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EXECUTIVE SUMMARY 

 

Aquaculture is internationally recognised as a significant and growing industry that has an 

important place in meeting the increasing global demand for premium, sustainable seafood. 

Indeed, it is expected that aquaculture will supply over 60% of the world’s sea food for direct 

human consumption by 2030 (FAO, 2013). With this global growth in the industry there is the 

potential for significant investment opportunities in the production of a range of “fish” species 

including algae, finfish, crustaceans and molluscs. 

 

The Pilbara Development Commission (PDC) and Gascoyne Development Commission 

(GDC) identified aquaculture development as a potential source for promoting regional 

diversity and growth (Gascoyne Regional Development Blueprint, 2014; Pilbara Regional 

Development Blueprint, 2015), largely due to the regions’ pristine marine environment, 

significant groundwater resources and large areas of relatively unpopulated land. To 

investigate this opportunity further, the PDC engaged the Department of Fisheries (the 

Department), as the lead agency for the development of aquaculture in State waters, to 

undertake preliminary feasibility work.  

 

This report, The technical and economic viability of aquaculture within the marine and 

terrestrial environments of the Pilbara and Gascoyne regions, Report to the Pilbara 

Development Commission (PDC Report) is intended to assist the PDC and other interested 

parties to understand the technical and economic viability of aquaculture within the marine 

and terrestrial environments of the Gascoyne and Pilbara regions. The project has received 

guidance from a Technical Advisory Group which included representatives from the 

Department, PDC, the Australian Centre for Applied Aquaculture Research (ACAAR) and 

the Department of Regional Development (DRD). 

 

The Department engaged Australian Venture Consultants (AVC) to assess the economic and 

technical feasibility of edible oysters and a ‘generic’ representative finfish as the two species 

groups most likely to be of interest to potential operators. A third report focused on the 

commerciality of such ventures including market analysis for these species. These AVC 

studies are provided as attachments to this report (Attachments 1, 2, and 3) 

 

The PDC Report found: 

 numerous sites are potentially suited for land and marine based aquaculture in the 

Pilbara-Gascoyne Region; 

 several fish species are potentially suited for aquaculture within the region; namely, 

edible oysters, three finfish species (amberjack, yellowfin tuna and mahi mahi) and 

algae; and 

 there is potential for suitable aquaculture systems to be located in the region to grow 

these species. 

 

Nonetheless, the report and its attachments demonstrate there are some high-order hurdles to 

overcome for offshore aquaculture; these are outlined below. 

 

 For a greenfield site scenario, financial projections and investment opportunity 

assessments indicate potential aquaculture sites will require significant up-front capital 

investment with long pay-back periods. 
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 Aquaculture operations will potentially incur higher ongoing operating costs in view of 

the location of the region. 

 

 Adverse environmental conditions including cyclones and naturally occurring cadmium 

and other heavy metals render the technical risk of establishing a viable commercial scale 

aquaculture industry as high. 

 

 Such environmental conditions are likely to be an impediment to marketing any product 

(particularly edible oysters) when there are established existing markets without the risk 

factors.  

 

Despite these challenges there are some developments that may mitigate these risks in the 

future. Several infrastructure and service projects are under development, such as the City of 

Karratha’s international-capable airport providing a direct freight air link to Singapore (a 

recognised international market for edible oysters). In respect of risk associated with tropical 

storms, it is noted that there are global locations where successful aquaculture industries are 

located within similar areas such as the Gulf of Mexico. The technology is continually 

improving and, consequently, the environmental hurdles may diminish over time. 

 

Land-based aquaculture operations in the Pilbara-Gascoyne region face a similar number of 

challenges, including vulnerability to tropical cyclone damage (causing catastrophic and 

expensive infrastructure damage); changes in pond water quality through localised flooding; 

high ambient temperatures; and high energy costs. While onshore algae production remains a 

potential option, extensive land-use planning requirements and upfront infrastructure and 

service costs remain a risk for financial investment. The option to develop an “algae 

production precinct”, with a minimum size of 5,000 hectares, has been identified as 

potentially viable, within which individual smaller scale ventures could operate (ARUP, 

2015).  

 

The report concludes that a greenfield development in marine based aquaculture in the 

Pilbara-Gascoyne region is not technically or economically viable at this point in time for a 

typical investor; however, where a potential investor has pre-existing infrastructure and 

expertise in place, aquaculture could be viable depending on the particular circumstances. 

Small to medium scale, land based aquaculture ventures could be considered viable, noting 

such projects have the potential to deliver significant dividends to the local community. 

 

The outcome of the project indicates that the Pilbara and Gascoyne have significant hurdles to 

overcome in the establishment of large-scale, greenfield aquaculture operations in the short-

term. If the hurdles can be overcome, however, the region presents opportunities for a range 

of species and locations.  
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1 INTRODUCTION 

 

Globally the fastest-growing food production sector, aquaculture is set to overtake capture 

fisheries as the major source of seafood and projected to rise to provide 62 per cent of global 

seafood by 2030 (FAO, 2013). In that global context, the growth of the aquaculture industry is 

internationally recognised as a both a significant investment opportunity and a requirement to 

secure food availability for the growing population.  

 

The Pilbara Development Commission (PDC), Gascoyne Development Commission (GDC) 

and the Western Australian Government have recognised the potential for aquaculture growth 

and diversity in regional WA as an opportunity for regional diversity and growth.
1
 The 

overarching biological attributes of the Pilbara and Gascoyne regions are considered suitable 

for the production of a range of algal, finfish, crustacean and mollusc species. These attributes 

include a pristine marine environment, significant groundwater resources and large areas of 

relatively unpopulated land.  

 

To investigate whether the biological attributes translate into the Pilbara-Gascoyne region 

being suitable for viable large-scale commercial scale aquaculture, the Department of 

Fisheries (the Department), as the lead WA Government agency for aquaculture in State 

waters, has undertaken a preliminary assessment of the technical and economic viability of 

aquaculture within the marine and terrestrial environment of the Gascoyne and Pilbara regions 

now and in the future. As an outcome of the Project, the Department has prepared this report, 

entitled The technical and economic viability of aquaculture within the marine and terrestrial 

environments of the Pilbara and Gascoyne regions: Report to the Pilbara Development 

Commission (PDC Report).  

 

1.1 Background and Objectives 

 

Historically, aquaculture ventures in the Pilbara-Gascoyne regions have largely been 

restricted to Pinctada maxima pearl farms, small land-based algae pilot farms (Muradel and 

Aurora Algae) and coral farms in the Karratha region.
2
 With the exception of the pearling 

industry, commercial scale aquaculture ventures have been largely unsuccessful. 

 

In light of the global push to expand aquaculture, and the commitment from the Western 

Australian Government, the Pilbara and Gascoyne regional development commissions have 

identified aquaculture as a potential significant future economic driver in these regions, with 

opportunities for significant local, national and international investment by 2050.  

 

To investigate this aspiration, the Pilbara-Gascoyne Aquaculture Development Project (the 

Project) was initiated in September 2015, with management and technical assistance from the 

Department. A Technical Advisory Group (TAG) was subsequently formed, which included 

                                                 
1
 Gascoyne Regional Development Blueprint, 2014; Pilbara Regional Development Blueprint, 2015; Blueprint 

for Marine Science, 2016. 
2
 The most significant long-term aquaculture success in WA is the pearling industry, which has developed over 

the past 40 years and produces the valuable south sea pearls and is based on the culture of the Pinctada maxima 

pearl oyster.   
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representation from the Department, the PDC, the Department of Regional Development and 

the Australian Centre for Applied Aquaculture Research (ACAAR).
3
   

 

The primary objective of the Project was to examine the technical and financial viability of 

the establishment of offshore and onshore aquaculture in the Pilbara and Gascoyne regions. 

This was to be achieved through:  

 identifying relevant past aquaculture studies for the region (including marine, coastal and 

inland areas with potential for commercial aquaculture development); 

 providing an overview for site selection criteria with specific relevance to inland, coastal 

and marine areas within the Pilbara and Gascoyne regions;  

 undertaking assessments on the suitability of a range of  “Areas of Interest” and “short 

listed” precinct  sites and those deemed to have potential for aquaculture in the 

Gascoyne-Pilbara region; 

 identifying generic aquaculture species and short listing those considered suitable for 

aquaculture in the Pilbara-Gascoyne region;  

 providing guidance on the types of aquaculture production systems compatible with the 

selected sites and species and likely to be suitable for use in the Pilbara-Gascoyne region;  

 presenting a matrix of site, species and production systems, with associated planning  and 

environmental considerations and management requirements; 

 undertaking a market analysis of potentially viable aquaculture species; and 

 undertaking financial projections and investment feasibilities for  marine and land based 

aquaculture ventures in the Pilbara-Gascoyne region.  

 

A summary of information about the legislative and statutory and approval processes for 

aquaculture in WA is provided as Attachment 5 to this report.  

 

It should be emphasised that the technical and economic feasibility components of both off 

and onshore aquaculture are critical drivers for future aquaculture investment and planning for 

in the Pilbara-Gascoyne region.
4
  

 

The Project excludes consideration of the south sea pearling industry and, in respect of oyster 

species, focuses on the so-called “non-P. maxima” oysters. 

 

1.2 Previous Studies 

 

In 2002 and 2004, the Department undertook preliminary assessments of land-based coastal 

sites that were considered to have potential for marine aquaculture development in WA. The 

results of this work are reflected in the following: 

 

1. Site Assessment for Land-based, Temperate Marine Aquaculture, from Shark Bay to 

South Australian Border, Western Australia (Department of Fisheries 2002) 

 

                                                 
3
 Mr Russell Barnett of Australian Venture Capital Pty Ltd was initially a member of the TAG, but he 

subsequently notified the TAG Chair that he had tendered for a project and been commissioned to undertake 

another project that could be perceived as being a conflict with respect to performing his role on the TAG; 

consequently, he tendered his resignation from that committee. 
4
 In this context, “technical” refers to technology, biochemical and biophysical parameters and includes the 

management of external environmental factors such as extreme weather events and naturally occurring heavy 

metal bioaccumulation. 
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2. Identification and Evaluation of Sites for the Development of Large-Scale, Land-Based 

Marine Aquaculture in Western Australia( Department of Fisheries 2004) 

 

These reports concluded there were some potential sites worthy of more detailed evaluation in 

the Pilbara-Gascoyne regions.  

 

 

2 SITE SELECTION 

 

2.1 Generic Aquaculture Site Selection criteria 

 

Sites deemed suitable for aquaculture rarely satisfy all the selection criteria equally; therefore, 

variables are commonly assessed within a risk framework and according to their relative 

importance. Optimal sites typically satisfy the biological requirements of the species and the 

operational and financial requirements of the operator; and have viable economic set-up and 

operational costs. 

 

Any site selection process must be based on realistic criteria that recognise the relationship 

between site features and project costs and, hence, commercial viability. These criteria can be 

used to prioritise sites for more detailed analysis. 

 

Criteria used to select sites for commercial aquaculture generally consider a range of physical, 

biological, ecological, financial, social and legal factors. Some general principles that 

determine site selection include:  

 physical location (inland, coastal or offshore); 

 water requirements (fresh, marine or brackish water); 

 water flow rates or, in marine sites, currents and tides;  

 physical site conditions (noting that the design of specific production systems can reduce 

the importance of some physical site features; 

 physical infrastructure requirements (aquaculture operations in exposed open ocean 

areas, for example, can be expensive to set up and operate; 

 water supply, discharge and treatment costs (capital and operating) for land based sites; 

and 

 costs of services and access infrastructure in remote sites. 

 

For the purposes of this PDC Report, specific criteria have been used to identify and select 

aquaculture sites in inland, coastal and marine areas of the Pilbara-Gascoyne regions.  

 

2.2 Pilbara-Gascoyne site selection criteria 

 

The assessment of sites with potential for aquaculture (“prospective sites”) in the Pilbara-

Gascoyne regions was undertaken through the process set out below. 

 

Identification of potential Areas of Interest 

 

 Review of all available geospatial (GIS) information using a Multi-Criteria Evaluation 

(MCE) technique. This included the assessment of:  

 Onshore data – topography; surface and groundwater resources; vegetation; geology; 

cultural features; townships; ports and boat launching ramps; land-based 
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infrastructure including boat launching facilities, roads or tracks, water storage and, 

or, pipelines); land  ownership (e.g. private or Crown land, terrestrial reserves); and 

 Offshore data – marine bathymetry; benthic habitat; vesting (e.g. port waters, marine 

reserves); cultural sites (ship wrecks); currents. 

 

All land-based Nature Reserves, National Parks and Conservation Parks declared under 

the Conservation and Land Management Act 1984 were eliminated for further 

consideration on the basis that approval for commercial aquaculture was unlikely to be 

considered an acceptable land use. Areas within the marine environment adjacent to 

marine reserves or within general use areas of marine parks were considered as 

aquaculture is specified as a “permitted activity” in those areas.  

 

 Identification of potential Areas of Interest (AoI), based on documented  physical and 

biological site attributes for large scale aquaculture; for example, offshore production of 

marine finfish (AoI Offshore); nearshore production of shellfish species (AoI Near 

shore);  on-shore production of other commercially valuable species at coastal locations 

(AoI Onshore); and inland ( (AoI Inland). This approach assisted in providing a starting 

point for considering more technical site requirements, opportunities for co-investment 

(for example, with aquaculture and other related industries) and proximity to existing 

infrastructure.  

 

A set of primary criteria was prepared for each of the four AoI aquaculture categories 

(Tables 1, 4, 7 and 10). 

 

Secondary criteria were then applied to refine AoIs to discrete patches of water, to assist 

in determining and comparing sites with potential for species-specific aquaculture (for 

example, finfish and shellfish cultivation) and address economic, environmental and 

social requirements (Tables 2, 5, 8 and 11). 

 

 For each AoI, identification of potentially suitable fish species and production systems, 

noting site specific environmental factors that may influence any environmental 

approvals process; for example, proximity to a marine park. These are identified in 

Section 2.3. 

 

Identification of prospective aquaculture sites  

 

The identification of sites with potential for aquaculture development included consideration 

of advice contained in the following reports: 

 

 Australian Venture Consultants Pty Ltd (2016a) Aquaculture prospects – finfish species 

– A study of the commercial feasibility of aquaculture on the Pilbara and Gascoyne 

regions using a finfish species. 

 

 Australian Venture Consultants Pty Ltd (2016b) Edible Oyster Aquaculture in the Pilbara 

and Gascoyne Regions of Western Australia – a preliminary feasibility assessment. 

 

These reports are included in full as attachments to this report (Attachments 1 – 2). 

Prospective aquaculture sites are identified in Section 2.4. 
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2.3 Potential Areas of Interest 

 

The above approach resulted in the identification of four offshore sites (Table 3, Figure 1); 

five nearshore sites (Table 6, Figure 2); 10 onshore sites (Table 9 and Figure 3); and nine 

inland sites (Table 12, Figure 4). 

 

Should a decision be made to proceed with more detailed consideration of any these sites for 

aquaculture, an additional (tertiary phase) should be conducted that includes a comprehensive 

economic analysis based on an on-site evaluation to identify and quantify finer-scale 

attributes, including localised data and qualitative and quantitative information.  

 

2.4 Prospective aquaculture sites identified by external consultants 

 

Sites suitable for finfish 

 

AVC (July 2016a) identified two prospective sites for marine finfish production; namely: 

 

 Zone 1: sheltered waters of Shark Bay and the coastline around Carnarvon, on the 

Gascoyne Coast; and 

 Zone 2: Coastal waters between North West Cape and Onslow. 

 

Sites suitable for oysters 

 

AVC (2016b) identified one prospective site for edible oysters: 

 

 Cluster 1A – North East off Miaboolya beach 

 

Sites suitable for algae  

 

Algae farms are dependent on the availability of relatively large areas of low-cost, flat, 

unvegetated land over unpolluted soils potentially easy to excavate, with access to power and 

established roads. Constraints can include Native Title interests, terrestrial reserves, oil and 

gas land use requirements, tourism and pastoral lease activity. An additional constraint for 

semi-intensive or extensive land-based production is the very high rate of evaporation 

characteristic of the northwest and the requirement for high volumes of low-cost fresh water 

for dilution.  

 

Six prospective sites for land based algae farm sites were identified by ARUP (2015); namely: 

 Port Hedland North 

 Port Hedland South 

 Port Hedland East 

 Onslow SE Ashburton River 

 Onslow NW Cane River 

 Devil creek 
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3 SPECIES SELECTION  

 

3.1 Species Selection Criteria 

 

Commercially successful aquaculture businesses select species that are compatible with the 

environmental features of a site, able to be effectively produced to meet market demand and 

can be transported in a cost effective method to market. Financial and management 

requirements of the operator and access to and the availability and understanding of 

appropriate culture technology are also important.  

 

Table 13 provides a summary of potentially suitable aquaculture species for the Pilbara 

Gascoyne region.  

 

3.2 Prospective Species for the Pilbara-Gascoyne region 

 

For the purpose of this Project, the TAG identified the species set out below as having 

potential for commercial aquaculture development. The identification process included 

detailed consideration of desk-top information, technical advice from aquaculture experts, 

existing known environmental parameters and consistency with species selection criteria 

(including production efficiency).  

 

Finfish  

 

AVC was directed to focus on the following species (AVCa). 

 

 Yellowfin tuna (Thunnus albacares); noting there is no consistent, recorded hatchery 

breeding success and the species is known to be fast moving, nervous and easily injured 

when confined by tanks and sea cages. 

 

 Greater amberjack (Seriola dumerili); noting there has been hatchery success in the 

Mediterranean with high post-hatchery survival, suggesting some potential for sea-cage 

aquaculture. The species is considered to have the best potential technical and economic 

viability, particularly in respect of hatchery supply of juveniles and behaviour 

characteristics for sea cage production. 

 

 Mahi mahi (Coryphaena hippurus); noting this is a large, fast-growing and aggressive 

species that necessarily requires significant infrastructure for grow out and, like 

yellowfin tuna, is prone to injury when confined.   

 

Oysters  

 

AVC was directed to focus on oyster species the TAG determined most likely to satisfy the 

selection criteria (AVCb). The oyster subspecies Saccostrea cucullata was recommended, 

noting that: 

 S. cucullata is a naturally occurring, native oyster species that which has been well 

studied and has a history of cultivation in Australia; 

 significant aquaculture expertise for the species is available within the scientific and 

commercial community in Australia; 

 growth patterns, mortality causes, water quality requirements and tolerances and 

commercial potential are well understood (albeit east-coast specific); and  
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 there is an existing national and international market for similar oyster species (the 

Sydney rock oyster). 

 

Algae  

 

Algae have been successfully grown in the region, where some climatic features provide 

weather conditions suitable for large-scale, land-based, open pond production. Products from 

marine algae with market potential are mainly biofuel, health and pharmaceutical products, 

such as omega-3 lipids, and protein biomass that can be used as feedstock (Worley Parsons, 

2012). Algae are typically produced in a series of land-based raceway ponds with liquid 

carbon dioxide infusion (ARUP, 2015) and use of saline (sea) water. It has been noted, 

however, that some favourable climate conditions are offset by the high evaporation rate, 

which necessitates the introduction of large volumes of fresh water to maintain the salinity 

within an acceptable range. The cost of providing that fresh water has proved prohibitive to 

large-scale commercial projects in the past.  

 

 

4 PRODUCTION SYSTEMS 

 

4.1 Overview 

 

Whether marine or land-based, aquaculture production systems are generally categorised 

according to the level of management intensity.  

 

Intensive systems typically use tanks, raceways and, or, sea cages. The stock densities in these 

systems are relatively high, so they rely on high levels of husbandry, specified monitoring and 

management requirements with inputs and output control and access to infrastructure (such as 

ports, boats, roads and airports) to ensure ready access to market. The capital and operating 

costs of intensive systems are typically high.  

 

Semi-intensive production systems are normally land-based and undertaken in ponds and 

impoundments with stock held at medium densities. These systems often have lower input 

levels (for example, supplementary rather than primary feeding). 

 

Extensive systems are usually used for lower-value species, which are cultured at low 

densities. System inputs (such as feeding) in extensive systems are generally low to non-

existent.  

 

4.2 Land and marine aquaculture production systems 

 

A range of contemporary aquaculture production systems exists and the selection of any 

particular one is determined by range of key factors including: 

 location; 

 management intensity; 

 species; 

 scale; and  

 integration (vertically, within the individual production system; and horizontally, with 

related industries that provide feeds and marketing or transport). 
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Land-based and marine production systems can be constrained by a range of site specific and 

generic considerations. Generic considerations pertinent to both include: 

 Native Title requirements including Indigenous Land use Agreements (ILUAs);  

 impact on existing users (such as commercial and recreational  fishing; ports; tourism; and 

resource projects); 

 proximity to protected areas, reserves or environmentally sensitive areas (for example 

marine and terrestrial reserves, Shark Bay World Heritage Area); 

 presence of threatened or endangered ecological marine or terrestrial communities as 

listed under WA and Commonwealth legislation; and  

 presence of threatened or endangered plant or animal species as listed under WA and 

Commonwealth legislation. 

 

4.3 Sites, Species and Production Systems for the Pilbara-Gascoyne Region 

 

In view of the extreme environmental conditions and high-cost production environment, any 

prospective aquaculture project would necessarily involve a sound understanding of the risks 

involved, the technological capacities of production systems and the availability of 

experienced, professional knowledge of management practices to achieve commercial 

success. 

 

Notwithstanding the above, aquaculture ventures in the Pilbara-Gascoyne region are 

potentially able to utilise a variety of production systems, subject to site specific constraints.  

 

Tables 14 and 15 provide a matrix of the marine and land- based production systems 

considered suitable for commercial aquaculture production in the Pilbara-Gascoyne region. 

The matrix includes: 

 a technical description of the production system; 

 overview of potential advantages and opportunities associated with the production system; 

 planning and environmental considerations; and 

 anticipated capital investment requirements.  

 

 

5 MARKET ANALYSIS 

 

AVC undertook a market analysis of the viability of marine aquaculture in the Pilbara-

Gascoyne region, focusing on edible oysters, yellowfin tuna, amberjack and mahi mahi 

(AVC, 2016c). The following synopsis is based on information in the AVC study reports. 

 

Edible oysters 

 

Ninety-seven per cent of worldwide oyster production is from aquaculture, with Australia 

producing the highest average value per tonne. Seventy per cent of Australian oyster 

production is Pacific oyster, and less than one per cent Sydney rock oyster, mainly for the 

domestic market. AVC also identified potential for Australian-produced edible oysters to take 

a greater presence in the Asian market, based on Australia’s reputation for clear, pristine 

marine waters. This could potentially include the Western rock oyster, which is native to WA 

and genetically and morphologically similar to the Sydney rock oyster.  

 

The production and export of edible oysters is constrained by a number of factors which 

include: 
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 limited shelf life (and hence complex transport requirements); 

 biosecurity risks (for example, the recent Pacific Oyster Mortality Syndrome (POMS) 

disease outbreak on the east coast); 

 complex quarantine and export requirements;  

 trade tariffs;  

 relatively high production costs; and  

 highly regionalised effort (increasing transport costs).   

 

Finfish: yellowfin tuna 

 

For yellowfin tuna, 99.9 per cent of global supply is from the wild capture fishery, with Spain 

being the largest exporter and the USA the largest importer. All products are exported frozen. 

There is very little tuna aquaculture world-wide (but noting the significant southern bluefin 

tuna aquaculture sector in South Australia), with Mexico the only country attempting it on 

any commercial scale, using purse-seine-caught juveniles for grow-out in sea cages.  

 

While there is strong demand in the global market, there are constraints for the aquaculture of 

yellowfin tuna, including: 

 the difficulty of the hatchery stage, undeveloped technology and consequently limited 

hatchery success; 

 the difficulty of catching wild juveniles; and  

 complex production systems, requiring very large grow-out cages as the fish are easily 

damaged by confinement in hatchery tanks and sea cages. 

 

Finfish: amberjack 

 

Twelve per cent of the global production of amberjack is from aquaculture, with Japan being 

the major producer. Most wild-caught and all cultured products are consumed in the country 

of origin. There is a well-documented aquaculture production history for amberjack and the 

product is subject to increasing demand and relatively high market prices. Amberjack sells 

particularly well in traditional Asian fish markets and, interestingly, Japanese consumers 

consider the fish produced by aquaculture to be better quality than wild-caught fish. 

 

While there may be marketing challenges associated with lack of provenance (established 

source), a small domestic market and intense competition from domestic products in targeted 

export markets, there is some potential for greater amberjack aquaculture in the Pilbara-

Gascoyne region. 

 

Finfish: mahi mahi 

 

All production of mahi mahi is wild caught, mostly in Central America. There has been some 

limited success with aquaculture of the species, but at present there is no mahi mahi 

aquaculture anywhere in the world and the domestic and international markets are limited. For 

these reasons, mahi mahi should be considered a low commercial option for aquaculture 

production. 

 

Conclusions 

 

The studies indicate that aquaculture of edible oysters, yellowfin tuna, amberjack and mahi 

mahi would all require significant capital investment to establish a viable aquaculture 
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presence and build domestic and international market demand. These high capital costs, 

combined with high operational and transport costs, result in these aquaculture opportunities 

having limited financial feasibility in the short and long term under a single market entry 

(greenfield) strategy. Alternative market entry strategies such as joint venture or product 

diversification may prove feasible. In a region where substantial infrastructure and resources 

already exists (including ports, barges, boats and skilled labour), a scenario whereby an 

existing regional operator proposes to branch out into aquaculture using its existing assets is 

more plausible (although perhaps harder to model for an economic study). 

 

 

6 ECONOMIC VIABILITY AND FINANCIAL PROJECTIONS  

 

An economic and financial analysis was undertaken to determine the viability of aquaculture 

in the Pilbara-Gascoyne region. The analysis utilised a single base-line model of a greenfield 

edible oyster and generic marine finfish site. The result of this analysis shows that aquaculture 

in region presents certain challenges, which are set out below – 

 

 Lack of established market reputation (provenance). 

 

 Lack of detailed benthic habitat and oceanography data for marine habitat. 

 

 High R&D costs associated with hatchery and nursery requirements, in particular for 

finfish species. 

 

 Consultation (social impact assessment) with existing user groups (including Native Title, 

Aboriginal heritage, ecotourism operators, commercial fishers and the resources industry). 

 

 Potential environmental impact assessment requirements, noting proximity to areas with 

identified high environmental value (Shark Bay World Heritage Area and State marine 

reserves). 

 

 High capital investment associated with the establishment of onshore infrastructure for 

prospective finfish, oyster and algae production. 

 

 Establishment and on-going costs associated with a reliable connection to essential 

services (including power and water). 

 

 Management of significant risks presented by the maintenance of off shore, near shore and 

on-shore aquaculture (including potential insurance costs). 

 

 Remediation of damage to onshore and offshore infrastructure caused by cyclonic activity. 

 

 Management of naturally occurring bioaccumulation of heavy metals (such as cadmium) 

for oyster aquaculture. 

  

 Limited established aquaculture expertise in the region. 

 

 High ongoing operational costs (including on-site management presence, feed supply, 

electricity, biosecurity, translocation and fish health). 
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  A location generally remote from national and international markets (road, air and sea). 

 

 Intense competition for already-established markets elsewhere in Australia and the world. 

 

Economic assessments have been undertaken for three finfish species (AVCa) and oysters 

(AVCb); however, it is important to note that: 

 the economic and feasibility studies were conducted based on a greenfield site scenario.  

 the capital investment and operating expenditure assumptions are optimistically low; and 

 the projected rapid rate of the project up-scale to achieve timely economic viability is 

unrealistic.  

 

These factors, in addition to the above challenges and in particular the overriding 

vulnerability of the region to frequent and severe cyclone related weather, make the Pilbara-

Gascoyne region unlikely to be competitive with other regions for the greenfield 

establishment of marine finfish farming and costly and problematic for onshore aquaculture 

(AVCc). 

 

It is recognised, however, that the analysis did not investigate alternative business models, 

such as cooperatives, joint ventures (including with Aboriginal Corporations), use of existing 

common-use infrastructure and investors with existing equipment and infrastructure seeking 

to diversify their businesses. The incorporation of these elements could be expected to change 

the viability of aquaculture operations in the Pilbara in some circumstances. 

 

 

7 PILBARA-GASCOYNE REGION SITE ASSESSMENT 

 

The Department has undertaken an assessment of all relevant factors to assist in 

understanding the technical and economic viability of aquaculture within the marine and 

terrestrial environments of the Gascoyne-Pilbara regions. These assessments included: 

 AoIs and specific site recommendations (presented in Section 2 of this report); 

 potential aquaculture species (presented in Section 3);  

 potential aquaculture systems (presented in Section 4);  

 potential environmental and planning constraints (presented in Section 5); and  

 market demand and economic viability (presented in Sections 6 and 7).  

 

A risk assessment has been prepared based on consideration of these factors (Table 16). 

 

 

8 SUMMARY OF FINDINGS 

 

The key findings of this report are based on assessments of the feasibility of the selected 

aquaculture species at potential sites within the Pilbara-Gascoyne region. 

 

The site selection process used selection criteria agreed by the TAG to identify areas that best 

satisfied those criteria. The locations subject to the process included offshore, land-based 

coastal and inland areas. 

 

The selection process for marine finfish was based on a species that the TAG considered 

representative of the various species that would be the most likely to be cultured in the 

Pilbara-Gascoyne region, taking into account the key selection factors of spawning capability, 
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growth rate, food conversion efficiency and knowledge of culture technology (current and 

likely to be developed in the future). The selected species was the greater amberjack. The 

TAG agreed the marine shellfish species most likely for aquaculture would be the Western 

rock oyster.  

 

The Department commissioned AVC to undertake a preliminary assessment of the likely 

economic and technical viability of establishing marine aquaculture operations on the Pilbara-

Gascoyne region based on the production of identified species of marine shellfish and edible 

oysters. The analysis process undertaken by AVC confirmed the finfish and shellfish as 

outlined above offered the best prospects for aquaculture in the region, then selected the sites 

considered most suitable for the establishment of relevant production systems. AVC then 

developed financial models that demonstrated the financial dynamics associated with the 

establishment and operation of those projects at various production scales. 

 

The findings of these studies were provided in the following three reports: 

 

 Australian Venture Consultants (2016) Edible Oyster Aquaculture in the Pilbara and 

Gascoyne Regions of Western Australia: A Preliminary Feasibility Assessment; 

 Australian Venture Consultants (2016) Marine Finfish Aquaculture: A Study of the 

Commercial Feasibility of Aquaculture in the Pilbara-Gascoyne Regions Using a Finfish 

Species; and 

 Australian Venture Consultants (2016) Pilbara Aquaculture Studies: Market Analysis – 

edible oysters, yellowfin tuna, amberjack and mahi mahi 

 

Based on analysis of the financial modelling for a greenfield site scenario and other evidence 

provided in the above three reports, AVC (2016c) concluded that “the evidence contained in 

the analysis overwhelmingly supports the conclusion that marine based aquaculture in the 

Pilbara-Gascoyne Region is at best unlikely to be competitive with other viable locations, and 

at worst economically not feasible”, citing the following reasons. 

 

Adverse environmental conditions 

 

The coastline of the Pilbara-Gascoyne region is subject to frequent and severe tropical 

cyclone activity. These tropical storms create strong winds, currents, waves, tides and storm 

surges which can cause or lead to the following – 

 

 Catastrophic damage to production systems and land-based infrastructure, as well as 

stock losses. While engineering solutions (such as submersible systems) can technically 

be deployed to mitigate (but not remove) the risk, this approach would add to already 

significant upfront capital and ongoing operating costs. 

 

 Before, during and after tropical storm events, denial of site access for safety reasons is 

typical for a period of up to 15 days. During this period, the inability to service the 

operation, particularly during critical operating procedure windows, can result in higher 

costs, poor quality product and stock losses. While some risks can be mitigated through 

automation, this again requires significant additional capital cost and would not 

adequately mitigate the risk. 

 

 Severe disturbance and mixing of the water column, benthic environment and freshwater 

from rainfall, leading to dramatic changes in water quality and composition at the 
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production site, which can cause significant fish health issues.  Such activity combined 

with typically high levels of solar radiation can also lead to algal blooms and subsequent 

deoxygenation of marine waters in localised areas, again with fish health implications 

for static sea cage and near shore rack infrastructure. 

 

Bio-accumulation 

 

Heavy metals are present along the Pilbara-Gascoyne coast as a result of high concentrations 

of iron oxide “fines” in the water column. These metals combine with naturally occurring 

cadmium in the waters and can create the localised bioaccumulation of heavy metals such as 

cadmium. As filter feeders, oysters native to the region accumulate high concentrations of 

heavy metals, recorded as well above recommended levels for human consumption (AVCb). 

As a consequence, the aquaculture of oysters in the region is rendered potentially unviable on 

the basis of risk to human health following consumption.  

 

It has been suggested that, while naturally-occurring oysters have high heavy metal counts, 

fast-growing species such as black lip oysters (S. echinata) could potentially be farmed as 

they would not have time to accumulate such high levels. AVC assessed this species and 

noted it requires hard substrate; is intolerant to variable water quality; has a low spat survival 

rate (over 80% mortality through disease and predation) and there is limited information on 

grow-out. It was not considered a viable candidate species for aquaculture at this stage due to 

variable growth rate, high mortality and dependence on warmer water for high growth rate. In 

the future, these issues could be addressed by research and development; however, the 

perception, justified or otherwise, of bioaccumulation of heavy metals present in the 

environment would continue to be considered a high risk. 

 

Water-use conflicts 

 

A range of marine user groups exists in the region, with each group having a direct interest in 

the ongoing use of the near and off shore marine waters. These include ecotourism operators, 

marine conservation groups, commercial and recreational fishers, the resource industry, and 

Aboriginal Native Title holders.  

 

Limited marketing leverage 

 

Carnarvon, Exmouth and Shark Bay have an established wild-catch seafood reputation in the 

WA seafood market, but they are not established as a national or international seafood 

source. A significant investment in building a brand would be required to penetrate those 

markets. 

 

Strong competition 

 

There is strong competition in already established national and international markets for the 

species selected. 

 

Poor economics 

 

Any greenfield aquaculture development will require a significant up-front capital investment, 

high, ongoing operating costs as a consequence of the remote nature, and experience frequent 

and extreme adverse weather conditions. These factors render the region economically un-
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competitive with other regions for the greenfield establishment of marine finfish farming and 

intensely costly and problematic for onshore aquaculture. 

 

 

9 CONCLUSIONS 

 

Large-scale aquaculture projects established in the Pilbara-Gascoyne regions would be 

exposed to high levels of risk from natural events and factors such as destructive tropical 

storms, potential contamination by heavy metals and environmental conditions.  

 

Even if some of the risks can be overcome with technology, the capital and operating costs 

associated with aquaculture businesses in the Pilbara-Gascoyne regions are such that there are 

potentially more attractive locations along the WA coast, to establish marine aquaculture 

operations to produce the species identified. It is highly likely that operations based on any 

other selected species in the Pilbara-Gascoyne region would face the same challenges as those 

identified and analysed. 

 

Collectively, the factors set out above indicate that any proposal to establish a large scale 

greenfield marine aquaculture operation in the Pilbara-Gascoyne region would struggle to 

pass a high level due diligence assessment and many of the drawbacks are unavoidable 

(although can possibly be mitigated against as technology improves).  

 

Land-based aquaculture operations in the Pilbara-Gascoyne region face additional challenges, 

including vulnerability to tropical cyclone damage (causing catastrophic and expensive 

infrastructure damage); changes in pond water quality through localised flooding; high 

ambient temperatures; and high energy costs. While onshore algae production remains as a 

potential option, extensive land use planning requirements and upfront infrastructure and 

service costs remain a risk for financial investment. The option to develop an “algae 

production precinct”, with a minimum size of 5,000 hectares, within which individual smaller 

scale ventures could operate, has been identified as potentially viable (ARUP, 2015).  

 

The report concludes that a large scale greenfield scenario marine based aquaculture operation 

in the Pilbara-Gascoyne region is not economically viable at this point in time. Opportunities 

may be present where investment has already been made in infrastructure. Small to medium 

scale, land based aquaculture ventures could be considered viable, noting such projects have 

the potential to deliver significant dividends to the local community.  
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ATTACHMENTS – TABLES 
Table 1: Offshore Areas of Interest – primary criteria 
 
FACTOR PRIMARY CRITERIA FOR OFFSHORE AOI 

Location Within WA (state/coastal waters) 

International shipping routes Avoid 

Marine Conservation Reserves Within  general use zones 

Proximity of population centre < 110 km (54 NM) to population centre of > 1000 residents 

Shelter  Areas lies to the North-East of an island, sand bank or reef at 
< 10 m depth 

Access < 46 km (25 NM) to a dock/wharf 

Transport < 65 km (35 NM) to an airstrip 

Area > 500 ha 

Pollution Buffer 10 km around the major river outflow 

Water depth Between 20 m to 50 m 

Benthic habitat Buffer 500 m around benthic community habitats e.g. coral 
reef/seagrass dominated) 

Megafauna Avoid Biologically Important Areas in the North-west Marine 
Region 

Historically significant sites e.g. ship 
wrecks 

Buffer 1 km 

Oil and Gas Buffer around fields (1 km) and pipelines (500 m) 

Existing aquaculture and pearling 
sites 

> 100 m to existing sites 

Navigational aids > 100 m to navigational aids 

 
 
Table 2: Offshore Areas of Interest - Secondary criteria  
 
FACTOR SECONDARY CRITERIA FOR OFFSHORE SITES 

Location within WA (state/coastal waters) 

International shipping routes Avoid 

Marine Conservation Reserves Avoid Sanctuary, Recreation and Special purpose areas 
(exception of general use and unzoned areas) 

Proximity of population centre < 45 km (24 NM) to population centre of > 1000 residents 

Shelter  Areas lies to the North-East of an island, sand bank or reef at 
< 10 m depth 

Access < 50 km (27 NM) to a dock/wharf 

Transport < 50 km (27 NM) to an airstrip 

Area Between 500 ha and 1500 ha 

Pollution Buffer 10 km around the major river outflow 

Water depth Between 20 m to 50 m 

Benthic habitat Using available data, buffer 500 m around benthic community 
habitats e.g. coral reef/seagrass dominated) 

Historically significant sites e.g. ship 
wrecks 

Buffer 1 km 

Oil and Gas Buffer around fields (1 km) and pipelines (500 m) 

Existing aquaculture and pearling 
sites 

> 100 m to existing sites 

Navigational aids > 100 m to navigational aids 
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Table 3: Offshore Areas of Interest sites 
 
SITE 
NO. 

OFFSHORE SITE NAMES LOCATION AND MAIN FEATURE 

 
1 

 
Denham Sound  

   
  25°40'17.30"S 
113° 9'49.12"E 
Marine water with 20-50 meters of depth; ~42 to the North-
west of Denham. 

 
2 

Koks/Bernier    
  24°46'51.82"S 
113°14'56.68"E 
Marine water with 30-40 meters of depth; ~36 to the West of 
Carnarvon; and off the North of Bernier Island and Koks 
Island. 

 
3 

 
Point Murat-Murion 

 
  21°45'33.55"S 
114°18'10.84"E 
Marine water with 30-40 meters of depth; ~25 km of Exmouth; 
between Point Murat and the Murion Islands. 

 
4 

 
Thevenard 

 
  21°22'25.04"S 
114°53'5.67"E 
Marine water with 30-40 meters of depth; ~33 km of Onslow; 
and North West of Thevenard Island. 
 

 

 

Table 4: Nearshore Areas of Interest – Primary criteria 
 
FACTOR PRIMARY CRITERIA FOR NEARSHORE AOI 

Location within WA (state/coastal waters) 

Jurisdiction / Tenure Buffer 9km 

Marine Conservation Reserves Avoid Sanctuary, Recreation and Special purpose areas 
(exception of general use and unzoned areas) 

Proximity of population centre < 110 km (59 NM) to population centre of > 1000 residents 

Shelter  Areas lies to the North-East of an island, sand bank or reef at 
< 10 m depth 

Access < 30 km (16 NM) to a dock/wharf 

Transport < 50 km (27 NM) to an airstrip 

Area > 100 ha 

Pollution Buffer 10 km around the major river outflow 

Water depth Between 0 m to 10 m 

Benthic habitat Buffer 500 m around benthic community habitats of High 
Conservation Value e.g. coral reef/seagrass dominated) 

Historically significant sites e.g. ship 
wrecks 

Buffer 1 km 

Oil and Gas Buffer around fields (1 km) and pipelines (500 m) 

Existing aquaculture and pearling 
sites 

> 100 m to existing sites 

Navigational aids > 100 m to navigational aids 
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Table 5: Nearshore Areas of Interest - Secondary criteria  
 
FACTOR SECONDARY CRITERIA FOR NEARSHORE SITES 

Location within WA (state/coastal waters) 

Jurisdiction / Tenure Buffer 9km (5 NM) around pearl leases 

Marine Conservation Reserves Avoid Sanctuary, Recreation and Special purpose areas 
(exception of general use and unzoned areas) 

Proximity of population centre < 110 (59 NM) to population centre of > 1000 residents 

Shelter  Areas lies to the North-East of an island, sand bank or reef at 
< 10 m depth 

Access < 30 km (16 NM) to a dock/wharf 

Transport < 50 km (27 NM) to an airstrip 

Area > 100 ha 

Pollution Buffer 10 km around the major river outflow 

Water depth Between 0 m to 10 m 

Benthic habitat Buffer 500 m around benthic community habitats of High 
Conservation Value e.g. coral reef/seagrass dominated) 

Historically significant sites e.g. ship 
wrecks 

Buffer 1 km 

Oil and Gas Buffer around fields (1 km) and pipelines (500 m) 

Existing aquaculture and pearling 
sites 

> 100 m to existing sites 

Navigational aids > 100 m to navigational aids 
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Table 6: Near shore Areas of Interest sites 
 
SITE NO. SITE NAME LOCATION AND MAIN FEATURE 

 
1a 

 
Denham 

 
  25°56'59.78"S 
113°33'5.60"E 
Marine water with 0-10 meters of depth; ~2 km South of Denham. 

 
1b 

 
Denham 

 
  26°01'20.94"S 
113°33'53.25"E 
Marine water with 0-10 meters of depth; ~10 South of Denham. 

 
2a 

 
Monkey Mia 

 
  25°43'33.17"S 
113°42'39.71"E 
Marine water with 0-10 meters of depth; ~6 km to the East of 
Monkey Mia. 
 

 
2b 

 
Monkey Mia 

 
  25°40'11.57"S 
113°46'44.44"E 
Marine water with 0-10 meters of depth; 14 km to the North-east of 
Monkey Mia. 
 

 
2c 

 
Monkey Mia 

 
  25°40'52.08"S 
113°49'55.20"E 
Marine water with 0-10 meters of depth; ~6 to the 14 km and 15 
North-east of Monkey Mia. 
 

 
3a 

 
Carnarvon 

  24°45'23.62"S 
113°36'20.65"E 
Marine water with 0-10 meters of depth; 

 
3b 

 
Carnarvon 

 
  24°47'26.91"S 
113°31'4.97"E 
Marine water with 0-10 meters of depth; 

 
3c 

 
Carnarvon 

 
  24°54'57.57"S 
113°32'52.94"E 
Marine water with 0-10 meters of depth; 

 
4 

 
Coolgra Point  

 
  21°34'24.88"S 
115°17'24.30"E 
Marine water with 0-10 meters of depth; 

 
5 

 
Thevenard 

 
  21°28'0.56"S 
114°55'16.07"E 
Marine water with 0-10 meters of depth; 
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Table 7: On shore Areas of Interest – Primary criteria 
 
FACTOR PRIMARY CRITERIA FOR ONSHORE AOI 

Jurisdiction / Tenure Buffer 9km 

National Parks / Conservation 
Reserves 

Avoid Sanctuary, Recreation and Special purpose areas 
(exception of general use and unzoned areas) 

Marine Conservation Reserves Avoid areas within 2.5 km of coastline adjacent to Sanctuary, 
Recreation and Special purpose areas (exception of general 
use and unzoned areas) 

Proximity of population centre < 110 km (59 NM) to population centre of > 1000 residents 

Access < 10 km (16 NM) to sealed or primary unsealed road 

Transport < 50 km (27 NM) to an airstrip 

Area > 50 ha 

Proximity of the sea shore < 2.5 km 

Proximity of deep marine water 5m depth < 3.5 km 

Environmentally significant sites Avoid sites adjacent to habitats of high conservation value 
e.g. coral reef/seagrass dominated) 

 
Table 8: On shore Areas of Interest – Secondary criteria 
 
FACTOR SECONDARY CRITERIA FOR ONSHORE SITES 

Jurisdiction / Tenure Buffer 9km 

National Parks / Conservation 
Reserves 

Avoid areas of elevated conservation value e.g. National 
Parks, or those reserved for other industries, e.g. Pastoral 
leases 

Marine Conservation Reserves Avoid areas within 2.5 km of coastline adjacent to Sanctuary, 
Recreation and Special purpose areas (exception of general 
use and unzoned areas) 

Proximity of population centre < 80 km (43 NM) to population centre of > 1000 residents 

Access < 10 km (16 NM) to sealed or primary unsealed road 

Transport < 50 km (27 NM) to an airstrip 

Area > 50 ha 

Proximity of the sea shore < 2.5 km 

Proximity of deep marine water 5m depth < 2 km 

Environmentally significant sites Avoid sites adjacent to habitats of high conservation value 
e.g. coral reef/seagrass dominated) 
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Table 9: Onshore Areas of Interest sites 

SITE NO. SITE NAME LOCATION AND MAIN FEATURE 

1 Wapet Jetty   22° 13.382' S 
114° 05.965' E 
Crown Allotment site (89 ha) 
Crown Allotment site (92 ha) 
~30 km South of Exmouth. 
 

2 Mowbowra Creek   22° 13.382' S 
114° 05.965' E 
Unallocated Crown Land site (304 ha) 
~5 km South of Exmouth. 
 

3 Mowbowra Well     21° 59.400' S 
114° 06.720' E 
Unallocated Crown Land site (637 ha) 
~5 km South of Exmouth. 
 

4 West Exmouth     21° 57.302' S 
114° 07.147' E 
Unallocated Crown Land site (272 ha) 
~2 km South of Exmouth. 
 

5 Lighthouse Bay   21° 48.723' S 
114° 07.453' E 
Unallocated Crown Land site (3,497 ha) 
~14 km North of Exmouth. 
 

6 Lighthouse Hill   21° 49.481' S 
114° 06.375' E 
Crown Allotment and Unallocated Crown Land site (83 ha) 
~13 km North of Exmouth. 
   

7 Pap Hill   21° 49.730' S 
114° 05.031' E 
Crown Allotment and Unallocated Crown Land site (1,254 ha) 
~13 km North-West of Exmouth. 
 

8 Torpedo Bay   21° 50.923' S 
114° 03.140' E 
Unallocated Crown Land site (244 ha) 
~12 km North-West of Exmouth. 
 

9 Tantabiddi   21° 53.728' S 
114° 01.671' E 
Unallocated Crown Land site (15,464 ha) 
~11 km West-Northwest of Exmouth. 
 

10 Jurabi Point   21° 53.472' S 
114° 00.422' E 
Unallocated Crown Land site (143 ha) 
~13 km West-Northwest of Exmouth 
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Table 10: Inland Areas of Interest – primary criteria 
 
FACTOR PRIMARY CRITERIA FOR INLAND AOI 

Jurisdiction / Tenure Freehold of unallocated crown land 

National Parks / Conservation 
Reserves 

Avoid Sanctuary, Recreation and Special purpose areas 
(exception of general use and unzoned areas) 

Proximity of population centre < 110 km (59 NM) to population centre of > 1000 residents 

Access < 10 km (16 NM) to sealed or primary unsealed road 

Transport < 40 km (22 NM) to an airstrip 

Area > 50 ha 

Proximity of a water source < 2 km 

Environmentally significant sites Avoid sites adjacent to habitats of high conservation value 
e.g. coral reef/seagrass dominated) 

 
 
 
Table 11  : Inland Areas of Interest – secondary criteria 
 
FACTOR SECONDARY CRITERIA FOR INLAND SITES 

Jurisdiction / Tenure Freehold of unallocated crown land 

National Parks / Conservation 
Reserves 

Avoid Sanctuary, Recreation and Special purpose areas 
(exception of general use and unzoned areas) 

Proximity of population centre < 80 km (43 NM) to population centre of > 1000 residents 

Access < 5 km (3 NM) to sealed or primary unsealed road 

Transport < 40 km (22 NM) to an airstrip 

Area > 50 ha 

Proximity of a water source < 1 km 

Environmentally significant sites Avoid sites adjacent to habitats of high conservation value 
e.g. coral reef/seagrass dominated) 
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Table 12 : Inland Areas of Interest – Sites 
  

SITE NO. SITE NAME LOCATION AND MAIN FEATURE 

1 Carnarvon Within 20 km of Carnarvon 
7 Crown Allotment sites 
4 Unallocated Crown Land sites 
 
Between 20-50 km from Carnarvon 
3 Crown Allotment sites 
 

2 Exmouth Within 20 km of Exmouth 
4 Crown Allotment sites 
2 Unallocated Crown Land sites 
 

3 Wapet Jetty Within 10 km of Wapet Jetty 
7 Crown Allotment sites  
~30 km South of Exmouth. 
 

4 Onslow Within 10 km of Onslow 
1 Crown Allotment site (529 ha) 
 

5 McCann Well   21° 53.700' S 
115° 09.880' E 
1 Crown Allotment site (3,493 ha) 
~30 km South of Onslow 
 

6 Karratha Within 10 km of Karratha 
1 Crown Allotment site (2,384 
1 Unallocated Crown Land site (67 ha) 
 

7 Roebourne Within 10 km of Roebourne 
2 Crown Allotment sites 
2 Unallocated Crown Land sites 
 

8 Port Hedland Within 30 km of Port Hedland 
3 Crown Allotment sites 
13 Unallocated Crown Land sites 
 

9 Tom Price Within 80 km of Tom Price 
4 Unallocated Crown Land sites 
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Table 13: Species potentially suitable for aquaculture in the Pilbara Gascoyne region 
 
SPECIES CULTURE TECHNOLOGY  PRODUCTION EFFICIENCY (production costs vs 

revenues) 
MARKETING 

Yellowfin tuna 
(Thunnus 
albacares) 
A marine species 

Intensive culture in sea cages. No tuna species, 
including yellowfin, have been cultured 
successfully at a full commercial scale and the 
requisite technology has yet to be developed and 
commercialised. Where similar species such as 
southern bluefin tuna are grown, the technology 
used is better described as “fattening” rather 
than aquaculture. Additional R&D is required for 
tuna aquaculture to succeed. Tunas are ram 
ventilators that have to keep moving to 
oxygenate their gills and, in common with several 
other epipelagic species, they are fast swimmers 
and can injure themselves by ramming into the 
side of the enclosure (tank or cage). In recent 
years, a great deal has been learned about 
handling and keeping tuna, particularly southern 
bluefin, and these lessons will likely be able to be 
applied to yellowfin in the future. For an 
Australian industry to develop a hatchery-based 
yellowfin tuna aquaculture capability, it must first 
develop the capability to capture and successfully 
transport broodstock tuna back to the hatchery. 
Over the past 20 years, broodstock capture and 
handling techniques have been refined. In 
Panama, where a hatchery has successfully 
reared juvenile yellowfin from eggs spawned in 
captivity. Work conducted to date has 
demonstrated the need for different skill sets in 
rearing tuna larvae compared to other species of 

The species grows quickly (>5 kg in a year) and is 
of high economic product value (tuna are 
typically over $30 per kilogram). The optium 
temperature for growth and survival of larvae is  
between 26° and 31°C; however adults occur in 
water down to 15oC. For the purpose of this 
project, the optimun temperature range for the 
growout of yellowfin tuna was considered to be 
23-28OC. Until hatchery technology is developed, 
the production of yellowfin tuna requires wild-
captured seed stock, and therefore a 
Commonwealth tuna fishing licence would be 
required. The reportedly high feed conversion 
ratio (FCR) is an issue that requires consideration, 
although this may apply mainly to situations 
where wet fish are used as feed. There may also 
be problems associated with cannibalism. In the 
wild, relatively high growth rates have been 
recorded in temperatures between 22 and 26oC. 
According to Collette, B.B. and C.E. Nauen, 1983 
the species occurs in tropical waters of 15-31oC 

Strong export demand for 
sashimi-grade export to 
Japan. 



AQUACULTURE DEVELOPMENT IN THE PILBARA AND GASCOYNE REGIONS 29 

SPECIES CULTURE TECHNOLOGY  PRODUCTION EFFICIENCY (production costs vs 
revenues) 

MARKETING 

cultured marine fish. Challenges remain in 
replicating appropriate cues required to 
encourage spawning. 

Cobia 
(Rachycentron 
canadum) 
Marine 

Intensive and semi-intensive culture systems 
mainly using sea cages. The culture technology 
for cobia has been developed and is relatively 
well known. Cobia will spawn either naturally or 
through hormonal inducement by injecting 
matured breeders. Recent research on 
improvement of larviculture technology of cobia 
has resulted in better growth, survival and 
production. Various aspects of hatchery 
technology such as broodstock management, 
intensive and semi-intensive larval rearing are 
well established, as is the large-scale grow-out of 
the species in sea cages. The optimal 
temperature range is 22–32oC. Commercial diets 
available. Some texts are available that describe 
various aspects of culture technology and grow-
out, such as feeding, disease management, 
processing, operations management, farming 
systems and hardware.  

Cobia have a rapid growth rate, reportedly 
reaching 6–8 kg in a year, and have medium to 
high product value (Huang et.al, 2011). The major 
costs are feed, seed stock, and labour. Essential 
to production efficiency are: the quality, price, 
and input management of feed; unit price and 
survival of seed stock. A major factor that 
requires additional research is the apparently 
very poor food conversion efficiency after the fish 
reach a certain size. 

White meat of versatile 
use. Domestic market 
potential. Export demand, 
e.g. in China, for products 
include fish fillets and 
sashimi. Fillets produced in 
Vietnam and Taiwan  are 
mainly exported to 
European and US markets; 
Sashimi largely exported to 
Japan and Korea.  



AQUACULTURE DEVELOPMENT IN THE PILBARA AND GASCOYNE REGIONS 30 

SPECIES CULTURE TECHNOLOGY  PRODUCTION EFFICIENCY (production costs vs 
revenues) 

MARKETING 

Queensland 
grouper 
(Epinephalus 
lanceolatus, 
Epinephelus 
coioides) 
Marine and 
brackish water 

Intensive and semi-intensive production systems 
have been used successfully for the culture of the 
species, including flow-through and recirculating 
systems. Broodstock of E. coioides are stocked in 
separate 50 m3 tanks. Most broodstock are 
collected from the wild and reared for one to 
seven years using seawater at a constant 
temperature of 27-28°C and 45‰, following 
standard culture methods. The fish are fed with 
frozen sardines, mackerels, cuttlefish, squids and 
top-shell clams because these foods have high 
contents of cholesterol, phospholipids and 
polyunsaturated fatty acids. Artificial diets 
containing hormones used for maturation or sex-
reversal are also used.  
 

Recent R&D has transformed grouper hatchery 
technology to commercial viability; however, 
larval rearing requires skilled staff and the 
capture of wild groupers is restricted. A regular 
training course at the Gondol Research Institute 
for Mariculture, Bali, Indonesia, has trained 
aquaculture researchers and industry 
practitioners from several countries in the Asia-
Pacific region. This training has contributed 
directly to successful production of grouper 
fingerlings 

The fish has a high value in 
some Asian markets, 
particularly when marketed 
in live product form.  

Amberjack (Seriola 
dumerili) 
Marine 
 

The culture technology for the closely-related 
yellowtail kingfish is well known and would likely 
be applicable to amberjack. Amberjack is a 
highly-regarded fish in the Mediterranean area, 
where its culture technology has been developed 
and is being used to grow commercial quantities 
of the species in sea cages. From a purely 
technical view, the fish would be well suited to 
grow-out in marine environments of the Pilbara-
Gascoyne region. 
 

Amberjack have not been grown in Australia in 
commercial quantities; however, form what is 
known about the species, as well as the closely-
related yellowtail kingfish, it would most likely 
have a fast growth rate and FCR. It would be 
reasonably safe to suggest the production 
efficiency for the species would be high and that 
the species would be one of the better 
candidates for commercial marine finfish 
aquaculture in the region.  

Marketing of amberjack is 
relatively unknown in the 
domestic marketplace and 
its market potential in 
export markets would 
require some work.  
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SPECIES CULTURE TECHNOLOGY  PRODUCTION EFFICIENCY (production costs vs 
revenues) 

MARKETING 

Mahi mahi 
(Coryphaena 
hippurus) 
Marine 

Culture technology for mahi mahi is not well 
known, although the species has been produced 
reliably in large quantities in hatcheries. Intensive 
culture in land-based tanks using pumped-ashore 
sea water and marine systems using sea cages 
have been successful.  The aggressive nature of 
fish after they reach maturity can be a drawback 
in grow-out systems, but this behaviour can be 
mitigated to a degree by increasing stock density 
and providing a dite high in energy.   

Mahi mahi can grow very rapidly and reportedly 
reach 2 kg within six months and more than 10 kg 
in one year at commercial densities. The species 
has an excellent FCR and high fecundity with 
natural captive spawns (200 000 eggs/female/2 
days year round for a 1 year old female). Water 
temperature range: 23 to 26oC. Overall survival 
rates in production (eggs to market size) are low 
(10%). 

High demand for this 
species in places such as 
Hawaii and market trials 
suggest the flesh of 
cultured fish is sashimi-
quality.  

Murray cod 
(Maccullochella 
peelii) 
Fresh water 

Culture techniques have been developed; 
however, some R&D would be required to apply 
the production technology to Gasgoyne / Pilbara 
environments. Although traditionally grown out 
in extensive and semi-intensive earthen ponds, 
Murray cod can be successfully cultured more in 
intensive, recirculating systems. Survival rates are 
high, but dependent on good fish husbandry and 
water quality management. It is generally 
considered a cool water species, but can do well 
in warm, tropical environments. 

Survival rates are high, but dependent on good 
fish husbandry and water quality management. 
Murray cod have a preferred temperature range 
of 20oC - 25oC. Under optimum conditions Murray 
cod can reach market size of between 600 grams 
and 1.3 kilograms within 12 to 18 months (FOP 
No.111 2013).  

High-value for live fish and 
good quality fillets in 
export markets. There is 
some potential for a 
domestic market, if 
promoted well. 

Barramundi (Lates 
calcarifer) 
A diadromous 
species, marine, 
brackish water and 
fresh water. 

The culture technology for barramundi is well 
known and juveniles can be produced reliably 
and in mass quantities. The technology for the 
hatchery production and grow-out of barramundi 
in fresh and sea water is well known. The fish can 
be produced in small tanks at fairly high densities. 
Establishment and operating cost of a 
barramundi hatchery is relatively high and 
requires specific skills and experience. 

The seas and estuaries of the Gascoyne and 
Pilbara are probably too cool for efficient grow-
out of barramundi and it is considered that the 
production of the species in these areas would 
not be commercially viable in open systems. 
There may be some potential for small-scale 
grow-out in recirculating systems close to 
regional centres; however, that prospect would 
need careful consideration.  

As a popular and well-
known food fish, Australian 
barramundi has strong 
local and export market 
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SPECIES CULTURE TECHNOLOGY  PRODUCTION EFFICIENCY (production costs vs 
revenues) 

MARKETING 

Tropical rock / 
tropical milky 
oyster (Saccostrea 
scyphophilla / 
cuccullata / 
echinata) 
Marine 

The culture technology for rock oysters is well 
developed, but hatcheries usually rely on 
collection of wild spat or translocated hatchery 
stock. Oyster production has relied on natural 
spat fall on purpose-built sticks or slats, but 
hatchery production of spat for grow-out is now 
much more common.  
Wild-caught or hatchery-reared spat are grown 
out in trays in intertidal areas, or in baskets 
attached to longlines in deeper waters. 

Whilst single seed techniques have a large setup 
cost faster growing, better shaped oysters 
generally allow more precise grading into sizes 
and the oysters usually can be sold for higher 
prices. Research is being carried out to produce 
breeds of oysters that grow faster, have better 
disease resistance and can be marketed in the off 
season. 

The primary market is the 
premium, half-shell market 
where edible oysters are 
sold live in their shells. This 
is considered a specialized, 
niche market. The 
marketing of oysters is well 
established in Australia, 
with oyster farmers 
marketing their products 
either directly or through 
co-operatives. Branding of 
oysters by location or farm 
name is commonplace and 
a recommended practice. 

Artemia (Artemia 
franciscana) 
Marine and 
hypersaline water 

Culture techniques are well developed for 
production of artemia biomass (as opposed to 
cysts, which are most commonly collected from 
the wild). Improvement in the understanding of 
the biology of Artemia had led to the 
development of several Artemia products, such 
as disinfected and decapsulated cysts and various 
biomass preparations, which presently have 
application in hatchery, nursery and broodstock 
rearing. Recent developments in knowledge have 
resulted in optimized and cost-effective 
applications of live artemia as food in hatchery 
production.  

Artemia production relies on the production or 
availability of microalgae as a food source. 
Production for biomass usually requires extensive 
amounts of space or extremely large recirculating 
tanks, although some production systems use 
smaller tanks and intensive production.  

At present, Artemia is in 
short supply and high 
demand across most 
continents. Despite this, a 
large part of the cyst 
market is still supplied by 
harvests from the Great 
Salt Lake in Utah, USA. As 
WA artemia is recognised 
for it high nutritional 
quality, there may be 
international markets for 
WA artemia. 
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SPECIES CULTURE TECHNOLOGY  PRODUCTION EFFICIENCY (production costs vs 
revenues) 

MARKETING 

Green mud crab 
(Scylla serrata) 
Marine and 
brackish water 

Hatchery technology for production of juveniles 
requires further development. The grow-out of 
crabs requires a substantial area for earthen 
ponds and access to quantities of brackish water. 
Mud crab farming requires expertise in 
husbandry of crustaceans, water quality control, 
pond management, and nutrition. Grow-out of 
juvenile mud crabs is a common practice 
overseas, particularly south east Asia, but in 
Australia it has not yet progressed beyond pilot-
scale operations. Juvenile and adult crabs are far 
more tolerant of temperature and salinity change 
than the larvae.  

Post-nursery crabs can reportedly reach 
marketable size and maturity in 6-7 months 
compared to 18-24 months under natural 
conditions. A stocking rate of around 0.5-1.5 per 
square metre may give the highest productivity 
and economic benefit in simple earthen ponds. 
The pond production is typically labour intensive 
for the following reasons: (a) moult-related 
cannibalism is an important limitation on the 
density at which crabs can be grown in ponds, 
and thus shelter is required for moulting crabs; 
(b) segregation of crabs with regard to size and 
sex is required to reduce cannibalism.  

 Markets and marketing of 
cultured mud crabs grown 
in Australia has not been 
investigated.  

Ornate / spiny rock 
lobster 
(Panulirus ornatus) 
Marine 

The greatest hurdle in the commercial culture of 
spiny lobster is the difficulty in growing the 
species through all the larval stages. There has 
been more success with the tropical rock lobster 
than the more temperate western rock lobster. 
Some facilities have successfully reared small 
quantities of spiny lobsters through the larval 
phase, with upscaling toward commercial 
production the current focus. There has been 
some reported success in a facility in Tasmania. 
The transition from commercial hatchery 
production to commercial grow-out will be 
facilitated by concurrently demonstrating proof-
of-concept juvenile grow-out which presently 
depends on sourcing a reliable supply of wild 
pueruli or juveniles. Experiments have also been 
carried out at the Queensland Department of 
Primary Industries and Fisheries (QDPIF) in 

The fastest-growing species is the tropical rock 
lobster, which is reported to reach 1 kg after 20 
months). In Australia, there is limited 
infrastructure to support rock lobster 
aquaculture. The large-scale larval culture of 
spiny lobster has still not been achieved despite 
significant advances in recent years (Kittaka and 
Booth 2000). As the availability of seed is a 
limiting factor to growth today, a breakthrough in 
this research could assist the growth of this 
industry sector.  

Bright colour and high 
quality flesh. The product 
has a high value.  
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SPECIES CULTURE TECHNOLOGY  PRODUCTION EFFICIENCY (production costs vs 
revenues) 

MARKETING 

Australia, but positive results have not been 
published. In Vietnam, lobster juveniles are 
caught mainly by purse seines, traps and divers. 
Grow-out is usually in floating or submerged 
cages. 

 Sea cucumber 
sandfish 
(Holothuria scabra) 
Marine 

Attempts at breeding and rearing sandfish, which 
is the most valuable species of sea cucumber, 
have been conducted in several countries, 
including Australia, Fiji, India, Madagascar, New 
Caledonia, the Solomon Islands and Vietnam (Bell 
et al. 2007; Battaglene et al. 1999; Hair et al. 
2011; James, 2004; Lavitra et al. 2009; Morgan 
2001; Pitt and Duy 2004). The choice of adequate 
sites for building sea pens is one of the key 
parameters for ensuring the success of sea 
cucumber farming. The sites should be sea grass 
bed zones, protected from winds and waves, with 
tides such that sea cucumbers are not out of the 
water for too long. Sandy muddy substrates, rich 
in organic matter, also provide a favourable 
habitat. Although sandfish can survive in salinities 
as low as 20‰ (Mercier et al. 1999a, 1999b; Pitt 
and Duy 2004), it is preferable to have the 
farming site far from estuaries and fresh water 
flow. The ideal salinity for sea cucumbers is 
between 28‰ and 31‰ (Chen 2004; Xilin 2004). 

Sub-optimum environmental conditions are likely 
to limit the growth of sandfish. Spawning may be 
seasonally limited in some areas. Larger 
fluctuations in salinity can bring about 
detrimental changes in behaviour.  The lack of 
control of environmental parameters is likely to 
be a major drawback to the prospects of growing 
sandfish in WA. Parasites (isopods) can result in 
stock mortality. Predators (crabs) can affect 
survival of juvenile stocks. Diseases caused by 
various pathogenic agents such as bacteria 
(Morgan 2000; Becker et al. 2004; Eeckhaut et al. 
2004; Wang et al. 2004), fungi (Wang et al. 2004), 
protozoa (Eeckhaut et al. 2004; Mercier et al. 
2004), copepods (Wang et al. 2004), 
platyhelminthes (Eeckhaut et al. 2004; Wang et 
al. 2004), gastropods (Jangoux 1990), crabs 
(Jangoux 1990; Mohan and James 2005), isopods 
and viruses (Wang et al. 2007). Larvae, juveniles, 
adults and brood stock can be affected by 
disease. The pathogenic agents and their 

“A-grade” sea cucumbers, 
also marketed as “beche-
de-mer” produced from 
sand-fish fetches a high 
price in the international 
market. 
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Sandfish must also be grown at low densities for 
good growth.  The estimated biomass threshold 
in pens is 380 g m−2 . 

treatment are still largely unknown (Xilin 2004). 

Microalgae 
(Chaetoceros 
calcitrans 
/ Skeletonema 
costatum / 
Spirulina platensis) 
Marine and 
elevated salinities 
or fresh water, 
depending on 
species 

Spirulina is typically produced in large race way 
ponds using fresh ground water. 
 
Marine microalgal species have been produced in 
large trials with a view to producing biofuels, fine 
chemicals and protein biomass.  

Relies on a source of sodium carbonate or 
sodium bicarbonate for elevating the pH and 
releasing carbon dioxide. It grows in very alkaline 
(classically pH 10, rising to pH > 11) conditions, 
thus is practically immune to contamination by 
other organisms.  
 
Marine microalgae can be grown in semi-
intensive systems into which carbon dioxide is 
injected, but these systems have not been proven 
commercially viable in the Pilbara region, due in 
part to high rates of evaporation and the 
difficulty and cost of diluting the ensuing 
hypersaline sea water.  

 Spirulina has a high-value 
in the health supplement 
market.  
 
Marine microalgae are 
being grown to produce 
biofuels, fine chemicals 
such as omega-3 fatty acids 
and protein biomass for 
use in the animal feed 
industry. 
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Macroalgae (Ulva 
lactuca / 
Cladophora 
coelothrix / 
Chaetomorpha 
indica) 
Marine 

Ulva species have been grown in many parts of 
the world in pilot commercial systems, including 
integrated multi-trophic aquaculture systems. 
Many species of this genus can thrive unattached 
in sheltered marine waters and estuaries and 
have particular affinities for growth in high 
nitrogen concentrations. There is scientific 
knowledge available to grow Ulva 
cheaply and successfully in integrated 
aquaculture systems (Bolton et. al. 2008). 

Bolton et. al. 2008 have demonstrated growth 
rates at approximately 20 grams per square 
metre per day. 

There is limited market for 
Ulva in Australia, therefore 
is not grown commercially 
outside Asia (where it is 
grown for human food). 
Many species of 
Cladophora are suitable for 
human consumption and 
grown for that purpose in 
Japan and France 
(Marfaing and Lerat 2007).  
For example C. coelothrix 
grows rapidly in marine 
waters and is also efficient 
at stripping nutrients from 
the water. Filamentous 
green algae, 
Chaetomorpha spp., have 
potential for reducing feed 
costs in intensive 
aquaculture of prawns, 
through co-culturing. 
(Tsutsui et. al. 2015). 
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TABLE 14: Land based aquaculture production systems  
 
 
Note all aquaculture operations require as a condition of aquaculture license the preparation of a ‘Monitoring and Environmental Management Plan’ (MEMP) -further details provided in Appendix 5 

 

LAND BASED 

Production 
system 

Description Advantages / Disadvantages Planning and Environment 
considerations 

Capital 
investment 

Polyculture or 
aquaponics 
eg Marine 
Aquarium 
species and 
plant species 

Intensive Multiple 
species cultured 
within a rearing unit, 
generally from 
different ecological 
niches. 
e.g. herbivores with 
carnivores. 
 
Aquaponic systems 
culture fish and 
plant species but 
generally are only 
viable for high-value 
plant species such 
as herbs.  

Optimum use of available resource; potentially 
high  production rates; relatively small land area 
requirements; capacity for high level of control 
(biosecurity, water quality management); reduced 
reliance on ‘natural’ environmental conditions. 
 
Due to the relatively high costs associated with 
these intensive systems, they are usually only 
commercially viable when located close to the 
intended markets for the products.  
 
The management of onshore flow-through 
systems can be more efficient than for marine 
systems, because the grower has continuous 
access to the stock regardless of the weather. 
Well designed and managed onshore systems 
have greater capacity to control the growing 
environment, particularly in respect of water 
quality. The ability to optimise the conditions 
required for the culture species allows the grower 
to maximise performance of the stock, thereby 
optimising production level and product quality. 
Temperature and other water quality parameters 
can be more readily manipulated in land-based 
systems to achieve the best FCRs, growth rates 
and other parameters critical to profitability. Added 
control over the culture cycle also leads to greater 
flexibility in the market place and the ability to 
provide the right quality and quantity of product at 
the required times. 

Planning:  land tenure; local 
government  zoning; proximity to high 
quality water source, reliable  power 
supply,  transport routes 
 
Environmental: on-going water quality 
monitoring; wastewater discharge/ 
management;  biosecurity and 
translocation issues; chemical/ 
flocculant pharmaceutical management 

High initial capital 
investment costs 
and high operating 
costs. 

Tank/Raceway 
eg. shellfish, 
finfish 

Projects  using 
tanks and raceways 
are almost 
invariably intensive 
systems with high 
water exchange 
rates and stocking 
densities 
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These advantages can be outweighed by the 
major disadvantage of additional capital and 
operating costs. Recirculating systems are usually 
only financially feasible if they are located close to 
major markets, where their inherent advantages 
can be translated into the greatest economic 
benefit. 
 

Pond production 
eg prawns, high 
tolerant  fish 
species, algae 

Semi-intensive  
 

Highly productive; feed requirements can be 
reduced by promoting algal growth  
 
Potential for the co-farming of invertebrate fish 
species (which feed off algae) and therefore 
potential to attract other related land base 
aquaculture investment opportunities (Worley 
Parson, 2102; ARUP, 2015). Further studies and 
gap analysis to fill knowledge gaps in this area is 
required.  
 
Pond systems are used in some of the major 
aquaculture industries around the world for the 
semi-intensive production of species such as 
marine algae and prawns. Usually excavated from 
relatively flat land with suitable soil features, 
ponds can be earthen or lined with rubber or 
plastic. Ponds can be very productive and 
requirements for supplementary feeding can be 
reduced by managing the system to support algal 
blooms. Disadvantages of pond systems include 
fluctuation in water quality parameters such as 
temperature, dissolved oxygen and salinity 
(particularly in shallow ponds located in extreme 
environments), predation by birds and other 
predators and self-pollution. 
 

Planning:  land tenure; local 
government  zoning; Native Title 
considerations; tourism and oil and gas 
industry requirements; proximity to high 
quality water source (fresh/marine); 
reliable  power supply; transport routes 
(road, air, ports); access to 
concentrated gas requirements (eg. 
oxygen, carbon dioxide)  
 
Environmental : proximity to  natural 
waterways, terrestrial reserves and 
other highly protected/ ecologically 
sensitive areas; site 
topography/geology; soils (potential 
contaminants eg acid sulphates); water 
quality requirements (including 
temperature, dissolved oxygen,  
salinity, nutrient loads); vulnerability to 
extreme weather (storm surge, 
flooding); biosecurity and translocation 
requirements; wastewater/sludge 
discharge/management; predation 
(birds); 
chemical/flocculant/pharmaceutical 
management  

Economy of scale – 
ideally capacity for 
scaled/staged 
development eg 
algae ponds 



AQUACULTURE DEVELOPMENT IN THE PILBARA AND GASCOYNE REGIONS 39 

TABLE 15: Marine based aquaculture production systems  
Note all aquaculture operations require as a condition of aquaculture license the preparation of a ‘Monitoring and Environmental Management Plan’ (MEMP) - further details provided in Appendix 5 

 

MARINE 

Production 
system 

Description Advantages / Disadvantages Planning and 
Environmental 
considerations 

(Note : if within a designated 
Aquaculture Development Zone 
some criteria may not apply – 
further details in Appendix 5) 

Capital investment 

Sea cage 
eg. finfish 

Intensive and suitable 
for protected near shore 
waters. String mesh 
cages for grow-out of 
finfish fingerlings 
 

Under suitable site conditions, sea-cage 
farming systems are usually cheaper to 
establish and operate than onshore farms 
with equivalent production capabilities and 
provide more attractive financial returns on 
invested capital. However, the suitability of 
the site is a significant factor. Conventional 
cage systems placed in exposed areas will 
be more prone to storm damage and financial 
projections for these systems must take risks 
into account. Conventional offshore cage 
systems are almost invariably associated with 
greater risk than equivalent onshore systems. 
 
More complex sea cages, such as those 
designed to be submerged during storms, are 
likely to be more expensive that conventional 
systems and may equate more to intensive 
onshore systems, in terms of costs and 
financial returns. 
 
Advantages of cage systems include their 
often less complex management; fewer 
variables than onshore systems; ability to be 
easily expanded; and the relative ease with 

Planning : proximity to marine 
reserves; consistency with any 
existing marine reserve zoning 
scheme; transport routes 
(shipping, ports); other marine 
users (resource tenements; 
tourism; commercial and 
recreational fishing); access to 
shore based infrastructure; cost 
efficient transport to market 

 
Environmental : Predation 
(other marine animals, sea 
birds); impact on 
threatened/endangered/protect
ed species (eg migrating 
cetaceans);  vulnerability  to 
extreme weather conditions  
(cyclones, ocean swell); 
livestock vulnerable to poor  
water quality in event of 
extreme weather conditions 
(high sediment loads for 
adjacent land, damage from 
sea cage movement); water 

Initial high set up 
costs associated 
with sea cage 
construction;  shore 
based infrastructure 
for support 
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which they can be moved to take advantage 
of better-quality water or avoid polluted water. 
 
Disadvantages of sea cage systems include 
the lack of control over water quality and 
weather conditions; and, particularly for 
cages located in more exposed locations, 
greater difficulty to manage and operate. 
 
 

 

depth biosecurity and fish 
health issues (exacerbated by 
proximity of international 
shipping); translocation 
requirements (fingerlings); 
Impact on benthic habitat 
(anchoring, shading); water 
quality (including salinity, 
temperature, Ph status, 
pollution from shipping/industry 
related activity eg oil spills),; 
presence of naturally occurring 
heavy metals (bioaccumulation) 
or contamination (industry); 
bioaccumulation (sessile and 
prone to dirt and organic matter 
accumulation); predator control; 
and 
chemical/flocculant/pharmaceuti
cal management   

Longlines 
& racks 
eg oysters, 
mussels 

Semi – Intensive, for 
protected near shore 
and inter tidal waters (1 
– 20 m deep) 
Predominantly for grow-
out of bivalves and 
other shellfish. 
Lines are suspended in 
the water column, and 
racks anchored to sea 
floor. 

Aquaculture production systems using 
longlines and racks are commonly used to 
culture bivalves and other shellfish.  
 
Longlines are lines suspended at the water 
surface or in the water column between 
anchors and floats. They support several 
secondary lines, to which can be attached an 
array of structures such as spat collectors 
and baskets, barrels or nets that contain the 
growing shellfish. Longlines are typically 
been used in rougher or deeper water bodies, 
but is being used with some success for the 
nearshore, subtidal production of species 
such as edible oysters. 
 
Rack systems are used to grow bivalves such 
as edible oysters in relatively shallow water in 
intertidal areas. Basic rack systems comprise 
wooden beams supported by legs fixed into a 
firm substrate. Rack production systems are 
most common in shallow, nearshore locations 
where tidal fluctuations sequentially 
submerge and expose the racks and the 

Capital costs are 
relatively high to 
medium according 
to site features; 
operating costs are 
usually relatively low 
particularly where 
requirements for 
supplementary 
feeding are low.   
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shellfish they contain. The height of the racks 
and tidal characteristics govern the aerial 
exposure time of the racks, which in turn 
determines the amount of time the oysters 
are out of the water. This influences the 
development of the adductor muscle, slows 
shell growth and helps control parasites and 
predators. Too much exposure, however, can 
result in heat stress and consequent loss of 
stock. 
 
The advantages of these systems include no 
supplementary feeding, pumping or aeration 
costs and lower capital costs than would be 
required for onshore systems with equivalent 
yields. Disadvantages include limited site 
availability and lack of control over predators, 
pollution and toxic algal blooms. 

Ranching 
eg finfish, coral 

Extensive 
Release of species 
reared in land-based 
facilities into the marine 
environment e.g. 
oysters, abalone, corals  
on artificial structures 

Ranching means the release into the wild of 
hatchery-reared fish. The most significant 
advantage of ranching is that the practice 
avoids the requirement for and usually high 
costs of supplementary feeding.  
 
For ranching to succeed, there must be some 
guarantee that the shellfish or finfish released 
will be available for later harvesting. 
Aquaculture ranching operations are most 
likely to be successful when the species 
being ranched is high in value; characterised 
by migratory behaviour and returns naturally 
to its point of release (salmon provides a 
good example); relatively stationary and can 
be seeded or stocked on the sea bed and 
reefs, from which it may later be harvested 

Planning : as above 
 
Environmental : as above, plus 
subject to DoF Habitat 
Enhancement Structure Policy 
assessment 

Cost of artificial 
structure 
construction and 
placement 
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(shellfish with limited mobility, such as 
scallops, abalone and trochus, are good 
examples); and stocked in a natural water 
body from which there is no escape. 
 
When ranching is proposed on the sea bed or 
on reefs, issues in relation to stock ownership 
may be of concern and conflict with 
professional fishers and other users of the 
resource can ensue. 
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TABLE 16: Pilbara-Gascoyne Site and Risk Assessment 

Area of 
Interest 

Prospective 
sites 

Candidate 
aquaculture 
species 

Compatible 
production 
system 

Site specific environmental and 
planning considerations 
(AVC 2016 a and b; Arup 2015 

Market demand and 
economic viability 
(AVC a, b and c) 

Risk assessment 

Offshore Denham 
Sound 
 
Koks/Bernier 
 
Point 
Murat/Murion 
 
Thevenard 

Tropical and 
warm 
temperate 
marine finfish 
species such 
as amberjack, 
yellowfin tuna, 
cobia, mahi 

mahi  
 
 
 

Sea cages: 
floating, 
submersible 
(ranching of 
wild caught 
juvenile tuna 
undertaken 
elsewhere in 
the world ) 
 
 

Proximity to areas with identified high 
ecological value (Shark Bay World 
Heritage Area, Shark Bay marine 
reserves) and associated potential for 
benthic habitat impact through shading, 
anchor damage and detrital fall out (high 
volume pellet feed and excreta). Formal 
environmental impact assessment likely 
to be required by the WA Environmental 
Protection Authority 
 
Impact on existing marine user groups 
(commercial fishing (in particular prawn 
and scallop trawling sites); popular 
recreational fishing sites; ecotourism 
sites); international and recreational 
vessel movement throughout the year 
 
Impact on charismatic marine fauna 
(dolphins, dugongs) and migrating 
cetaceans (whales) 
 
Potential indirect impact on adjacent 
terrestrial reserve (Bernier Island Nature 
Reserve) 
 
Proximity to significant offshore  industrial 
development and associated shipping 
movement (Chevron Wheatstone, Barrow 
Island and Gorgon LNG) leading to 
increased biosecurity and pathogen risk 
 

All species have potentially 
medium to high  value and 
most have strong  export 
demand; however, R&D is  
required to develop successful 
hatchery and nursery 
technology before commercial 
scale grow out can be 
considered. The development 
of technology to reliably rear 
mass quantities of juveniles 
can be expensive to develop 
and take many years before 
commercialisation is realised.  
 
Large, robust sea cages are 
required to grow these mostly-
pelagic species, which are 
usually highly mobile and 
aggressive fish. Juveniles also 
require some time in shore 
based nursery tanks before 
being robust enough to survive 
in a sea cage; these nursery 
facilities can be expensive to 
establish in remote locations 
and have high-level 
management requirements. 
Access to a reliable power 
supply is required for water 
pumping and oxygen supply to 
tanks, which would incur 

Amberjack was assessed as the 
most suitable species due to 
high rate of juvenile survival and 
success in tank grow out; 
however, production costs of 
these species in the Pilbara-
Gascoyne region facility are 
unlikely to be competitive with 
alternative locations in the 
international market due mainly 
to the remote location. 
 
Bernier Island was assessed by 
AVC (2016a) as the most 
suitable potential site for sea 
cage aquaculture.  
 
All site options are considered to 
carry a high risk rating due to a 
range of reasons which is 
exacerbated by the long 
distance from regional support 
centres; high likelihood of 
severe cyclone damage; lack of 
specific species production 
advantage; and absence of 
established aquaculture 
reputation (provenance). 
 
The key risk to large-scale 
aquaculture development is the 
frequency and severity of 
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Area of 
Interest 

Prospective 
sites 

Candidate 
aquaculture 
species 

Compatible 
production 
system 

Site specific environmental and 
planning considerations 
(AVC 2016 a and b; Arup 2015 

Market demand and 
economic viability 
(AVC a, b and c) 

Risk assessment 

 Limited environmental data (benthic 
habitat, oceanography) available and 
restricted to oil and gas exploration  – 
aggregate  scale information only 
available at specific sites 
 
Severe, catastrophic cyclone risk and 
subject to 2 -3 m ocean swell 
 
Native Title Claim over waters 
 
Aboriginal heritage (ethnographic and 
archaeological for land based service 
site) considerations 
 
Fish health requirements 
(pharmaceuticals) to control disease and 
parasites 
 
Remote location with limited land based 
service infrastructure opportunities to 
support sea cage maintenance (feeding, 
cage cleaning to control disease, 
biofouling) and consequential high capital 
and operating costs 

significant upfront and ongoing 
capital investment in remote 
locations.  
 
Significant ongoing costs are 
also associated with sea cage 
maintenance to control disease 
risk and biofouling 
 
Base case economic modelling 
concludes extensive pre-project 
development work is required 
(including metocean, water 
quality, benthic habitat studies 
and surveys); commercial trials 
and feasibility studies; and   
high capital outlay and on-
going operating costs. 
Necessary high pre 
construction R&D, as well as 
the capital costs associated 
with  construction and on-going 
servicing and maintenance, are 
substantially increased by 
remote location 

tropical storms. Factors such as 
lack of suitable technology and 
infrastructure may be mitigated 
in the future, from an 
aspirational view; however, the 
risk posed by cyclones will 
remain significant and, if 
anything, is likely to increase. 

Nearshor
e 

Denham - 
sites 1 a,b  
 
Monkey Mia – 
sites a, b, and 
c 
 
Carnarvon – 
sites a, b and 
c 
 
Coogra Point 
 
Thevenard 

Tropical rock 
oysters, 
tropical milky 
oyster  
Saccostrea 
schophillia/cuc
ullata/echinata 

Racks, 
longlines 
 

The presence of naturally-occurring 
heavy metals (high concentrations of iron 
oxide fines in water column originating 
from subsea hematite combining with 
dissolved cadmium) with the potential to 
accumulate in filter feeding animals such 
as oysters to a level which exceeds 
human health food standards. Naturally-
occurring arsenic can also be a problem 
in some areas.  
 
Impact on existing marine user groups 
(commercial and recreational fishing 
sites; ecotourism sites) 
 

While there is an established 
mainstream market demand for 
rock oysters, little is known 
about the tropical rock oyster 
and this potentially presents a 
marketing challenge. 
Commercial market demand 
has not been assessed for 
spiny rock lobster and sea 
cucumbers, although sea 
cucumbers are known to be a 
delicacy in Asian cuisine.  
 
Economic risks are high as a 
consequence of market 

Inter- and sub-tidal areas are 
considered generally well suited 
to high stocking densities. 
However at this location the 
risks posed by naturally 
occurring bioaccumulation of 
heavy metals and cadmium in 
oysters is extremely high.  
 
Near shore infrastructure would 
also be highly vulnerable to poor 
water quality (turbidity) and 
damage caused by frequent and 
severe storm/cyclonic activity. 
Robust infrastructure and 

Rock oysters 
Ornate /spiny 
rock lobster 
Panulirus 
ornatus 

Racks, 
longlines, 
floating or 
submerged 
cages 

Rock oysters 
Sea 
cucumbers 

Racks, 
longlines 
Open 
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Area of 
Interest 

Prospective 
sites 

Candidate 
aquaculture 
species 

Compatible 
production 
system 

Site specific environmental and 
planning considerations 
(AVC 2016 a and b; Arup 2015 

Market demand and 
economic viability 
(AVC a, b and c) 

Risk assessment 

Holothuria 
spp., 
particularly 
sand fish  

systems 
(pens) 

Limited environmental data (benthic 
habitat, oceanography) available and 
restricted to oil and gas exploration  – 
aggregate  scale information only 
available at specific sites 
 
Frequent, severe and  catastrophic 
cyclone risk and 2 -3 m ocean swell and 
associated water quality issues (high 
turbidity, algal blooms) 
 
Native Title Claim over waters 
 
Aboriginal heritage (ethnographic and 
archaeological for land based service 
site) considerations 
 
Biosecurity (and pathogens) risk 
presented by high stocking densities and 
pest infestation (oyster leech and mud 
worm) 
 
Biofouling management (labour intensive 
to remove accumulated dirt and organic 
matter common in intertidal areas)  
 
Near shore contamination arising from 
decommissioning of past resource 
industry activities including oil spills  (eg 
Thevenard Island) 
 
Fish health requirements 
(pharmaceuticals) to control disease and 
parasites 
 
Remote location with limited land based 
service infrastructure opportunities to 
support rack and long line maintenance 
(feeding, cage cleaning to control 
disease, biofouling) and potential 

perception in regard to heavy 
metal (cadmium) and arsenic 
contamination of oysters; high 
infrastructure establishment 
costs and ongoing cash 
intensive requirements 
(including labour); and 
transport to market 

associated management  would 
require  high upfront capital 
expenditure and ongoing 
maintenance costs; complex 
and  expensive mitigation 
strategies; and  the potential 
loss of access to sites for 
periods of up to 15 days leading 
to potential stock mortality. 
 
As for marine finfish, the culture 
of rock oysters would be 
technically feasible in certain 
areas of the Pilbara-Gascoyne 
region; however, the risks posed 
by cyclones and the high cost 
environment mean that there 
are better investment options for 
edible oyster aquaculture, in 
Australia and internationally.  
 
For the above reasons 
aquaculture in the near shore 
marine environment is assessed 
as high risk 

Rock oysters 
Macroalgae 
Ulva lactuca / 
Cladophora 
coelothrix / 
Chaemomorph
a imdica 

Racks, 
longlines, 
some 
extensive 
systems in 
suitable 
shallow tidal 
areas 
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Area of 
Interest 

Prospective 
sites 

Candidate 
aquaculture 
species 

Compatible 
production 
system 

Site specific environmental and 
planning considerations 
(AVC 2016 a and b; Arup 2015 

Market demand and 
economic viability 
(AVC a, b and c) 

Risk assessment 

frequent loss of access following cyclonic 
activity contributing to stock loss 
 

Onshore Wapet Jetty 
 
Mowbowra 
Creek 
 
Mowbowra 
Well 
 
West 
Exmouth 
 
Lighthouse 
Bay 
 
Lighthouse 
Hill 
 
Pap Hill 
 
Torpedo Bay 
 
Tantabiddi 
 
Jurabi Point 

Marine prawns 
(Penaeus 
spp.) 
microalgae 
Chaetoceros 
calcitrans / 
Skeletonema 
costatum / 
Spirulina 
platensis 

Large semi-
intensive 
pond farming 
systems 
 
Large 
raceway 
ponds with 
gas infusion 

Native Title and Aboriginal heritage 
considerations (including Indigenous 
Land Use Agreements) 
 
Community consultation (with existing 
land users including pastoral lese 
holders; ecotourism groups in view of 
proximity to terrestrial and marine 
conservation  reserves) 
 
Access to transport infrastructure  (roads, 
air, port)  
 
Land tenure (including LGA zoning) for 
both land based aquaculture operations 
and service easements (to secure water 
and power supply 
 
Potential formal environmental approval 
by the EPA, particularly for large-scale 
projects 
 
Access to transport routes (ports, air, 
roads) 
 
Access to a reliable adequate source  of   
high quality  sea and /or freshwater and 
power 
 
Access to concentrated gas requirements 
(eg oxygen, carbon dioxide) 
 
Water quality management (intake and 
waste water discharge)  
Biosecurity, translocation  and fish health 
management  
 

The Pilbara – Gascoyne region 
has an established history of 
algae farming, with pilot plants 
at Muredal and Auora Algae in 
Karratha.  
 
The primary product of marine 
algae is generally biofuel; 
however, the protein biomass 
extracted from harvested algae 
can also be used for 
aquaculture feed, and can 
serve as a protein rich 
supplement to hay for cattle 
feed prior to export. As such 
there is a ready market, which 
has the potential to compliment 
other aquaculture operations 
including sea cucumber, 
prawns, brine shrimp and rock 
oysters. 
 
The economic feasibility of 
undertaking algae production 
using a as a staged production 
model   was undertaken by 
ARUP in 2015 (ARUP, 2015).  
 
This modelling concluded that 
the  concept of an algal 
production precinct with a 
minimum size of 5,000 ha 
where land use, service facility 
and infrastructure requirements 
are addressed ‘upfront’, is likely 
to be more financially  attractive 
to investors. 

Land requirements for long term 
financially viable commercial 
algae farming are between 
5,000 and 20,000 ha, which can 
present significant land use 
planning challenges. Costs 
associated with land use 
planning on this scale, and the 
establishment of necessary 
pond or tank and service 
infrastructure and secure access 
to essential services (water, 
power and transport routes) are 
significant and presented a high 
level of risk to potential 
investors. 
 
However the concept of an 
‘algal production precinct’ of  a 
minimum size of 5,000 ha, 
within which  individual a algal 
production units (with a 
minimum initial size of 440 ha) 
could be developed,  and with  
capacity for single or multiple 
proponents to expand, are 
considered to present least risk. 
Aboriginal stakeholder 
consultation undertaken by 
ARUP (2015) suggests support 
for such an initiative, which 
could result in  training, 
employment and  business 
opportunities.  
 
It should be noted, however, 
that Aurora Algae withdrew from 

Artemia 
Artemia 
franiscana 
 

Large 
recirculating 
tanks 

Green mud 
crab Scylla 
serrata 

Earthen 
ponds 
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Area of 
Interest 

Prospective 
sites 

Candidate 
aquaculture 
species 

Compatible 
production 
system 

Site specific environmental and 
planning considerations 
(AVC 2016 a and b; Arup 2015 

Market demand and 
economic viability 
(AVC a, b and c) 

Risk assessment 

Chemical/flocculant / pharmaceutical 
product management 
 
Proximity to areas of high ecological 
value (including terrestrial reserves ,  
fresh waterways and adjacent marine 
reserve)  
 
Site topography and soil /geology 
conditions 
 
Storm surge management (coast subject 
to frequent, severe cyclone events with 
localised storm surge and flooding)  

its algae production proposal 
due in part to issues such as 
high levels of evaporation and 
the difficulty and cost of 
providing fresh water to dilute 
the resulting hypersaline sea 
water; and the high-cost 
environment generally.  

Inland Carnarvon 
 
Exmouth 
 
Wapet Jetty 
 
Onslow 
 
McCann Well 
 
Karratha 
 
Roebourne 
 
Port Hedland 
 
Tom Price 

Queensland 
groper, 
barramundi,  
 

Small flow 
through or  
recirculating 
tanks 
 

Native Title and Aboriginal heritage 
considerations 
 
Community consultation (with existing 
land users including pastoral lessees and 
resource industry) 
 
Remote location and lack of existing 
infrastructure  (roads, air, port) resulting 
in significant up front capital 
requirements 
 
Land tenure (including LGA zoning) 
 
Access to transport routes (ports, air, 
roads) 
 
Access to a reliable adequate source  of   
high quality  sea and /or freshwater and 
power 
 
Access to concentrated gas requirements 
(eg Oxygen) 
 
Water quality management (intake and 
waste water discharge)  

All the identified candidate fish 
species are popular table fish 
with well-established and 
strong local and export market, 
for barramundi in particular. 
Groper hatchery technology in 
particular has been proven.  
 
Extensive R&D and associated 
technical skill are required to 
successfully rear larvae, 
establish production technology 
and manage fish to market 
size. 
 
Costs associated with 
necessary R&D, infrastructure 
and on-going management are 
significant.  
 
No specific modelling or 
costings have been undertaken 
for the aquaculture of finfish 
species at inland sites to date. 
 

Significant upfront capital costs 
are associated with R&D, land 
use planning requirements, 
construction of land based 
infrastructure and associated 
essential services for land 
based finfish aquaculture.  
 
While the small scale 
aquaculture of marine aquarium 
fish species occurs at a small 
scale in Karratha at present, 
financial risks associated with 
commercial land based table 
finfish production are considered 
to be too high to make such 
ventures viable at this point in 
time. 

Murray cod  
 

Extensive, 
semi 
intensive 
and 
intensive 
freshwater 
recirculating 
earthen 
pond 
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Area of 
Interest 

Prospective 
sites 

Candidate 
aquaculture 
species 

Compatible 
production 
system 

Site specific environmental and 
planning considerations 
(AVC 2016 a and b; Arup 2015 

Market demand and 
economic viability 
(AVC a, b and c) 

Risk assessment 

 
Biosecurity, translocation  and fish health 
management including 
chemical/flocculant / pharmaceutical 
product management 
 
Proximity to areas of high ecological 
value (terrestrial reserves , fresh 
waterways)  
 
Site topography and soil /geology 
conditions 
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ATTACHMENTS - FIGURES 

 
Figure 1 – Offshore Areas of Interest 
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Figure 2 – Nearshore Areas of Interest
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Figure 3– Onshore Areas of Interest 
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Figure 4 – Inland areas of Interest. 


