply 

commercial ventures--depend on the trochus fishery. The outcomes of research 

projects need to hold this perspective if they are to be relevant. In this thesis I have 

attempted to maintain a high degree of practicality and relevance to the fishery and 

the fishers who work it today. I hope the results may be of some use to them. 
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NW 9 
NW 4 
NW 4 
SE 4 
NE 4 
SE 4 
SE 4 

NW 4 
E 4 

SE 33 

SE 9 

NE 4 
B.9 

4 
33 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

6 
6 
8.4 
5.2 
5.8 
4.0 12 

1 1.4 
0.0 
0.0 
0.0 
0.0 
0.0 

6 
1 
4.0 
5.4 

12 
36 

1.4 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
--

4.0 
6.8 
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Evaporation Bright 
In 24 hrsto Sunshine Day 

9am 

mm hours 
1 
2 
3 
4 
5 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

29 
30 

31 
---



Daily Meteorological Observations for BROOME (CYGNET SAY) 
from 1 June 1997 to 30 June 1997 
Site Number 003057 Latitude 16°27'10"5 Longitude 123·00'26"E Elevation 12 metres Opened Jan 1963 Still Open 

--

Day 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 

17 
18 
19 
20 
21 
22 
23 
24 
25 

26 
27 
28 

29 

---------- ,------ --------.---------------
Maximum Minimum Minimum 9am 3pm 

loUd ----Wnl- - Templ,raiure -Relliiiv;-- -ToialCloud ---Wi Temperature Temperature Terrestrial Temperature Relative TolalC 
Temperature 

-----
nd 

Humidity 
·C ·C ·C ·C % 

29.9 17.5 28.0 69 
30.0 18.1 26.6 65 
29.7 16.5 26.5 76 

29.4 18.5 26.6 78 
28.5 21.0 25.0 88 

29.4 20.0 25.5 84 

29.0 21.0 26.0 64 

30.3 19.5 27.0 61 

30.6 17.5 28.2 67 

29.5 14.8 24.8 74 

29.5 15.0 26.0 80 
28.8 16.0 26.3 65 
28.4 15.5 25.4 62 

28.3 23.0 25.0 62 
30.4 19.7 27.9 55 
26.2 23.0 23.2 50 

25.0 19.5 22.5 39 

26.5 12.0 23.5 42 

27.2 10.5 24.0 33 
28.4 9.5 25.6 42 

27.9 10.7 26.2 37 

27.6 12.1 25.1 60 

28.9 12.6 25.5 61 

29.5 12.3 26.0 42 

27.0 13.5 25.5 51 

25.9 16.0 22.1 52 

25.5 19.8 23.0 50 

25.5 19.5 23.0 49 

27.0 16.3 23.5 35 

14.3 52 

_ _______ _ _________ H~!!1l~ltL ______ _ 
mIh as kmlh °C % oktas k okt --0- ---E--9 -- --z9:T----S6 0 

o 
2 
7 
4 
o 
o 
o 
o 

o 
o 
2 
7 

o 

SE 9 29.5 62 0 
SE 9 
SE 4 

NW 4 
SE 17 
SE 24 
SE 18 

E 9 
SE 9 
SE 17 
SE 4 

SE 24 
ESE 24 

SE 17 
SE 24 

ENE 24 
E 24 

28.8 
28.0 
28.0 
28_5 

28.4 
29.5 
29.8 
28.5 
29.0 
28.4 
28.0 
28.0 
29.9 
24.5 

24.0 
26.0 

61 
70 
76 
66 

62 
65 
51 
48 
58 
58 
57 
57 
57 
53 
46 
36 

3 

5 
4 
3 

o 
1 
4 

1 
o 
1 
2 
7 

o 
o 

SE 4 
SE 4 

NW 9 
NE 9 
SE 9 
NE 17 
SE 17 
SE 9 

N 9 
NE 9 
SE 9 
SE 9 
SE 9 
SE 17 

NW 4 
SE 15 

SE 9 
SE 17 

ESE 17 17.0 79 1 WNW 4 
o 
o 
o 
o 
o 
o 
1 
2 

2 
4 
3 

NE 9 
NE 4 

E 9 
E 9 

SE 17 
NE 17 
SE 33 
SE 33 

ESE 24 
E 17 
E 24 

27.3 36 
27.3 55 
27.5 52 
27.6 40 
27.9 56 
26.5 56 

25.4 21 
25.0 56 

24.9 55 
24.0 49 
24.5 50 

o 
o 
o 
o 
o 
o 
2 
1 

o 
5 

NE 9 

E SE 4 
SE 9 

N NE 9 
SE 9 

E 9 
s 
S 

S 

E 24 
E 17 

E17 
SE 9 

ES E 17 

--.----~- -------- ~-
Maximum Rainfaliin Evaporation Bright 
Wind Gust 24 hours to in 24 hrslo Sunshine Day 

9am 9am 

kmlh mm mm hours 

0.0 1 
0.0 2 
0.0 3 
0.0 4 
1.4 5 
0.0 6 
0.0 7 
0.0 8 
0.0 9 
0.0 10 
0.0 11 
0.0 12 
0.0 13 

0.0 14 
0.0 15 
0.0 16 
0.0 17 
0.0 18 

0.0 19 
0.0 20 
0.0 21 

0.0 22 
0.0 23 

0.0 24 
0.0 25 

0.0 26 
0.0 27 

0.0 28 

0.0 29 
0.0 30 25.7 1--__ 33:~_ 

-55.1 
1 

1.4 
. ------ ... - -------- ----- ----- ----~ -- ----- -------- --.-- .. ~-- _._--_._. -- .--_. ----

Mean Dally 28.2 16.5 25.2 58.2 

lowest Dally 25.0 9,5 22.1 33 

16.1 27.0 
4 17.0 21 

1.3 

Highest Dally 30.6 23.0 28.2 88 33 29.9 79 

Total L.._ - - -
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Prep8red by Clim8te 8nd Consultancy Section in the Westem Australian Regional Office of the Bureau of Meteorology 
Contact us by phone oil (O~) 92632222. by fax on (08) 92632233, or by emailM clilTlate.Wa@born.go'v.atJ 

10.8 
4 
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Daily Meteorological Observations for BROOME (CYGNET BAY) 
from 1 July 1997 to 31 July 1997 
Site Number 003057 Latitude 16'27'10"5 Longitude 123'00'26"E Elevation 12 metres Opened Jan 1963 Still Open 

~---~--

Maximum 
Day Temperature 

·C 
1 27.1 

2 28.0 

3 28.0 
4 27.2 

5 27.6 

6 28.5 

7 28.0 

8 29.0 

9 26.2 
10 28.0 
11 21.7 
12 24.8 
13 26.5 

14 27.0 
15 26.1 
16 26.0 
17 26.5 
18 26.1 

19 26.0 
20 26.5 

21 26.0 

22 26.0 

23 26.0 
24 28.4 

25 28.5 
26 27.2 
27 27.5 

28 29.3 

29 28.0 
30 29.0 
31 29.1 --

MeanOally 27.1 
Lowest Dally 21.7 

Hlgh.at Dally 29.3 

Total 
~ - .... -. -.- -_ .. _---- . 

-~--~-~ Minlmum---~-'------------9am-----Minimum 
Temperature 

.~--:--
15.9 

16.0 
12.5 
14.2 

14.6 
14.0 

12.1 
11.8 
13.5 
18.2 
14.0 
15.8 
16.0 
13.3 
11.0 
18.5 
12.8 
13.0 

11.9 
10.5 

10.3 
12.5 

10.4 
10.5 
13.8 
16.0 
14.7 
16.2 
15.3 
16.5 
15.0 

Terrestrial Temperature Relative Total ciOlid' - ... -\Mnd . Temperature -RelatiVe'-
T emperature Humldl _____ . ____ . ___ ... _ .~. ___ . _. ___ f::l!![I!igitL 

'C 'C 
----

23.6 

26.0 
24.5 
24.4 

25.0 
24.6 

23.9 
23.4 

21.5 
22.0 
17.5 
19.4 
23.0 
23.5 
22.8 
22.0 
23.5 
22.5 
23.0 
23.3 

23.2 

23.5 
23.4 
24.5 

26.0 
24.7 
24.5 
24.7 
23.5 
27.0 
25.2 

% ok/as kmlh 'C % 
59 
48 

69 
83 

59 
71 

72 

64 
62 
47 
70 
56 
59 
67 
56 
57 
56 
52 

59 
42 

48 

32 
60 
68 

69 
83 
68 
54 
52 
47 
66 

1 

2 
1 
1 

1 
1 
o 

2 
4 
o 
o 
o 
o 
o 
o 
1 
o 
o 
o 
o 
o 
3 
3 
6 
o 
2 
2 

6 
3 

------ .... -- - -- -
ESE 33 

ENE 9 
SE 4 

ENE 9 
SE 17 
SE 17 

ESE 9 
SE 4 
SE 33 
SE 24 
SE 44 
SE 44 
SE 24 
SE 17 
SE 24 

ENE 24 
E 24 

SE 24 
ESE 17 

E 24 

SE 17 

SE 24 
SE 17 
SE 4 

NNE 9 
SE 9 

SE 17 
SE 24 

ESE 24 
NNE 4 
ENE 17 

26.5 

26.3 
27.0 
26.9 

27.2 
27.9 

26.9 
27.9 
26.0 
26.4 
21.5 
24.5 
26.0 
26.5 
25.5 
25.5 
26.1 
25.0 
25.4 

25.5 
25.5 

25.4 
25.5 
27.4 
27.3 
26.5 
26.9 
28.5 
27.0 
28_5 
27.6 

49 

54 
56 
64 

57 
45 

62 
51 
42 
42 
55 
50 
52 
62 
45 
51 
54 
54 

50 
48 

40 

42 
55 
50 
67 
62 
54 
49 
45 
54 
46 

-_.---_ ... _. 
26.3 51.8 13.9 

10.3 

18.5 

- . .. -

23.5 
17.5 
27.0 

59.8 1.3 
32 
83 

o 
6 

19.0 
4 21.5 40 

44 28.5 67 

.... _-" 
3pm 

--- -_ ..... _.- _._" --------
Total Cloud Wind 
.. _--_. __ .. 

ok/as kmlh --._- -_ ... _----
4 ESE 17 

1 SE 4 
NE 9 

0 SE 4 

1 SE 4 

0 ENE 9 

0 SE 4 

1 E 4 

0 E 33 

2 SE 9 
SE 24 

1 SE 24 
0 SE 9 
0 SE 4 
0 E 17 
0 ESE 9 
1 SE 9 

0 SE 9 

0 SE 9 

0 SE 17 

0 SE 9 

0 SE 9 
0 E 9 
3 NNE 17 

6 NE 9 
2 SE 9 

0 SE 9 
2 SE 17 
5 SE 4 

3 SE 4 
0 SSE 9 

1,1 10-:8-

0 4 

6 33 
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.--- -... ------
Maximum 
Wind Gust 

kmlh 
---~-.-----. 

Rainfall in Evaporallon Bright 
24 hours to In 24 hrs to Sunshine Day 

9am 9am 
mm mm'--4--h-o-~-s~ 

-_. ---.- ._._-------
0.0 
0.0 2 
0.0 3 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

4 
6 
6 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
31 



Daily Meteorological Observations for BROOME (CYGNET SAY) 
from 1 August 1996 to 31 August 1996 
Site Number 003057 latitude 16'27'10"S 
-------- ._-----:---- --~--.. -

Maximum Minimum Minimum 
Day Temperature Temperature Terrestrial 

Temperature 
--- ----oc 'C 'C ------

1 30.3 12.8 

2 27.6 12.5 

3 28.8 17.8 

4 30.5 14.7 

5 30.5 13.4 

6 29.5 15.0 

7 29.9 13.8 

8 29.0 15.2 

9 30.2 14.8 

10 30.8 19.0 

11 31.0 14.8 

12 31.0 14.2 

13 30.0 13.8 

14 30.6 14.5 
15 30.8 15.0 

16 30.0 16.5 
17 31.2 18.0 

18 31.2 15.7 
19 30.5 16.0 

20 32.7 18.5 

21 32.4 18.5 

22 30.7 17.0 

23 31.9 15.5 

24 33.5 15.0 

25 31.8 16.0 

28 31.5 19.5 

27 32.0 18.5 

28 34.4 17.5 

29 33.0 18.2 

30 32.6 18.0 

31 33.4 15.7 

Mean Dally 31.1 18.0 

Lowest Dally 27.8 12.5 

Highest Dally 34.4 19.6 

longitude 123'OO'26"E Elevation 12 metres Opened Jan 1963 Slill Open 
-_ .. _-- -----

9am 3pm 
..,.--- _._-- .. -
Temperature Relative Total Cloud Wind Temperature Relative Total Cloud Wind 

'C 
.l!.!Ll!1ldl!L 

% 
____ .. ______ ...... __ !"!!l.ml!!.iIL __ . __ ._._._--

ok/as kmlh 'C % ok/as kmlh 
24.1-1-

. __ .. _---. ---_.-... _--- _._----- -------<-" --- --. 

25.0 
25.4 
25.9 
25.0 
26.7 

24.0 

23.6 

27.8 
28.2 
27.2 

25.5 

25.5 

25.8 
27.5 
27.0 
27.2 
26.1 
26.8 
30.4 
27.8 
27.0 
27.4 
27.9 

28.5 
27.0 
27.0 
26.2 
26.2 

28.6 
27.4 
26.8 
23.6 

30.4 

79 
66 
64 
70 
61 

54 

50 

46 
44 
46 

62 

56 
76 

65 
56 
51 
42 
48 
51 
44 
73 
60 

69 
57 
61 
65 
62 
56 

49 
42 
57 

57.7 
42 

79 

1 ESE 4 29.1 31 0 NW 9 
ESE 9 

1 SE 8 27.0 

0 ESE 4 26.5 

1 ESE 4 29.6 

SSW 4 26.5 

0 SE 16 29.1 

0 SE 16 

3 ENE 11 29.2 

1 NE 6 29.5 

1 Calm 30.5 

0 SE 4 29.6 

SE 4 26.9 

ESE 4 30.0 

0 SE 4 26.5 

0 SE 5 28.8 

5 SE 11 29.0 

0 SE 15 28.9 

0 ESE 6 29.8 

0 NW 5 30.4 

2 SE 4 30.7 

0 SE 4 29.5 

1 SE 4 31.0 

1 NW 4 31.0 

3 NE 8 30.1 

5 SE 8 30.9 

1 SE 6 31.6 

0 SE 4 32.7 

0 SE 15 33.0 

0 SE 9 32.5 

0 E 4 30.8 
~ ----- --- .. _._----

1.0 6.9 30.0 

0 0 27.0 

5 18 33.0 

64 
54 
37 
47 

42 

44 
35 

38 

41 
33 
39 
56 
53 
45 
44 
46 
59 
45 

61 
43 
36 
49 
59 
51 
51 
45 

33 

85 
47.1 

31 
85 

1 SE 4 
2 NW 9 
o WNW 11 
o W 11 

o SE 11 

0 
0 

0 

0 
0 
0 
0 
0 
4 
0 
2 
6 
0 
1 
0 
4 

3 
0 
0 

0 
2 
0 

._._- --- -< --
._ ... 

0.9 

0 
6 

NW 9 
NE 4 

SE 4 

NE 8 

SE 4 

N 6 
SE 4 

E 4 
SE 8 
SE 4 
SE 8 
NE 9 

NW 4 

N 9 
NW 11 
NW 8 

NW 8 
E " WNW 9 

NW 9 

E 4 
E 4 

NE 15 
7.2 

4 
15 

________ 'J'~~ _______ ~ ___ 1.... ___ • ___ . __ .-
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xlmum Ma 
Win dGust 

--
k mIh 

-_. 

--_.- -_ .. _---+ 
Rainfall in 

24 hours to 
9am 

I--. 
mm 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 ._.'----- ----_._-

---_._--_.-
Evaporation Bright 
In 24 hrs to Sunmln 

9am 
e Day 

--mm hours 

---

_. 

2 
3 
4 
5 
6 

7 

8 
9 

10 

11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

25 
26 

27 
28 

29 
30 

31 



Daily Meteorological Observations for BROOME (CYGNET BAY) 
from 1 October 1996 to 31 October 1996 
Site Number 003057 Latitude 16°27'10"S Longitude 123°00'26"E Elevation 12 metres Opened Jan 1963 Still Open 
~----------- ----.. -. 

Maximum 
Day Temperature 

'C 
--

1 31.8 

2 31.8 
3 32.5 
4 33.2 

5 34.3 

6 35.8 
7 38.4 
8 34.4 
9 34.3 

10 33.9 
11 
12 34.2 

13 35.3 

14 37.6 
15 34.1 
16 35.6 

17 35.1 
18 34.6 

19 34.4 
20 35.4 
21 34.6 

22 37.5 
23 38.1 
24 37.1 
25 36.7 

26 37.7 

27 36.7 

28 37.1 
29 38.6 

30 38.4 

31 36.9 
Mean Dally 35.5 

Lowest Dally 31.8 

Highest Dally 38.6 
Total ---_ .. _--,-'-----

----~.--- ---.--
Minimum Min 

Temperature Terr 
Tem 

°C 
16.4 

16.6 
16.6 
22.0 
20.5 
19.7 
19.9 
19.3 
22.1 
20.6 
20.6 

21.6 
22.9 
21.3 
21.2 
21.7 
25.1 
23.1 
24.1 
24.7 
23.9 
25.4 
26.4 
24.7 
27.1 
25.7 
24.6 
25.9 
25.9 
25.1 

--- --
22.5 
16.4 
27.1 

- _._ .. _---- -- .. 

28.6 
30.7 
31.6 
32.5 
32.2 
31.5 
30.4 
31.4 

31.6 
33.4 
32.1 
33.9 
32.5 
32.4 
30.9 
30.1 
29.0 
30.7 
34.9 
33.2 
33.4 
33.6 
33.0 
32.4 
33.4 
33.7 
32.4 
31.6 
26.6 

34.9 

66 
57 

54 
41 
40 
66 
70 
58 

61 
41 
59 

51 
51 
57 
65 
62 
68 
67 
47 
58 
57 
57 
58 
64 

57 
52 
61 

-------
58.2 

40 
71 

o 
2 
o 

o 
3 

3 

0 
1 

5 
5 
5 

4 
0 
0 
2 
1 
0 
3 

1.6 
0 
5 

SE 5 30.5 
SW 4 31.6 
NW 4 31.2 
SE 8 33.4 

SE 4 37.2 
SE 5 33.3 

NNW 15 33.1 
SE 4 32.1 

E 8 31.5 
31.4 

E 4 34.3 

NW 5 34_5 

NW 5 33.2 
SE 4 33.2 

WSW 4 32.9 
NW 9 32.5 

ENE 9 33.5 
NE 9 34.2 
SE 15 33.7 
SE 9 36.9 
SE 4 35.6 
NW 4 33.7 

NW 4 34.5 
E 5 36.4 
N 9 34.7 

SE 5 33.6 

SE 4 35.5 
NW 5 36.7 
SW 5 35.1 

6.2 33.6 
4 30.0 

15 37.2 

55 0 
53 0 
46 0 
44 0 
17 2 
52 4 
55 1 
59 
55 0 
61 0 
47 0 
45 0 
47 0 

55 0 
58 2 
60 1 
58 0 
45 
52 5 
33 0 
54 1 
54 6 
56 2 
40 0 
48 
57 1 

44 4 
31 1 
39 1 

48.9 1.1 
17 0 

61 6 

NW 15 
NW 8 
NW 9 

NW 11 
SW 4 
NE 8 

NW 18 
W 11 
W 15 

NW 11 
NW 8 

NW 9 
NW 15 
NW 9 

WSW 9 
NW 11 
ENE 8 
NW 9 
NE 5 
SW 4 
NW 8 
NW 5 

WNW 15 
N 5 

NW 11 
W 9 

NW 13 
W 15 
-W 15 ---_ ... _. _. 

10.1 
4 

18 
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-----~ --._---

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
25 
26 
27 
28 
29 
30 

0.0 -=-..:..:-1-------- -~~ 

0.4 
0.4 _____ • __ I ____ _ ___ _ 



Daily Meteorological Observations for BROOME (CYGNET BAY) 
from 1 December 1996 to 31 December 1996 
Site Number 003057 latitude 16'27'10"S longitude 123'OO'26"E Elevation 12 metres Opened Jan 1963 Still Open 
.... 

Maxlmum-~um 
--

3pm 
-- - --_ .. ---~'-.--

MaXImum Minimum 

Day Temperature Temperature Terrestrial 
Temperature 

'C 'C 'C 
1 37.2 24.2 
2 35.3 24.6 
3 35.0 26.7 
4 35.9 23.0 
5 35.2 23.5 

6 35.0 24.5 

7 35.5 24.0 

8 36.0 27.2 
9 36.7 25.4 

10 35.9 24.0 
11 37.3 24.8 
12 38.4 25.2 

13 35.5 27.6 
14 27.4 25.5 
15 32.3 23.0 
16 33.9 25.5 
17 34.7 27.2 
18 35.2 25.6 
19 32.0 25.2 
20 30.5 24.3 
21 34.4 25.5 
22 34.6 26.5 

23 35.2 27.4 
24 35.9 26.6 

25 35.4 27.9 

26 35.1 29.1 

27 34.2 23.0 

28 . 30.5 23.4 

29 31.4 25.2 

30 31.2 25.2 

31 32.7 25.2 .---- --------_. -------~ 
MeanOally 34.4 25.4 

Lowest Dally 27.4 23.0 

Highest Dally 38.4 29.1 

9am 

Te 
-·--~7--- --=--rsture Relative Total mpe Cloud 

Humidilv i---
'C % ok las 

o 
3 
3 
2 
2 

5 
2 
7 
4 
3 
5 
6 

7 
8 
8 
6 
5 
6 
8 
8 
8 
6 
4 
4 

-----
34.7 
33.0 
32.7 
32.8 
32.8 

32.9 
32.4 
31.8 
33.8 
33.5 
33.0 
34.3 
31.9 
27.0 
27.0 
32.3 
29.7 
31.9 
27.0 
27.2 
29.1 
30.5 
32.8 
32.5 

32.2 
30.0 

26.9 
26.8 
31.2 
30.1 
31.1 
26.8 
34.7 

48 
58 
59 
59 
59 
59 
57 
70 
54 
58 
67 
58 
50 
81 
78 
54 
86 
61 
89 
88 
80 
75 
62 
60 

64 
73 

96 
94 
75 
70 ._---------- -- --

68.1 
48 
96 

.. 

8 
8 
8 
8 
6 

6 
5.5 
o 
8 

- --_ .... -_ .. - - .- --- --- -- - ---.- -.. 
Wind Temperature Relative Total Clou d 

_____ . liJ.!!!lj@y ______ _ 
kmlh 'C % okfas -------------_ .. _- ---.- .. ~---.-----. 
NW 4 34.4 45 0 
NW 5 33.1 55 2 

W 5 33.9 51 
33.8 52 NW 5 0 

NE 5 

NW 9 
W 8 

SSE 4 
W 4 

W 5 

SE 4 
SE 5 
NE 8 
E 18 

WNW 4 
W 11 

NW 11 
NW 9 
NE 4 
SE 4 
SE 4 
SE 5 
W 5 

NW 8 

W 18 
W 5 

ENE 8 
NE 15 

NNE 15 
NW 5 

7.3 
4 

18 

34.0 
33.4 

34.0 
33.5 
34.5 
36.0 
36.5 
32.1 
25.6 
30.2 
32.0 
33.0 
32.5 
30.8 
30.0 
33.0 
33.3 
33.3 
33.6 

33.9 
32.8 
31.3 

30.4 
30.5 
30.0 
32.0 
32.6 
25.6 
36.5 

50 
55 

56 
58 
56 
43 
36 
57 
91 
63 
59 
54 
60 
68 
83 
64 
60 
63 
57 
59 
71 

75 
77 
72 
74 
60 

60.8 
36 
91 

2 
1 

6 
3 
4 
7 
7 

7 

8 

6 
6 

6 
7 
5 
7 
6 

5 
5 
4 
2 

7 
8 
8 
7 
5 
3 

4.8 
o 
8 

--------- Wind Gust Wind 

kmlh kmlh 
NW 17 
NW 11 
NW 9 
SW 11 
NW 9 

W 8 

W 8 
W 5 

NW 5 
NW 5 
NW 9 

NNE 8 
ESE 52 

WNW 15 
WNW 18 

NW 18 
NW 11 

NE 5 
NW 4 
NE 9 
NE 8 

NW 9 
W 5 

W 15 

WNW 9 

W 8 

SE 17 
NNE 9 
NW 17 
NW 8 .. _. 

11.4 
4 

52 

------.-
Rainfall in 
24 hours to 

9am 

mm 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.8 

13.9 
0.0 
0.0 
0.0 
6.8 

18.4 
3.0 
0.0 
0.0 
0.0 
0.0 

0.0 
14.0 

36.0 
24.2 

8.0 
5.6 

36.0 
130.7 Total _________ .L-___ '--__ ~ ___________ 

--~------.. --.- _ .. _---- ----_._---_ .. -- - -------- .. ---

Copyright@Commonwealth of Australia 1997 
Prepared by Climate and Consultancy Section in the Western Australian Regional Office o( the BUTeau o( Meteorology 
Contact us by phone on (08) 9263 2222, by (ax on (08) 9263 2233. or by email onclimate.wa@bom.gov.au 

r=-----.- ----,--
Evaporalion Bright 
In 24 hrsto Sunshine Day 

9am 

mm hours 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 

27 
28 

29 
30 
31 

---- ----- ---------- _ .. -



Daily Meteorological Observations for BROOME (CYGNET BAY) 
from 1 December 1996 to 31 December 1996 
Site Number 003057 Latitude 16°27'10"S Longitude 123·00'26"E Elevation 12 metres Opened Jan 1963 Still Open 

------ ------
--~-

Maximum Minimum 
Day Temperature Temperature 

·C °C 
1 37.2 24.2 
2 35.3 24.6 
3 35.0 26.7 
4 35.9 23.0 

5 35.2 23.5 

6 35.0 24.5 

7 35.5 24.0 

8 36.0 27.2 

9 36.7 25.4 

10 35.9 24.0 

11 37.3 24.8 

12 38.4 25.2 

13 35.5 27.6 

14 27.4 25.5 
15 32.3 23.0 

16 33.9 25.5 
17 34.7 27.2 

18 35.2 25.6 

19 32.0 25.2 

20 30.5 24.3 

21 34.4 25.5 

22 34.6 26.5 

23 35.2 27.4 

24 35.9 26.6 

25 35.4 27.9 

28 35.1 29.1 

21 34.2 23.0 

28 - 30.5 23.4 

29 31.4 25.2 

30 31.2 25.2 

31 32.7 25.2 _-'-0-
Mean Dally 34.4 25.4 

Lowest Dally 27.4 23.0 

Highest Dally 38.4 29.1 

Minimum 
Terrestrial 

Temperatura 

°C 

-.---... ~ 

--~-

-_ .. 
Tem pera ture 

~- . 
.7 

C 
34 

33 
32 
32 

32 
32 

32 
31 

33 
33 

33 
34 

31 

27 
27 
32 

29 
31 
27 
27 
29 
30. 
32. 

32 

.0 

.7 

.8 

.8 

.9 

.4 

.8 

.8 

.5 

.0 

.3 

.9 

.0 

.0 

.3 

.7 

.9 

.0 

.2 

.1 
5 
8 

.5 

32. 

30. 

26. 

26. 

31. 
30. 
31. 

26. 

34. 

2 

0 

9 

8 

2 
1 
1 

8 

1 

9am 3pm 
'"ii8Iativa --r:::---- ~----.. -.. -.. -- .. -_._--- -.-- .. _ .. ---. --_. --- -------~ 

Total 
Humidilv 

% ok 
48 
58 
59 
59 
59 

59 

57 

70 

54 
58 

67 
58 

50 

81 
78 

54 
86 
61 
89 
88 
80 
75 
62 

60 

64 

73 

96 

94 
75 
70 ... -._. __ ... - ._. -

68.1 

48 

98 

Cloud Wind Temperature Relative Total Cloud 
_____ __ tt~!!1i.J!i!y ________ _ 

las kmlh ·C % ok/as o --NW4-- ------34.4 --- --45- - ·------·0 
3 NW 5 33.1 55 2 
3 W 5 
2 

2 
5 
2 
7 
4 
3 
5 
6 
7 

8 
8 

6 
5 
6 
8 
8 
8 
6 
4 

4 

8 
8 
8 
8 
6 
6 

5.5 
o 
8 

NW 5 
NE 5 
NW 9 

W 8 
SSE 4 

W 4 
W 5 

SE 4 
SE 5 

NE 8 

E 18 
WNW 4 

W 11 
NW 11 
NW 9 
NE 4 
SE 4 
SE 4 

SE 5 
W 5 

NW 8 

W 18 

W 5 
ENE 8 
NE 15 

NNE 15 
NW 5 

7.3 

4 

18 

33.9 51 1 

33.8 52 0 
34.0 50 2 

33.4 55 

34.0 56 6 

33.5 58 3 

34.5 56 4 

36.0 43 7 

36.5 36 7 

32.1 57 7 
25.6 91 8 

30.2 63 6 
32.0 59 6 
33.0 54 6 

32.5 60 7 
30.8 68 5 

30.0 83 7 
33.0 64 6 
33.3 60 5 
33.3 63 5 

33.6 57 4 

33.9 59 2 

32.8 71 7 

31.3 75 8 

30.4 77 8 

30.5 72 7 

30.0 74 5 

32.0 60 3 
32.6 60.8 4.8 

25.6 36 0 

36.5 91 8 

Wind 

kmlh 
NW 17 
NW 11 
NW 9 
SW 11 

NW 9 
W 8 

W 8 

W 5 

NW 5 

NW 5 
NW 9 

N NE 8 

E SE 52 
NW 15 W 

WNW 18 
NW 18 
NW 11 

NE 5 

NW 4 
NE 9 
NE 8 
NW 9 

W 5 
W 15 

WN W 9 

W 8 

SE 17 
NE 9 N 

N W17 
NW 8 

-.. -. 
11.4 

4 

52 

Maximum 
Wind Gust 

kmlh 

-

--------.-
Rainfall In 

r=-------
Evaporation 

24 hours to In 24 hrs to 
9am Oam 

mm mm 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 
0.0 

0.0 

0.0 
0.0 

0.0 

0.8 
13.9 

0.0 
0.0 
0.0 
6.8 

18.4 
3.0 
0.0 
0.0 

0.0 

0.0 

0.0 

14.0 

36.0 

24.2 
8.0 
5.6 ._. . ---- ---_. -

36.0 

130.7 Total _ •.• ____ . '--____ L......-_________ ' ___ 0 ____ ••• __ ---_ .. ,--, . - .. ---~ -------'---. " -------- .. . _- -

Copyright @ Commonwealth o( Australia 1997 
Prepared by Climate and Consultancy Section in the Western Australian Regional Office of the Bureau of Meteorology 
Contact us by phone on (08) 9263 2222, by fax on (08) 9263 2233, or by email on climale.wa@bom.gov.au 

----~-
Bright 

Sunshine Day 

hours 
1 
2 
3 
4 
5 
6 

7 

8 
9 

10 

11 
12 

13 
14 
15 
18 
17 
18 
19 
20 
21 

22 
23 

24 

25 

26 
27 

28 

29 

30 
31 

-~--------- ----



Daily Meteorological Observations for BROOME (CYGNET BAY) 
from 1 January 1997 to 31 January 1997 
Site Number 003057 Latitude 16°27'10"5 Longitude 123·00'26"E Elevation 12 metres Opened Jan 1963 Still Open 

------~~--------

Day 

1 

2 
3 

4 

5 
6 
7 

8 
9 

10 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 
23 
24 

25 
26 

27 

28 

29 

30 
31 

Mean Dally 

o_.tOally L 
H Igh •• tDally 

Total _.- .-

Maximum 
Tempelllture 

·C 
33.0 

34.7 

36.5 

32.4 

27.4 

30.7 

32.1 
32.2 

32.4 

34.5 
34.5 

34.3 

33.6 

33.7 

35.3 

34.2 

31.5 

30.1 

31.5 

32.6 

31.9 

32.4 
32.0 

32.5 

31.1 
27.1 

26.6 

27.0 

28.0 

3D.4 
30.5 

31.8 

26.6 

38.6 

--- --

Minimum Minimum 
Tempelllture Terreslrial =----,---

Temperature 
Tempereture 

·C ·C ·C 
24.8 28.5 

23.2 26.5 

25.9 31.5 

25.4 31.9 

23.6 25.8 

24.8 26.2 

23.7 30.6 

26.4 30.9 

24.1 30.5 

23.1 31.0 

25.5 30.4 

25.5 30.0 

23.6 30.0 

25.6 31.0 

26.2 28.2 

26.1 31.0 

23.0 27.8 

24.0 25.0 

24.0 26.0 

25.4 30.4 

24.7 26.4 

24.9 28.2 

23.6 30.5 

26.5 30.0 

23.6 27.2 

24.0 24.6 

24.0 25.3 

24.0 25.7 

23.4 26.2 

22.6 26.8 

25.5 28.0 
r--~----- _._------- -------- ._. 

24.5 28.5 

22.6 24.6 

28.5 31.9 

9am 3pm 
--_._---_.- -- - --_._-- .. __ ._--_.----- ---------

Relative Total Ciou d Wind Temperature Relative Total Cloud 
HUl!lldl1v -

% ok/as 

74 8 

83 8 

72 0 

70 8 

98 8 

93 8 

73 4 

72 4 

65 3 

74 5 

67 5 

83 6 

68 2 

68 5 

76 7 

72 5 

82 8 

96 8 

87 8 

78 5 

95 6 

86 8 
76 5 

76 8 

93 8 

99 8 

98 8 

97 8 

97 8 

88 8 

84 8 -----.- . ... 

81.9 6.4 

65 0 
99 8 

, 

__________________________ !-fJLR)I!IDY_ 
kmlh ·C % 
NW 4 32.5 57 

NE 2 31.8 60 

SE 5 35.8 58 

SE 4 31.5 60 

NE 9 

NW 11 28.4 81 

NNW 11 32.0 65 

NW 11 30.9 67 

W 8 32.0 59 

SE 2 33.0 61 

SE 4 33.0 58 

SE 5 32.4 56 

SE 4 32.4 65 

NW 8 33.4 54 

SE 5 34.7 58 

NW 2 33.8 60 

NE 4 29.1 75 

Calm 29.0 81 

NNE 4 29.4 78 

ENE 4 30.5 77 
NE 2 29.8 75 

NE 2 31.2 70 

N 2 31.3 70 

SE 2 30.6 74 

Calm 30.1 74 

Calm 26.0 96 

SW 2 25.2 97 

WNW 4 24.0 98 

WNW 8 24.0 100 

WNW 8 29.0 82 

WNW 9 

4.6 30.6 71.2 

0 24.0 54 

11 35.8 100 

ok/as ----------
6 

3 

8 

8 
5 
6 
4 

2 

4 

3 

4 
4 

3 
8 
6 
6 
6 
4 
5 
8 
6 

8 
8 
8 
8 
7 

5.2 

1 
8 

---
Wind 

I-.!<:'!!~-
NW 8 

SE 4 

SE 2 

SE 5 

NNW 11 

NW 11 

NW 9 
NW 8 

W 4 

NW 8 
NW 9 

WNW 8 

W 5 

NW 4 

W 5 

NE 2 

Calm 

NE 4 

NE 2 

NW 2 

NE 2 

NE 5 
NE 5 

WNW 4 

W 4 
W 4 

WNW 8 

WNW 28 

WNW 18 

.. -.. . - -- .-. 
6.4 

0 

28 

O Copyright e Commonwealth of Australia 1997 
Prepared by Climate and Consultancy Section in the Westem Australian Regional Office of the Bureau of Meteorology 
Contact us by phone on (OB) 92632222, by fax on (OB) 9263 2233, or by email on climate.wa@bom.gov.au 

Maximum 
Wind Gust 

f--kmlh 

.-- - . ._. --

Rainfall In Evaporation Bright 
24 hours to In 24 hrsto Sunshine Day 

9am 9am 

mm mm hours 

1.4 1 

13.6 2 

0.0 3 

0.0 ~ 

93.0 5 

6.6 6 

22.2 7 

0.0 8 

0.0 9 

0.0 10 

0.0 11 

0.0 12 

10.4 13 

0.0 14 

0.0 15 

0.0 16 

43.0 17 

13.2 18 

10.5 19 

0.2 20 

6.0 21 

6.0 22 

4.8 23 

0.3 24 

36.3 25 

14.1 26 

103.6 27 

130.0 28 
92.4 29 

143.8 30 

5.8 31 .------- .. ------ f---------- - .--- -

143.8 

767.2 



Daily Meteorological Observations for BROOME (CYGNET BAY) 
from 1 February 1997 to 28 February 1997 
Site Number 003057 Latitude 16"27'10"5 Longitude 123"OO'26"E Elevation 12 metres Opened Jan 1963 Still Open 

-------- ------------
Maximum Minimum Minimum 

Day Temperatura Temperature Terrestriat 
Temperature 

·C ·C ·C 
1 32.0 25.6 
2 32.0 24.9 
3 32.0 25.7 
4 32.5 25.5 
5 32.6 23.5 

6 32.7 23.5 

7 30.0 25.0 

8 31.6 24.5 

9 32.6 25.8 

10 32.7 24.5 
11 32.7 24.6 
12 32.9 23.5 

13 33.3 24.6 

14 33.1 26.0 
15 33.2 25.0 

16 33.6 24.0 

17 32.9 24.4 
18 32.8 25.0 
19 29.6 25.3 

20 31.1 23.2 

21 31.5 25.4 

22 31.6 25.1 
23 31.2 24.3 

24 31.4 26.5 

25 30.0 22.7 

26 32.3 23.6 

27 32.2 24.3 

28 32.8 26.3 ------
Mean Dally 32.1 24.7 

Lowest Dally 29.6 22.7 

Highest Dally 33.6 26.5 

f---.-
Temperature 

·C 
28.a-

30.2 
29.2 
30.0 
30.5 
29.5 
28.5 
29.5 

30.0 
29.5 
29.4 
30.5 
30.0 
30.3 
30.4 
31.0 
30.6 
28.8 
28.8 
28.5 
30.2 
27.5 
29.0 
28.5 
24.3 
30.0 
30.5 
30.0 

-

Relative 
Humldi 

% 
8 
7 
7 
7 
7 
8 
8 
6 
7 
7 
8 
7 

7 
7 
7 
7 
7 
8 
8 
8 
7 
8 
7 

7 
8 
8 
5 
2 

5 
8 
9 

5 
5 
2 
2 
6 
3 
2 
1 
7 
7 
5 
5 
8 
7 
4 

81 
9 
7 
7 
8 

~.-.------- -- --------

9 
8 
2 
o 
o 
9 
9 

29.4 79. 
24.3 6 
31.0 9 

9am 
-----------
Total Cloud 

-----
oktas -------

7 
7 
7 
7 
7 
7 
8 
7 

6 
7 
7 
4 

6 
7 
5 
3 
4 
8 
6 
7 
7 
7 
7 
8 
8 
4 
2 
6 

6.4 
2 
8 

------
Wind 

----------
kmlh ----_._.-

N 11 
WNW 4 

W 8 
W 9 

WSW 4 
SE 4 

SSE 4 

ESE 4 
NW 9 

WNW 4 
ENE 4 

WNW 9 
WNW 4 
WNW 9 
WSW 9 
WNW 4 

SE 4 
SE 4 

WNW 17 
SE 4 

WNW 4 
Calm 

WNW 17 
N 4 

WNW 24 
NNE 9 

WSW 9 
W 24 ------.-... _- .. 

7.7 
0 

24 

3pm 
... ------- . _ .. _-------- - ----_ ..... _-

Temperature Relative TOIaI Cloud 

---------- _tt.!!.Il!l«!!IY __ - --------
·C % oktas _. __ ... --- ----" ._------ ---
30.5 77 6 
31.5 69 7 
31.5 69 7 
31.5 69 4 

31.8 73 4 
31.4 64 7 
27.0 96 8 

29.5 82 6 

32.0 70 6 
31.7 66 7 
31.4 67 5 
32.1 65 3 
31.5 69 7 
31.0 72 5 
31.8 65 3 
32.5 62 3 

31.0 75 6 
32.5 66 6 
27.5 86 6 
29.5 82 7 
28.4 85 7 

31.0 72 6 

30.6 74 7 

29.6 73 6 
26.2 78 7 

31.5 69 5 

30.5 78 3 
31.5 69 4 
30.7 73.0 5.8 
27.0 62 3 
32.5 9S- 8 

.-----~-

Wi nd 

kmlh 

N W 15 
W 9 

WN W17 
W 
W 
W 

N 
ES 

E 

E 
N 

WNW 
WNW 
WNW 
WN 
WNW 
WNW 
WN 

W 

W 
N 
E 

W 

W 

N 
S 

WNW 
WN 

SW 
WNW 

WNW 
WNW 

9 
9 
4 
4 
4 
9 
9 
4 
9 
9 

17 
17 
9 
4 
9 
4 

17 
9 

17 
9 

17 
24 
9 

17 

___ ~1!--
10.9 

NW 
SW 
NW 

4 
24 

Maximum Rainlaliin 
Wind Gust 24 houlSto 

9am 

kmlh mm 
1.4 
0.6 
0.4 
0_0 

0.1 
0.0 

20.8 
0.0 
3.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
7.2 

10.0 
51.2 

0.4 
13.6 
13.0 
8.0 

110.6 
1.0 
0.0 
0.8 

--- --_._---

110.6 
242.1 Total --'--------'-------- ------- ----

Copyright @ Commonwealth o( Australia 1997 
Prepared by Climate and Consultancy Section in the Western Australian Regional Office of the Bureau of Meteorology 
Contact us by phone on (08) 9263 2222, by fax on (08) 92632233, or by email on climate.wa@bom.gov.au 

--
Evaporation Bright 
In 24 hIS to Sunshine Day 

8am 

f--- mm hours 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 



Daily Meteorological Observations for BROOME (CYGNET BAY) 
from 1 March 1997 to 31 March 1997 
Site Number 003057 Lalltude 16'27'10"5 Longitude 123'OO'26"E Elevation 12 metres Opened Jan 1963 Still Open 

_._-
------~-

~-

Maximum Minimum 
.----:-:-.-:-------_._---------

Minimum 8am Maximum 
-. Wind Gust 

Day Temperature Temperature 

'C 'C 
1 34.1 26.5 

2 33.5 24.7 

3 34.4 24.3 

4 33.1 25.6 

5 33.1 24.0 

6 33.3 24.6 

7 33.5 23.4 

8 33.1 23.8 

9 32.9 24.9 

10 32.1 23.0 

11 32.4 22.5 

12 34.1 23.7 

13 33.5 23.7 

14 34.5 25.0 

15 35.6 24.5 

16 35.9 23.0 

17 35.4 23.3 

18 34.5 22.4 

19 35.0 21.7 

20 35.4 22.7 

21 36.1 23.7 

22 36.0 23.4 

23 35.5 23.5 

24 34.5 17.5 

25 34.0 19.4 

26 34.0 20.9 

27 34.2 22.0 

28 34.5 21.5 

29 34.6 20.3 

30 35.0 21.4 

31 34.8 23.0 

Terrealrial Temperature 
Temperature 

'C 'C 
31.1 
29.0 
29.5 

31.9 

30.7 
30.5 

30.6 

30.7 
30.0 
23.3 

29.0 

31.0 

30.5 

31.3 

30.4 
31.2 

30.5 

30.7 
32.0 

31.5 
32.8 

32.3 
32.0 
30.5 

30.4 
30.0 
29.5 
30.6 

31.5 

30.5 
30.0 

--~-~ 

Relative 
HumldllY 

% 
77 
81 
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Tr. size(mm) 0-4.9 5-9.9 10-14.9 15-19.9 20-24.9 25-29.9 30-34.9 35-39.9 40-44.9 45-49.9 50-54.9 55-59.9 60->60 total Tr.llOOm~. 

Aug. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sept. 0 0 0 0 0 0 30.2 0 0 0 0 0 0 I 25 

Oct. 0 0 0 0 22.7;23.2 0 0 0 0 0 0 0 0 2 40 

Nov. 0 0 0 0 23.1 28.7 0 0 0 0 0 0 0 2 40 

Dec. No Samples 

Jan. 4 5.0;5.4 0 0 0 0 0 0 0 0 0 0 0 3 60 

Feb. No Samples 

Mar. 0 7;7;7.8;8 0 0 0 29.8 0 0 0 0 0 0 0 5 100 

April No Samples 

May 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

June No Samples 

July 0 6.1;7.8 10.4;13.2 0 0 26.5 0 0 0 0 0 0 0 5 100 

Total Trochus I 7 2 0 3 3 I 0 0 0 0 0 0 18 

Tr.l1 OOm2• 2.6 20.5 5.1 0 7.7 28.3 2.6 0 0 0 0 0 0 46.1 

Summary of juvenile trochus found in porites-thalassia. A total of78 quadrats (39 m 2) were sampled 



Tr. size(rrun) 0-4.9 5-9.9 10-14.9 15-19.9 20-24.9 25-29.9 30-34.9 35-39.9 40-44.9 45-49.9 50-54.9 55-59.9 60->60 total Tr.ll00m~. 

August 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sept 0 0 12.7 0 0 0 0 0 0 0 0 0 0 I 20 

Oct. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nov. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dec. No Samples 

Jan. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Feb. No Samples 

March 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

April No Samples 

May 0 0 0 0 O· 0 0 0 0 0 0 0 0 0 0 

June No Samples 

July 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Trochus 0 0 1 0 0 0 0 0 0 0 0 0 0 1 

Tr.1100m2• 0 0 20 0 0 0 0 0 0 0 0 0 0 2.7 

Summary of juvenile trochus found in porites-enhalus. A total 0[74 quadrats (37 m 2) were sampled 



Tr. 0-4.9 5-9.9 10-14.9 15-19.9 20-24.9 25-29.9 30-34.9 35-39.9 40-44.9 45-49.9 50-54.9 55-59.9 60->60 total Tr.lIOOm~. 

size(mm) 

August 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sept 0 0 0 0 20.5 0 0 0 0 0 0 0 0 I 20 

Oct. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nov. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dec. No Samples 

Jan. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Feb. No Samples 

March 0 0 0 0 0 0 0 0 0 0 50.5 0 0 1 20 

April No Samples 

May 0 0 0 0 23.5 26 0 0 0 0 0 0 0 2 40 

June No Samples 

July 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 0 0 0 0 2 I 0 0 0 0 1 0 0 4 

Trochus 

Tr.llOOm2• 0 0 0 0 5.1 2.6 0 0 0 0 2.6 0 0 10.3 

Summary of juvenile trochus found in coral rubble-thalassia. A total 0[78 quadrats (39 m 2) were sampled 



Tr. size(mm) 0-4.9 5-9.9 10-14.9 15-19.9 20-24.9 25-29.9 30-34.9 35-39.9 40-44.9 45-49.9 50-54.9 55-59.9 60->60 total Tr.llOOm<. 

August 0 9.5 0 0 0 0 0 0 43 47 0 0 0 3 60 

Sept 0 0 0 0 0 0 0 0 40.1 0 0 57.3 0 2 40 

Oct. 0 0 0 0 0 0 0 0 0 0 0 0 63.6 1 20 

Nov. 0 0 0 0 0 0 0 0 0 0 50.3;50.5; 0 0 4 80 

50.7;51.1 

Dec. No Samples 

Jan. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Feb. No Samples 

March 0 0 0 0 0 0 0 0 0 0 0 57.5 0 1 20 

April No Samples 

May 0 0 Il.S 0 0 0 0 0 0 0 0 0 76 2 40 

June No Samples 

July 0 7.6 0 0 0 0 0 0 0 0 0 0 0 I 20 

Total Trochus 0 2 I 0 0 0 0 0 
. 2 1 4 2 2 14 

Tr.llOOm2• 0 5 2.5 0 0 0 0 0 5 2.5 10 5 5 35 

Summary of juvenile trochus found on the reef flat. A total of 80 quadrats (40 m 2) were sampled 



Tr. 0-4.9 5-9.9 10-14.9 15-19.9 20-24.9 25-29.9 30-34.9 35-39.9 40-44.9 45-49.9 50-54.9 55-59.9 60->60 total Tr.ll00m~. 

size(mm) 

August No Samples 

Sept 0 0 0 0 0 25 33.6 35.6 0 0 51.4 0 0 4 80 

Oct. 0 0 14.5 0 0 0 0 0 0 0 0 0 0 I 20 

Nov. 0 0 0 0 22.7 0 0 37.7;39.7 43.1;43.6 0 54.8 0 0 6 120 

Dec. No Samples 

Jan. 0 0 0 0 0 0 31.7 0 44.3 0 0 0 0 2 40 

Feb. No Samples 

March 0 0 0 0 0 0 0 38.2 0 0 0 0 0 1 20 

April No Samples 

May No Samples 

June No Samples 

July No Samples 

Total 0 0 1 0 1 1 2 4 3 0 2 0 0 14 

Trochus 

Tr.llOOm2 0 0 4 0 4 4 8 16 12 0 8 0 0 56 

Summary of juvenile trochus found in sargassum-sand. A total of 50 quadrats (25 m 2) were sampled 



Tr. size(mm) 0-4.9 5-9.9 10-14.9 15-19.9 20-24.9 25-29.9 30-34.9 35-39.9 40-44.9 45-49.9 50-54.9 55-59.9 60->60 total Tr.l100m<. 

August 0 0 0 0 0 25.8 30.1 ;31.2; 0 41.7;42.6 45;47.8 50.9 0 0 12 300 

33.1 ;34.1 42.8;43.8 

Sept 0 0 0 0 0 28.3 30;30.8 35;35.4; 44.5 45;46; 51.2 56.7;59 68.2 20 400 

31.5;33.5 35.4 46.6;46.8; 

46.9;47.5; 

49.6 

Oct. 0 0 0 0 0 0 34.8 37.5;38.5 44.8 45.3;46.5; 0 0 0 8 160 

47.1;47.6 

Nov. 0 0 0 0 0 29.7 33.5;34.3 35.9;37.6 0 46;47.8; 51.4;51.5 59.6 0 16 320 

37.8;38.8; 47.8 52.5 

39.4;39.6 

Dec. No Samples 

Jan. 0 0 0 0 0 0 0 36.5;38.6 40.3;43; 47.4;47.5; 52.7 55.5 0 10 200 

41.2 49.2 

Feb. No Samples 

March 0 0 0 0 0 0 0 0 0 0 0 57.1 0 I 20 

April No Samples 

May No Samples 

June No Samples 

July 0 0 0 0 0 0 0 38.8 0 0 0 55.5;56.1 ; 61 5 167 

56.6 

Total 0 0 0 0 0 3 11 14 9 19 6 8 2 72 

Trochus 

Tr.llOOm2• 0 0 0 0 0 9.4 34.4 43.7 28.1 59.4 18.7 25 6.2 225 

Summary of juvenile trochus found in sargassum. A total of 64 quadrats (32 m 2) were sampled 
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