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Executive Summary 
 

Background 

Despite currently lacking an aquaculture industry of economic significance, the Regional 

Investment Blueprints for both the Pilbara and Gascoyne Regions of Western Australia 

reference the development of such an industry as an opportunity for growth and diversification 

of those regional economies. 

Pursuant to this identified opportunity, the Regional Development Commissions of the Pilbara 

and Gascoyne Regions have collaborated with the Western Australian Department of 

Fisheries, in its capacity as the lead Western Australian agency for the development of 

aquaculture in State waters, to undertake a study exploring the viability of marine aquaculture 

along the Pilbara-Gascoyne coast. The Department of Fisheries settled on edible oyster and 

marine finfish aquaculture as being most likely to demonstrate technical and economic 

feasibility, and identified areas of the Pilbara-Gascoyne marine estate that are, prima facie, 

suitable for aquaculture operations. This study is an analysis of the economic and technical 

feasibility of an edible oyster aquaculture operation on the Pilbara-Gascoyne coast and 

should be read on conjunction with the associated market study. 

In 2013-14 the Australian edible oyster industry produced a total 11,400 tonnes of the two 

primary commercial species, Sydney Rock Oysters and Pacific Oysters, with a total gross value 

of A$90.3 million. While small volumes of edible oysters are produced on the south coast of 

Western Australia, the oyster industry is concentrated in New South Wales (as well as some 

limited production in southern Queensland), South Australia and Tasmania. 

Pilbara-Gascoyne Species Selection – Western Rock Oyster 

A number of edible oyster species would be technically viable to produce along the Pilbara-

Gascoyne coast. Native species include the Tropical Blacklip Oyster (Saccostrea echinata), 

Coral (Saccostrea scyphophilla), Native (Ostrea angasi) and the Western Rock (Saccostrea 

cucullata cucullata). Notably, the Western Rock Oyster is extremely similar both genetically 

and physically to the Sydney Rock Oyster (Saccostrea cucullata glomeratis). The Pacific Oyster 

is a species that was introduced to the east coast of Australia and cannot be translocated to 

Western Australia. 

The analysis of the biological and agribusiness characteristics of the edible oyster species 

identified as being potential viable as the basis for aquaculture production on the Pilbara-

Gascoyne coast in this study has identified the Western Rock Oyster as being the most 

attractive species for the following reasons: 

 Market Acceptance and Price Premium 

The Western Rock Oyster’s close relative, the Sydney Rock Oyster, is an iconic Australian 

seafood product that attracts a significant premium in Australian seafood markets. The 

only real difference between them is that the Western Rock is native to the west coast, 

whereas the Sydney Rock is native to the east coast – each is considered a subspecies 

of the larger Saccostrea cucullata clade. It should be noted that while this presents a 

relatively low risk marketing strategy for the Western Rock Oyster when compared to 

other native Western Australian species, the importance of provenance in the 

marketing of Sydney Rock Oysters, together with the absence of recognised 

provenance for the Western Rock Oyster, potentially presents a marketing challenge. 
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 Production Experience 

Off all of the species that are native to the Pilbara-Gascoyne coast, extensive 

knowledge pertaining to production only exists for theSaccostrea cucullata 

subspecies. While this knowledge isfor the most part exclusive to the east coast 

production environment, it represents a significant opportunity for both knowledge and 

technology transfer. In the case of the Coral Oyster there is not adequate experience 

in commercially growing the species, implying a need for extensive trials prior to an 

operation being deemed viable. While more is understood about the Tropical Blacklip, 

and its fast growth rates are appealing from an agribusiness perspective, significant 

within-crop variability in growth rates, high mortality and suboptimal conditions on the 

Pilbara-Gascoyne coast render it less attractive. 

 

Site Selection – Gascoyne Coast North of Carnarvon 

It must be stressed from the outset that there are two major threats to the technical and 

economic viability of prospective aquaculture operations on the Pilbara-Gascoyne coast: 

1. Regular Extreme Weather Events 

The Pilbara-Gascoyne coast is highly susceptible to extreme weather events. Indeed, 

the Pilbara coastline is the most cyclone prone coastline in the world, with an average 

of five tropical cyclones per annum, one of which is likely to be severe. Tropical 

cyclones and cyclone related metocean conditions can result in not only destruction 

of production infrastructure and stock, but also in denial of access to the site during 

critical operating windows and/or mortalities or loss of productivity due to dramatic 

changes in water quality and condition. 

 

2. Cadmium and other Heavy Metal Bioaccumulation 

A unique subsea hematite geological feature that extends along most of the Pilbara-

Gascoyne coastline results in high concentrations of iron oxide fines in the water 

column. Naturally occurring dissolved cadmium that is present in the water binds to 

these fines. As a result of bioaccumulation, filter feeders (such as oysters) in the region 

have demonstrated cadmium (and other heavy metals) well above regulated or 

recommended levels for human consumption. 

Either of these factors has the potential to render oyster aquaculture on the Pilbara-Gascoyne 

coast unviable. In addition to criteria such as suitable growing conditions, access to 

infrastructure and limited competing uses of the water resources, in selecting an optimal site 

within the target area this study has attempted to minimie the risk associated with extreme 

weather events, and cadmium and other heavy metals bioaccumulation. 

The most suitable site identified is a 3,085 hectare body of coastal waters, 12 kilometres north 

of the town of Carnarvon in the Gascoyne Region. This site is illustrated in the following figure. 
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Economic Viability 

The economic viability of an aquaculture operation producing Western Rock Oysters at this 

site has been tested by developing a financial model of operations at the following scale: 

 50,000 to 60,000 dozen per annum; and 

 100,000 dozen per annum. 

Operations have been modelled both as a truly greenfields site and as a developed zone, 

whereby the State has declared an aquaculture zone and invested in basic civil works that 

are necessary to provide access to the site and construction of shore-side facilities.  

The production systems that have been used in the model are based on the current best 

practice    in the eastern state’s Sydney Rock Oyster industry and costs have been 

benchmarked and validated where reasonably possible in the context of this preliminary 

study. In the absence of prescribing regulations in WA the modelling assumes that no post-

harvest depuration is required. 

This preliminary base-case modelling indicates that: 

 A 50,000 to 60,000 dozen per annum operation is not economically viable as either a 

greenfields project or a project within an established zone; 

 A 100,000 dozen per annum operation is not economically viable as either a greenfields 

project or a project within an established zone; and 
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 The degree to which both scale of project results in a prolonged and significant cash 

deficit indicates that an order of magnitude change in either revenue or key cost 

factors (principally capital and labour) would be required to deliver a bankable 

project. 
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1. Introduction 

1.1. Background to this Study 
The Pilbara Development Commission and Gascoyne Development Commissions are two of 

nine regional development commissions in Western Australia established and empowered 

under the Regional Development Commissions (WA) Act 1993. The basic role of all 

development commissions is to promote and, to some extent, coordinate aspects of 

economic development in their respective regions. The specific functions and roles of 

development commissions are prescribed by the Regional Development Commissions (WA) 

Act 1993 and are summarised in Table 1 below. 

Functions Role 

 Maximise job creation and improve career 

opportunities in the region; 

 Develop and broaden the regional economy; 

 Identify infrastructure services to promote 

economic and social development of the 

region; 

 Provide information and advice to promote 

business development within the region; and 

 Seek to ensure that the standard of and 

access to government services in the regions 

is comparable to the Perth metropolitan area. 

 Promote the region 

 Facilitate coordination between relevant 

statutory bodies and State Government 

agencies 

 Cooperate with representatives of industry 

and commerce, employer and employee 

organisations, education and training 

institutions and other sections of the 

community within the region 

 Identify the opportunities for investment in the 

region and encourage that investment 

 Identify the infrastructure needs of the region 

and encourage the provision of that 

infrastructure in the region 

 Cooperate with departments of the public 

service of the State and Commonwealth and 

other agencies, instrumentalities and statutory 

bodies of the State and the Commonwealth 

in order to promote equitable delivery of 

services within the region; and 

 Cooperate with local governments in order to 

promote equitable delivery of services 

TABLE 1 – FUNCTIONS AND ROLES OF DEVELOPMENT COMMISSIONS 

Primarily as the result of the combination of development funding that has been made 

available by virtue of the Royalties for Regions (WA) Act 2009, as well as a subsequent review 

of the functions and roles of Regional Development Commissions1, the Regional Development 

Commissions have in recent years been specifically charged with the development and 

custodianship of the Regional Investment Blueprints. The Regional Investment Blueprints are 

plans for investment in transformative strategies, priority actions and opportunities for driving 

growth in each of the regions. 

Both the Gascoyne and Pilbara Regional Investment Blueprints identify, among other things, 

the development of an aquaculture industry in their respective regions as a major opportunity 

for economic growth and diversification. Examples of references to aquaculture in these 

Blueprints is summarised in Table 2 below.  

 

                                                      
1 Government of Western Australia (2010), Structuring Regional Development for the Future: A 

Review of the Functions and Responsibilities of Regional Development Commissions 
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Regional 

Investment 

Blueprint 

Example Reference to Aquaculture Development Objectives 

Pilbara ‘[develop] a suite of Common Use Facilities, hubs or centres of excellence across the region 

supporting manufacture, the mineral and energy industries, agriculture and aquaculture 

and infrastructure projects’ 

‘[develop] land and tenure frameworks supporting agriculture and aquaculture (onshore 

and offshore) development] 

‘[process that results in the] identification of agriculture and aquaculture species suited to 

the Pilbara’ 

‘[develop] algae based aquaculture producers exporting nutraceuticals and 

pharmaceuticals to local, national and international markets’ 

Gascoyne ‘Aquaculture represents a significant opportunity for the Region’ 

‘[The] coastal orientation of the Region supports emerging aquaculture-based seafood 

production’ 

‘Actioning of the comparative advantage of the Gascoyne Region in food production via 

the attraction of domestic and international investment in aquaculture production’ 

TABLE 2 – REFERENCES TO THE DEVELOPMENT OF AN AQUACULTURE INDUSTRY IN THE PILBARA AND GASCOYNE 

REGIONAL INVESTMENT BLUEPRINTS 

It is worth noting that the Kimberley, Mid West, Wheatbelt, South West, Great Southern and 

Goldfields-Esperance Regional Investment Blueprints (i.e. eight out of the nine Regional 

Investment Blueprints) also reference aquaculture as an important future industry. 

Currently, the Western Australian aquaculture industry as a whole generates approximately 

A$75 million of product. Approximately A$60 million (80 percent) of this value is attributable to 

the Pinctada maxima pearling sector which is located primarily in the Kimberley Region. 

Furthermore, of the approximately A$15 million of value produced from the non-pearl (primarily 

seafood) sectors of the Western Australian Aquaculture industry, approximately 50 percent is 

attributable to a single barramundi operation in the Kimberley Region of Western Australia. 

While there are significant prospects for aquaculture in the Mid West, South West and Great 

Southern Regions borne out by relatively new projects and intended future aquaculture 

development zones, these projects do not currently make as significant contribution to industry 

output. 

Aquaculture production in the Pilbara and Gascoyne Regions is currently negligible, confined 

primarily to the production of small volumes of non-Pinctada maxima pearls. 

In order to pursue the recommendations of their respective Regional Investment Blueprints, the 

Gascoyne and Pilbara Development Commissions have collaborated with the Western 

Australian Department of Fisheries as the lead government agency for the development and 

regulation of aquaculture in Western Australia to undertake a preliminary study investigating 

the feasibility of marine based aquaculture in the Gascoyne and Pilbara Regions. 

The Department of Fisheries, in agreement with the Gascoyne and Pilbara Development 

Commissions, identified two sectors of marine aquaculture that are prima facie potentially 

technically and economically viable in the waters off these two regions: 
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 Edible oyster production based on native species of oysters such as the native oyster 

(Ostrea angasi), rock oyster (Saccostrea cucullata), tropical blacklip oyster 

(Saccostrea echinata) and coral oyster (Saccostrea scyphophilla); and/or 

 

 Marine finfish production based on native finfish species such as Yellowtail Kingfish 

(Thunnus albacares), Amberjack (Seriola dumerili) or Mahi Mahi (Coryphaena 

hippurus) 

The Department of Fisheries has also identified bodies of water along the coast of the 

Gascoyne and Pilbara Regions which could, prima facie, be the subject of aquaculture 

development zones should economic and technical viability be demonstrated. 

As a component of the study, the Department of Fisheries has engaged Australian Venture 

Consultants to undertake the following preliminary studies: 

 Market Analysis 

A study based on a ‘desktop’ and some limited primary research that is designed to 

assess the domestic and global markets for the abovementioned species and if 

appropriate, form the basis of an investment attraction strategy for aquaculture in the 

region. 

 

 Investigation into the Technical and Economic Viability of Edible Oyster Aquaculture in 

the Pilbara and Gascoyne Regions 

A desktop Pre-feasibility study into the economic and technical viability of a 

hypothetical edible oyster operation at a location determined to be prima facie 

optimal for edible oyster production along the Gascoyne and Pilbara coastlines. 

 

 Investigation into the Technical and Economic Viability of Marine Finfish Aquaculture in 

the Pilbara and Gascoyne Regions 

A desktop pre-feasibility study into the economic and technical viability of a 

hypothetical marine finfish operation at a location determined to be prima facie 

optimal for marine finfish production along the Gascoyne and Pilbara coastlines. 

This document reports on the study into the technical and economic viability of edible oyster 

aquaculture in the Pilbara and Gascoyne Regions and should be read in conjunction with the 

market analysis. 

1.2. Oyster Production in Australia 
There are four main species of oyster native to the Australian coastline - the Native Oyster 

(Ostrea angasi), Rock Oyster (Saccostrea cucullata), Tropical Blacklip Oyster (Saccostrea 

echinata) and the Coral Oyster (Saccostrea scyphophilla). Pacific Oysters (Crassotrea gigas) 

were deliberately introduced to Tasmania and South Australia in the 1950s and 1960s2 and 

spread to New South Wales. Pacific Oysters now compete with the native (Sydney) Rock 

Oyster in the wild and are farmed extensively along the east coast of Australia. 

The production of oysters is the oldest sector of the Australian aquaculture industry, dating 

back to the late-1880s. In 2013-14, the Australian oyster industry produced a total 11,400 tonnes 

of product with a Gross Value of Product (GVP) of A$90.3 million. While small volumes of oysters 

are produced in Queensland and Western Australia, the industry is concentrated in the bay 

and estuarine systems along the New South Wales coast, the Eyre Peninsula in New South 

                                                      
2 Mitchell (2000) IN: Schrobback, P. (2015), Economic Analyses of Australian Sydney Rock Oyster 

Industry, School of Economics and Finance, Queensland University of Technology 
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Wales and Tasmania. Table 33 below summarises contemporary oyster production in Australia 

from the main producing states. 

State 2013-14 Volume (t) 2013-14 GVP (A$’000) Unit Value (A$/t) 

New South Wales 3,266 36,007 $11,025 

South Australia 4,900 32,080 $6,547 

Tasmania 3,236 21,684 $6,701 

TOTAL/AVERAGE 11,402 89,771 $7,873 

TABLE 3 – AUSTRALIAN OYSTER PRODUCTION – 2013-14 

The higher unit value achieved by the New South Wales oyster industry is primarily the result of 

premium pricing received for its icon product, the Sydney Rock Oyster. This species is discussed 

further in Section 2.1.1. 

The Pacific Oyster is an introduced species to Australia and is grown in significant volumes in 

Tasmania and parts of New South Wales. It is not found in Western Australia and requires cooler 

water to flourish. In more recent years, outbreaks of Pacific Oyster Mortality Syndrome (POMS) 

and associated mortalities in farmed and wild-stocks has been problematic for farms growing 

Pacific Oysters. Attempts by industry to seek translocation permission for the species into 

Western Australia have been declined by regulators. Poor suitability to growing conditions in 

the Pilbara and Gascoyne Region, translocation issues and susceptibility to POMS render the 

Pacific Oyster an unsuitable species for the purposes of this study. 

The Native Oyster, also known as the Flat Oyster, Muddy Oyster or Southern Mud Oyster, is 

native to Australia. However, it is a cool-water species and unsuited to growing conditions 

characteristic of the Pilbara and Gascoyne coasts. Furthermore, while the Native Oyster has a 

gourmet reputation, unlike Rock Oysters it is mostly found submerged in muddy, silty bottoms 

of estuaries or marshes along the southern coastline at depths of up to 30m and is slow growing. 

These characteristics render it a difficult species to produce cost effectively at scale. 

Therefore, the focus of this study is Rock Oysters, Tropical Blacklip Oysters and Coral Oysters. 

The species selection analysis is discussed further in Section 2. 

  

                                                      
3 Fisheries Research and Development Corporation (2015), Fisheries and Aquaculture Statistics, 

Australian Government, Canberra 
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2. Species Analysis 
Currently, the only commercial scale production of edible oysters in Western Australia occurs 

in the coastal waters of Albany on the southern coast, where a farm operated by Ocean Foods 

International produces small quantities of rock oyster.  It is unclear whether production is from 

seed stock of the subspecies of rock oyster that occurs in New South Wales, or from that which 

occurs naturally on the Western Australian coast (see Section 2.1.1). 

2.1. Species Options 
Edible oyster species native to Australia, and indeed generally, can exhibit significant variance 

in morphotype (physical appearance), rendering identification and taxonomy somewhat 

challenging. The species that are of interest for the purposes of this study are those which are 

naturally occurring along the coastlines of the Pilbara and Gascoyne Regions of Western 

Australia, generally accepted as being exclusively of the Saccostrea genus.  

While lower level classification of species and subspecies of the Saccostrea genus is the subject 

of scientific debate, on the basis of mitochondrial DNA analysis4 the currently accepted 

species breakdown of edible oysters found along the Pilbara-Gascoyne coastline is as 

discussed in the following subsections. 

2.1.1. Rock Oyster (Sacccostrea cucullata) 

The rock oyster S.cucullata is also referred to by the common names hooded oyster, Indo-West 

rock oyster or milky oyster and by virtue of its commercial production was previously known as 

S.commercialis. The species is common throughout the Indian Ocean, Mediterranean Sea and 

tropic west Pacific Ocean. As illustrated in Figure 15 below, the species shell naturally exhibits 

significant morphological variation.  

 

                                                      
4 Lam, K. Morton, B. (2006) Morphological and Mitochondrial-DNA analysis of the Indo-West 

Pacific Rock Oysters (Ostreidae: Saccostrea species). Journal of Molluscan Studies 72: 235-245.  
5 Naturalis Biodiversity Centre/Wikimedia Commons 
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FIGURE 1 – ROCK OYSTER SPECIES SHELL MORPHOLOGY 

Several subspecies may be identified within the S.cucullata clade. Of particular interest to this 

study is S.cucullata cucullata, or the Western Rock Oyster, and S.cucullata glomerata, the 

Sydney rock oyster. The two subspecies are very closely related, genetically and physically, to 

the extent that they were previously thought by industry and the scientific community to be 

one species. From a domestic seafood markets perspective the Sydney Rock Oyster is 

Australia’s premium oyster product, and certainly the Australian species most familiar to both 

domestic and international consumers. 

Most likely as a result of the economic importance of the Sydney Rock Oyster and the long 

history of its production in New South Wales, the majority of scientific research and commercial 

analysis pertaining to the production of S.cucullata species has focused on the S.cucullata 

glomerata subspecies.  While the S.cucullata cucullata subspecies that is native to Western 

Australia has been studied internationally6, there appears to be little scientific research or 

commercial analysis pertaining to it that has been undertaken specifically in a Western 

Australian context.  

Because this study is preliminary in nature and there is significant biological similarity between 

S.cucullata cucullata and S.cucullata glomerata, an assumption has been made that existing 

data pertaining to S.cucullata glomerata can be reasonably used for the purposes of 

modelling the aquaculture production of S.cucullata cucullata. 

                                                      
6 See for example in India - Kalyanasundaram, M. Ramamorthi, K. (1987) Larval Development 

of the oyster Saccostrea cucullata (Born), Mahasagar. Bulletin of the National Institute of 

Oceanography, 20(1): 53-58 
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Distribution 

The Western Rock Oyster occurs naturally along the Western Australian coastline in coastal and 

estuarine environments between the Northern Territory border and Point Walter on the Swan 

River. However, they are most prolific along the northern and north-western coast7. 

Optimal Growing Conditions 

Habitat 

Like other oyster species, the natural habitat for S.cucullata is the intertidal and shallow subtidal 

zone between the high-water mark extending to approximately three metres below low-

water.  Most oyster species require a hard substrate, such as other shells or rocks, and will not 

settle in areas characterised by muddy bottoms.  

Unlike other molluscs that attach by byssal strands, S.cucullata species secure themselves to 

their substrate by means of an excreted organic adhesive that over time forms a calcerous 

cement8. This means that in larval form they are susceptible to strong wave action and as such 

tend to concentrate in bays or estuaries before settling. In a cultured environment where 

hatchery spat are used, transplanted animals may demonstrate a stronger tolerance to wave 

action. However, optimal growth still occurs under sheltered conditions. 

Water Quality & Conditions 

As a result of the ability to completely seal their hard shells, a characteristic not common to all 

oysters species, S.cucullata tolerate significant variability in water temperature and salinity for 

extended periods, including periods entirely out of the water. This characteristic partly explains 

their extensive distribution and is an important product attribute as it underpins competitive 

shelf-life and a need for less robust cold-chain logistics infrastructure. 

Over the longer-term, S.cucullata species appear to tolerate water temperatures between 14 

and 30 degrees Celsius, salinity between 25 and 40 parts per tonne and pH between 6.75 and 

8.759. However, as with most oyster species, S.cucullata is extremely sensitive to heavy metals 

pollution. Oyster growth is significantly compromised in acidified waters, usually stemming from 

increased dissolved carbon dioxide10, with significant mortality events at pH levels under 5.511. 

Salinity levels and water temperature toward the higher end of the range typically result in 

greater phytoplankton and other macroalgal productivity in the water column, thereby 

increasing food availability for the oysters and subsequently resulting in higher growth rates.12 

                                                      
7 Catalogue refs P003926 (1994) - P054359 (2014) - Saccostrea cucullata cucullata. Museum 

and Art Gallery of the Norther Territory Malacology Collection. 
8 Harper, E.M (1996) Attachment of mature oysters (Saccostrea cucullata) to natural substrata. 

Marine Biology 127: 449-553. 
9 O’Connor, W.A. Dove, M.C (2009) The changing face of oyster aquaculture in New South 

Wales, Australia. Journal of Shellfish Research 28(4): 803-811 
10 Parker, L.M. Ross, P.M. O’Connor, W.A (2010) Populations of the Sydney rock oyster, 

Saccostrea glomerata, vary in response to ocean acidification. Marine Biology 157(11): 2435-

2452 
11 Dove, M.C. Sammut, J (2007) Impacts of estuarine acidification on survival and growth of 

Sydney rock oysters Saccostrea glomerata. Journal of Shellfish Research 26: 519-527 
12 Bhattacharyya, S. et al (2010) Effect of physico-chemical variables on the growth and 

condition indexof the rock oyster, Saccostrea cucullata (Born) in the Sundarbans, India. Indian 

Journal of Fisheries 57(3):13-17  
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It would appear that optimum conditions for juvenile growth occur at salinity levels equal to or 

greater than 35 parts per tonne and temperature at 30 degrees. However, spat to juvenile 

adult survival under these optimal growth conditions is approximately 82 percent, whereas 

survival through this period under conditions closer to the natural state at 23 degrees Celsius 

and 30 parts per tonne is approximately 93 percent13.  

Stocking Density 

In the natural environment oysters are fully sessile, and tend to congregate in large clusters. 

This occurs to the extent that spat will often settle on and attach to shells of living or dead adult 

oysters, forming very large clusters that ultimately become the large ‘oyster reefs’ that can be 

found offshore from estuaries and in salt marshes. As a result, oyster species are generally well 

suited to the high stocking rates found in aquaculture production systems.  

While dense stocking has no significant impact on shell growth, increased competition for food 

in such an environment may result in slower growth of the fleshy parts of the animal. As such, 

in an aquaculture production environment very high stocking rates can result in increased 

grow-out time to market weight. High stocking levels also create maintenance, cleaning and 

grading difficulties, typically resulting in higher labour costs.  

It appears that the optimal stocking density for an aquaculture production system is 

approximately 75 percent of substrate coverage. Interestingly, further decreasing coverage 

ratio to 50% or lower produces no significant increase in growth14, suggesting that, with 

provided there is adequate nutrition in the production environment, there may be room to 

increase stocking density in some operations. 

Table 4 below summarises key elements of optimal growing conditions for S.cucullata. 

 Optimal growth Optimal survival Tolerance 

pH ~7.75 ~7.75 6.75-8.75 

Salinity (ppt) 35 30 20-40 

Temperature (Celsius) 30 23 14-30 

Density (% coverage) Up to 75% - 100% coverage 

TABLE 4 – OPTIMAL GROWING CONDITIONS FOR ROCK OYSTERS 

Life cycle and growth patterns 

Oysters in general are broadcast spawners, releasing enormous quantities of sperm and 

unfertilised eggs into the water in response to environmental conditions. This typically occurs 

during the summer months. Successfully fertilised S.cucullata eggs develop into embryos within 

hours and develop rapidly, usually reaching the benchmark pediveliger stage at about 20 

                                                      
13 Dove, M.C. O’Connor, W.A. (2007) Salinity and temperature tolerance of Sydney rock oysters 

Saccostrea glomerata during early ontogeny. Journal of Shellfish Research 26(4): 939-947 
14 Honkoop, P.J.C. Bayne, B.L (2002) Stocking density and growth of the Pacific oyster 

(Crassotrea gigas) and the Sydney rock oyster (Saccostrea glomerata) in Port Stephens, 

Australia. Aquaculture 213(1-4): 171-186 
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days15. As pediveligers, larvae are able to swim and crawl using a crude ‘foot’, and will seek 

out an appropriate surface on which to settle. Once settled they shed their juvenile motility 

organs, becoming fully sessile spat with a morphology that resembles adult oysters.  

Growth patterns in oysters are seasonal. Depending on environmental conditions oysters attain 

sexual maturity at about one year16, and during the peak spawning season of spring and 

summer energy is diverted to reproduction, slowing growth. Growth rates in wild oysters vary, 

but S.cucullata species generally take 41 months to reach market weight of 50g17.  

Selective breeding 

Genetic Lines 

The New South Wales S.cucullata glomerata industry has undertaken extensive selective 

breeding, focused on three genetic objectives of increasing: 

 The growth rate of stock, reducing time to market size; 

 Resistance to QX disease, a major cause of mortality (see Section 2.2.4); and 

 Resistance to Winter Mortality (see Section 2.2.3), another major cause of deaths. 18 

As a result, fourth-generation fast-growth oysters are now reaching market weight 15 months 

earlier than wild-caught controls. 

Triploids  

Triploid oysters, or oysters with three rather than the normal two homologous sets of 

chromosomes, offer the following significant production benefits: 

 Triploid oysters do not devote energy to reproduction, and as such reach market 

weight approximately six months sooner than diploid oysters. This potentially reduces 

grow-out time in the case of fast-growth oysters to approximately 21 months 19; 

 Sterility results in consistently high meat condition, allowing for consistent product 

throughout the year, whereas the meat condition of diploid oysters during spawning 

months is generally poor and watery (‘spawned-out’); and 

 While the reasons are yet to be determined, anecdotally triploid oysters seem naturally 

more resistant to many diseases and therefore are less susceptible to mortality events 

that affect diploid oysters. 

The main drawback associated with triploid oysters is that the meat often carries a brown 

discolouration of the gonads during the summer and spring months when diploid oysters are 

spawning. While this does not affect eating quality it does affect appearance, which is 

                                                      
15 O’Connor, W. et al (2008) Manual for hatchery production of Sydney rock oysters 

(Saccostrea glomerata). NSW Department of Primary Industries – Fisheries Research Report 

Series 20. 
16 Ganapathi, N.M. Gangadhara, G. (2015) Biological aspects of edible oysters: a review. 

International Journal of Innovative Research in Science, Engineering and Technology 4(6): 

4245-4252 
17 Nell, J.A. Perkins, B. (2005) Evaluation of progeny of fourth-generation Sydney rock oyster 

Saccostrea glomerata (Gould, 1850) breeding lines. Aquaculture Research 36(8): 753-757 
18 See section 2.3.3  
19 Hand, R.E. Nell, J.A (2004) Studies on triploid oysters in Australia: XIII. Performance of diploid 

and triploid Sydney rock oyster, Saccostrea glomerata (Gould, 1850) progeny from a third 

generation breeding line. Aquaculture 233(1-4): 93-107 
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critically important for the au naturel product market. 20 As such, many oyster operations will 

run concurrent crops of both diploid and triploid stock, allowing for a continuous supply of 

peak-condition flesh. 

While triploidity can occur naturally in the wild it is very rare, and triploid oysters, being sterile, 

are unable to pass on these traits. Oyster hatchery processes for S.cucullata species now 

commonly include producing triploid runs, with the technique well-established. 

2.1.2. Tropical blacklip oyster (Saccostrea echinata) 

The Tropical Blacklip Oyster Saccostrea echinata (formerly S.mytiloides), also known as the 

spiny rock oyster, is common across the northern coast of Australia. The morphology of the 

Tropical Blacklip Oyster shell is illustrated in  

Figure 2 below21. 

 

FIGURE 2 – TROPICAL OYSTER SHELL MORPHOLOGY 

There were historical attempts to produce Tropical Blacklip Oysters via aquaculture production 

techniques in Queensland during the 1980s and 1990s, and it is understood that additional 

studies pertaining to the species are currently being undertaken by the Northern Territory 

Department of Primary Industries and Fisheries. However, to date, the species has not been 

commercially produced in Australia. As a result, there is limited agribusiness related information 

pertaining to the species, particularly with respect to production in a Western Australian 

context. 

Distribution 

The Tropical Blacklip Oyster is common to the intertidal and shallow subtidal zones of tropical 

waters throughout the western central Pacific Ocean, and is found across the northern 

                                                      
20 Anon, Triploid Sydney rock oyster – research information sheet. NSW Department of Primary 

Industries 
21 Naturalis Biodiversity Centre/Wikimedia Commons 
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coastline of Australia. Distribution of the species along the Western Australian coastline is not 

well studied. However, anecdotal evidence and limited surveys suggest they are particularly 

prevalent in mangrove estuaries along the northern coastline of Western Australia22 and are 

harvested for recreational and/or cultural purposes from the Northern Territory border through 

to Shark Bay23. 

Optimal Growing Conditions 

Habitat 

As with other oyster species, S.echinata requires a hard substrate on which to settle. However, 

there is some evidence that it will tolerate softer bottoms than S.cucullata species24. Like 

S.cucullata species, S.echinata attaches to a substrate by excreting an organic adhesive that 

hardens into a calcerous cement. Hence, they are sensitive to strong wave action, generally 

preferring bays or estuaries.  

Water Quality 

S.echinata is less tolerant of variable water conditions than cucullata species, requiring 

temperatures between 25 and 35 degrees Celsius and salinity between 25-35 parts per tonne25. 

pH tolerance does not appear to have been studied, however experimental techniques used 

in investigating other factors  have maintained a range close to that of normal seawater at 

around 7.75. S.echinata appears at least as sensitive to heavy metals pollution as cucullata 

species, possibly more so as a result of its tropical biome26.  

As with cucullata species, growth rates increase as salinity and water temperature increase27. 

Optimum conditions for juvenile growth have not been studied in depth, but appear to occur 

at salinity levels at around 30 parts per tonne and temperature at 30 degrees Celsius. However, 

spat survival rates are extremely poor, with mortality rates in excess of 80 percent between 

spat and juvenile stage, as well as significant numbers of slow-growing oysters which remain 

weak and susceptible to mortality through disease and predation beyond the juvenile stage28. 

Whether these rates could be improved with more modern aquaculture techniques remains 

to be studied. 

Table 5 below, summarises key elements of optimal growing conditions for S. echinata. 

 

                                                      
22 Hine, P.M. Thorne, T. (2002) A survey of some parasites and disease of several species of 

bivalve mollusc in northern Western Australia. Diseases of Aquatic Organisms 40: 67-78; Mueller, 

M. Woodland, H. (2015) Edible Rock Oyster Feasibility Study. Kimberley Marine Research 

Station/Bardi Jawi Aboriginal Community 2015. 
23 See for example BushCraftOz forums, http://bushcraftoz.com/forums/forum.php, accessed 

08/04/2016. 
24 See for example observations in Fromont, J et al (2014) Kimberley Marine Research Station, 

Cygnet Bay: Notes on the marine fauna. Western Australian Museum Aquatic Zoology series. 
25 Denis, L. (1983) Recent innovations in cultivation of molluscs in French Polynesia, presented 

at 1st International Biennal Conference on Warm-Water Aquaculture, Hawaii. 
26 Olivier, F. Ridd, M. Klumpp, D. (2002) The use of transplanted cultured tropical oysters 

(Saccostrea commercialis) to monitor Cd levels in North Queensland coastal waters 

(Australia). Marine Pollution Bulletin 44(10): 1051-1062 
27 Angell, C.L. Tetelepta, J. Smith, L.S (2009) Culturing the spiny oyster Saccostrea echinata in 

Ambon, Indonesia. Journal of the World Aquaculture Society 15(1-4): 433-441  
28 Denis, L (1983), op cit 
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 Optimal growth Optimal survival Tolerance 

pH ~7.75 ~7.75 (insufficient data) 

Salinity (ppt) 35 (insufficient data) 20-35 

Temperature (Celsius) 30 30 25-35 

Density (% coverage) <75% - (insufficient data) 

TABLE 5 – OPTIMAL GROWING CONDITIONS FOR S. ECHINATA 

Optimal grow-out density for S.echinata does not appear to have been studied. However, 

S.echinata appear to have increased food input requirements and/or lower feed conversion 

rates than other oyster species29. As such it is likely that stocking density would need to be 

maintained at least at levels not greater than those optimal for S.cucullata (75% medium 

coverage or below) in order for individual animals to obtain sufficient food levels. 

Life cycle and growth patterns 

As with other oyster species, S.echinata are broadcast spawners, releasing their gametes 

principally in spring and summer but capable of breeding all year round. S.echinata has an 

extremely rapid growth rate, taking approximately 18 days from fertilisation to settlement30 and 

reaching market weight of approximately 50g within 19 months31. However, significant 

numbers of individuals within the overall population are slow-growing for reasons that are not 

yet understood, and low (and variable) survival rates persist through to the early juvenile stage 

after settlement32.  

2.1.3. Coral rock oyster (Saccostrea scyphophilla) 

The Coral Rock Oyster S.scyphophilla (formerly known as S.mordax and S.amasa) is also known 

as the Pink Oyster. The species is not well known to literature, and very little information is 

available as to the growth profiles or exact distribution.  Figure 3 below illustrates the shell 

morphology of the Coral Rock Oyster. 

                                                      
29 ibid 
30 Ibid 
31 Angell, C.L. Tetelepta, J. Smith, L.S (2009), op cit 
32 Southgate, P.C. Lee, P.S (1998) Hatchery rearing of the tropical blacklip oyster Saccostrea 

echinata (Quoy and Gaimard). Aquaculture 169(3-4): 275-281 
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FIGURE 3 – SHELL MORPHOLOGY OF THE CORAL ROCK OYSTER 

Distribution 

The Coral Rock Oyster is found in the intertidal and shallow subtidal zone on the north coast of 

Australia from Queensland, across the top end, through to the western tropical Pacific. 

Distribution along the Western Australian coastline is not well studied, however anecdotal 

evidence suggests that it shares much of its habitat with S.cucullata33, albeit in lower densities34. 

Optimum conditions 

Little research appears to have been conducted into the grow-out and development of the 

Coral Rock Oyster. Cohabitation with S.cucullata suggests that its tolerance range at least 

includes conditions conducive to that species, however optimal conditions cannot be 

determined.  

2.2. Fish Health Issues 
Adult oysters are generally hardy animals. While they are fully sessile, their hard outer shell 

means that predation events are rare, excluding marine organisms that have specialised to 

overcome these defences such as some polychaete marine worms. 

However, significant pest, parasite and disease issues can occur in wild and cultured stocks. 

Some common diseases may pass quickly through a densely stocked farm with no lasting 

impact, while in other cases new mutations or a hitherto unknown strain of pathogen may 

decimate the entire farm population. In an aquaculture production system, high stocking rates 

can result in mass mortality events exceeding 80 percent. 

                                                      
33 Angell, C.L (1986) The Biology and Culture of Tropical Oysters. Published International Centre 

for Living Aquatic Resources Management, Manila, Phillipines. 
34 Rubio, A. et al (2013) Ensuring that the Australian Oyster Industry adapts to a changing 

climate: A natural resource and industry spatial information portal for knowledge action and 

informed adaptation frameworks; ‘OYSTER INFORMATION PORTAL’. Fisheries Research and 

Development Corporation, project no.2010/534 
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Like other ocean based aquaculture operations, there is no means of isolating the production 

system from the wider marine environment, exposing the farm population to any pathogens 

that might exist in the immediate marine biosphere. 

Furthermore, because some species identified in Section 2.1 above have not been extensively 

cultured or cultured at all in Australia, it is not possible to determine their susceptibility in a 

production environment to known pathogens. Similarly, it is not possible to know if there are 

pathogens in the Pilbara and Gascoyne marine environment that do not occur in other oyster 

producing areas around Australia which might adversely affect the health and productivity of 

oyster operations in that region. 

As such, while the mass mortality causes of the Sydney Rock Oyster (S.cucullata glomerata) in 

commercial-scale aquaculture are well studied in the context of New South Wales, these 

causes may not be directly translatable to the different, warmer waters of the Pilbara-

Gascoyne region. Further, while S.cucullata glomerata and the native Western rock oyster 

S.cucullata cucullata share many similarities, there may be difference enough such that 

pathogens that adversely affect S.cucullata glomerata may be more or less lethal, or absent 

entirely, in the case of S.cucullata cucullata. 

As commercial scale aquaculture of the Tropical Blacklip (S.echinata) and Coral Rock Oyster 

(S.scyphophilla) has not been undertaken in Australia, there is little information available on 

health issues associated with these species. 

With these caveats, the major known commercially relevant mortality or disease factors 

affecting edible oyster production in Australia are discussed in the following subsections. 

2.2.1. Mudworm (polydora websteri and related species) 

Mudworms are small polychaete marine worms that infest most oyster species, burrowing into 

the outer shell. In some cases this is innocuous and causes no harm to the oyster. However, 

where the burrow penetrates into the shell and the mudworm comes into contact with the 

oyster meat, large yellowish foul-smelling blisters and abscesses are caused on the flesh 

rendering the oyster unmarketable35. Outright mortalities from mudworm infection mostly result 

from the increased stress on the host oyster, making it more sensitive to other stressors such as 

temperature, salinity, or other diseases and parasites. Figure 436 below illustrates a mudworm 

infected oyster. 

                                                      
35 Anderson, I.G. (1990) Diseases in Australian invertebrate aquaculture. Presented at Fifth 

International Colloquium on Invertebrate Pathology and Microbial Control, Society for 

Invertebrate Pathology, Adelaide, Australia.  
36 Anon, Fisheries and Oceans Canada 
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FIGURE 4 – OYSTER INFECTED BY MUDWORM 

Distribution 

Mudworms may be found worldwide. The most prevalent species in Australia is Polydora 

websteri, with other species of marine worm also known to infest oyster shells in Australia 

including P.hoplura and Boccardia chilensis. 

Prevalence and control 

Prevention and control of mudworm infestation has been continually refined since oyster 

cultivation began in the 1880s. Incidence of infestation can be greatly reduced by elevating 

oysters above the mid-tide level and at least 50cm above mud substratum. While this reduces 

feeding time and as such adversely affects the growth rate of oysters, it is a highly effective 

method of controlling mudworm infestation and hence economic loss resulting from stress, slow 

growth, unmarketable product or mortality. Other preventative measures include washing 

oysters clean of mud with high-pressure hoses, manual de-fouling with scourers or brushes and 

locating production systems to ensure a consistent good flow of low turbidity water over the 

oyster racks. 

Existing infestations can be controlled without need for chemical treatments by exploiting the 

greater sensitivity of the worm to changes in temperature and salinity than the host oyster 

species. Effective treatment regimes that have achieved greater than 80 percent mudworm 

mortality, with no oyster losses, have included37:  

 Immersion in a hyper-saline solution (>250g per litre) for 15 minutes followed by 15 

minutes air-drying; 

                                                      
37 MacKenzie, C.L. Shearer, L.W. (1961) Chemical control of Polydora websteri and other 

annelids inhabiting oyster shells. Proceedings of the National Shellfisheries Association 50: 105-

111; Nell, J (2007) Controlling Mudworm in oysters. NSW Department of Primary Industries 

PrimeFacts 590; Nel, R. et al (1996) The evaluation of two treatments to reduce mud worm 

(Polydora hoplura Claparède) infestation in commercially reared oysters (Crassostrea gigas 

Thunberg), Aquaculture 141: 31–9. 
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 Immersion in a hyper-saline solution (>250g per litre) for 1 minute followed by 2 hours 

air-drying; 

 Air-drying in the shade for 7-10 days; 

 Immersion in hot water at 70 degrees Celsius for 1 minute; and 

 Immersion in fresh water for 2 days. 

Chemical treatments for mudworm infestation include iodine baths and hydrogen peroxide. 

However, the use of such treatments in marine environments is generally restricted by the 

Australian Pesticides and Veterinary Medicines Authority, the Western Australian Departments 

of Health, Agriculture and Food, Commerce (WorkSafe), Water and Environmental Regulation, 

as well as local government through Environmental Health Officers (EHOs).  

2.2.2. Oyster leech  (Imogine mcgrathi and related species) 

Oyster leeches (also known as the ‘wafer’ or ‘shell sucker’) are stylochid flatworms that have 

specialised in predation of marine bivalves, including clams, mussels and oysters. Figure 538 

below illustrates an oyster leech. 

 

FIGURE 5 – OYSTER LEECH (MARITIGRELLA CROZIERI SHOWN FOR ILLUSTRATIVE PURPOSES) 

Distribution 

In Australia the flatworm Imogine mcgrathi, native to the East coast and particularly New South 

Wales, can lead to significant mortality of commercially cultured Sydney Rock Oysters (S. 

cucullata glomerata) if uncontrolled. The occurrence of marine flatworms on the Western 

Australian coast is not well studied, particularly with respect to oyster predation. 

Prevalence and control 

Flatworms tend to be precocious predators and, if given time, adapt well to new food 

sources39. As such, given their wide distribution it is probable that high densities of oysters, of 

whatever species, in the Pilbara-Gascoyne region may attract predation by flatworms in a 

similar manner to oyster aquaculture operations on the east coast. 

While oyster leeches do not restrict themselves to a particular habitat, their behaviour may be 

exploited to reduce the incidence of predation events. Generally, individual flatworms are 

                                                      
38 Source: Lapraz, F. (2013) Put a tiger in your tank: the polyclad flatworm Maritigrella crozieri 

as a proposed model for evo-devo. EvoDevo Open Access Journal 4:29, Creative Commons 

3.0. 
39 O’Connor, W.A Newman, L.J (2003) Predation of Cultured Mussels, Mytilus galloprovincialis, 

by Stylochid Flatworms, Imogine mcgrathi, from Twofold Bay, New South Wales, Australia. 

Journal of the Asian Fisheries Society 16(2): 133-140. 
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slow feeders, taking between 17 and 28 days to consume one oyster, and appear to be 

restricted to consuming smaller oysters of less than 40mm in size. This preference is possibly 

relating to the strength of the adductor muscles responsible for shell closing, which are stronger 

in older animals40. As such, the potential commercial impact of flatworms will depend heavily 

on the number present, which has ranged from 3.2 per basket in Port Stephens in central New 

South Wales to 386 per metre of mussel culture rope in Twofold Bay, near the southern New 

South Wales - Victoria border.41  

Feeding solely at night and hiding from bright light, oyster leeches may be discouraged by 

lowering stocking density and using the largest possible mesh size in culture medium to restrict 

possible hiding places. Effective control measures include: 

 Immersion in a hyper-saline solution (>250g per litre) for 5 minutes; 

 Immersion in freshwater for 5 minutes; and 

 Air-drying in the shade for 3-5 days. 42 

Given the ease of control with hyper- or hypo-saline solutions, the use of other control agents 

does not appear to have been investigated.  

2.2.3. Winter mortality 

Despite its occurrence in oyster aquaculture since the very early 20th century43, ‘winter 

mortality’ is poorly understood in scope, effects and cause. Generally, the pattern of mortality 

sees an intrahaemocytic protozoan invade the host oyster, turning the flesh yellowy-brown in 

spots and sometimes causing abscesses and foul-smelling pustules. Figure 644 below illustrates 

the pathogen under microscopic magnification. 

                                                      
40 O'Connor, W.A. Newman, L.J. (2002) Predation of Pinctada imbricata and Mytilus 

galloprovincialis by the stylochid flatworm, Imogine mcgrathi. Presented at World Aquaculture 

Society, 23 - 27 April 2002, Beijing, China. 
41 Ibid 
42 O'Connor, W. Newman, L. (2001) Halotolerance of the oyster predator, Imogine mcgrathi 

from Port Stephens, New South Wales, Australia. Hydrobiologia, 459:157-163. 
43 First formally described in 1926. 
44 Anon, Fisheries and Oceans Canada 
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FIGURE 6 – WINTER MORTALITY PATHOGEN 

While not always fatal, severe outbreaks can see near-total mortality of up to 80 percent45 in 

even very mature animals that are just short of market weight. While the exact transmission 

vector is unknown, the disease seems directly transferrable from oyster to oyster, swiftly working 

its way through farms until the whole population is affected46. 

The cause of this disease remains unclear and may be multifactorial, possibly linked to an as 

yet classified protozoan47. Until recently it was thought that the protist Bonamia roughleyi (or 

related species Mikrocytos roughleyi) was the principal cause, leading to regulatory focus on 

this organism and its classification as a nationally notifiable pathogen. While longitudinal 

testing carried out by the New South Wales Department of Primary Industries48 and the 

Elizabeth Macarthur Agricultural Institute49 have found that there appears to be no direct link 

between winter mortality and the presence of B.roughleyi, domestic and international markets 

still generally require biosecurity testing to establish its absence.  

Prevalence and control 

Winter mortality has been observed in several estuaries in New South Wales and Victoria. 

Quarantine measures and restrictions on oyster movements seem to be reasonably effective 

                                                      
45 Nell, J.A. (2001) The history of oyster farming in Australia. Marine Fisheries Review 63: 14-25. 
46 Spiers, Z et al (2014) Longitudinal study of winter mortality disease in Sydney rock oysters 

Saccostrea glomerata. Diseases of Aquatic Organisms 110 (1-2): 151-164; New South Wales 

Department of Primary Industries  
47 ibid 
48 (2015) Discussion Paper: Biosecurity Act 2015-Bonamia and Winter Mortality in Oysters. 

Published December 2015, available www.dpi.nsw.gov.au/biosecurityact 
49 Spiers, Z et al (2014), op cit 
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at limiting its spread, and to date there does not appear to be any reported outbreak in 

Western Australia.  

As the harmful effects are observed within the cells of the meaty body of the oyster and 

therefore inside the outer shell, winter mortality cannot be controlled by baths or dips in a 

solution. While there is no known effective treatment for oysters affected by winter mortality, 

several control measures have proven effective at limiting infection. As the disease seems 

associated with higher salinity and cooler water, these measures consist principally of moving 

oysters out of potentially infectious water, usually through elevating growing racks to a higher 

inter-tidal level during cool winter months50. A potential link has also been observed between 

symptoms in oysters and highly turbid waters caused by mechanical disturbance51. 

As a significant potential mortality cause with poorly understood causal and transmission 

factors, significant efforts have been invested in selective breeding of the Sydney Rock Oyster 

S.cucullata glomerata to increase resistance to both winter mortality and QX disease52 (see 

Section 2.2.4). While efforts are ongoing, significant improvements have been made, with 

deaths from winter mortality in fourth-generation progeny selected for resistance down by 

more than half (23% versus 52% in control specimens)53. 

2.2.4. QX disease - Marteilia sydneyi and related species 

Formerly referred to as ‘Queensland unknown’, hence ‘QX’, this disease results from the 

parasitism of the Sydney Rock Oyster S.cucullata glomerata by the protozoan Marteilia 

sydneyi, which uses the oyster as an intermediate host. The parasite under microscopic 

magnification is illustrated in Figure 754 below. 

                                                      
50 Smith, I.R. Nell, J.A Adlard, R. (2000) The effect of growing level and growing method on 

winter mortality, Mikrocytos roughleyi, in diploid and triploid Sydney rock oysters, Saccostrea 

glomerata. Aquaculture 185: 197-205. 
51 Carnegie, R.B et al (2005) Bonamiasis in the crested oyster Ostrea equestris in North Carolina, 

USA. Journal of Shellfish Research 24: 644 
52 Nell, J.A et al (2000) The Sydney rock oyster Saccostrea glomerata (Gould 1850) breeding 

program: progress and goals. Aquaculture Research 31: 45-49.; see also above at 2.1.1. 
53 Dove, M.C. et al (2012). Evaluation of the progeny of the fourth-generation Sydney rock 

oyster Saccostrea glomerata (Gould, 1850) breeding lines for resistance to QX disease 

(Marteilia sydneyi) and winter mortality (Bonamia roughleyi). Aquaculture Research 44(11): 

1791-1800 
54 Anon, Fisheries and Oceans Canada 
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FIGURE 7 – QX DISEASE PROTOZOA 

QX disease is virtually identical to Aber disease (also known as ‘digestive gland disease’ or 

marteiliosis) prevalent in oyster aquaculture in the northern hemisphere, and caused by a 

related species Marteilia refringens55. Outbreaks can be devastating, frequently resulting in 

mortality rates in excess of 95 percent. QX disease is caused by the parasite infesting the 

digestive gland of the oyster and producing spores, in the process destroying the digestive 

gland and sometimes the gonads of the host oyster.56 This results in the oyster being unable to 

feed, and effectively starving to death. The oyster typically exhausts its nutritional reserves 

within four weeks, ultimately resulting in mortality. 

While the cause of the disease is known to be M.sydneyi, the precise life cycle of the parasite 

is unknown. Many marine species of this type cycle through multiple intermediate hosts, and 

at least one further host of the parasite has been identified, a polychaete marine worm 

Nephtys australiensis57. Because the vectors through which it spreads are unknown, controlling 

the disease is problematic. However limited trials to date58, suggest that oyster-to-oyster 

transmission does not occur and therefore there exists a chance of controlling reinfection of 

oyster populations should the immediate antecedent host be identified. 

Prevalence and control 

QX disease outbreaks have occurred along the eastern coast, from Sandy Bay in Queensland 

to southern New South Wales. There do not appear to be any records of identified outbreaks 

                                                      
55 See for example Commonwealth Department of Agriculture, Fisheries and Forestry (2015) 

Aquatic Animal Diseases Significant to Australia: Identification Field Guide 4th Edition 
56 NSW Department of Primary Industries – Disease Management in Aquaculture: QX oyster 

disease.  
57 Adlard, R.D Nolan, M.J (2015) Elucidating the life cycle of Marteilia sydneyi, the aetiological 

agent of QX disease in the Sydney rock oyster (Saccostrea glomerata). International Journal 

of Parasitology 45(6): 419-426 
58 NSW Dept Primary Industries – Disease Management, op cit 
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in Western Australia. Given the presence of diseases with similar symptoms in other oyster 

industries of note, however, commercial operators should nonetheless be aware of the 

potential for outbreaks of QX or similar. To date QX disease has only been reported in 

S.cucullata species, with the Pacific oyster C.gigas unaffected by the parasite. The prevalence 

of this disease in other oyster species such as S.echinata or S.scyphophilla is unknown. 

Rock oysters appear to most commonly contract QX disease during late summer to early 

autumn, albeit this window is highly variable, with infections detected from November through 

to February but always terminating by late April. Once infection has occurred there is no known 

treatment. Infection appears to coincide with annual increases in water temperature, with no 

infection events occurring at temperatures of less than 21.5 degrees Celsius59. Further, infection 

seems to be related to greater inland rainfall and therefore decreasing salinity to levels of 

approximately 10 ppt60. These observations accord with industry practice of removing stock 

from the water for what are often quite extended periods during perceived infection windows 

in January/February, in addition to quarantine orders for high-risk estuaries that do not permit 

the movement of stock from areas of high risk to areas of lower risk61. 

As with winter mortality, significant efforts have been invested in selective breeding of the 

Sydney Rock Oyster (S.cucullata glomerata) to increase resistance to QX disease. Such 

attempts have been extremely successful, even more so than with winter mortality. Animals 

bred specifically for QX resistance suffered only 28 percent mortality from exposure compared 

with 97 percent for control specimens.  

2.2.5. Biofouling  

As a consequence of their sessile nature and preferred habitat of turbid coastal water rich in 

suspended phytoplankton and particulate, oysters are prone to accumulations of dirt, organic 

matter and settlement of other marine life on their shell, including mussels, barnacles, sea 

squirts, sea weed and grasses. Further, ‘over-catch’- settlement of juvenile oysters from free-

swimming wild spat on the shells of existing farmed individuals - can also become a major 

commercial impost. While not directly harmful to the oyster itself, such fouling can limit food 

supplies through competition, increase the difficulty of commercial sorting and grading, 

create a habitat for pests and predators, and may increase susceptibility to disease. 

Controlling biofouling is traditionally achieved through manual cleaning, usually with scourers 

and pressure hoses, followed by a period of air-drying. Depending on the area and the species 

to be controlled, hot- or cold-water treatments, accompanied by hyper- or hypo-saline 

(freshwater) baths may also be used.62 The frequency of scouring will depend greatly on the 

water conditions present, with greater turbidity requiring more frequent scouring, sometimes 

up to monthly. Generally, oysters are more susceptible to fouling as they age, with the outer 

surface of their shells becoming rougher and more pitted. In addition, the act of scouring tends 

to further degrade the shell surface. However, as scouring tends to increase growth rates and 

                                                      
59 Rubio, A et al (2013) The Onset and Termination of the Qx Disease Window of Infection in 

Sydney Rock Oyster (Saccostrea glomerata) Cultivated in the Hawkesbury River, NSW, 

Australia. Journal of Shellfish Research 32(2): 483-496 
60 Ibid 
61 NSW Dept Primary Industries – Disease Management, op cit 
62 Anon, Australian National System for the Prevention and Management of Marine Pest 

Incursions, National biofouling management guidelines for the aquaculture industry. Available 

www.marinepests.gov.au 
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reduce shell deformities, mechanical cleaning is generally considered to deliver net benefits 

from a commercial perspective63.  

Over-catch presents somewhat more of a challenge, as the undesired settled juveniles may 

frequently be of the same oyster species as the farmed adult. Calibrating treatments to control 

over-catch usually depends on exploiting the differential temperature and salinity tolerances 

between more developed adults and weaker juveniles, but this may be fraught where the 

wild-settled spat is of a different (and hardier) species to the farmed adult64. Good results have 

been obtained with using a chilled hyper-saline solution (‘Super Salty Slush Puppy’), with even 

very brief immersion rapidly destroying juvenile overcatch settled on the shells of larger 

animals. However, this technology is as yet immature and requires relatively large investments 

of capital into usually shore-based facilities, whereas traditional manual cleaning or immersion 

treatments may be conducted on-water65. 

2.2.6. Disease prevention in the Pilbara and Gascoyne Region 

While the subsections above do not present an exhaustive summary of the potential diseases 

that may affect oyster aquaculture operations in the Pilbara/Gascoyne, given the lack of data 

and the lack of existing operations in the area it would be prudent to structure potential 

operations in such a way as to minimise the chances of an outbreak of one of these identified 

diseases or mortality threats. While the exact maintenance and disease control processes of 

any commercial operation will need to be refined by the operator to suit labour, technical 

and capital constraints, and informed over time by local conditions, the available data 

suggests that processes such as those summarised in Table 6 below be required. 

Control Target Process Frequency 

biofouling, over-catch, mudworm 

and oyster leech 

 Removal of oysters from 

water, scouring with high-

pressure hose  

 Immersion of grow tray in 

hyper-saline bath for 5 

minutes 

 Air-drying in the shade for 

3-5 days 

Bi-montly 

prevention of mudworm, winter 

mortality and QX disease 

 Elevate growing racks 

during periods of low 

salinity and low 

temperatures 

 Reduce immersion time 

during QX infection 

window appx Jan-March 

 

Seasonal 

TABLE 6 – LIKELY MINIMUM FISH HEALTH CONTROL PRACTICES REQUIRED FOR A PILBARA-GASCOYNE OYSTER 

OPERATION 

                                                      
63 Watson, D.I et al (2009) Biofouling and the shellfish industry, in Shellfish Safety and Quality, ed 

Shumway, S.E. Rodrick, G.E pub Woodhead Publishing, Cambridge 
64 See above at 2.1.1-2.1.4 
65 Cox, B et al (2011) Cold shock control of biofouling. Presented at 4th International Oyster 

Symposium, Hobart, Tasmania. 
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2.3. Species selection 
Of the species of edible oyster that occur naturally in the region, for the following reasons it is 

clear that a subspecies of Saccostrea cucullata would be the most suited for an aquaculture 

operation in the Pilbara-Gascoyne Region.  

 Higher production risk associated with other native species 

There is simply not enough information on the coral rock oyster (S.scyphophilla) for a 

commercial operation to consider using this species without extensive and costly site 

trials to resolve the outstanding questions as to growth rates, mortality causes, water 

quality needs and tolerances, time to market size and so on. As such it may be 

discounted. More is known about the tropical blacklip (S.echinata), and it’s extremely 

rapid growth rate makes it initially very attractive as an aquaculture species. However, 

that overall high growth rate disguises significant variation in growth rates across the 

whole crop and very high mortality rates, making it extremely difficult for commercial 

operators to estimate their return from each crop. Further, the species requires 

generally warmer water than occurs along the Pilbara-Gascoyne coastline, meaning 

it is uncertain if it a crop cultivated in this region could attain the higher growth rates of 

which it is capable. 

 

 Saccostrea cucullata is a relatively well known species with respect to aquaculture 

production 

In contrast to the coral rock and blacklip, the rock oyster (S.cucullata subspecies) is 

extremely well studied, and has been under commercial cultivation in Australia for over 

a century. Significant expertise is available within the scientific and commercial 

community, allowing operators to access suitable equipment and upskill workers. Its 

growth patterns, significant mortality causes, water quality needs and tolerances and 

commercial potential are well understood, and commercial operators will benefit from 

greater certainty. While the existing knowledge is specific to east coast operating 

environments, the fact that there is a knowledge base pertaining to production renders 

S.cucullata a substantially less risky commercial proposition. 

 

 There is mainstream seafood market familiarity with Saccostrea cucullata 

Seafood markets, both domestic and international, are familiar with the product and 

Sydney Rock Oyster, a very close relative, attracts premium pricing (see the Market 

Analysis Study).  
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3. Potential aquaculture sites 

3.1. Methodology 
The Australian coastline, extending some nearly 36,000km, is poorly understood and relatively 

under-observed in comparison to other nations. For the most part, monitoring and research 

activity is restricted to areas of economic significance, with scattered government-backed 

research and monitoring stations distributed at perceived key locations, or where sufficient 

population density exists to support such activities.  

The Western Australian coastline, the longest of any Australian state at 12,889km, is similarly 

under-observed, likely as a result of the large stretches of uninhabited coastline of no particular 

economic significance. This is especially so along the north-west Pilbara-Gascoyne coast the 

subject of this report as regards publically available data66. As a result, and for the purposes of 

this high-level analysis, it has been necessary to rely on aggregate and averaged data. Further, 

some data sets do not contain all necessary data to properly assess aquaculture potential for 

the species under review, and where this is the case the deficiency has been highlighted. 

In assessing site suitability, this study has sourced from the Western Australian Department of 

Fisheries a list of potential sites for review. These initial potential sites have been selected on the 

basis of distance from population centres, lack of conflict with existing commercial uses and 

preliminary environmental/heritage considerations. All of the initial potential sites fall within the 

following broad zones: 

 The sheltered waters of Shark Bay and the coastline around Carnarvon, on the 

Gascoyne Coast; and  

 The coastal waters between the North-West Cape and Onslow. 

These sites are examined in detail in the following subsections to determine suitability for edible 

oyster aquaculture. 

3.2. Tropical Cyclones and Related Activity 

3.2.1. Tropical Cyclones 

Regardless of whether sites, that on the basis of key parameters such as depth, current, water 

quality and nutrient loading, that are suited to marine finfish farming can be identified along 

the Gascoyne and Pilbara coasts for marine, the prevalence of tropical cyclone and tropical 

cyclone related weather activity renders the entire coastline generally unsuitable for marine 

aquaculture. This is because the inevitability of extreme weather events present very significant 

risk to equipment, operations and livestock.  

Tropical cyclones in the Pilbara are frequent and often severe, with 75 percent of all severe 

tropical cyclones crossing the Australian coast occurring in the Pilbara Region. The Pilbara 

Region experiences an average of approximately five tropical cyclones per season, with an 

average of two tropical cyclones crossing the coast, one of which is likely to be a severe 

                                                      
66 A large body of metocean observation data pertaining to parts of this region is collected by 

the private sector, but is considered proprietary and regarded as commercial in confidence.  
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tropical cyclone. Figure 867 below illustrates the pathway and intensity of tropical cyclones that 

crossed the Australian coast between 1970 and 2009. 

 

FIGURE 8 – PATHWAY AND INTENSITY OF TROPICAL CYCLONES CROSSING THE AUSTRALIAN COASTLINE (1970 

TO 2009) 

As illustrated in Figure 8 above, the Pilbara coast is exposed to a higher frequency of sever 

tropical cyclones than the Gascoyne coast. 

The economic impact of tropical cyclones is generally extremely high, but differs across 

industries. Tropical cyclone Olwyn in 2015, for example, had a well-documented catastrophic 

impact on the banana industry along the northern coast, but anecdotally the fishing industry 

also has yet to recover68. 

For the following reasons Tropical Cyclones are a major risk to marine aquaculture operations: 

 Damage to or loss of Offshore Infrastructure 

Strong winds, waves, currents and tides associated with Tropical Cyclones have the 

ability to cause catastrophic damage to oyster lines and other offshore infrastructure 

resulting in both devastating loss of equipment and stock. Such an event caused the 

destruction of a barramundi sea cage operation in the Tiwi Islands off the Northern 

                                                      
67 Haig et al (2013) IN: Pattiaratchi, C. (2013), An Overview of the Oceanography of Northern 

Australia 
68 See eg Edwards, T (2016) Remembering the devastation a year on from Cyclone Olwyn. 

Published 14 March 2016, ABC Rural Online/WA Country Hour. 
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Territory coast when king tides associated with a tropical cyclone caused stocked 

cages to break their moorings. 

 

 

 Denial of access 

Operator access to offshore infrastructure will be impossible during the time of impact 

of the tropical cyclone, as well as several days before or after the cyclone due to 

prohibitive weather associated with the cyclone. Denied access for extended periods 

during critical windows in the operating cycle can result in suboptimal operational 

outcomes and/or stock loss. Because oysters do not require feeding this is less of an 

issue. 

 

 Water quality 

The extreme metocean conditions associated with tropical cyclones cause severe 

disturbance and mixing of the water column and benthic environment, leading to 

dramatic changes in water quality at the aquaculture site. Along the North-West 

region, tropical cyclones contribute 20-40% of total wet season rainfall over a period 

of no more than a few days, resulting in fresh-water flooding and extreme runoff69. 

Combined with storm surge tides of up to 4.9m and violent and erratic wave action, 

water quality and chemistry can change rapidly and significantly70. This can result in 

immediate or subsequent fish health issues. Furthermore, Tropical cyclones and other 

major storm events often stir up nutrients in the Pilbara marine environment that 

otherwise lie dormant on the seafloor. As these nutrients are exposed to the high levels 

of solar radiation in the Pilbara, significant algal blooms often eventuate, sometimes 

resulting in negative impacts on fisheries and coastal areas. In early 2013, an algal 

bloom the size of Tasmania was reported as a result of Tropical Cyclone Rusty. 

Changes in water quality are less of an issue for oysters than other marine species. 

 

 Damage to shore-side Infrastructure 

Tropical cyclones are often associated with storm surges that potentially place shore-

side infrastructure associated with the operation at risk.  

 

3.2.2. Squalls 

Squalls are high wind, wave and current events that escalate in intensity and travel very 

rapidly. Driven by strong convection, they can occur in conjunction with tropical cyclones or 

independently. Currently they are managed through radar that identifies rainfall intensity as 

an indicator of a squall.  

A recent squall approximately 30 kilometres north of Onslow saw near calm conditions 

escalate to a swell of two metres and wind speed of 75 kilometres per hour (40 knots) in a 

matter of hours. 

  

                                                      
69 McBride, J.L (2012) The estimated cost of tropical cyclone impacts in Western Australia. 

Technical report for The Indian Ocean Climate Initiative/Bureau of Meteorology, available 

www.ioci.org.au 
70 ibid 



AUSTRALIAN VENTURE CONSULTANTS PTY LTD 

 

33 

3.3. Zone 1: Shark Bay-Carnarvon 
Between latitudes approximately -24.4 and -26, Zone 1 includes three clusters totalling eight 

sites. One cluster (1A – North Carnarvon) sits just offshore from Carnarvon, while the other two 

(1B – Monkey Mia; 1C – Denham Sound) sit further south in the sheltered waters of Shark Bay. 

These sub zones are illustrated in Figure 9 below. 

 

FIGURE 9 – SUB ZONES WITHIN ZONE 1: SHARK BAY/CARNARVON 

The entirety of the Shark Bay region is a declared World Heritage Area (WHA), and the majority 

is protected as Marine Reserve No.7 (Shark Bay Marine Park)71 (SBMP). 

3.3.1. Geography and location 

Cluster 1A 

Cluster 1A comprises three sites (1A – North East; 1A – North West; 1A – South) arranged in a 

rough semi-circle around Carnarvon estuary/Babbage Island: 

                                                      
71 Governed by the Shark Bay World Heritage Property Strategic Plan 2008-2020, McCluskey, P. 

for Department of Environment and Conservation/Department of the Environment, Water, 

Heritage and the Arts; Shark Bay Marine Reserves Management Plan 1996-2006, Management 

Plan No.34, Department of Conservation and Land Management/National Parks and Nature 

Conservation Authority, available www.dpaw.wa.gov.au 
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 1A – North West  

1A – North West is located offshore at a distance of about 12km from Carnarvon 

townsite and 4km from the shore at the closest point. Roughly triangular with sides 

6.5km/11.7km/9.4km (3,262ha). Water depth at about 20m.  

 

 1A - North East 

1A – North East is located 9km north of Carnarvon townsite, off Miaboolya Beach and 

extending offshore. It is roughly rectangular, approximately 7.2km long by 5.4km wide 

(3,085ha). Waters range from intertidal to about 10m of depth. 

 

 1A – South 

1A – South is located to the south, approximately 6km offshore west of Babbage Island. 

Roughly triangular with sides 6.6km/5km/5.2km (1,263ha) and directly bordering the 

SBMP. Water depth at about 15m. 

Of note is that none of these sites are within the WHA or SBMP, although 1A – South touches on 

the borders of both, and particularly of the Wooramel Special Purpose Zone (seagrass 

protection) (WSPZ) of the Marine Park. 

Cluster 1B 

Cluster 1B comprises three sites east of Monkey Mia and north of Faure Island: 

 1B - West 

1B – West is located 4.2km directly north of the dolphin interaction area, 3.7km from 

shore at the closest point. It is roughly circular in shape (although with many carve-

outs) with a diameter of 4.7km (2,100ha). Waters at about 5-8m of depth. 

 

 1B - North 

1B – North is located 13km offshore from the dolphin interaction area, 15.5km north-

north-west of Faure Island. Roughly rectangular, approximately 2.5km wide by 2.8km 

long (728ha). Waters at about 10-15m. 

 

 1B - East 

1B – East is located 14.4km north of Faure Island, roughly equidistant between Peron 

Peninsula and the mainland coast. Water depth about 20m. 

Each of these sites is entirely within the General Use zone of the SBMP. 

Cluster 1C 

Cluster 1C comprises two sites south of the Denham town site. Both sites are characterised by 

wide stretches of shallow water approximately 1 to 1.5m over sandy bottoms. 

 1C – North  

IC – North is roughly 1.5km wide by 3km and starts approximately 200m past the 

Denham Beach picnic zone, following Denham Beach and extending offshore.  

 

 1C - South 

1C – South is approximately 1.4km wide by 4km long and is located further down the 

Peron Peninsula coastline, approximately 2.2km past Denham Ocean Park.  

 

Of note is the fact that 1C – North is not located within the SBMP, instead falling within the 

Denham townsite carve-out. 
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3.3.2. Temperature Profile 

Zone 1 is characterised by average water temperatures between 21-24 degrees, trending 

upwards in recent years from historical averages. Minima range from 19.3-22.7, maxima 22.4-

26.8; seasonal averages are spring (Sep-Nov) – 21.4; summer (Dec-Feb) – 23.2, autumn (Mar-

May) – 24.1; winter (Jun-Aug) – 22.172. 

More granular temperature data for each of the proposed sites or clusters is not available. The 

figures used in these averages are sourced from a CSIRO research station situated on the 

northern tip of the South Passage into Shark Bay, and hence may be affected by tidal flow into 

and out of the bay. Sea surface temperature data for the region derived from satellite 

observances73 approximately corresponds with this temperature range. However, sea surface 

temperatures will differ from temperatures further down in the water table. Anecdotally, and 

in line with usual expectations, temperatures within the bay itself are slightly warmer year-

round, and warmer again in shallower water, found at 1A – North East and at cluster 1C.  

For the purposes of this high-level analysis, it is assumed that the temperature range for clusters 

1A and 1B is 21-24 degrees, while cluster 1C is assumed to be 22-26 degrees.  

3.3.3. Salinity Profile 

Shark Bay is renowned internationally as one of the few naturally-occurring hyper-saline marine 

ecosystems, with salinity gradually increasing further south and reaching a maximum in 

Hamelin Pool. This is particularly relevant as, generally, the waters off coastal Western Australia 

exhibit lower salinity than is normal for ocean water, with the Leeuwin Current forcing warm, 

lower-salinity water from the tropics southwards. 

This salinity concentrating effect occurs as ocean water flowing south into the bays becomes 

trapped behind a number of sandbanks and sills stabilised by rich seagrass meadows. 

Combined with low freshwater input (rain/river output) and shallow waters, evaporation 

concentrates the seawater. As a result, in the extreme south of the region at Hamelin Pool 

salinity reaches levels of 70ppt, double that of regular ocean water, while further up the coast 

into Monkey Mia and Denham Sound salinity levels are around 40-50ppt74. Salinity levels are 

tidally influenced, and will vary depending on seasonal strength of the Leeuwin Current and 

inland rainfall75. 

Cluster 1A is located in an area of average salinity at about 35ppt76. 

                                                      
72 Anon, Shark Bay – South Passage, in Regional Oceanography – Coastal Ocean 

Temperatures off WA, CSIRO Marine Research division, available www.marine.csiro.au  
73 See eg IMOS – Integrated Marine Observing System, available https://imos.adon.org.au 
74 Anon, Shark Bay’s Hypersaline Waters in World Heritage Area Fact Sheet, Department of 

Environment and Conservation, available www.sharkbay.com.au; Collins, L. Intertidal and 

Subtidal Microbialites in the Shark Bay World Heritage Area (2012) presented at Research and 

conservation: Western Australia’s microbialites, October 2012, available 

www.dpaw.wa.gov.au 
75 Anon, Living with the Leewin Current in In Depth May 2012, published 

http://marinewaters.fish.wa.gov.au 
76 Logan, B.W. Cebulski, D.E (1970) Sedimentary Environments of Shark Bay, Western Australia. 

Memoirs of the American Association of Petroleum Geologists 13: 1-37 
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Clusters 1B and 1C are in areas of higher than average salinity at about 40-45ppt, with 

seasonally variant salinity77.  

3.3.4. pH 

The prevailing pH throughout Zone 1 is approximately 8.1, with no significant changes observed 

throughout the region78. 

3.3.5. Other metocean – heavy metals bioaccumulation 

Given the high sensitivity of filter-feeding molluscs to heavy metals pollution, and that 

historically the sale of oysters from Shark Bay has been banned due to metals content above 

levels permitted for human consumption79, an aquaculture operation in Zone 1 may carry 

some commercial risks which will need to be managed.  

Generally, Shark Bay is a pristine aquatic environment, with little in the way of polluting 

industries. Levels of most heavy metals are low, at or below usual environmental conditions. 

However, the unique hematite-rich geology of parts of the area can cause high 

concentrations of iron oxide fines to be suspended in the water. At the alkaline pH of seawater 

these particles are negatively charged, and dissolved cadmium naturally present in the water 

deposits onto them. During the process of filter feeding, the oyster ingests the fines, and in the 

lower pH of the oyster flesh the cadmium particles are ‘released’ and become concentrated 

inside the animal (bioaccumulation)80. As a result, dangerous levels of cadmium are reached 

despite the lack of anthropogenic sources such as industrial by-product or pollution.  

The extent to which this poses a current problem is unknown, as incidents of large amounts of 

produce intended for human consumption being tested and found unfit have not been 

identified since the 1990s. However, this may simply be because the pearl oyster industry in 

Shark Bay has declined in recent decades and the by-catch of pearling, the meat of the 

oysters, is no longer marketed.  

Further, studies conducted during the period found that the degree of heavy metal 

concentration varied considerably based on location. In 3 metres of depth, the 

concentrations of cadmium found in bottom-dwelling oysters were 10 times higher than in 

those grown in a typical suspended basket near the surface81. At the proposed cluster 1C, 

south of Denham, zinc levels in oyster flesh were measured at nearly 300 ppm and cadmium 

at 15 ppm, while at the proposed cluster 1B in Monkey Mia levels were much lower with zinc 

at 118 ppm and cadmium 10 ppm. No levels were reported for proposed cluster 1A offshore 

from Carnarvon, as this was outside the study area. However, given the prevailing current 

                                                      
77 ibid 
78 McConchie, D.M. Lawrance, L.M (1991) The origin of high cadmium loads in some bivalve 

molluscs from Shark Bay, Western Australia: A new mechanism for cadmium uptake by filter 

feeding organisms. Archives of Environmental Contamination and Toxicology 21(2): 303-310; 

historically Davies, G.R (1970) Carbonate-Bank Sedimentation, Eastern Shark Bay, Western 

Australia. American Association of Petroleum Geologists Bulletin 54: 223 
79 McChonchie, Lawrance (1991), ibid 
80 ibid  
81 ibid 
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direction carrying problematic hematite fines southwards down the coast it would seem 

unlikely that the same issue would arise in this location82. 

As at 1 March 2016, levels of cadmium above 2 ppm by wet weight are not permitted for 

human consumption83. Maximum levels of zinc are no longer prescribed, but are 

recommended to be under 290ppm84. As such, historically oysters from cluster 1C were tested 

to contain more than seven times the current legal limit of cadmium and were above the 

recommended safe level of zinc, while oysters from cluster 1B contained five times the limit of 

cadmium. 

Given these studies are 25 years old, and this study has been unable to source any follow-up 

research, the current level of commercial risk posed is unknown. As the risk results from the 

unique geology and water conditions, if still present the degree to which it can be managed 

is limited. However, the risk of heavy metals concentration causing unsaleable oyster flesh 

appears to be localised to the southern regions of Zone 1 and occurs only in deep water. As 

such, an aquaculture operation situated in the northern regions of the zone and using intertidal 

culture or suspended baskets may avoid potential issues. Further, the studies undertaken to 

date focussed on the pearl oyster Pinctada maxima and related species, not the edible oysters 

considered in this analysis, which may be more or less susceptible to bio-accumulation of this 

type.  

In summary, oysters grown at clusters 1B and 1C may be at risk of heavy metals pollution 

rendering the flesh unsaleable. From the metocean conditions and regional geography it may 

be inferred that Cluster 1A is unaffected by this risk, however no empirical data is available to 

substantiate this. 

3.3.6. Existing uses of the Marine Estate 

The Shark Bay area is extensively by the recreational fishing sector and is the focus of a 

significant commercial prawn fishery and other smaller commercial fisheries. As a recognised 

WHA and internationally promoted for wildlife and eco-tourism, particularly through the 

dolphin interaction area at Monkey Mia, the area also has significant cultural and ecological 

significance. Three native title claims currently exist over the Shark Bay area – the Malgana 

People, Nanda People and Gnulli People’s Applications (see section 7). 

Recreational use of the bay and surrounding islands is continuous throughout the year, with 

snorkelling, scuba diving, boating, yachting, water sports and swimming commonplace. Areas 

set aside for recreation in which no commercial fishery operations are allowed are Little 

Lagoon just north of Denham, the area surrounding the dolphin interaction area at Monkey 

Mia, and Dubaut Inlet south of Monkey Mia. 

                                                      
82 McConchie, D.M. et al (1988) Heavy Metals in Marine Biota, Sediments and Waters from the 

Shark Bay Area, Western Australia. Journal of Coastal Research 4(1): 37-58. 
83 Standard 1.4.1 - Contaminants and Natural Toxicants and Schedule 19 – Maximum levels of 

contaminants and natural toxicants,  Australia New Zealand Food Standards Code made 

pursuant to Food Standards Australia New Zealand Act 1991 (Cth) 
84 Generally Expected Levels (GELs) for Metal Contaminants – Additional Guidelines to 

maximum levels in Standard 1.4.1 – Contaminants and Natural Toxicants (July 2001), Food 

Standards Australia New Zealand, available www.foodstandards.gov.au 
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Natural environment 

With the exception of 1C – North and the entirety of cluster 1A, all sites in the area are within 

the general use zone of the Shark Bay Marine Park, and as such commercial aquaculture 

operations would be permitted with appropriate licenses from Department of Fisheries, subject 

to an impact assessment from the Environmental Protection Authority. However, it should be 

noted that several of the proposed sites are close to areas of particular concern, which may 

pose additional risks or require the imposition of more stringent environmental or operational 

restrictions in order to secure project approval.  

1A - South 

As identified above, 1A - South, while not in the SBMP or the WHA, abuts the border of both 

and the WSPZ. The WSPZ, established to protect the delicate seagrass meadows that 

characterise Shark Bay, imposes further restrictions on the activities that would otherwise be 

allowed within the SBMP and indicates an area of special environmental concern. Given the 

inherent difficulties in restricting the impact of aquaculture operations to the specific area of 

operations, a commercial operation carried out in this area may be subject to additional 

restrictions.  

In particular, it should be noted that the Management Plan identifies specific concerns in 

regards to aquaculture operations in this area. Motorised watersports are prohibited 

throughout the WSPZ, as is anchoring, and commercial beach seine fishers are restricted to 

deeper channels between the seagrass beds. As such, an environmental impact assessment 

may identify concerns with an aquaculture operation on the border of the WSPZ, or which will 

require motorised service vessels to traffic through the area. It should be noted that a specific 

objective of the Management Plan is to identify and minimise aspects of commercial 

operations within or near seagrass beds which might risk damage. 

1B - West 

Monkey Mia is important to the region not only as a tourist hub and area of ecological 

significance, but also as an important deep-water access point to the bay. These competing 

uses are recognised by the categorisation of the area as general usage, and thus open to 

aquaculture operations. However, site 1B – West is only 3.3km from the Monkey Mia recreation 

zone, in which no fishing or boating is allowed at all (except hand-fishing for rock lobster).  

Further, it is quite close to protected mangrove communities north of Monkey Mia, identified 

as an area of concern, with particular mention made in the Management Plan of the potential 

impact of aquaculture operations. While this specific concern seems to be based on potential 

shore-based operations, an impact assessment for this site might identify concerns as to both 

potential interference with the movement of species of significance (dolphins and dugongs) 

by siting an aquaculture operation just north of the dolphin interaction area, as well as 

potential impact on mangroves through water quality changes.  

An additional concern highlighted in the management plan is to reduce the potential for 

‘inappropriate interaction’ between humans and dolphins in the area. While not further 

defined, this may include potential interactions with aquaculture workers, particularly seasonal 

or non-technical personnel. 

Existing commercial operations 

The major commercial operations of note within the region include Shark Bay Salt and the 

scallop and prawn fisheries. 



AUSTRALIAN VENTURE CONSULTANTS PTY LTD 

 

39 

Shark Bay Salt 

Shark Bay Salt Pty Ltd85 (SBS), a wholly owned subsidiary of Mitsui & Co Ltd, has operated a 

significant industrial scale solar salt operation at Useless Loop since the 1970s. The site produces 

approximately 1.3 million tonnes of salt per year, and operates a 24/7 ship-loading facility with 

a capacity of approximately 22,000 tonnes per day86, mostly intended for export to East and 

South-East Asia. 

As an on-shore solar salt operation using land-based evaporation ponds, SBS’ processes are 

unlikely to significantly alter the marine environment through industrial or saline discharge to 

the extent that would impact upon an oyster aquaculture operation. This is particularly so as 

the closest potential site – cluster 1C - is over 15km away across Denham Sound. Further, the 

general passage of freight vessels out of the SBS loading facilities does not appear to intersect 

or approach any of the potential sites. 

Some concerns remain with the proximity of international vessels loading at the Useless Loop 

site. As highlighted above, oysters are subject to a number of high-mortality pathogens, not all 

of which are fully understood.  

As export operations have continued relatively uninterrupted from the terminal since the 1970s, 

during periods of greater oyster culture in the Shark Bay area, it appears that the risk of 

introduction of possible pathogens remains low. However, a chance remains that cluster 1C 

may be at greater risk than other potential sites of incidences of oyster mortality through 

introduced pathogens. 

Scallop and prawn fisheries 

Commercial scallop and prawn trawling operations have operated continuously since the 

1970s in Shark Bay. Both industries are heavily regulated as a result of stock depletion scares in 

the 1980s, with vessel monitoring, gear restrictions, capped boat numbers, and both temporal 

and spatial limitations on catch. Generally prawn trawling maintains steady catch and fishing 

effort year on year, while scallop fishery varies depending on local stock levels, maintaining 

several ‘fall back’ sites further north up the coast.  

The extent to which these fisheries would impact an oyster aquaculture operation is variable. 

Generally, the entire eastern bay is closed to both scallop and prawn fishery, and as such 

cluster 1B is entirely unaffected.  

 Prawns 

Clusters 1B and 1C are located in areas permanently closed to the prawn fishery, while 

cluster 1A is in an area closed for part of the year to allow prawn spawning and stock 

recovery87.  

 

 Scallops 

Clusters 1A and 1B are located in areas permanently closed to the scallop fishery, while 

cluster 1C is in an area of current temporary closure88. 

                                                      
85 ACN 008 759 500; Level 16 Exchange Tower, 2 The Esplanade, Perth WA 6000 
86 Figures published by Shark Bay Salt. 
87 Anon (2014) Shark Bay Prawn Managed Fishery Harvest Strategy 2014-2019. Department of 

Fisheries, Fisheries Management Paper No.267/2014 
88 Kangas, M. et al (2011) Stock Assessment for the Shark Bay Scallop Fishery. Department of 

Fisheries, Fisheries Research Report No.226/2011.  
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Despite being located in an area nominally open to scallop fishery (although currently closed 

to allow for stock recovery), cluster 1C is unlikely to be adversely affected. Firstly, scallop fishery 

occurs in waters of between 16-40m of depth, while both sites at cluster 1C are intertidal over 

shallow waters, and secondly the principal area for scallop fishery since approximately 1998 

onwards has been almost exclusively in the waters west of the outer island89.  

Cluster 1A may be impacted by the prawn fishery. The area immediately north of the World 

Heritage area and WSPZ is open to prawn trawlers, however the usual area of trawling 

operations as of 2013 does not appear to intersect with any of the proposed sites in cluster 1A. 

Should an aquaculture license be granted for an oyster farm in the proposed cluster 1A prawn 

trawlers would not be able to work the area regardless, so a physical conflict of operations is 

not a primary concern – a larger issue may exist with the potential for trawling operations to 

affect water quality. The trawling gear used – otter trawls with a ground-chain90 - can 

contribute to greater water turbidity and potentially anoxic events91, both of which are known 

to negatively impact on oyster growth (see above at 2.1).  

Against this, the gear restrictions in place prevent prawn trawlers from using gear at the heavier 

end of the scale, reducing (although not removing) the water quality impact. Further, the 

prawn fishery is only open during parts of the year and in particular sees extensive closure in 

the areas adjacent to proposed cluster 1A. This region – the ‘Carnarvon-Perron Line’ – is 

generally kept closed for most of the season to allow for prawn spawning and recruitment, 

sometimes open for less than a month during the period, and usually later in the season around 

September92. From an oyster aquaculture perspective this usual opening time is not ideal, as 

generally the prime growth period for oyster meat occurs in autumn/winter as the animals 

recover flesh condition after peak spawning season in spring/summer (see section 2.1). As 

such, increased water turbidity may have adverse impacts on growth. 

The presence of a large and established close-shore marine fishing industry in the region does 

offer some positives for a potential oyster aquaculture operation. Existing industry creates a 

concentration of skills and expertise, as well as community familiarity with operating 

requirements and labour inputs. While an oyster aquaculture operation will obviously have 

different operational and skills requirements to scallop or prawn fishery it is likely that there will 

be significant crossover in the areas of marine maintenance, water quality assessments, 

supply-chain and logistics management and, if necessary, on-water operations.  

In summary, the existing commercial fishery in the region is unlikely to significantly impact on 

an oyster aquaculture operation. There is the potential for some conflict of usage around 

cluster 1A, in particular sites 1A – North West and 1A – South, however the risks of this appear 

to be low. Site 1A – North East will likely be unaffected. 

                                                      
89 Ibid. 
90 Kangas, M et al (2006) Shark Bay Prawn Fishery. Department of Fisheries, ESD Report Series 

No.3/2006 
91 Kaiser, M.J., Spencer, E.B. (1996) The effects of beam trawl on infaunal communities in 

different habitats. Journal of Animal Ecology 65: 348-358; Kaiser, M.J. et al (1998) Changes in 

megafaunal benthic communities in different habitats after trawling disturbance. ICES Journal 

of Marine Science 55: 353-361 
92 Kangas, M et al (2006) Shark Bay Prawn Fishery, op cit 
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3.3.7. Terrestrial environment 

As the WHA encompasses not only the waters of Shark Bay protected by the SBMP but also 

surrounding terrestrial areas and the islands of the bay, these areas are subject to the Shark 

Bay Terrestrial Reserves and Proposed Reserve Additions Management Plan93. Any aquaculture 

operation will require at least some shore-based facilities, with the extent of these facilities 

depending on the chosen method of operations.  

While there are obvious benefits to siting shore-side facilities close to the on-water farming 

operations, the large areas set aside for terrestrial reserves may complicate this, posing some 

degree of commercial impost.  

In particular, cluster 1B is unlikely to be able to be served from a nearby shore-side facility. The 

nearest landmasses, Peron Peninsula and Faure Island, are both unlikely to be available for 

siting shore-based facilities. The north of Peron Peninsula is currently protected as the Francois 

Peron National Park, while DPAW is pursuing efforts to have the entirety of the south of the 

peninsula protected as a proposed South Peron Conservation Park. The whole of Faure Island 

is a pastoral lease, with the current lessee the Australian Wildlife Conservancy pursuing 

repopulation activities for the Shark Bay mouse, boodie, banded hare wallaby and greater 

stick-nest rat. In both cases, it is unlikely that a proposition to lease or sub-lease for the purposes 

of aquaculture facilities would be approved.  

Both clusters 1A and 1C, being situated near to and in some cases entirely within existing 

townsite carve-outs from the surrounding reserves, are likely to be well-served by shore-side 

facilities within those townsites. 

3.3.8. Minerals and resources tenements 

While the majority of Zone 1 is free from mining and resources exploitation (unsurprisingly given 

its heritage status), one exploration license, E09/2034 issued to Meehan Minerals Pty Ltd, is in 

place over the shoreline close to cluster 1A and over part of site 1A – North East. No activities 

seem to have been undertaken in relation to this EL as of yet.  

  

                                                      
93 (2012) Management Plan No.75, Department of Conservation and Land 

Management/National Parks and Nature Conservation Authority, available 

www.dpaw.wa.gov.au 
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3.4. Zone 2: Onslow 
Between latitudes approximately -21.25 and -21.35, longitudes 114.53 and 115.18, Zone 2 

includes two sites only. Site 1 lies just to the west of Thevenard Island, while Site 2 lies just to the 

east of Direction Island following the coastline east. These zones are illustrated in Figure 9 

below. 

 

FIGURE 9 – SITES WITHIN ZONE 2: ONSLOW 

The significant features of Zone 2 are the large number of resources projects either operating 

in the area or currently under exploration/development (see below at section 3.3.7), and the 

frequent extreme weather events in the region.  

3.4.1. Geography and location 

Zone 2 contains only two potential sites, both located within a 25km radius of Onslow. 

 Site 1  

Site 1 is located offshore at a distance of about 1km due west from Thevenard Island 

and roughly 24km north-west of Onlsow. Roughly triangular with sides 

6km/5.7km/6.2km (2,535ha). Waters range from intertidal over the exposed sandbars 

west of Thevenard Island to about 10-15m of depth. 
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 Site 1A – North East 

1A - North East is located 9km north of Carnarvon townsite, off Miaboolya Beach and 

extending offshore. It is roughly rectangular, approximately 7.2km long by 5.4km wide 

(3,085ha). Water depth at about 20m. 

3.4.2. Temperature Profile 

Zone 2 is characterised by highly variable water temperatures, with a range of over 13 

degrees. Average water temperatures are between 20-29 degrees, but vary from year to year 

due to a range of factors, most notably the strength of the Leeuwin Current. Minima range 

from 17.0-29.7, maxima 21.0-30.2; seasonal averages are spring (Sep-Nov) – 22.83; summer 

(Dec-Feb) – 28.3; autumn (Mar-May) – 26.3; winter (Jun-Aug) – 19.994. Sea surface temperature 

data for the region derived from satellite observances95 approximately corresponds with this 

temperature range.  

It is worth noting that this part of the Pilbara/Gascoyne region is one of the most observed and 

measured along the Western Australian coastline, with numerous private operators 

maintaining detailed water quality and metocean databases and historical observances 

associated with the development of offshore petroleum reserves. However, this data is 

considered commercial-in-confidence and is not in the public domain. Anecdotally, deep 

water sites will accord with the observances above, while coastal sites will be 1-2 degrees 

warmer during all months.  

For the purposes of this high-level analysis, it is assumed that the temperature range for site 1 is 

20-29 degrees, while site 2 is assumed to be 22-31 degrees.  

3.4.3. Salinity Profile 

In the midst of the Leeuwin Current, Zone 2 is characterised by a slightly lower level of salinity 

than is normal for seawater, although varying slightly as the Current waxes and wanes - about 

34.8 for the period 2011-201396. Extreme weather events can also have a significant impact on 

water salinity (see below at 5.3.5). 

3.4.4. pH 

The prevailing pH throughout Zone 2 is approximately 897, with no significant changes observed 

throughout the region. Strong flow from the Leeuwin Current stabilises pH, keeping levels 

generally steady year round. 

                                                      
94 Anon, Exmouth Gulf, in Regional Oceanography – Coastal Ocean Temperatures off WA, 

CSIRO Marine Research division, available www.marine.csiro.au  
95 See eg IMOS – Integrated Marine Observing System, available https://imos.adon.org.au 
96 Anon, Salinity, Carbon, Alkalinity, Oxygen and Nutrients dataset, available 

http://imos.aodn.org.au 
97 At assumed average of 27 degrees – derived from Salinity, Carbon etc, ibid. 
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3.4.5. Other metocean – rainfall and extreme weather events 

Zone 2 sits on the boundary of the North Cape/Gascyone Coast bioregions. Rainfall in the 

region is extremely low, creating minimal runoff98. Of more concern is the regularity with which 

extreme weather events occur in the region.  

Typically, the North-West area will experience five tropical cyclones per year, of which 

approximately three will cross the coast. Most will occur during ‘cyclone season’ of November-

April. Onslow is considered to be the most ‘cyclone-prone’ area of the WA coast, with on 

average one tropical cyclone affecting the town every two years99. Further, as the Onslow 

coastline is low-lying and extremely susceptible to flooding, even those cyclones which do not 

make landfall typically have a significant impact on the region100. With a strengthening El Niño 

effect, 2015-16 is predicted to see fewer cyclones than average, although the accuracy of 

this prediction is only rated as ‘moderate’101.  

Typically, cyclones affecting Onslow form over warmer ocean waters to the north and flow 

south-west down the coastline. Those that do make landfall tend to do so slightly to the north 

of Onslow and then stay close to the coastline as they proceed southward. As a result, both 

sites in Region 2 are located within the most likely travel pattern for potential tropical 

cyclones102.  

The economic impact of tropical cyclones is generally extremely high, but differs across 

industries. Tropical cyclone Olwyn in 2015, for example, had a well-documented catastrophic 

impact on the banana industry along the northern coast, but anecdotally the fishing industry 

also has yet to recover103 (see also 5.3.6 below). The potential damage to an aquaculture 

operation posed by a tropical cyclone would depend on the method of production chosen 

and the siting of both land and sea infrastructure. Damage can stem from direct impacts, such 

as high-speed winds, storm surge, flooding and airborne debris, but also from flow-on 

secondary effects such as road closures, forced evacuations, port and shipping closures and 

disruption of secondary infrastructure. Further, a cyclone and poor weather before and after 

the cycle can restrict access to an operation for several days. 

Particularly relevant to oyster aquaculture, tropical cyclones can also have a significant effect 

on water quality and chemistry. Along the North-West region, tropical cyclones contribute 20-

40% of total wet season rainfall over a period of no more than a few days, resulting in fresh-

water flooding and extreme runoff104. Combined with storm surge tides of up to 4.9m and 

                                                      
98 Brunskill, G.J. et al (2001) Geochemistry and particle size of surface sediments of Exmouth 

Gulf, Northwest Shelf, Australia. Continental Shelf Research 21(2): 157-201 ; Penn, J.W., Caputi, 

N. (1986) Spawning stock-recruitment relationships and environmental influences on the brown 

tiger prawn (Penaeus esculentus) fishery in Exmouth Gulf, Western Australia. Australian Journal 

of Marine and Freshwater Research 37: 491-505  
99 Tropical cyclones affecting Onslow, Bureau of Meteorology, available www.bom.gov.au 
100 2015-2016 Australian tropical season outlook, Bureau of Meteorology, available 

www.bom.gov.au 
101 Ibid 
102 Tropical cyclones affecting Onslow, op cit 
103 See eg Edwards, T (2016) Remembering the devastation a year on from Cyclone Olwyn. 

Published 14 March 2016, ABC Rural Online/WA Country Hour. 
104 McBride, J.L (2012) The estimated cost of tropical cyclone impacts in Western Australia. 

Technical report for The Indian Ocean Climate Initiative/Bureau of Meteorology, available 

www.ioci.org.au 
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violent and erratic wave action, water quality and chemistry can change rapidly and 

significantly105. 

3.4.6. Existing uses of the Marine Estate 

The Exmouth/Onslow North-West Shelf area is primarily known for the numerous oil and gas 

resources projects found in the area.  

Natural environment 

Unlike Zone 1, Zone 2 does not contain any declared marine parks or other wildlife 

conservation areas. While some threatened species do occur in the area, such as dugongs, 

sea turtles and sea snakes, and some parts of the coastline exhibit at-risk ecological 

communities such as mangroves, neither site appears to be within an area of concern106. It is 

therefore unlikely that any particularly commercially restrictive requirements would be 

imposed upon a prospective aquaculture operation in the region.  

No native title claims have been lodged over any of proposed Zone 2. Over a majority of the 

area no claims are able to be lodged, with potential native title extinguished by land grants. 

Terrestrial environment 

Unlike Zone 1, both proposed sites in Zone 2 are within a 25km radius of Onslow, and as such it 

is likely that any shore-based facilities could be hosted within the Onslow town site. However, 

as noted above, extreme weather events are common occurrences, and as such any shore-

based infrastructure would need significant storm-proofing and would need to be tolerant of 

storm surges and potential flooding, imposing additional capital requirements.  

While this high-level summary is not intended to provide a complete business plan pathway, 

there may be some difficulties with land zoning and development within the town site. Of 

approximately 600ha of land zoned for industrial use within the town site, almost all is already 

utilised.  The Shire of Ashburton is broadly supportive of additional industry within the town, 

however the current Onslow Town site Strategy sees more of the Onslow town site transition 

back to rural land, with major developments taking up land at the new Ashburton North 

Strategic Industrial Area (ANSIA) south-west of the town site107. Further, the WA Planning 

Commission notes that much of the land within the Onslow townsite is locked up in planning, 

heritage and environmental disputes and so is not immediately available for use. 

Existing commercial operations 

The major commercial operations of note within Region 2 include the Onslow Salt Project and 

the prawn fishery. 

Shark Bay Salt - Onslow 

Shark Bay Salt also operates a solar salt operation at Onslow (see above at 5.2.6). Operating 

since the 1990s and wholly owned by Mitsui Ltd since 2006, the Onslow site produces 

approximately 2.5 million tonnes of salt per annum, with berthing facilities for 50,000 tonne ships. 

                                                      
105 ibid 
106 See eg Priority Ecological Communities for Western Australia (ver.23), Department of Parks 

and Wildlife, available www.dpaw.wa.gov.au 
107 Onslow – Regional HotSpots Land Supply Update (2011), Western Australian Planning 

Commissions/Department of Planning. 
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As such, the potential biosecurity issues identified above are also relevant to Zone 2, although 

to a lesser extent, as the prevailing current flow southwards and westwards along the coastline 

is likely to carry any potential pathogens away from the proposed aquaculture sites. 

Onslow prawn fishery 

Commercial prawn trawling operations have operated continuously since the 1960s in the 

Exmouth Gulf and off the coast at Onslow. As with the Shark Bay prawn fishery, prawning is 

heavily regulated as a result of stock depletion scares in the 1980s. The main species targeted 

are the western king prawn, banana prawn and brown tiger prawn, but unlike the Shark Bay 

fishery no significant limits are imposed on bycatch, and as a result other species taken range 

from crayfish, swimmer crabs, some finfish species and other invertebrates and bivalves, 

including scallops. 

Both proposed aquaculture sites are within Area 2 of the licensed prawn fishery area108. As a 

less protected area of the fishery the only significant operational restrictions are a limit on the 

maximum size of trawl permitted (total headrope length 29.27m). However, the current state 

of the prawn fishery in the permitted area appears to be completely defunct, with the Western 

Australian Department of Fisheries reporting negligible catch levels since 2014109. Further, in 

years when the industry did operate, the usual area fished did not appear to encroach on 

either site110.  

As a result, there does not appear to be any significant prospect of commercial prawning 

operations having an impact upon either site. 

3.4.7. Competing uses – resources projects and exploration 

As noted above, Zone 2 is chiefly characterised by the extensive oil and gas operations in the 

region, principally Chevron’s Wheatstone, Barrow Island and Gorgon LNG projects, BHP’s 

Macedon processing plant, and upcoming take-up of the new industrial zone of the ANSIA. 

While neither Site 1 nor Site 2 intersect with any existing resources project, the presence of 

significant industrial operations in the waters near both presents some risks that will need to be 

managed.  

Biosecurity and fish health 

Most obviously, the presence of large numbers of oil and gas projects pose the risk of an oil 

spill or other large-scale environmental disaster. Should such an event occur at catastrophic 

scale it is highly likely that all production would be lost.  

Furthermore, as already noted above, the relative high frequency of international shipping 

traffic in the area elevates the risk of introduced pathogens. The risk of such an event is higher 

for Zone 2 than for Zone 1, with a greater volume of shipping in closer proximity to the proposed 

sites. 

                                                      
108 Onslow Prawn Limited Entry Fishery Notice 1991 (Notice no.477) made pursuant to Fisheries 

Act 1905 (WA) 
109 Anon, Commercial Fishing Management, North Coast Bioregion – Onslow prawn, available 

www.fish.wa.gov.au  
110 Anon, Assessment of the Onslow and Nickol Bay Prawn Managed Fisheries (2004), 

Department of the Environment and Heritage, available www.environment.gov.au 
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Thevenard Island decommissioning  

Several offshore fields – Saladin, Crest, Cowle, Yammadery, Roller and Skate - that are jointly 

operated by Chevron, Santos, and ExxonMobil and located close to Sites 1 and 2 ceased 

production in 2014. Having unsuccessfully tried to sell the facilities, Chevron and partners are 

now proposing to decommission the 22 offshore platforms and shore-based facilities on 

Thevenard Island, including storage tanks, tanker loading terminal and seafloor and subsea 

pipelines111. As a result, significant works are expected to be carried out on the island and in 

the surrounding area, involving jack up rigs, construction vessels with crane and movable 

workover rig, and to continue for approximately two years112.  

During this period the risk of any environmental contamination, spill or leak is heightened. 

Further, the works themselves carry a risk of altering water quality through seafloor disturbance 

or polluting events. Additionally, it is highly likely that proposed Site 2, located just to the west 

of Thevenard Island, may see significant works disruption and traffic complicating any 

attempts to establish infant oysters. 

In summary, site 2 is unlikely to be optimal for an aquaculture operation in the short- to medium-

term due to ongoing decommissioning works on Thevenard Island. 

3.5. Summary and site assessment 
A range of different factors need to be considered in selecting the site with the best prospects 

for a potential aquaculture operation, described above and summarised in Table 7 below. In 

short, of the proposed sites it seems Cluster 1A – Zone 1 is likely the best option. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
111 Wilkinson, R. (2015) Chevron group plans decommissioning of Thevenard Island facilities. 

Published April 16 2015, Oil and Gas Journal. 
112 Ibid 
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TABLE 7 – SITE SELECTION SUMMARY MATRIX  

Three sites exist within Cluster 1A – North East, North West and South, discussed above at 5.2.1. 

Of those three sites, North West and South sit within an area open to and commonly fished by 

commercial prawning operations. Further, South is on the border of the WHA/SBMP/WSPZ. 

Final site selection 

On this basis, Site 1A – North East, off Miaboolya Beach in Zone 1, illustrated below in Figure 10, 

has been selected as the most likely potential aquaculture site. 

 Biophysical Other metocean Environment Other uses 

Zone 1     

- Cluster 1A 21-24˚ C/35ppt/8.1 pH Some risk of 

inedible flesh – 

Cd/Zn 

contamination. 

Proximity to 

WHA/SBMP/WSPZ. 

Native title claims, 

some competition 

with prawning 

industry. 

- Cluster 1B 21-24˚ C/40ppt/8.1 pH High risk of 

inedible flesh – 

Cd/Zn 

contamination. 

Cluster in WHA/SBMP. 

Potential concerns re 

proximity to 

threatened species 

(dolphins/dugongs). 

Difficulty siting shore-

based facilities. 

Native title claims, 

area perm. closed to 

commercial fishery. 

- Cluster 1C 22-26˚ C/40ppt/8.1 pH High risk of 

inedible flesh – 

Cd/Zn 

contamination. 

Part of cluster in 

WHA/SBMP. 

Native title claims, 

area perm. closed to 

prawning, temp. 

closed to scallop 

fishery. 

Zone 2     

- Site 1 20-29˚ C/34ppt/8.0 pH High cyclone risk. No significant 

concerns. 

Area open to 

prawning but no 

current ops. 

Background risk of 

env. contam. from 

resources projects. 

- Site 2 22-31˚ C/34ppt/8.0 pH High cyclone risk. No significant 

concerns. 

Area open to 

prawning but no 

current ops. Elevated 

risk of env. contam. 

from Thevenard Is. 

decom. works. 
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FIGURE 10 – ZONE 1: CLUSTER 1A – NORTH EAST 
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4. Operating cycle 

4.1. Overview 
The precise operating cycle of an edible oyster aquaculture operation will depend to a large 

extent upon the chosen site, cultivation technique and market needs, and will differ from 

operation to operation. As such, any processes listed in this section are by necessity in summary 

only, and will need to be modified by any potential commercial operator to suit their particular 

environment as it develops. 

A number of different cultivation techniques may be employed to farm edible oysters, ranging 

from simple tarred sticks or branches set in mud to modern rack-and-rail, basket and longline 

cultivation113. Cultivation technique varies by capital availability, location, species and 

recruitment method (wild vs hatchery spat).  

In general, modern oyster aquaculture operations using hatchery spat share several common 

features, modified to suit the location of the operation: 

 Spat nursery 

Hatchery spat are provided to growers at a size that is generally too small to be safely put to sea. Spat 

are reared in a more protected environment until they attain a minimum size and may be safely 

transferred to regular growing systems, either in shore-based facilities or in specialised culture medium 

in a more protected part of the operating area. 

 

 Basket-based culture 

Juvenile oysters of a sufficient size are placed into baskets or cages, which are then suspended in the 

water table via a number of different methods. 

 

 Stock transition 

As oysters grow they are generally moved from one culture medium to another to maximise growth 

rates. 

 

 Air-drying 

Baskets are regularly removed from the water and the oysters within allowed to dry in the air. This helps 

to control pests and diseases, and is also considered by industry to ‘harden’ the oyster shell (increasing 

post-harvest longevity), promote shell growth and deliver better meat quality. 

 

 Manual cleaning 

Oysters are cleaned on a regular basis, either with scourers or high-pressure hoses. 

As such, an oyster aquaculture operation will have the following general processes: 

 Spat acquisition and nursery 

As per the terms of reference, if hatchery spat is used an initial ‘nursery’ period will be required to grow 

up the spat received from the hatchery to a size large enough to be put to sea in general cultivation 

systems.  

 

                                                      
113 For a summary of historical oyster aquaculture production, see eg Garrido-Handog, L. 

(1990), Oyster Culture in Selected Papers on Mollusc Culture, ed. Lovatelli, A. et al pub 

UNDP/FAO Regional Seafarming Development and Demonstration Project, available 

www.fao.ord/docrep 
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 Grow-out 

Once the juvenile oysters have attained sufficient size, they may be put to sea and transferred into 

the grow baskets, cages, racks or other chosen culture medium.  

 As oysters increase in size, transfer to differently sized culture medium will be required to maintain 

optimum growth rates and minimise stock losses through predation and disease.  

 Maintenance: while at sea a program of fish health and maintenance works is required, in addition 

to regular oyster checking and grading.  

 Finishing: larger established oyster operations usually add an end-stage ‘finishing’ period, in which 

oysters of just below market size are transferred to specialist cages differently designed and 

situated to attain peak flesh and shell condition.  

 

 Harvest 

Oysters are removed from the culture medium, depurated in purified sea water if necessary, then 

graded, bagged and sent to distribution channels or value-added on-farm (bottled, marinaded, 

cooked, flash-frozen etc). 

4.2. Nursery and juvenile development 
As per the terms of reference, the use of hatchery spat requires some form of nursery or 

specialist growing system.  

In general, space, the cost of heating and treating water, personnel constraints and the need 

to supply sufficient amounts of algae or phytoplankton as food mean that the costs of keeping 

and growing juvenile oysters onshore increase exponentially as mean shell size increases. This 

therefore creates a trade-off whereby oyster growers will seek to acquire spat at larger and 

larger sizes, so as to minimise the time before they may be transferred into general production 

systems and put to sea, while hatchery operations will seek to recoup costs and charge 

increasing prices for larger spat. 

In Australia these market forces have resulted in most hatcheries of scale supplying spat at 

about 3.5mm shell length114, although some sales are made at much smaller sizes of less than 

a millimetre. The size at which spat placed into general production will vary depending on 

cultivation method, however commonly is about 13mm shell length. Therefore, commercial 

operators will need to nursery spat until they achieve 10mm of shell growth. 

The precise method of nursery will depend on operation location, however methods fall into 

two categories: shore-based and on-water115.  

Shore based facilities are characterised by: 

                                                      
114 Barnard, R et al (2014) Determining the need for a multi-species mollusc hatchery in Western 

Australia for Aquaculture Council of Western Australia, available 

www.aquaculturecouncilwa.com. 
115 See eg O’Connor, W., Dove, M. Introduction to Nurseries for Hatchery-Produced Oyster 

Spat. Published NSW Department of Primary Industries, available www.dpi.nsw.gov.au; 

Gardner, J., Bloxom, R. (1999) Comparing oyster seed growth rates using a floating upweller 

system (‘FLUPSYS’) vs traditional Taylor floats. Published Virginia Institute of Marine Science, 

available www.vims.edu/research; Patel, M (2015) The effect of three different configurations 

of floating upweller systems (FLUPSYS) on the growth rate of oysters, Presented at World 

Aquaculture Society Aquaculture America 2015, New Orleans, February 2015; Flimlin, G. (2000) 

Nursery and growout methods for aquacultured shellfish. Published U.S. Dept. 

Agriculture/Northeast Regional Aquaculture Center, Univ. Massachusetts, NRAC Publication 

No. 00-002 
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 Low rates of stock mortality (typically <10%); 

 Ease of access for grading and sorting out fast-growing stock, allowing faster transition 

to general production and increasing overall growth rate; 

 Fast and generally predictable growth rates, producing juveniles with low deviation 

from average growth curves; 

 High initial capital costs; 

 Ongoing power and feed costs; 

 Greater need for technical expertise amongst nursery staff;  

 Susceptibility to mechanical or electrical failure, increasing potential for mortality 

events; and 

 Easier control of pests/diseases. 

On-water operations are generally characterised by: 

 Variable rates of stock mortality; 

 Reduced access and increased labour requirements for grading and sorting; 

 Slower and variable growth rates, with significant variation from average growth rates 

 Low capital costs; 

 No ongoing power or feed costs; 

 Minimal ongoing maintenance and staffing costs; and 

 Susceptible to changes in natural environment, predation, stock losses, disease and 

other mortality causes. 

However, there have been important developments in the sphere of on-water spat nursery 

operations in recent years, acting to mitigate many of the above identified concerns while 

retaining many of the advantages. 

4.2.1. Shore-based facilities 

Shore-based nursery facilities for shellfish differ in design and execution, but share the same 

basic concept: nutrient-enriched water is continuously passed over oyster spat suspended in 

the water column, providing a constant source of food and promoting rapid growth. 

Traditionally this may be accomplished by either an up-weller system or a ‘raceway’ construct 

similar to those used in abalone or finfish ranching. 

Raceway 

Raceway systems, illustrated in Figure 11116 below are, put simply, shallow rectangular troughs 

into which water is pumped at one end to spill off the other, creating a constant flow of water 

over the spat, which rests either on a suspended grille or mesh or directly on the bottom. 

Multiple troughs can be stacked vertically to achieve horizontal space reductions, however 

will require lightweight construction. Runoff is filtered to remove uneaten food, faeces and 

pseudofaeces117 then returned to the system.  

 

                                                      
116 Tilapia raceway shown for illustrative purposes; UN FAO Aquacultural photo library 
117 Grit and other ingested particles ingested by the oyster as part of filter feeding which it 

cannot digest, but which does not pass through the animal’s digestive track. 
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FIGURE 11 – SIMPLE LAND-BASED RACEWAY SYSTEM  

Construction is usually of cheaper materials such as plywood or MDF, waterproofed in some 

manner by tarpaulins, black plastic and silicon putty - unlike finfish species, oyster spat are 

totally sessile and thus no reinforcement of the walls is required.   

Pumping systems are required to pass water over the spat, usually assisted by gravity feeding 

in the case of vertically stacked raceways. Feed containing algae and other phytoplankton is 

introduced into the water either from solution or from concentrated algal ‘plates’ – different 

operations will prefer different feed mix, either cultured on-farm or purchased from 

commercial suppliers. As spat rest on the bottom and water passes over their shells, there is no 

requirement for spat to be moved within the raceway system. 

Up-wellers 

Up-weller systems, illustrated in Figure 12118 below, are characterised by the upwards current 

of feed-enriched water through the oyster spat, which are suspended in the water table. 

Water is pumped through the bottom of the holding container and exits through a spill lip or 

pipe at the top, returning to a bottom reservoir from which it is carried up again. Spat are 

placed on a fine screen inside the up-weller container. The flow-rate of water upwards through 

the screen must be carefully calibrated to prevent accidental up-washing of the spat, but 

generally growth rates increase with flow-rate as the oyster is exposed to more food-rich water.  

 

                                                      
118 Anon (2004) Hatchery operation: culture of spat in remote setting site, in the hatchery and 

in nurseries, in Hatchery culture of bivalves, ed Helm, M. M., Bourne, N., pub UNDP/FAO 

Regional Seafarming Development and Demonstration Project, available 

www.fao.ord/docrep 
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FIGURE 12 – DIAGRAMMATIC REPRESENTATION OF UPWELLING SYSTEM (TOP LEFT A, WHOLE FIGURE B)  

Spat screens must be regularly removed for cleaning, usually twice daily. This provides the 

opportunity to grade the spat and move them to progressively larger screens as they grow, 

until the juveniles have attained sufficient size to move to grow-out. As with raceway systems, 

feed must be introduced into the water and calibrated to provide adequate nutrition. 

Construction varies, but may be accomplished quite simply with plastic buckets or gallon 

drums. The most capital-intensive part of an up-weller system is usually the spat screens, which 

may be ordered commercially or constructed on-site from mesh ordered from aquaculture or 

laboratory suppliers.  

4.2.2. On-water facilities 

Nursery bags 

Traditionally, oyster spat have been grown to juveniles in a simple field nursery of fine mesh 

bags, either purchased ready-made or constructed from plastic or nylon mesh (anecdotally, 

rayon stockings have been used for this purpose). Bag construction differs, but generally one 

end is permanently closed with staples or split PVC pipe while the other is secured with wire 
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ties. These nursery bags, illustrated in Figure 13119 below are then placed into an area of the 

water lease perceived to have gentler wave action and warmer waters, secured to a post or 

rail driven into the sea bed, and checked regularly but otherwise unattended. As softer bags 

may allow predation, typically from crabs which can penetrate the mesh and crush the 

juveniles within, a larger mesh cage may be placed over the bag within.  

 

 

FIGURE 13 – JUVENILE OYSTERS IN NURSERY BAG 

Juveniles are graded at intervals, and as they grow they are transferred to larger bags with 

larger mesh sizes before finally transitioning to grow-out. While capital and ongoing costs are 

minimal, this method of nursery is typified by high mortality rates, approaching 50%, as spat are 

either subject to predation or covered in silt and starved. In some operations nursery bags are 

transferred to suspended racks in intertidal areas, elevating them above the bottom, which 

promotes growth and reduces predation. 

Nursery bags are generally very cheap, and may be made from off-the-shelf hardware 

supplies. Further, as no food input or mechanical pumping is required, ongoing costs are low. 

However, this is offset by the generally high levels of stock mortality, and highly variable and 

overall slow growth rates. Anecdotally, of those that do survive, oysters produced via nursery 

bags have better survival rates when put to sea in grow-out due to being familiarised with 

water conditions. 

Floating Up-weller System (‘FLUPSYS’) 

A more modern development, Floating Up-weller Systems, or FLUPSYS, combine the features 

of a shore-based up-weller with on-water operations. Illustrated in Figure 14120 below, a FLUPSY 

is a floating raft, composed internally of a series of solid-sided compartments with mesh 

bottoms (‘silos’), onto which spat are deployed. Each silo contains an outlet pipe connecting 

                                                      
119 Norfolk District, U. S. Army Corps of Engineers/Pamela Spaugy 
120  Anon (2008), from Oyster farmers tap American know-how, for Fisheries Research and 

Development Corporation (RC 2008/328.20), available www.frdc.com.au  
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to a central trough, from which a pump extracts water and returns it to the water table. This 

thus creates an upwelling current through and over the juvenile spat in each silo. 

 

 

FIGURE 14 – FLUPSYS DEPLOYED ON WATER (TOP) AND FLUPSYS INTERNALS (BELOW) 

FLUPSYS are now widely used in the United States oyster industry and are seeing increased 

adoption in Australia121. Construction varies, but typical materials include marine plywood, 

PVC, aluminium or marine-grade steel beams and plastic or foam floats. To provide power to 

the pump/s, FLUPSYS are often solar-powered with the solar panels mounted to the raft surface.  

While imposing a higher capital cost than other methods of oyster nursery, the principle 

advantage of FLUPSYS is that they have a track record of promoting very high growth rates. 

Spat mature rapidly, with oyster volume doubling approximately weekly under optimal 

conditions122, taking 40-45 days to reach a transfer size of 13mm as opposed to 60 days for 

nursery bags123. Further, the use of up-welling current retains the advantage of low deviation 

from average growth rates seen in onshore up-weller systems. 

As ocean water is used, there is no need for operators to provide algal feed, representing 

significant savings in both labour and ongoing expenditure. Further reductions in labour costs 

                                                      
121 Ibid 
122 Flimlin, G. Nursery and growout methods; O’Connor, W., Dove, M., Introduction to nurseries; 

ibid 
123 Gardner, J., Bloxom, R. Comparing oyster seed growth rates, op cit. While the species used 

in this study was Crassotrea virginica, anecdotal industry data and comparable datasets 

produced by the NSW DPI tend to confirm this assumption. 
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are achieved through the low deviation from average growth rates, meaning employees 

spend less time sorting and grading spat for transfer to larger mesh sizes.  

4.2.3. Summary and nursery selection 

In selecting a nursery process for an oyster aquaculture operation, operators must balance 

many factors and decide what best suits their particular needs. Table 8 below compares the 

various options on the dimensions of capital cost, operating costs, spat growth and other 

factors. 

TABLE 8 – NURSERY CULTIVATION METHODS124  

                                                      
124 Figures sources op cit ref 109-117; Anon, Stock Handling Tips, published Select Oyster 

Company accessed 24th May 2016, available www.selectoysterco.com.au; Anon, The Nursery, 

 Capital cost Operating costs Spat growth Other features 

Shore-based     

- Raceway Low. <$1,000, off-the-

shelf hardware. 

Power, feed costs, 

water filtration  

Lower range – 50-60 

days to attain 13mm 

mean shell length. 

Variable spat growth, 

lack of spat sorting 

adds additional 

labour costs before 

growout.  

- Upweller Moderate. $1,000-

$2,000. Off-the-shelf or 

specialist purchases. 

Power, feed costs, 

water filtration, 

ongoing sorting 

and grading. 

Higher range – 45-50 

days to attain 13mm 

mean shell length. 

Low variability in spat 

growth. Ongoing 

spat sorting and 

transfer reduces later 

labour requirements, 

may assist in 

preventing mortality. 

 

On-water 

    

- Nursery bag Low. <$1,000. Off-the-

shelf hardware. 

Minimal. Lower range. 60 

days+ to attain 13mm 

shell length. 

High variability in spat 

growth. High 

mortality, although 

survivors more hardy. 

Lack of sorting adds 

labour costs prior to 

growout. 

- FLUPSY High. $3,000-4,000. 

Need for some 

specialist parts, 

requirement to 

customise to suit on-

farm operations. 

Minimal. If solar 

option used, only 

ongoing sorting 

and grading. 

High range. ~45 days 

to attain 13mm shell 

length. 

Very low variability in 

spat growth. 

Ongoing spat sorting 

and transfer reduces 

later labour 

requirements, may 

assist in preventing 

mortality. Exposure to 

water conditions on 

lease reduces 

mortality post-

transfer. 
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Providing sufficient initial capital is available, it is clear that a FLUPSY system provides the best 

value for money, and anecdotally most Australian operations are adopting this new 

technology. The ability to nursery spat on-water in the conditions of the lease area while still 

providing the accelerated growth and low variability of an up-weller system results in the 

shortest time to transfer and low mortality upon transfer, allowing stock to be cultured in 

general production sooner. This gives operators better control over stock development and 

cycling.  

Further, moving operations on-water removes the need to manage algal food supplies for the 

spat, a finicky and expensive process requiring a degree of technical expertise on the part of 

workers, which represents ongoing costs savings. As with on-shore up-weller systems, regularly 

sorting and transitioning stock to larger mesh sizes ensures that operators are aware of the state 

of their spat at all times, allowing them to respond to incidents of mortality or slow growth 

sooner, and spreads labour requirements over a longer period, preventing the need to hire 

temporary workers or pay overtime during peak periods. 

4.3. Grow-out 
The critical commercial benefit of oyster farming is that, as filter feeders, oysters require do not 

require feed or other inputs. As such, once spat have attained sufficient size they are put to 

sea in general production systems and to a large extent left to their own devices. Farming 

processes from this point until harvest are essentially care and maintenance: ensuring as many 

oysters reach final market size as quickly as possible.  

4.3.1. Production systems 

The choice of culture method is largely dependent upon the location of the water lease. 

Different production systems have developed to meet different environmental requirements. 

However, most modern oyster aquaculture relies on basket-based systems, where a number 

of oysters are placed into mesh cages which are then suspended in the water table by some 

means. 

The most suitable production site identified in this study is 1A – North East (see above at 3.5). 

Coming off a roughly 7km stretch of Miaboolya beach, with shallow sandy bottoms extending 

out into deep water north of Shark Bay, this site is a classic intertidal lease well-suited for edible 

oyster production.  

In intertidal sites, growers may take advantage of natural tidal cycles to perform the work of 

air-drying their crop, controlling predation, disease, and biofouling (see Section 2.2). Regular 

exposure to air is also considered to ‘harden’ the oyster shell, reducing mortality during transit. 

Further, wave action stirs and moves the individual oysters within the basket such that the shells 

rub against each other and are rotated about, a process known as ‘rumbling’. Again 

anecdotally, this process is reputed to ensure rounder, more regular shells, as well as a better 

condition of oyster meat. 

The disadvantage of intertidal culture is that, as the oysters are only in the water for part of 

each day, their access to food is similarly limited. As such, growth rates are reduced compared 

                                                      

published Fishers Island Oysters, accessed 24th May 2016, available 

www.fishersislandoysters.com; Various authors, Resources for Shellfish Growers, University of 

Maine Sea Grant Programme, accessed 26th May 2016, available www.seagrant.umaine.edu; 

NSW Department of Primary Industries  
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to sub-tidal systems where the crop is constantly immersed. This is balanced by the greater 

labour costs associated with air-drying and servicing oysters which are fully immersed, requiring 

work boats and occasionally divers, whereas intertidal systems may usually be worked by 

simply walking on the sea floor. Anecdotally, oysters grown in fully immersed systems also suffer 

from slightly higher mortality rates, and are considered to have poorer meat condition.  

Intertidal production systems are therefore designed to suspend the baskets containing the 

growing oysters at a set level, usually around mid-tide. Two main methods are used to 

accomplish this. 

Rack and rail/French trellis 

Traditionally used to cultivate oysters in intertidal areas, both these systems feature posts driven 

into the sea bed. Illustrated below in Figure 15125, parallel horizontal beams are affixed to these 

posts (the ‘rails’), or a metal trellis secured to the top of the posts, and baskets, bags or crates 

are suspended between these ‘racks’ or secured to the trellis. 

 

FIGURE 15 – OYSTERS GROWN ON RACK SYSTEM (FOREGROUND)  

Rack systems have the advantage of being relatively simple to construct, requiring no 

particular specialised hardware and generally carrying a relatively low capital cost. However, 

installations tend to be quite extensive, with large amounts of construction material required, 

and ongoing repairs and maintenance are required to keep all the fixed infrastructure in good 

condition. The larger surface area of the rack system also tends to become fouled with other 

marine life, requiring either chemical treatments which may be of concern from an 

environmental perspective or ongoing manual cleaning or replacement. 

 Intertidal longline 

A more recent development in intertidal aquaculture, intertidal systems take the concept of 

floating longline systems with attached baskets first developed in the 1980s in New South Wales, 

and apply it to an intertidal system. Illustrated above in Figure 16126 below, intertidal longline 

                                                      
125 Anon, Northeast Aquaculture Research Farm Network, Maine Sea Grant Programme, 

University of Maine, available www.seagrant.umaine.edu 
126 Anon, Southern Cross Marine Culture for World Oyster Society, available 

www.worldoyster.org 
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systems utilise much the same concept as rack and rail systems, however are more technically 

complex. Rather than posts and rails of a fixed height, this system uses long runs of cable 

running between interval posts and tensioned at each end. Posts, hooks or other attachment 

mechanisms are affixed to the interval posts, to allow the line to be strung at different levels, 

and baskets containing oysters are hung from the line to dangle down in to the water table 

below. 

 

FIGURE 16 – INTERTIDAL LONGLINE SYSTEM  

The main advantages of this system over traditional rack and rail are threefold. Firstly, the 

adjustable nature of the long-lines allows more granular control over oyster growth. Grow 

baskets can be raised or lowered to suit seasonal tide changes, rather than being fixed at a 

median average, elevated during periods of high risk of disease, lowered to promote growth 

during optimum conditions in ‘safe’ months, and so on. As such, intertidal longline systems 

anecdotally see faster growth and lower stock mortality.  

Second, hanging the baskets allows them a greater range of motion with the tide than racks 

fixed to posts. Thus, oysters are ‘rumbled’ more than with rack and rail systems, reducing 

biofouling and delivering the usual benefits to shell and meat condition. Baskets may also be 

more easily removed and the crop inside visually inspected. 

Finally, longline systems tend to have a lower amenity and environmental impact than rack 

and rail. The reduced support infrastructure footprint has less impact on the sea bed and allows 

more light to penetrate to the bottom, which has the added benefit of discouraging some 

marine predators from taking up residence within the production system.  

For the above reasons, an intertidal longline system would be best suited to the chosen site. 

Capital costs are dependent on growout method, outlined in section 5.3.2 below, and 

discussed in detail in section 6. 

4.3.2. Growout method  

An intertidal longline system will consist of two components – the posts and lines, and the 

baskets. 
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Line setup and orientation 

Intertidal longline culture generally takes the following form: 

 Lines of ~100 metres, divided into equal sections by support posts.  

 Basket dimensions vary, but are generally around 70 centimetres in length by 30 centimetres wide by 

15 centimetres tall, offering a usable internal volume of 15-20L. 

 Lines may be either single, paired or tripled. About 2 metres of line between tension post and first 

support post. 2-3m spacing between pairs/triples to allow boat access. 

 Single lines will have one tension post at each end, while pairs will have one tension post at each 

end of the pair.  

 If pairs/triples are used, lines are kept 70-80 centimetres apart. A spreader bar may be used. 

 33 support posts per line, 32 sections per line of 3 metres each, containing 3 baskets per section for 96 

baskets per line, 192 per pair or 288 per triple. 

 Line ‘footprint’ therefore approximately 105m long, 1.1m wide (basket width at say 40cm, plus 2 x ½ 

separation distance to next line for each side). 

 Depending on lease geography, lines may be strung either parallel or perpendicular to the beach.  

 Perpendicular lines make more efficient use of lease area and offer superior personnel access.  

 However, ideally each basket should receive the same submersion time, and therefore areas with 

a steeper sea floor gradient may use parallel lines. 

Such a system, using line pairs, is illustrated above at Figure 16. 

Baskets 

Oysters of different sizes will require different size basket mesh for optimal growth. Further, to 

maintain optimum stocking density, as oysters grow, fewer individuals should be stocked per 

basket. Therefore, they are transferred to basket of larger mesh sizes (see Section 4.3.3), which 

means that to ensure continuous production, farmers will have different basket containing 

different numbers of oysters at various stages of their life cycle on-water at the same time.  

Baskets are available in mesh sizes to suit oysters from just past juvenile size up to ready for 

harvest. Obviously, the more baskets that are to be purchased the more capital is required, 

and therefore for a start-up operation a two-stage growout process using only two gradated 

mesh sizes is assumed. More established operations may run three- or even four-stage 

processes with more finely gradated mesh sizes, which will deliver slightly accelerated growth. 

However, the extent to which growth is affected is unknown and would require further study in 

situ, and therefore for the purposes of this pre-feasibility study is discounted. 

In a typical grow basket of 15-20L capacity, optimum stocking density for the selected 

Saccostrea cucullata rock oyster (either Sydney rock or Western rock) at market size of 66mm 

shell length is at about 5 dozen per basket127, while stocking density for juveniles will depend 

on their mean shell size and rate of growth. Mesh size should be at or under half mean shell 

length to ensure oysters cannot fall through the basket, and therefore a smaller mesh size may 

be used to hold larger oysters safely (if not at optimum growth conditions).  

As such, the first stage of grow-out will require baskets with a mesh size of approximately 6mm, 

assuming spat are transferred out of nursery at an average shell length of 13mm. Stocking 

density at this stage is assumed to be at about 8 dozen oysters per basket. 

                                                      
127 McOrrie, S (2014) Oyster Cultivation Best Practice Guideline Series – No.2: Floating Basket 

Long-Line Oyster Cultivation. NSW Department of Primary Industries, published 

www.dpi.nsw.gov.au 
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Second-stage grow-out mesh size has been set at approximately 12mm and a stocking density 

of 5 dozen per basket. This represents a balance between the optimum for larger oysters (20-

25mm) and a desire to transition stock into final production systems at lower densities sooner, 

reducing handling-related mortalities and labour costs.  

4.3.3. Growout process 

Ongoing labour inputs in a basket-based culture during grow-out are low intensity. The basic 

production method in basket-based culture is to grade, clean and check oysters regularly, 

transfer to a larger mesh size when ready, carry out stock husbandry practices as needed for 

the region, and gather in for grading at harvest time.  

Stock husbandry 

While oysters are generally hardy, some disease and significant mortality causes may be 

prevalent in the region, as described above in Section 2.2. Any commercial operation will 

need to adjust its processes to meet the particular challenges present at the selected site, 

however it is likely that at least some ongoing stock husbandry will be required. This is likely to 

include bi-monthly (or as required) removal of oysters from water and scouring with a high 

pressure hose and immersion of baskets in a hyper-saline bath for five minutes; and seasonally, 

adjustment of the longline height. These practices are discussed in further detail above in 

Section 2.2.6. Of note is that an intertidal culture, where oysters are allowed to air-dry on a 

daily basis, may obviate the need for the grow baskets to be removed from the racks entirely 

for an extended period of air-drying.  

Workforce profile differs across operations, however industry practice in intertidal operations 

seems to be that a regular workforce is maintained at steady numbers, with an individual 

employee being responsible for a number of lines which they will walk daily. Necessary 

maintenance work such as saline baths and scouring may be carried out all at once or 

staggered over time, depending on the availability and desirability of taking on temporary 

workers.  

Grading and transfer 

In order to maximise growth oysters should be exposed to as much of the water table as 

possible, with minimal obstructions preventing the animal from feeding. Therefore, oysters are 

transferred to baskets made of a larger mesh size as they grow, which also has the effect of 

reducing potential habitat for marine fouling organisms or predators. Further, as shell size 

increases, the number of individuals per basket must be reduced to maintain optimum 

stocking density. 

Therefore, workers will need to regularly check and grade stock and monitor shell growth. 

When oysters have attained sufficient size, they may be transferred to baskets with a larger 

mesh size. Anecdotally, some operations will move larger animals within the lease area to 

sections of the lease perceived to have greater food availability or with greater wave action, 

to better round the shell and encourage high quality meat. 

Operations may have different processes for accomplishing this transfer. Depending on what 

precise operating cycles the business adopts, transfer to larger baskets may be an ideal time 

to carry out husbandry practices such as shell scouring, baths and dips to control diseases and 

predation, or extended periods of air-drying out of the water. 
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Finishing 

As shells attain desired market size (usually around 66mm) operations will be concerned with 

maximising meat condition, as once shucked oysters cannot be placed back into the water 

to continue growing and poor quality will result in lower prices 

Therefore, workers will usually randomly sample oysters from the lease throughout the growout 

process to get an idea as to stock condition. If the oyster meat is small or in poor condition 

despite large shell size, oysters may need to be ‘finished’ - placed higher in the water table 

and ‘rumbled’ to stunt shell growth. This will slow overall growth but ensures that the meat of 

the oysters is in peak condition for a given shell size, satisfying customer demand and giving 

operations a competitive advantage. 

4.4. Harvesting 
Harvesting of oysters from intertidal longline systems is relatively straightforward. Baskets 

containing oysters determined to be of a suitable size are removed from the line and, 

depending on lease size, either carried ashore by hand or stacked on a workboat and then 

transferred onshore. Here they are sorted, graded and then, usually, bagged and readied for 

transport. 

Depuration 

In some circumstances, depuration will be required prior to placing stock into distribution 

channels. As filter feeders, oysters filter extremely large volumes of water and trap particulate 

matter, dissolved substances and microbial life present in the water. As a result, in water which 

is polluted or of poor quality they may concentrate substances or microbes harmful to humans. 

As oysters are primarily consumed raw (or very lightly cooked) and eaten whole, including the 

whole of the digestive tract, they are a high-risk food, and may require cleansing. 

This is usually achieved through a process of depuration. For oysters, this is accomplished by 

placing them in land-based tanks through which purified water, held at known salinity, 

temperature and pH, is circulated, often with aeration from bubblers. In some cases, or where 

contamination of heavy metals is present, binding agents may need to be added to the tank 

to promote the purging of oysters. Figure 17128 illustrates an oyster depuration tank. 

                                                      
128 UN FAO Aquacultural photo library 
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FIGURE 17 – OYSTER DEPURATION 

This process has the potential to add significantly to both capital and operating costs 

associated with a project. In New South Wales, where oysters are generally grown in estuarine 

conditions more conducive to bacterial contamination, and where several incidents have 

already occurred, depuration has been mandatory for all oysters intended for human 

consumption since 1983129. On the basis that the site selected in Section 3.5 is an ocean site, 

the modelling the analysis in Section 5 assumes that depuration is not required. However, given 

the cadmium and heavy metal issue discussed in Section 3.3.5, it may well be that a post-

harvest depuration is required. 

 

  

                                                      
129 Current requirements found in cl 143 Food Regulations 2015 (NSW), made pursuant to Food 

Act 2003 (NSW) 
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5. Economic Assessment 
 

The modelling contained in this section is designed to provide a preliminary assessment as to 

the likely economic viability of oyster aquaculture production operations at a specific site on 

the Pilbara-Gascoyne coast based, on the following prescribed operating parameters: 

 An operation progressively scaling to a total production capacity of 50 to 60,000 dozen 

per annum; 

 Progressively scaling to a total production capacity of approximately 100,000 dozen 

per annum; and 

 An assumption that spat is acquired from an external hatchery. 

Based on the recommendations of earlier sections of this study, the modelling assumes the 

operations are: 

 As per Section 2.3, producing Western Rock Oysters (Saccostrea cucullata);  and 

 As per Section 3.5, located on site Site 1A – North East, off Miaboolya Beach in Zone 1, 

approximately 12 kilometres north of the town of Carnarvon (see Figure 10). 

Other context assumptions that underpin the modelling are as follows: 

 Capital equipment and process design is based on what has been determined to be 

contemporary best practice for oyster aquaculture production; 

 The enterprise is transparent to the extent that all key costs are truly accounted for; and 

 The operations are modelled under a scenario where the project is truly a greenfields 

site, as well as a scenario whereby the State has declared an aquaculture zone and 

has invested in basic civil works to facilitate shore-side facilities and site access. 

The model is designed to test the sensitivity of the financial viability of the operation to all major 

variables in an oyster farm. The level of materiality in the model is appropriate given the nature 

of this study (a preliminary assessment based on a hypothetical operation) and assumptions 

pertaining to specific variables have, where possible, been validated to an extent that is 

reasonable given the nature of the study. 

The outputs of the modelling in this draft of the study report represent the base case.  

5.1. Economic Viability of a 50 to 60,000 Dozen per 

Annum Operation 

5.1.1. Model Assumptions 

Pre-Project Development Costs 

Because the project is on a greenfields site, a number of relatively significant pre-project 

development costs will be incurred by a project proponent. If the State Government was to 

develop an Aquaculture Development Zone over the site illustrated in Figure 10, and invest in 

the basic civil infrastructure required to activate the that zone, a significant portion of these 

pre-project development costs could potentially be avoided by the project proponent. This 

has been modelled as a scenario (see Section 5.1.2) 
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Specific pre-project development costs take the form of various studies, approvals and 

licensing costs that are required to validate and attain regulatory approval for the project, as 

well as basic civil engineering investments required to provide access to the site. 

Pre-Project Development Studies 

Prior to attaining regulatory approval for, as well as investor confidence in the project, the 

following studies will likely be require to be undertaken: 

 Metocean Study 

A detailed understanding of the metocean conditions that can be expected at the 

site is required to determine optimal design of marine production systems, the likely 

impact that metocean conditions might have on livestock performance and the likely 

impact the production systems might have on the local marine ecology. This will be 

based on secondary data in the first instance and might require the acquisition of some 

primary data by installing metocean monitoring equipment at the site. 

 

 Water Quality Study 

A detailed understanding of the variation in water quality that can be expected at the 

site is required to determine the likely impact of water quality on livestock performance 

and vis-a-versa. This will be based on secondary data in the first instance and may 

require the acquisition of some primary data by installing water quality measurement 

equipment at the site. 

 

 Environmental Studies and Surveys 

Because the operation has a footprint in the marine, coastal and terrestrial estate, a 

literature review and biodiversity surveys will be required to identify marine and 

terrestrial biodiversity and to understand ecosystems within and around the project 

area that are likely to be affected by the operation. This will inform the Environmental 

Impact Assessment necessary to support project approval and development and 

environmental monitoring conditions from the Environmental Protection Authority. 

 

 Aboriginal Heritage Studies and Surveys 

A literature review, surveys and consultation with Traditional Owners will be required to 

identify any Aboriginal cultural or heritage values that might exist on the project site. 

 

 Commercial Trials 

A small scale oyster production system will need to be established at the site to 

demonstrate the technical feasibility of growing oysters at the site, to provide data for 

environmental studies and to inform the commercial feasibility studies as to key 

economic variables such as grow-out time and operational procedures 

 

 Commercial Feasibility Studies 

Prior to committing a significant investment in the abovementioned studies, a project 

specific pre-feasibility study will be undertaken to a degree of materiality designed to 

identify sensitivity to key variables, as well as any critical threats to the financial viability 

of the specific project. The purpose of the pre-feasibility study is to inform a decision to 

commit the investment necessary to progress the studies. Once the abovementioned 

studies are adequately progressed, a ‘bankable’ feasibility study will be required to 

inform a final investment decision on the project and to attract any external capital 

that might be required. 

Project Approvals, Licensing and Other Pre-Project Agreements 

A number of regulatory approvals and licenses from State Government agencies, as well as 

most likely the local government will be required to give effect to the project. These approvals 

will require prescribed submissions to these agencies that are informed by the aforementioned 
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studies. At the very least, the project will require approval from the Environmental Protection 

Authority, Aboriginal Heritage clearance, and the issue of an aquaculture license and lease 

from the Department of Fisheries. 

If the terrestrial or inter-tidal components of project site are the subject of a determination 

under the Native Title Act (Cth) Act 1993, the project proponent will also need to successfully 

negotiate an Indigenous Land Use Agreement (ILUA) with the Traditional Owners. If those 

components of the project site are the subject to a claim under the Native Title Act (Cth) Act 

1993, it would be equally sensible for the project proponents to enter into a dialogue with the 

claimants with a view to negotiating an ILUA. 

Pre-Project Development Civil Works 

Because the project is a greenfields site basic civil works will be required to facilitate access to 

the site, to support shore based infrastructure such as sheds and to support vessel operations 

at the site. At a minimum this will include construction of a gravel access road between 

Carnarvon and the project site, clearing of the site, establishment of an earthen pad on which 

facilities can be constructed and a jetty and vessel landing at the site to support marine 

activities. 

The model assumes that a jetty and landing will be required, with the jetty being required to 

support efficient operations between the grow-out and nursery site and shore-side 

infrastructure, and the landing required to remove the vessel from the water in the event of 

adverse weather conditions, for maintenance or for other operational reasons. 

Estimating the cost of jetty construction at the site is particularly problematic at this stage of 

assessment due to an absence of data pertaining to seafloor conditions, tidal movements, 

water depth and the need to engineer the jetty for cyclonic conditions.  

The possibility of negating the need for an access road to the site and jetty or landing at the 

site by servicing the project via a larger vessel based at Carnarvon Marina and shore-side 

facilities at a leased site at the marina was explored. However, the additional capital 

associated with acquiring a suitable vessel and higher lease costs at the Carnarvon Marina will 

likely mitigate any possible economic benefit.  

Table 9 below summarises the assumptions pertaining to pre-project development costs. 
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Pre-project Development Cost Assumption Basis of Assumption 

Studies 

Metocean Study $200,000 Estimate 

Water Quality Study $80,000 Estimate 

Environmental Study and Survey $250,000 Estimate 

Aboriginal Heritage Study and 

Survey 

$50,000 Estimate 

Commercial Trials  $250,000 Estimate 

Pre-feasibility Study $80,000 Estimate 

Feasibility Study $100,000 Estimate 

TOTAL STUDIES $1,010,000  

Project Approvals and other Pre-Project Agreements 

Environmental Protection Authority $50,000 Estimate 

Aquaculture License Application $500 Department of Fisheries 

Aquaculture Lease Application $2,000 Department of Fisheries 

Indigenous Land Use Agreement $50,000 Estimate 

Local Government Approvals $50,000 Estimate 

TOTAL APPROVALS $152,500  

Pre-project Civil Works 

Access Road $264,000 Two lane gravel road at 

construction cost of $22,000 per 

kilometre 

Site Clearing $50,000 Estimate 

Earthen Pad $50,000 Estimate 

Jetty $100,000 New South Wales Roads and 

Maritime - Better Boating Program 

Grants 2013-14 

Landing/boat ramp $60,000 New South Wales Roads and 

Maritime - Better Boating Program 

Grants 2013-14 

TOTAL CIVIL WORKS $524,000  

TOTAL  $1,686,500  

TABLE 9 – 55 TO 60,000 DOZEN MODEL – PRE PROJECT DEVELOPMENT COST ASSUMPTIONS 



AUSTRALIAN VENTURE CONSULTANTS PTY LTD 

 

69 

As illustrated in Figure 18 below, it is anticipated that all costs associated with studies, 

approvals, project agreements, licenses and leases will be incurred in the first two years. 

 

FIGURE 18 – 55 TO 60,000 DOZEN MODEL - STUDY, APPROVALS, PROJECT AGREEMENT, LICENSE AND LEASE 

COSTS 

As illustrated in Figure 19 below, it is anticipated that all pre-project civil works costs will be 

incurred in year 3. 

 

FIGURE 19 - 55 TO 60,000 DOZEN MODEL –PRE-PROJECT DEVELOPMENT CIVIL WORKS 

Buildings and Equipment 

Buildings and Equipment 

It is expected that the operation will be supported by the following shore-side infrastructure to 

be constructed and installed at site: 

 Buildings 

A single large equipment storage and workshop shed, demountable office and cool 

room. 
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 Onsite Utilities 

Diesel generator130, water bore, pumps, plumbing, lighting and onsite electrical 

cabling. 

It is noted that all buildings and utilities infrastructure needs to be engineered to withstand 

tropical cyclones. 

Cargo Handling Equipment 

It is expected that the following cargo handling equipment will be required on site: 

 Crane truck for loading and unloading the service vessel; 

 Forklift for moving baskets and pallets of product around the site; 

 General purpose 4WD utility vehicle;  

 Light tractor for extracting the vessel from water and general heavy work; and 

 Refrigerated truck for delivering project to the seafood supply chain hub in Carnarvon, 

or other markets. 

It has been assumed that at least one of the vehicles (4WD Utility) need to be adequately 

robust to operate in post-cyclone conditions (i.e. damaged roads). 

Oyster Handling Equipment 

It is expected that the following oyster handling equipment will be installed onsite: 

 Automatic oyster grader 

 High pressure oyster cleaner 

Operations Vessel 

It is expected that single oyster punt workboat with a 200hp ULP outboard will be required to 

work the site. 

Other Equipment 

Provision has been made for workshop tools totalling $10,000. 

Table 10 below summarises the assumptions used in the model pertaining to building and 

equipment expenses. 

Building and Equipment Cost Assumption Basis of Assumption 

Buildings 

Concrete slabs $132,000 1,200 square metres at $110 per square 

metre 

Storage and workshop shed $100,000 Shed's Online (864 square metres by 6 

metres high colourbond) - 

http://www.shedsonline.com.au/ - NB 

quote based on n2 wind rating, but needs 

to be c3. 

Office $25,000 Estimate 

                                                      
130 There is provision in the model to install solar PV generation capacity. However, it is assumed 

in this base case, that electricity is generated by conventional diesel generation equipment. 
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Building and Equipment Cost Assumption Basis of Assumption 

Cool room $50,000 Estimate 

Total Buildings $297,000  

Cargo Handling Equipment 

Crane Truck $80,900 2016 Fuso 815 Canter with crane 

(http://www.constructionsales.com.au 

Forklift $10,000 Toyota Electric - 2.5 tonne 

(http://www.purchasing.com 

Tractor $18,000 

 

2016 Agrison 45 HP 

(http://www.farmmachinerysales.com.au 

Utility Vehicle $58,700 Toyota Landcruiser 70 series Workmate 

(http://www.caradvice.com.au 

Refrigerated Truck $74,995 2016 Hino 616 Auto Scully RSV 2 tonne 

(http://www.trucksales.com.au/ 

Total Cargo Handling Equipment $242,595  

Oyster Handling Equipment 

Automatic Oyster Grader $75,000 Brown M, (2005), Development of an Automated 
Oyster Grading Machine, FRDC - classified ad 
shellquip 

Oyster washing equipment $10,000 Estimate 

Bulk bins $2,000 Estimate 

Total Oyster Handling Equipment $87,000  

Other Equipment 

Workshop Tools $10,000 Estimate 

Work boat $70,000 Custom built 9.63m (31'7") 200hp 

aluminium punt 

(http://www.boatsonline.com.a 

Total Other Equipment $80,000  

Total Building and Equipment 

Cost 

$706,595  

TABLE 10 - 55 TO 60,000 DOZEN MODEL – BUILDING AND EQUIPMENT COSTS 

It is anticipated that all building and equipment costs will be incurred in Year 3 of the project. 

This is illustrated in Figure 20 below. 
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FIGURE 20 - 55 TO 60,000 DOZEN MODEL – BUILDING AND EQUIPMENT COSTS 

Nursery and Grow-out Infrastructure 

Pursuant to the recommendations in Section 4.2.3, the model assumes that a FLUPSYS is used 

to perform the nursery function at site (see Section 4.2.2). 

The grow-out system is comprised of two stages, with the first stage based on a system of 25 

litre – 5mm mesh baskets and the second stage on 25 litre – 10mm mesh baskets. It should be 

noted that this is the minimum number of stages that are likely to be required to achieve 

optimal growth rates. 

Table 11 below summarises the assumptions used in the model with respect to the capital cost 

of the nursery and grow-out infrastructure. The capital requirements for Stage 1 and Stage 2 

infrastructure are based on a stocking rate in Stage 1 of 96 oysters per cage and a stocking 

rate in Stage 2 of 60 oysters per cage. 
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Item Quantity Unit Price Total Basis of 

Assumption 

Nursery 

FLUPSYS 1 $4,500 $4,500  

Total Nursery   $4,500  

Stage 1 Grow-out 

25 Litre 5mm baskets 8,320 $14.02 $116,646 Hexcyl Systems Price 
List 12 February 2015 

 

Riser clips 1,830 $0.77 $1,409 Hexcyl Systems Price 
List 12 February 2015 

Line 9,135 $1.20 $10,962 Hexcyl Systems Price 
List 12 February 2015 

Line sleeves 9,135 $0.71 $6,486 Hexcyl Systems Price 
List 12 February 2015 

Wear reduction 

sleeves 

1,000 $0.14 $140 Hexcyl Systems Price 
List 12 February 2015 

Total Stage 1 Grow-

out 

  $135,643  

Stage 2 Grow-out 

25 Litre 10mm 

baskets 

12,100 $13.23 $160,083 Hexcyl Systems Price 

List 12 February 2015 

Riser clips 2,662 $0.77 $2,050 Hexcyl Systems Price 

List 12 February 2015 

Line 13,230 $1.20 $15,876 Hexcyl Systems Price 

List 12 February 2015 

Line sleeves 13,230 $0.71 $9,393 Hexcyl Systems Price 

List 12 February 2015 

Wear reduction 

sleeves 

2,000 $0.14 $280 Hexcyl Systems Price 

List 12 February 2015 

Total Stage 2 Grow-

out 

  $187,682  

Total Nursery and 

Grow-out 

Infrastructure 

  $327,825  

TABLE 11 – 55 TO 60,000 DOZEN MODEL – NURSERY AND GROW-OUT SYSTEM COSTS 

Because spat spend approximately 2.5 months in the nursery and juvenile oysters only 6 months 

in Stage 1 grow-out, all the capital associated with the nursery and grow-out facility must be 

invested by the commencement of the fourth year in order to optimise production and project 

cashflow. Oyster system lines also typically need to be replaced every 10 years and provision 
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for line replacement has been made in the model. Cashflow associated with investment in 

nursery and grow-out infrastructure is illustrated in Figure 21 below. 

 

FIGURE 21 – 55 TO 60,000 DOZEN MODEL – NURSERY AND GROW-OUT SYSTEM COST 

Total Project Capital Expenditure 

Table 12 below summarises the total capital cost required to commence production and 

achieve the production target of 55,000 to 60,000 dozen oysters. 

Capital Expenditure Item Amount 

Pre-project studies approvals and licenses $1,162,500 

Offsite civil works $264,000 

Onsite civil works $260,000 

Buildings and equipment $717,595 

Nursery and grow-out infrastructure $327,826 

Total project capital expenditure $2,731,921 

TABLE 12 – 55 TO 60,000 DOZEN MODEL - TOTAL PROJECT CAPITAL EXPENDITURE 

It is worth noting that approximately 42 percent of this capital expenditure is associated with 

pre-project studies, approvals and licenses and an additional 19 percent is associated with 

civil works. A scenario whereby the costs of pre-development studies, approvals and basic civil 

works are born by the State has been modelled (see Section 5.1.2). 

The model also assumes that the farm supervisor (or equivalent) and one technician are 

employed from year 1 to oversee the establishment of the project. The salary expense 

pertaining to the first three years as well as miscellaneous expenses during this period will be 

capitalised. This amount is $199,850 per annum. 
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As illustrated in Figure 22 below, this capital expenditure occurs over the course of the first four 

years of the project. 

 

FIGURE 22 - 55 TO 60,000 DOZEN MODEL – CAPITAL EXPENDITURE 

Production Schedule and Sales Forecasts 

Scale-up and Spat Requirements 

The model assumes that the first spat are introduced to the nursery in year 4, following 

completion of project construction. The volume of spat introduced to the nursery is 500,000 

oysters in the first year, 750,000 in the second year and then 1,000,000 in the third year, which 

is the volume required to achieve a harvest of approximately 57,000 dozen animals. This is 

based on a mortality expectation of 15 percent at the nursery, 10 percent at Stage 1 Grow-

out and 10 percent at Stage 2 Grow-out. 

Time to Harvest 

The model assumes that spat are introduced to the nursery at a size of 3mm and spend 2.6 

months in the nursery, growing to 5mm, when they are transferred to Stage 1 Grow-out. They 

spend 6.1 months at Stage 1 Grow-out where they achieve a size of 24mm and are transferred 

to Stage 2 Growout. Oysters then spend 23 months in Stage 2 Grow-out to achieve bottle oyster 

size, 27 months to achieve bistro size and 30 months to achieve plate size.131 This represents a 

relatively fast growth rate for Rock Oysters, which has only been achieved in New South Wales 

using fast-growth lines of genetics. 

 

 

                                                      
131 Note that this assumes harvest is occurring during grading. 
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Product Portfolio 

Table 13132 below summarises the product specifications. 

Product Average Size and Weight 

Bottle 66mm (35g) 

Bistro 73mm (45g) 

Plate 73mm (77g) 

TABLE 13 – 55 TO 60,000 DOZEN MODEL – OYSTER PRODUCT SPECIFICATIONS 

Table 14133 below summarises the portion of the total harvest at each stage of production. 

Product Portion of Total Harvest 

Bottle 57% 

Bistro 28% 

Plate 14% 

TABLE 14 – OYSTER PRODUCT COMPOSITION OF HARVEST 

Figure 23 below summarises the production profile. 

 

FIGURE 23 - 55 TO 60,000 DOZEN MODEL – PRODUCTION PROFILE 

                                                      
132 Schrobback, P. (2015), Economic Analysis of Australia's Sydney Rock Oyster Industry, School of 
Economics and Finance, Queensland University of Technology 
133 Sydney Rock Oyster Average Harvest - (CDI Pinnacle Management (2009), Australian Oyster 
Industry Benchmarking Program Development, Australian Seafood CRC) 
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Sales Forecasts 

The model assumes that product is sold at farm-gate at the prices listed in Table 15134 below. 

Product Farm-gate price (per dozen) 

Bottle oyster $5.19 

Bistro oyster $7.11 

Plate oyster $9.24 

TABLE 15 - 55 TO 60,000 DOZEN MODEL – PRODUCTION PROFILE – PRODUCT PRICES 

Figure 24 below illustrates expected sales revenue. 

 

FIGURE 24 – 55 TO 60,000 DOZEN MODEL - FORECAST SALES REVENUE 

Human Resources 

The model assumes that the operation will be staffed by a farm supervisor, one technician, a 

senior farm-hand and a junior farm-hand. The remuneration schedule is summarised in Table 

16. 

 

 

 

 

                                                      
134 Sydney Rock Oyster Average Farmgate Price  (New South Wales Department of Primary Industries, 
(2016) Aquaculture Production Report 2014-15) 
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Position Base Salary 

Farm Supervisor $90,000 

Technician $75,000 

Senior Farm-hand $50,000 

Junior Farm-hand $40,000 

TABLE 16 - 55 TO 60,000 DOZEN MODEL – REMUNERATION SCHEDULE 

Each employee receives statutory minimum superannuation and it is assumed that 

employment on-costs are 10 percent of base salary. Figure 25 below illustrates trend in 

employment costs. 

 

FIGURE 25 - 55 TO 60,000 DOZEN MODEL – EMPLOYMENT COSTS 

Other Operating Costs 

Other operating costs include diesel and unleaded fuel, ICT, stationary, annual aquaculture 

lease and license payments, packaging, general repairs and maintenance, legal, insurance 

and accounting costs. Given the exposure of the project to sever adverse weather conditions, 

it is likely that the provision that is made in the model for insurance is inadequate. 

Figure 26 below summarises other operating cost forecasts over the life of the project. 
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FIGURE 26 - 55 TO 60,000 DOZEN MODEL – OTHER OPERATING COSTS 

5.1.2. Project Cash Flow and Financial Analysis 

Figure 27 below summarises the cash-flow of the 57,000 dozen per annum oyster operation 

over a 20 year period. 

 

FIGURE 27 - 55 TO 60,000 DOZEN MODEL – PROJECT CASHFLOW 
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As illustrated in Figure 28 below, based on the assumptions used, the project’s operating 

margin is inadequate to deliver cashflow breakeven within the 20 year period. 

 

FIGURE 28 - 55 TO 60,000 DOZEN MODEL – CLOSING CASH BALANCE 

The significance of the cash deficit in Year 20 means that for the model to produce an 

investment attractive return there would need to be an order of magnitude decrease in costs 

or increase in revenue. 

Even if the State Government was to invest in pre-development technical studies, 

environmental approvals, Aboriginal heritage clearance and basic civil works, the project still 

produces a significant ongoing cash deficit. This is illustrated in Figure 29 below. 

 

FIGURE 29 – 55 TO 60,000 DOZEN MODEL – GOVERNMENT INVESTMENT IN ZONE AND CIVIL WORKS – 

CLOSING CASH BALANCE 
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Based on this analysis, it is unlikely that an operation producing a total of 55 to 60,000 oysters 

per annum will be economically viable in the region. 
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5.2. Economic Viability of a 100,000 Dozen per Annum 

Operation 

5.2.1. Model Assumptions 

Pre-Project Development Costs 

Even though the area of the aquaculture lease required for a 100,000 dozen per annum oyster 

farm is more than double the area required to support the 50 to 60,000 dozen per annum farm 

modelled in Section 5.1, it is assumed that the costs associated with studies, licensing and 

approvals are the same as for the farm modelled in Section 5.1. This is because the larger area 

is a subset of the same body of water and is likely to demonstrate the same biodiversity, 

ecosystem function, water quality & metocean conditions and the same Aboriginal heritage 

context, whilethe increased scale does not impact on the cost of undertaking commercial 

trials or commercial feasibility studies. 

Similarly, the same civil works scope will be required as that modelled in the 50 to 60,000 dozen 

per annum farm. 

Buildings and Equipment 

Some upscaling of buildings and equipment is required to accommodate the higher 

throughput and larger operational footprint of a 100,000 dozen per annum operation. The 

additional capital expenditure that is assumed necessary to support the larger operation is as 

follows: 

 A slightly larger work shed will be required to accommodate additional equipment 

during the normal course of business and in the case of sheltering equipment during 

adverse weather conditions. An additional A$20,000 in capital expenditure has been 

assumed for this purpose, as well as incremental increase in the cost associated with 

the slab; 

 Bulk bin requirements are assumed to have doubled, resulting in an additional capital 

expenditure of A$2,000; and 

 It is assumed that a second work-boat will be required, resulting in an additional capital 

expenditure of A$70,000. 

It is assumed that other major capital items such as the oyster grader, oyster washing system, 

cool room and vehicles associated with the 50 to 60,000 dozen per annum model will be 

adequate for the 100,000 dozen per annum model. 

Nursery and Grow-out Infrastructure 

It is assumed that an additional FLUPSYS unit will be required to support an increase in peak 

nursery recruitment from 1 million animals in the 50 to 60,000 dozen per annum operation to 1.8 

million for the 100,000 dozen per annum operation. The capital items associated with Stage 1 

and Stage 2 Grow-out simply double. Table 17 below summarises the nursery and grow-out 

capital expenditure required to support a 100,000 dozen per annum operation. 
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Item Quantity Unit Price Total Basis of 

Assumption 

Nursery 

FLUPSYS 2 $4,500 $9,000  

Total Nursery   $9,000  

Stage 1 Grow-out 

25 Litre 5mm baskets 15,540 $14.02 $217,871 Hexcyl Systems Price 
List 12 February 2015 

 

Riser clips 3,419 $0.77 $2,633 Hexcyl Systems Price 
List 12 February 2015 

Line 18,270 $1.20 $21,924 Hexcyl Systems Price 
List 12 February 2015 

Line sleeves 18,270 $0.71 $12,972 Hexcyl Systems Price 
List 12 February 2015 

Wear reduction 

sleeves 

2,000 $0.14 $280 Hexcyl Systems Price 
List 12 February 2015 

Total Stage 1 Grow-

out 

  $255,680  

Stage 2 Grow-out 

25 Litre 10mm 

baskets 

22,376 $13.23 $296,034 Hexcyl Systems Price 

List 12 February 2015 

Riser clips 4,923 $0.77 $3,791 Hexcyl Systems Price 

List 12 February 2015 

Line 26,460 $1.20 $31,752 Hexcyl Systems Price 

List 12 February 2015 

Line sleeves 26,460 $0.71 $18,787 Hexcyl Systems Price 

List 12 February 2015 

Wear reduction 

sleeves 

4,000 $0.14 $560 Hexcyl Systems Price 

List 12 February 2015 

Total Stage 2 Grow-

out 

  $322,924  

Total Nursery and 

Grow-out 

Infrastructure 

  $578,604  

TABLE 17 – 100,000 DOZEN PER ANNUM MODEL – NURSERY AND GROW-OUT SYSTEM COSTS 

Table 18 below summarises the total capital cost associated with the 100,000 dozen per annum 

oyster operation. 
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Capital Expenditure Item Amount 

Pre-project studies approvals and licenses $1,162,500 

Offsite civil works $264,000 

Onsite civil works $260,000 

Buildings and equipment $824,095 

Nursery and grow-out infrastructure $615,603 

Total project capital expenditure $3,126,198 

TABLE 18 – 100,000 DOZEN MODEL – TOTAL PROJECT CAPITAL EXPENDITURE 

Production Schedule and Sales Forecast 

As with the model in Section 5.1, the 100,000 dozen per annum model assumes that the first 

spat are introduced to the nursery in Year 4 of the project, following completion of 

construction. The volume of spat introduced to the nursery in the first year is 600,000, scaling to 

1,200,000 in the second year and 1,755,000 in the third year (Project year 6), being the amount 

of spat required to produce an annual harvest of 100,000 dozen. This is based on the same 

nursery and grow-out assumptions as the model in Section 5.1. 

The size of animals at introduction to the nursery and transfer to and between the grow-out 

stages, as well as growth rates are the same as those assumed in the model in Section 5.1. 

Oyster product harvest ratios are also the same as assumed in the model in Section 5.1. Figure 

30 below illustrates the production profile of the 100,000 dozen per annum model. 

 

FIGURE 30 – 100,000 DOZEN PER ANNUM MODEL – PRODUCTION PROFILE 

 -

 20,000

 40,000

 60,000

 80,000

 100,000

 120,000

 140,000

 160,000

 -

 20,000

 40,000

 60,000

 80,000

 100,000

 120,000

Y
ea

r 
1

Y
ea

r 
2

Y
ea

r 
3

Y
ea

r 
4

Y
ea

r 
5

Y
ea

r 
6

Y
ea

r 
7

Y
ea

r 
8

Y
ea

r 
9

Y
ea

r 
10

Y
ea

r 
11

Y
ea

r 
12

Y
ea

r 
13

Y
ea

r 
14

Y
ea

r 
15

Y
ea

r 
16

Y
ea

r 
17

Y
ea

r 
18

Y
ea

r 
19

Y
ea

r 
20

S
p

at
 I

n
tr

o
d

u
ce

d
 t

o
 N

u
rs

er
y

 (
D

o
ze

n
)

O
y

st
er

s 
P

ro
d

u
ce

d
 (

D
o

ze
n

)

Bottle Oyster Production Bistro Oyster Production

Plate Oyster Production Spat Introduced to Nursery



AUSTRALIAN VENTURE CONSULTANTS PTY LTD 

 

85 

The 100,000 dozen per annum model also assumes that product is sold at the same prices as 

the model discussed in Section 5.1 that are detailed in Table 15. Figure 31 below illustrates sales 

forecasts associated with the 100,000 dozen per annum model. 

 

FIGURE 31 – 100,000 DOZEN PER ANNUM MODEL – SALES FORECAST 

Human Resources 

The 100,000 dozen per annum model assumes that an additional senior and additional junior 

farm-hand are added to the payroll to ensure there is adequate staffing to support the higher 

throughput. The remuneration schedule for the 100,000 dozen per annum model is summarised 

in Table 19 below. 

Position Base Salary 

Farm Supervisor $90,000 

Technician $75,000 

Senior Farm-hand $50,000 

Senior Farm-hand $50,000 

Junior Farm-hand $40,000 

Junior Farm-hand $40,000 

 $345,000 

TABLE 19 – 100,000 DOZEN PER ANNUM MODEL – REMUNERATION SCHEDULE 

The same statutory superannuation and employment oncost assumptions have also been 

applied. Figure 32 below illustrates the expected payroll associated with the 100,000 dozen 

production operation. 
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FIGURE 32 – 100,000 DOZEN PER ANNUM MODEL – EMPLOYMENT COSTS 

 

Other Operating Costs 

In terms of other operating costs increases in vessel fuel consumption, vehicle fuel 

consumption, packing costs, repairs and maintenance and insurance premiums have been 

modelled in recognition of the larger scale of operations. Figure 33 below illustrates the 

projected other costs associated with the 100,000 dozen per annum model. 

 

FIGURE 33 – 100,000 DOZEN PER ANNUM – OTHER OPERATING COSTS 
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5.2.2. Project Cash Flow and Financial Analysis 

Figure 34 below summarises the projected cash-flow of the 100,000 dozen per annum 

operation over a 20 year period. 

 

FIGURE 34 – 100,000 DOZEN PER ANNUM MODEL – PROJECT CASHFLOW 

As illustrated in Figure 35 below, the project remains cash-flow negative over the period of the 

forecast. 

 

FIGURE 35 – 100,000 DOZEN PER ANNUM MODEL – CLOSING CASH BALANCE 

As illustrated in Figure 36 below, even if the State was to invest in technical studies, 

environmental approvals, Aboriginal heritage clearance and basic civil works, the project still 

produces a significant ongoing cash deficit within the modelling period. 
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FIGURE 36 – 100,000 DOZEN PER ANNUM PRODUCTION - GOVERNMENT INVESTMENT IN ZONE AND CIVIL 

WORKS – CLOSING CASH BALANCE 

This preliminary modelling indicates that a 100,000 dozen per annum oyster operation located 

at the selected site is not economically viable. 
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