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Background 

The demand for seafood in Australia, and worldwide, is expected to grow significantly over coming decades. One source predicts that the gap between seafood supply and demand in Australia in 2050 might be between 510,000 and 925,000 tonnes. Aquaculture will be important in Australia, and the world, meeting this supply shortfall.  Research and development will be essential in ensuring that sustainable and efficient aquaculture systems are developed, and that site access is maintained for aquaculture developments. 

A number of specific research subprograms for individual aquaculture industries have been developed and are managed by FRDC (for example Atlantic Salmon and Southern Bluefin Tuna). However, FRDC has also funded a number of research projects addressing aquaculture that do not clearly fit into any of these subprograms.  

This cluster includes projects addressing a number of aquaculture technologies, mostly relating to environmental impact of aquaculture industries. Of the five projects included in this cluster:
· Two addressed the pearl industry
· One addressed the prawn industry
· One addressed the yellowtail kingfish industry
· One addressed the interactions of marine mammals with aquaculture 


The Cluster 
    
Projects 
Table 1 presents the details for each of the five projects included in this cluster. The projects in this cluster were those projects with final reports completed in the period from 1 July 2003 to 30 June 2008. This met the criteria for population definition in the guidelines for evaluation as communicated by the Council of Rural Research and Development Corporations. 


Table 1: Summary of Project Details

	Project Number 
	Project Title 
	Other Details

	1998/311
	Application of extracellular enzyme techniques to studying the role of bacteria in the ecology of prawn ponds and diseases of P. monodon and P. japonicus
	Organisation: University of Western Sydney, Macarthur
Period: Aug 1998 to Jan 2004
Principal Investigator: Paul Smith

	2000/254
	Evaluation of antifouling products developed for the Australian pearl industry
	Organisation: James Cook University
Period: Apr 2000 to Dec 2005
Principal Investigator: Rocky de Nys

	2001/099
	Environmental risk and impact assessment of the pearling industry
	Organisation: Pearl Producers Association
Period: Jun 2001 to Jul 2005
Principal Investigator: Jeremy Prince

	2002/040
	Workshop on Shark Interactions with Aquaculture
	Organisation: SA Department of Environment and Heritage
Period: Jun 2002 to Nov 2004
Principal Investigator: Sue Murray-Jones

	2003/222
	Innovative Solutions for Aquaculture: spatial impacts and carrying capacity - further developing, refining and validating existing models of environmental effects of finfish farming
	Organisation: South Australian Research & Development Institute
Period: Oct 2003 to Feb 2008
Principal Investigator: Jason Tanner 



Project Objectives
Table 2 presents the rationale and objectives for each of the projects included in the cluster.

Table 2: Description of Project Rationale and Objectives

	Project Number 
	Rationale and Objectives

	1998/311
Prawn health
	Rationale: Farmers and researchers were at a loss to account for considerable differences in productivity, survival and growth rates between ponds for aquaculture prawn production. This was because there were few indicators of prawn health, pond productivity and pond processes. More sophisticated methods of assessing the status of ponds and the value of various pond management practices were therefore required. 

Objectives:
1. To apply recently developed technologies for bacterial enzyme analysis to the study of microbial processes in prawn farms.
2. To investigate the bacteriology of prawn ponds throughout the entire growouts for ponds at five Australian farms.
3. To investigate relationships between bacterial enzymes and pond productivity, with emphasis on prawn health, growth rates, feeding strategies and prawn survival.
4. To determine which are the key bacterial extracellular enzymes to study when making a rapid assessment of the status of a pond for HACCP (Hazard Analysis for Critical Control Points).
5. To investigate the associations between the various pond management practices on bacterial enzymes and pond conditions.
6. To compare the bacterial enzymes of ponds used to culture P. monodon and P. japonicus.
7. To effectively communicate the results of the study to the prawn farming industry and fisheries departments through a manual for farmers on the impacts of management practices on pond bacteriology and productivity.

	2000/254
Pearl anti-fouling
	Rationale: The growth of fouling organisms on pearl oysters results in decreased growth of oysters and mortality due to boring organisms preventing closure of the shell which results in predation by fishes. There are also other negative impacts from fouling, and most farms undertake expensive programs to clean shell and equipment to avoid such issues. An effective coating to prevent the fouling is one option that was pursued to save costs associated with fouling and its prevention.

Objectives:
1. Production of efficacious antifouling coatings suitable for application to pearl oysters and pearl-culture equipment.
2. Testing of novel antifouling coatings across the geographic range of the pearling industry, with assessment of variation in fouling communities during the peak fouling seasons.
3. Development of methods suitable for routine application of antifouling coatings, to both shells and equipment, that can be successfully employed at pearling farms.
4. Identification of any effects to oyster growth, oyster health and the quality and production of pearls that result from use of efficacious antifouling products.

	2001/099
Pearl industry EMS
	Rationale: The pearling industry was facing a number of significant concerns with respect to meeting the Governments ESD and Oceans Policies. These related to demonstrating that pearling activities are having minimal adverse ecological impact and identifying challenges, threats and gaps in research to further address such issues.

Objectives:
1. Identify key environmental issues and risks facing the pearling industry.
2. Identify gaps that would need to be addressed in current pearling industry procedures in order to develop a PPA Environmental Code of Practice in line with the requirements of an Environmental Management System (EMS) such as ISO 14001.
3. Source and obtain ecological information to assist the industry in identifying what environmental characteristics are key elements of successful pearl farming.
4. Recommend what environmental parameters should be used in monitoring programs.
5. Recommend research priorities on pearl oyster fishing/farming environmental issues.
6. Provide information that is transferable to similar types of aquaculture, e.g. black lipped pearl oyster and abalone hatchery.
7. Position the pearling industry to satisfy the Environment Australia/SCFA ESD assessment processes.
8. Develop an Environmental Research Strategy for the PPA, and a subsequent research programme proposal to FRDC in December 2003 for funding to implement the strategy.

	2002/040
Shark and aquaculture interactions
	Rationale: Interactions between users of the marine environment (such as aquaculture) and large marine animals are increasing as populations of marine mammals recover and industries further develop.  There was increasing public concern about such interactions, and appropriate government policies need developing.

Objectives:
1. To develop a discussion paper to summarise information about interactions between human activities and marine animals in temperate waters and to determine the key issues affecting large marine vertebrates. This will include an assessment of: available data such as coastal use and the timing of migration of large marine vertebrates; mortality figures; major problems; evaluation of previous attempts to resolve problems; current research both nationally and internationally.
2. To hold a workshop to scope effective methods, techniques and technologies to prevent or minimise problems with marine animals in the key areas identified in the discussion paper.

	2003/222
Yellowtail kingfish environment modelling
	Rationale: Increased understanding was needed to determine the impacts of aquaculture on the environment in order to determine appropriate levels of production that a given area can sustain. 

Objectives:
1. To develop an understanding of yellowtail kingfish metabolism, with specific regard to determining the proportions of feed inputs that end up as dissolved/particulate waste versus respired CO2.
2. To gain a basic understanding of nutrient flows around yellowtail kingfish cages, and thus further develop and refine an existing model of nutrient outputs to the environment.
3. To validate the outputs of both models against field data to confirm their validity for estimating potential carrying capacities in aquaculture production areas.



Project Investment   
The following tables show the annual investment by project for both the FRDC (Table 3) and for researchers and other investors (Table 4). Table 5 provides the total investment by year from both sources.
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Table 3: Investment by FRDC by Project for Years Ending June 1999 to June 2008 (nominal $)

	Project 
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	Total

	1998/311
	82,102
	82,102
	205,609
	42,532
	43,943
	42,522
	0
	0
	0
	0
	498,810

	2000/254
	0
	47,656
	0
	51,187
	0
	12,844
	0
	12,156
	0
	0
	123,843

	2001/099
	0
	0
	0
	76,217
	22,154
	16,355
	4,632
	0
	0
	0
	119,358

	2002/040
	0
	0
	0
	0
	3,924
	6,116
	9,580
	0
	0
	0
	19,620

	2003/222
	0
	0
	0
	0
	0
	77,289
	36,982
	88,430
	25,338
	25,338
	253,377

	Total
	82,102
	129,758
	205,609
	169,936
	70,021
	155,126
	51,194
	100,586
	25,338
	25,338
	1,015,008


         Source: FRDC project management database  

Table 4: Investment by Researchers and Others by Project for Years ending June 1999 to June 2008 (nominal $)

	Project 
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	Total

	1998/311
	181,014
	181,014
	453,316
	93,772
	96,883
	93,750
	0
	0
	0
	0
	1,099,750

	2000/254
	0
	336,095
	0
	360,998
	0
	90,583
	0
	85,729
	0
	0
	873,404

	2001/099
	0
	0
	0
	12,771
	3,712
	2,740
	776
	0
	0
	0
	20,000

	2002/040
	0
	0
	0
	0
	8,360
	13,030
	20,409
	0
	0
	0
	41,799

	2003/222
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Total
	181,014
	517,109
	453,316
	467,541
	108,955
	200,103
	21,186
	85,729
	0
	0
	2,034,953


       Source: FRDC project management database; applicant and other investment based on project proposals


Table 5: Annual Investment in Cluster (nominal $)

	Year ending June
	FRDC
	Researchers and Others
	Total

	1999
	82,102
	181,014
	263,116

	2000
	129,758
	517,109
	646,867

	2001
	205,609
	453,316
	658,925

	2002
	169,936
	467,541
	637,477

	2003
	70,021
	108,955
	178,976

	2004
	155,126
	200,103
	355,229

	2005
	51,194
	21,186
	72,380

	2006
	100,586
	85,729
	186,315

	2007
	25,338
	0
	25,338

	2008
	25,338
	0
	25,338

	Total
	1,015,008
	2,034,953
	3,049,961




Outputs

Table 6 provides a summary of activities and outputs for each of the projects.

Table 6: Summary of Project Activities and Outputs

	Project
	Activities/Outputs

	1998/311
Prawn health
	· The rates of activity of over 20 types of extracellular enzymes were monitored in order to investigate microbial processes. A new technique was used that allowed for the rapid, direct and sensitive measurement of rates of activity in various environmental samples (i.e. water, sediment, algal blooms, detritus, prawn faeces and isolated bacteria).
· The protocols for collecting samples and measuring rates of enzyme activities were successfully developed and tested as part of this project.
· The project investigated the effects of a wide range of management practices and the effects they have on pond bacteriology.
· The study was carried out at six farms and three hatcheries in two distinct areas (Far North Queensland and Clarence River, NSW).
· Mesocosms (tank tests) were used to identify changes that occur to the key bacterial enzymes under a range of treatments, including addition of various supplementary feeds, use of various types of biofiltration systems and addition of probiotics.
· The data demonstrated that the activities for each bacterial enzyme gave a strong and reliable signal that tracked the various stages of the growout for each pond.
· The key bioindicators of the bacteriology of prawn ponds were found to be the fluorescent substrate leucine and n-acetyl glucosaminide. Excessive levels of these bio-indicators were associated with high mortalities and poor productivity.
· The mesocosm results were tested in field trials.
· A range of hazards relating to bacteria of prawn farms were identified and a hazard analysis and critical control points (HACCP) analysis was developed to assist the industry in managing pond health and reducing environmental impacts to fisheries habitats. The key control points identified were:
· Conditions for spawners during transport to hatchery and in spawner holding tanks.
· Conditions for postlarvae (PLs) during transport from hatchery to farm.
· Conditions during growout leading to mortalities, poor survival and low productivity.
· Minimisation of blooms of cyanobacteria.
· Disposal of waste-water from cooking prawns.
· Treatment of effluent.
· Pond productivity was modelled by linear regression and the key parameters were ‘daily feed rate’, ‘depth of pond’, and ‘source of postlarvae’. The key enzymes for pond productivity models were proteases and chitnases.
· Spawner tanks and spawner transport bags were found to contain very high levels of enzymes responsible for the breakdown proteins (proteases) and chitin (chitinases). High levels of proteases and chitinases were key bio-indicators of poor water quality and a stressful environment.

	2000/254
Pearl anti-fouling
	· PearlSafe, a coating to remove and prevent infestation by boring sponges was successfully developed. The coating smothers and kills boring sponges and prevents regrowth of the sponge. 
· The project demonstrated that an effective antifouling technology for the pearl oyster industry is technically viable. The coating deterred fouling in the WA pearling region for six months over the dry season (April – November) and three months over the wet season (December - March). The coating was less effective in the NT where fouling was only deterred for three months over the dry and wet (6 weeks) seasons. 
· Despite the effectiveness of the coating, the method of coating was not suitable.
· Several key performance indicators were identified for the further development of antifouling coatings. It was found that to be acceptable to the industry a coating must be an effective water-curing antifouling coating that is applied through an automated process and protects shell from fouling for six months.
· Progress towards meeting such key criteria was made, with the development of a coating that can be applied to wet shell in an automated process on-site initiated in the later period of the project.  

	2001/099
Pearl industry EMS
	· Site visits and interviews with staff were undertaken in order to evaluate current pearl industry practices and procedures.
· An environmental and ecological risk assessment was carried out based on existing knowledge, considering all aspects of the fishery, identifying and prioritising gaps in knowledge and producing a set of prioritised risks. A workshop was used in undertaking this risk assessment.
· The risk assessment produced a risk register of the main potential environmental and ecological risks arising from the Pinctada maxima fishery.  The register can be used to identify underlying issues that can be addressed through the development of an appropriate management strategy.
· A review of national and international literature was undertaken to identify key information and research gaps. Research strategies were recommended to address those gaps. 
· A gap analysis was carried out to compare the current procedures and systems identified to the requirements for achieving certification to ISO 14001.  The gap analysis also identified areas where a Pearling Industry environmental code of practice could be developed.
· The members of PPA have prepared an environmental code of practice to provide minimum standards for environmental performance, however this was not directly funded through the FRDC project. 

	2002/040
Shark and aquaculture interactions
	· The workshop was held with over 60 people in attendance. Industry speakers gave details of issues for the tuna and yellowtail kingfish aquaculture industries. Key details communicated were:
· The main shark interactions for tuna industry occur in the towing phase and mainly involve bronze whaler sharks and makos.
· Whalers are a larger problem for the yellowtail kingfish industry.
· Industry regards seal/sea lion interactions as a bigger problem than sharks.
· Interactions with white sharks are rare however they generate much publicity and are difficult to handle because of the protected status of sharks.
· There is a problem with kingfish escaping from cages via holes created by sharks.
· More information is needed on identifying activities that attract sharks, and also identifying areas more prone to interactions, in order to develop strategies to reduce interactions. 
· The tuna industry has implemented a number of changes to their operations to minimise interactions.
· Potential technological fixes include Shark Shield technology and the use of rigid steel cages. Both technologies are currently in use but have some drawbacks and need further development.
· After presentations the workshop participants split into groups and developed some key points for which there was general agreement including:
· Aquaculture cages do not appear to be attracting sharks to the region.
· Both sharks and pinnipeds (seals and sea lions) can be a problem.
· The main factor triggering attacks is the presence of freshly dead fish in cages – this is a farm husbandry issue.
· More information is needed about patterns of shark movements, behaviour, survivorship, and population status for white sharks and bronze whalers.
· Better records are required to determine the scale of the problem.
· There is an urgent need for best practice guidelines.
· Interactions with bronze whalers are more frequent than white sharks. Interactions with both species vary with site, season, and operator.
· A discussion paper on great white sharks was prepared that describes known life history characteristics, distribution information, genetic data etc.  Key conclusions were:
· While protected in all states and federally, there is still considerable mortality of white sharks in southern Australia. 
· There has been a decline in the number of white sharks over the past 50 years, with the greatest risk from commercial fishing. However, it is noted that significant effort has reduced this impact recently.
· White sharks are sometimes captured in tuna tow and farm cages. Unsubstantiated reports suggest there may be as many as 10-20 interactions per year, however records are sparse. 

	2003/222
Yellowtail kingfish environment modelling
	· Scientific and technical data for input into other projects was provided. Such projects were focused on developing solutions for aquaculture planning and management, including decision support systems.
· Models were developed that provided greater understanding of how carbon, nitrogen and phosphorus are dispersed into the environment from yellowtail kingfish farming in Fitzgerald Bay.
· From the models estimates were able to be provided of the total amount of nitrogen and phosphorus released into the water column in a soluble form, and the sediments in an insoluble form, allowing direct comparisons to other input sources.
· The carbon model developed provides a visual indication of how organic matter is likely to be deposited around cages and where the areas of greatest accumulation are likely to occur. It found that increased sedimentation rates outside of leases would only be appreciable if pens are located very close to the lease boundary.
· An understanding was developed of the nutrient outputs from yellowtail kingfish (YTK) cages, and how they relate to natural spatial and temporal variation in nutrient levels.
· The nutrient budget work showed that an annual production of 2,000 tonnes of YTK in Fitzgerald Bay will lead to a release of approximately 400 tonnes of nitrogen and 100 tonnes of phosphorus into the environment.  The carrying capacity model then suggests that an additional 1,463 tonnes of YTK can be in produced in Fitzgerald Bay annually, on top of the current production levels of approximately 2,000 tonnes before existing water quality guidelines are breached. 




Outcomes

Table 7 provides a summary of outcomes for each of the projects. 

Table 7: Summary of Project Outcomes

	Project
	Outcomes

	1998/311
Prawn health
	· The techniques developed are more powerful for studying bacteria than conventional methods in bacteriology, as they study the actual processes carried out by bacteria. The traditional methods are more concerned with how many bacteria are present and what are their names, while the extracellular enzyme method is concerned with what the bacteria are doing and how fast they are doing it.
· The main forum for communicating results to the industry was the Annual Meeting of the Australian Prawn Farmers Association. Initial results were presented at the 2000 meeting. In July 2000 the mid-project results were presented individually to each participating farm. 
· Some results from the study were published, and communication also occurred through newsletters and magazines.
· Researchers may use the techniques for monitoring extracellular enzymes in future studies of effluent treatment, zero-water exchange, activated microbial communities etc.
· The data has the potential to be used as a baseline by regulatory authorities with respect to the bacteriology of coastal prawn farms so that fair assessments can be made about future developments and how farms can substantially reduce and ameliorate impacts. 
· The results have the potential to provide farmers with information that can be used to develop improved techniques for pond management and improved productivity. However, to date it is unlikely the outputs have been used in this way.  

	2000/254
Pearl anti-fouling
	· The project developed an internationally identifiable R&D expertise in biofouling in industry and academia.
· Project 2003/206 was funded to further develop the coating, specifically the application process which had proved difficult in project 2000/254.
· At this stage, project 2003/206 has not been successful in developing an application technique that is commercially viable, and there is a low probability that an economic application technique will be developed. It is likely that other technologies for reducing the costs and losses associated with fouling may be pursued. 
· The findings are of some use to other anti-fouling research in the edible oyster, scallop, salmon and tuna industries. 

	2001/099
Pearl industry EMS
	· The risk assessment results were incorporated into the development of an industry code and can also be used to assist the industry if it chooses to seek Marine Stewardship Council (MSC) accreditation. 
· All members of the Pearl Producers Association (PPA) have adopted the Code of Practice.
· A potential area of impact identified through the ESD risk assessment was organic loading due to cleaning. A research project was funded that demonstrated that the pearling industry has no environmental footprint due to tidal movements.  
· The risk analysis and subsequent development and adoption of the Code of Practice has been used to demonstrate to the DEHWA Marine Park Planning authority that marine based pearl farming can coexist in marine parks with no impact on the ecosystem. Pearl farming is currently allowed in Shark Bay, which is designated a no-take zone.
· The pearl industry EMS has allowed maintenance of access to sites, and some additional site access.

	2002/040
Shark and aquaculture interactions
	· The workshop brought together key industry players, along with government agencies, technical experts from NGOs and research providers to discuss the relevant issues.
· The workshop and discussion paper led to the subsequent development of a code of practice in South Australia relating to aquaculture and its interaction with marine mammals.
· The Code details how far an aquaculture development had to be sited from an aggregation zone of white pointers where they pup. It also details tuna farming areas in which shark nets are required and tensions that tuna farmers have to maintain in nets to ensure sharks don’t get trapped.
· The workshop identified knowledge gaps, and a research project was funded looking at seal/fish-farm interactions, particularly in relation to female, young, breeding and eating zones. 

	2003/222
Yellowtail kingfish environment modelling
	· The refined model enables better management of aquaculture zones in an environmentally sustainable fashion. Specifically it allows PIRSA Aquaculture to make decisions on lease allocations and total allowable stocking densities in Fitzgerald Bay with greater confidence.
· Farm managers and regulators can utilise the carbon deposition model to allow to them to arrange pens so as to minimise areas of overlap and thus of high sedimentation. For example, previously a single company may have four leases widely dispersed, however the findings of the model show it is possible to locate those farmers closer together and combine as one and not have any increased impact on the environment. The co-location will save the industry costs in travel to service cages.  
· The metabolic data will give industry greater understanding of the oxygen requirements of their fish and therefore reduce stress imposed on the fish.
· The information will also allow direct comparisons of nutrient inputs to the marine environment between aquaculture and other industries. 
· It was recommended that further work be undertaken on the models to develop user-friendly interfaces and to develop them further, and this has occurred. 
· The models have also been used in other YTK farming areas in South Australia where farming practices are similar.
· The SA EPA and DEH have indicated an interest in the nutrient model with the intention of using it for assessing new applications, and the WA Dept of Fisheries have indicated they would be interested in the models to assist with the development of the aquaculture industry in that state. The Queensland government has adapted the approach and is using it in the Great Sandy region to make decisions on aquaculture development in the region.




Benefits 

1998/311 – Prawn health
The outputs of this project were generally in the area of basic, or strategic research rather than applied research.  The science and techniques have been used in other prawn related research (including by ACIAR in South East Asia) and will have had some benefit for that research.  However, the outputs have not been applied in a practical sense, partly due to incidences of poor prawn health due to bacteria and poor water quality not being as significant an issue as first thought. Despite this, the research did build capacity and knowledge, and an appreciation of the issues which may have an impact on the industry at some time in the future. The potential benefits from this project are not quantified due to their strategic nature. 

2000/254 – Pearl anti-fouling
While the research project successfully developed the anti-fouling treatment, there is a low probability that a commercially viable application technology will be developed in the short to medium term. Therefore the probability of adoption of the key project output is also extremely low. If an effective antifouling product were commercially available, benefits would accrue to growers in Western Australia, the Northern Territory and Queensland.  The benefit would be due to a major reduction in cleaning costs associated with removing fouling from shells and mesh panels. Use of the coating may also result in faster oyster growth and reduced oyster mortality. Also, a decrease in the weight of longlines and drag forces makes the longlines less susceptible to damage during storms.  The availability of the coating might also facilitate industry expansion and productivity as shell cleaning is a major logistical difficulty. The potential benefits from this project are not quantified, due to the extremely low probability of success of the subsequent project, and therefore adoption.

2001/099 Pearl industry EMS
The benefits from the risk assessment and subsequent Code of Practice largely relate to the industry being known as an environmentally benign industry with minimal adverse effect on the environment.  This allows the industry to continue to operate, and expand further, in a range of zones including some marine parks that are otherwise considered no-take zones. 

The aquaculture pearl industry was worth around $130 million in 2007-08 (ABARE, 2009). The majority of this production occurs in Western Australia ($113 million) with the remainder in Queensland and the Northern Territory.  Pearl farming is controlled by state governments. For example, in Western Australia the government has a policy of controlled expansion, with  quotas that limit the number of hatchery oysters able to be seeded for pearl culture and limits on acquiring and using areas of water that are leased from the state government for the purposes of farming oysters for round pearl culture. The Pearling Act regulates and controls leases, and includes guidelines and rules concerning the ongoing management and granting of leases. Ministerial Guidelines within the Act require consultation when applying for marine aquaculture lease sites and also outline rules governing the distance between pearl farm lease sites and pearl farms.  

Spatial allocation processes had been established by the Government in 1997, and these processes had been adequate for decisions on marine site applications. However, it was noted in 2006 (Thomson and Weir) that demand for marine areas was likely to increase in the future, and there may therefore be increased conflict of views between competing user groups (e.g. other potential aquaculture industries, charter tours, recreational and indigenous sectors). One of the reasons for this increased demand, was that the hatchery quota had been fully taken up, and improved husbandry techniques had meant that there was a steady increase in pearl oysters under cultivation requiring continued availability of marine sites for pearl farming. 

Thomson and Weir (2006) also note that there are increasing community expectations around conservation of marine environments, and that parliaments in Australia are influenced by the environmental sector in setting sustainability policies.  The contribution of this project to undertaking  risk assessment, setting research priorities and establishing an Environmental Code of Practice have all been, and will continue to be, important in demonstrating the environmental responsibility of the industry and it’s ability to co-exist with other uses of the marine resource. This in turn, will allow the industries continued expansion into appropriate marine zones with the appropriate physical requirements for pearling (e.g. shelter from cyclones, sufficient water flow, habitat).

2002/040 Shark and aquaculture interactions
The outcomes of the project will contribute to ensuring that interactions between the aquaculture industry and large marine animals such as sharks and seals are minimised. It showed that there were most likely minimal interactions in the past, and identified risks of future interactions.  A Code of Practice was developed to minimise such risks.  This will result in a reduced likelihood of negative ecosystem impacts due to aquaculture, and may also result in saved costs to the aquaculture industry, through reduced damage to cages and other equipment. 

2003/222 Yellowtail kingfish environment modelling
The investment in developing an environmental model for the yellowtail kingfish aquaculture industry in South Australia has led to a number of benefits. However, it should be noted that there have been some other FRDC and SARDI investments that have also contributed to these benefits. Examples of benefits include:
· Ensuring access to farm sites, and security of tenure to farmers through greater certainty in planning.
· Facilitation of aquaculture development approvals through assistance in determining the carrying capacity of farm environments and indications of the most appropriate number of farms a region can accommodate.
· The improved understanding of the interaction between YTK farming and the environment has allowed greater confidence of YTK producers to optimise the productivity and locations of their systems without compromising environmental health.    
· Refining of regulatory frameworks by government agencies responsible for licensing and managing the industry.
· Improvements of government and community perceptions of aquaculture developments.

Summary of Benefits 
Table 10 provides in a triple bottom line framework a summary of the principal types of benefits associated with the outcomes of the investment.  

Table 10: Summary of Benefits in a Triple Bottom Line Framework

	Economic
	Environmental
	Social

	1. Potential contribution to improved health of farmed prawns or aquaculture species through improved basic knowledge on bacteria in aquaculture
	6. Minimisation of impact of aquaculture on the environment (pearls and yellowtail kingfish) through identification and management of potential risks
	8. Increased scientific capability

	2. Improved access to areas for pearl aquaculture development, and therefore ability to expand industry
	7. Reduced impact of aquaculture on sharks and marine mammals
	9. Increased sustainability of jobs in the aquaculture industry

	3. Improved access to areas for yellowtail kingfish aquaculture development, and therefore ability to expand industry
	
	

	4. Reduced damage to cages and other equipment from sharks and marine mammals
	
	

	5. Saved costs to yellowtail kingfish aquaculture producers due to efficiencies in cage location
	
	



The benefits identified above have been classified into other categories in Table 11. This provides a subjective assessment of the magnitude of each benefit and its distribution among beneficiaries.   

Table 11: Summary of Importance of Benefits by Beneficiary Type 

	
	Fishing industry
	Spillovers

	
	
	Other industries
	Public

	Economic
	1. *
2. ***
3. ***
4. *
5. **
	
	

	Environmental
	
	
	6. **
7. *

	Social
	8. * 

	
	8. * 
9. *


*** Major contribution     ** Some contribution     * Minor contribution  

Public versus Private Benefits 
Both private and public benefits will arise from the cluster investment. On the basis of the ten benefits listed in Table 11, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up 40% of the total benefits. If the subjective weightings provided in Table 11 are taken into account, then 31% of the total benefits could constitute public benefits to Australia.

Distribution of Benefits Along the Fish Supply Chain 
The improved access benefits will impact initially on aquacultural production but some benefits will be passed on along the supply chain including consumers. The cost reductions also will be shared among the supply chain including the industries and consumers. 

Benefits to Other Industries
There are unlikely to be any spillover benefits to other industries outside of the fishing industry.

Benefits Overseas
There are unlikely to be any significant spillover benefits to overseas industries or societies.  However the science and techniques have been used in other prawn related research (including by ACIAR in South East Asia) and will have had some benefit for that research.

Additionality and Marginality
The investment in the projects in this cluster has been a medium order priority for FRDC investment.

If FRDC had not received funding from government, some of the investment would probably still been made. Some of the public benefits identified therefore would have been delivered. Further detail is provided in Table 12.

Table 12: Potential Response to Reduced Public Funding to FRDC

	1. What priority were the projects in this cluster when funded?
	Medium 

	2. Would FRDC have funded this cluster if only half of public funding of FRDC had been available?
	Yes, but with a lesser total investment of about 50-75% of actual.   

	3. Would the cluster have been funded if no public funding for FRDC had been available?
	Yes but with only about 25-50% of actual funding  



Match with National Priorities 
The Australian Government’s national and rural R&D priorities are reproduced in Table 13 (updated in May 2007 and current July 2009 (http://www.daff.gov.au/agriculture-food/innovation/priorities)).  

Table 13: National and Rural R&D Research Priorities 2007-08

	Australian Government 

	National Research Priorities
	Rural Research Priorities 

	1. An environmentally sustainable Australia
2. Promoting and maintaining good health
3. Frontier technologies for building and transforming Australian industries
4. Safeguarding Australia
	1. Productivity and adding value 
2. Supply chain and markets 
3. Natural resource management 
4. Climate variability and climate change 
5. Biosecurity 
Supporting the priorities:
1. Innovation skills 
2. Technology 



The projects contribute to National Research Priority 1 and 3, as well as Rural Research Priorities 1 and 3.  The two supporting priorities have also been addressed.


Quantification of Benefits

Benefits Valued 
Benefits are valued for two of the projects in the cluster, the pearl EMS project (2001/099) and the yellowtail kingfish project (2003/222). The benefits valued relate to the contribution of these two projects to retaining access to the marine resource, and therefore allowing expansion of the industries.  

Benefits not valued include those from the prawn bacteria study, due to its strategic nature, the pearl anti-fouling project due to the extremely low probability of success of a subsequent project, and the shark and marine mammal workshop, due to uncertainties regarding whether the level of impact aquaculture was having on these species prior to the study was significant. It is noted however that due to providing information to address perceptions of negative impact, there may also be a benefit of retaining access to certain areas for aquaculture. 

Sustainable Expansion of SA Yellowtail Kingfish Industry
The data, monitoring and models will allow appropriate decisions to be made regarding the sustainable level of expansion of the industry in South Australia and potentially other states. It is the industry in South Australia that is considered here.  Without the research, it is possible the size of the industry could have been capped either artificially low, or high, due to the absence of appropriate scientific data and reasoning. If the size of the industry was restricted  due to being too cautious,  there would be significant lost income, while if the industry was allowed to grow too large, there would be environmental, as well as long term industry impacts due to poor water quality. For the purposes of this analysis, it is assumed that the decision would have been made to expand the industry from the existing 2,000 tonnes per annum, to only 2,500 tonnes, rather than 3,463 tonnes as is demonstrated as being sustainable through the model.  It is assumed the expansion occurs (in both with and without scenarios) over 10 years from the year 2008/09 to 2018/19.  The value lost is equal to the profit foregone by not allowing the additional 963 tonnes to be produced.   It is recognised that the YTK industry has the potential to expand to a level of production significantly greater than this, and there are suggestions of a 10,000 tonne industry in approximately 10 years. However for the purposes of this analysis, the smaller level of expansion is assumed as being attributable to this particular research.

The farm gate value of the yellowtail kingfish is assumed to be $11,000 per tonne, with the profit assumed to be 15% of this value (based on information from the Southern Bluefin Tuna industry). It is further assumed that the capital required to allow such expansion is 40% of the annual value of the YTK at the end of the ten years of growth (40% of $5.5 m or $2.4 m in the without scenario). The capital investment required is assumed to be evenly distributed over the ten years of growth. It is assumed there is a 75% probability of this expansion occurring, both in the ‘with’ and ‘without’ scenarios. It is also assumed, that this project contributes only 50% of the benefits, as some other research projects and initiatives also have contributed to the outcome valued.

Sustainable Expansion of WA Pearl Industry
The risk assessment, research and code of practice is allowing appropriate decisions to be made regarding the sustainable level of expansion of the aquaculture pearl industry in Western Australia in particular, but also the Northern Territory and Queensland. It is the industry in Western Australia that is considered here.  Without the research, it is possible the size of the industry could have been capped artificially low (using the current quota system), due to community and government concerns regarding the potential impact of the industry on the marine environment. If the size of the industry was kept too small, there would be significant lost income. Currently, the pearl farming industry in WA is valued at approximately $119 million per year (average reported in ABARE, 2009 for three years ending June 2008). This value of production comes from approximately 110 leases. This simplistically equates to an average annual production value of $1.08 m per lease. For the purposes of this analysis, it is assumed that the decision would have been made to expand the industry from the existing 110 leases, to only 120 leases, rather than 140 leases, which may be considered to still be having little environmental impact while meeting increased demand.   It is assumed the expansion occurs (in both with and without scenarios) over 10 years from the year 2008/09 to 2018/19.  

The value lost is assumed equal to the profit foregone by not allowing the additional 20 leases to be farmed.  It is assumed that the profit makes up 15% of the value of the industry. It is further assumed that the capital required to allow such expansion is 40% of the annual value of the lease (40% of $10.8 m or $4.3 m in the without scenario). The capital investment required is assumed to be evenly distributed over the ten years of growth. It is assumed there is a 75% probability of this expansion occurring, both in the ‘with’ and ‘without’ scenarios. It is also assumed, that this project contributes only 50% of the benefits, as some other research projects and initiatives also have contributed to the outcome valued.

Summary of Assumptions
A summary of the key assumptions made is shown in Table 14.

Table 14: Summary of Assumptions

	Variable
	Assumption
	Source

	SA yellowtail kingfish aquaculture 

	Expansion of industry without research
	500 tonnes
	Consultant estimate 

	Expansion of industry with research
	1463 tonnes
	Consultant estimate, based on project modelling 

	Year in which expansion starts
	2008/09
	Consultant estimate 

	Period over which expansion occurs
	10 years
	Consultant estimate

	Value of YTK per tonne
	$11,000
	Aquaculture Development Council presentation (www.wa.gov.au) 

	Proportion of value that is profit
	15%
	Consultant estimate

	Additional capital investment required 
	$4.2 m (spread over 10 years); based on 40% of 963 t @ $11,000 per tonne 
	Consultant estimate

	Probability of expansion occurring
	75%
	Consultant estimate

	Attribution of estimated benefit to this project
	50%
	Consultant estimate

	Pearl aquaculture in WA

	Expansion of industry without research
	10 leases
	Consultant estimate

	Expansion of industry with research
	30 leases
	Consultant estimate

	Year in which expansion starts
	2008/09
	Consultant estimate

	Period over which expansion occurs
	10 years
	Consultant estimate

	Value of WA industry 
	$119 m per annum 
	ABARE (2009)

	Number of leases  
	110 as of 2005 
	WA Department of Fisheries website (last updated 2005)

	Value of pearls per lease
	$1.08 million
	$119 m /110 

	Proportion of value that is profit
	15%
	Consultant estimate

	Additional capital investment required 
	$8.6 m (spread over 10 years); based on 40% of 20 leases @ $1.08 m per lease
	Consultant estimate

	Probability of expansion occurring
	75%
	Consultant estimate

	Attribution of estimated benefit to this project
	50%
	Consultant estimate




Results

All past costs and benefits were expressed in 2008/09 dollar terms using the CPI. All benefits after 2008/09 were expressed in 2008/09 dollar terms. All costs and benefits were discounted to 2008/09 using a discount rate of 5%. The base run used the best estimates of each variable, notwithstanding a high level of uncertainty for many of the estimates.  Investment criteria were estimated for both total investment and for the FRDC investment alone. All analyses ran for the length of the investment period plus 30 years from the last year of investment (2007/08) to the final year of benefits assumed. 

The present value of benefits (PVB) from each source of benefit was estimated separately and then summed to provide an estimate of the total value of benefits.  Table 15 shows the sources of benefits, expressed as the PVB and the percentage of total benefits.    

Table 15: Source of Benefits (discount rate 5%, 30 year period)

	Benefit
	PVB
($m)
	% Total 

	SA yellowtail kingfish industry benefit  
	5.96
	32.9

	WA pearl industry benefit  
	12.16
	67.1

	Total
	18.12
	100



Tables 16 and 17 show the investment criteria for the different periods of benefits for both the total investment and the FRDC investment.

Table 16: Investment Criteria for Total Investment
(discount rate 5%)

	Years
	0
	5
	10
	20
	30

	Present value of benefits ($m)
	0
	0.19
	3.57
	12.58
	18.12

	Present value of costs  ($m)
	5.39
	5.39
	5.39
	5.39
	5.39

	Net present value ($m)
	-5.4
	-5.20
	-1.8
	7.19
	12.73

	Benefit–cost ratio 
	0
	0.04
	0.7
	2.3
	3.4

	Internal rate of return (%)
	neg
	neg
	2.2
	10.0
	11.2



Table 17: Investment Criteria for FRDC Investment
(discount rate 5%)

	Years
	0
	5
	10
	20
	30

	Present value of benefits ($m)
	0
	0.06
	1.16
	4.10
	5.90

	Present value of costs  ($m)
	1.70
	1.70
	1.70
	1.70
	1.70

	Net present value ($m)
	-1.70
	-1.64
	-0.54
	2.40
	4.20

	Benefit–cost ratio 
	0
	0.05
	0.7
	2.4
	3.5

	Internal rate of return (%)
	neg
	neg
	2.2
	10.0
	11.2



The annual cash flow of undiscounted benefits is shown in Figure 1 for both the total investment and for the FRDC investment.


Figure 1: Annual Cash Flow of Benefits



Table 18 shows a subjective assessment of the different benefits against the rural research priorities.  Bear in mind that this assessment refers only to those benefits that were valued. 

Table 18: Benefits Valued and Rural Research Priorities
 
	Benefit 
	PVB
($m)
	Productivity and Adding Value  
	Supply Chain and Markets 
	Natural Resource Manage-ment 
	Climate Variability and Climate Change 
	Biosecurity 

	
	
	% subjective allocation to each priority

	WA Pearl industry benefit  
	12.16
	100
	0
	0
	0
	0

	SA Yellowtail kingfish industry benefit  
	5.96
	100
	0
	0
	0
	0

	Total ($m)
	18.12
	18.12
	0
	0
	0
	0

	Total (%)
	100
	100
	0
	0
	0
	0



Sensitivity Analyses
Sensitivity analyses were carried out on some variables and results for the total investment are reported in Tables 19 and 20. All sensitivity analyses were performed with benefits taken over the life of the investment plus 30 years from the year of last investment. All other parameters were held at their base values. 

Table 19 shows that the investment criteria are not particularly sensitive to the discount rate due to the relatively rapid returns from market and marketing investments.  

Table 19: Sensitivity to Discount Rate  
(Total investment, 30 years)

	Criterion 
	Discount Rate 

	
	0%
	 5% (Base)
	10%

	Present value of benefits (m$)
	41.35
	18.12
	9.06

	Present value of costs (m$)
	3.75
	5.39
	7.68

	Net present value (m$)
	37.59
	12.73
	1.38

	Benefit-cost ratio
	11.0
	3.4
	1.2



Table 20 shows sensitivity of the investment criteria to the assumption regarding the extent of expansion assumed. 

Table 20: Sensitivity to Increase in Pearl Leases with Research 
(Total investment, 30 years)
 
	Criterion 
	Increase in Pearl Leases   

	
	20
	30 (base)
	40

	Present value of benefits (m$)
	12.04
	18.12
	24.20

	Present value of costs (m$)
	5.39
	5.39
	5.39

	Net present value (m$)
	6.65
	12.73
	18.80

	Benefit-cost ratio
	2.2
	3.4
	4.5

	Internal rate of return (%)
	8.8
	11.2
	12.4



Confidence Rating  
The results produced are highly dependent on the assumptions made, many of which are uncertain.  There are two factors that warrant recognition.  The first factor is the coverage of benefits.  Where there are multiple types of benefits it is often not possible to quantify all the benefits that may be linked to the investment.  The second factor involves uncertainty regarding the assumptions made, including the linkage between the research and the assumed outcomes 

A confidence rating based on these two factors has been given to the results of the investment analysis (Table 21). The rating categories used are High, Medium and Low, where:
High:		denotes a good coverage of benefits or reasonable confidence in the 			assumptions made 
Medium:	denotes only a reasonable coverage of benefits or some significant 				uncertainties in assumptions made 
Low:	denotes a poor coverage of benefits or many uncertainties in assumptions made 

Table 21: Confidence in Analysis of Environmental Aquaculture Cluster

	Coverage of Benefits
	Confidence in Assumptions

	Medium
	Medium




Association with FRDC KPIs

The Key Performance Indicators (KPIs) for FRDC fall into five groups as provided in Table 22. The investments analysed in this evaluation have made a significant contribution to KPI E2.

Table 22: FRDC Key Performance Indicators by Strategic Challenge as per R&D Plan 2005-2010 (a)

	Strategic Challenge 
	KPI

	A. Natural resource sustainability 
	1. Self or co managed fisheries governance structures and processes 
2. Reduction of species that are overfished
3. Increased use of fisheries R&D outputs by fisheries management agencies  

	B.  Resource access and resource allocation 
	1. Socio-economic resource allocation assessments incorporated into fisheries resource allocation processes
2. Evidence of improved use of spatial management as a tool for fisheries management 

	C. Response to demand; profitability 
	1. New markets accessed
2. Third party audited quality standards for vessels and processors
3. Increase in finfish production through improved feeds and feeding practices
4. Commercial operation for fish processing waste
5. Use of improved stock from selective breeding programs    

	D. People development 
	1. Seafood people to complete Australian Rural Leadership program annually
2. Postgraduate student completions
3. Industry people to attend “Advance in Seafood” Leadership Development Program   

	E. Community and consumer support 
	1. Increased consumption of seafood
2. Aquaculture ventures able to access new sites 


            (a) Note that several projects were started under previous R&D plans 


Lessons Learnt for Future Investment

Lessons learnt from this analysis include: 
· There are significant gains that can be made in addressing environmental and social issues in primary industries, when the achievement of those benefits can also contribute to private economic benefits to levy payers.  
· The environmental benefits due to this type of research can be limited, in that the without research scenario assumes that there would be some limits to production, or some other regulation imposed on the industry. These actions would also result in reduced environmental impacts from the target industry, just as the actions taken in the ‘with research’ scenario do. Of course, both the with and without research scenarios do result in improved environmental benefits over the ‘do nothing’ scenario, but that is not measured in such cost-benefit analyses. 
· The pearl coating project is an example of where a project can succeed in terms of its scientific outputs, but where there is no practical application for those outputs in the short-term.  Despite their being no foreseeable benefits from this project at the present time, it should not be considered a failure, as it did meet the majority of its objectives and produced some ‘basic’ science of great ‘potential’ value.  


Conclusions

Investment was made in a total of five projects within the cluster with the FRDC contribution approximating 33% of the total costs involved.  

A mixture of private and public benefits was identified, with the majority of benefits from the investments private in nature. Benefits from two of the five investments were significant and therefore quantified. The benefits were associated with maintenance of access for two aquaculture industries to allow them to expand.

Overall, the investment criteria estimated for the investment of $5.4 million (present value of costs) in the five projects in the cluster were positive with a net present value estimated at $12.7 million and a benefit-cost ratio of 3.4 to 1, all expressed in 2008/09 $ terms and estimated using a discount rate of 5% (benefits estimate over 30 years from the final year of investment). 
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