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[bookmark: _Toc428265570]Executive Summary – Overview of all reports
The FRDC Five Year Plan (FRDC, 2010) divides its investment into 14 themes. The Corporation has set an impact assessment objective of evaluating in economic terms all projects in all themes over the five year period commencing in March 2011. Projects were defined as those having been completed (or substantially completed) in the five years prior to 2011.  
The first population of projects was defined in January 2011 and projects were placed into each of the 14 themes. Some of the 14 themes had far more projects than others and those themes with high numbers of projects were divided into two or more clusters of projects.  This resulted in 25 clusters across the 14 themes.  
Evaluation of the first eight clusters was completed in October 2012 and the evaluation report provided to FRDC. In the second 18 months period (i.e. July 2013 to December 2014) a further nine of the 25 clusters were subjected to impact assessment resulting in the current summary report. The impact assessment used cost-benefit analysis (CBA) to estimate investment criteria for each cluster of projects.  The nine clusters evaluated in this second round comprised:
1 cluster from theme 1 (Biosecurity and aquatic animal health),
1 cluster from theme 4 (Ecologically sustainable development),
1 cluster from theme 5 (Governance and regulatory systems),
1 cluster from theme 6 (Resource access and allocation),
4 clusters from theme 7 (Production, growth and profitability), and
1 cluster from theme 8 (Consumers, products and markets).
Each cluster comprised between seven and 50 projects.  As the entity for evaluation reporting was the cluster, costs and benefits for each cluster had to be built up from information on the individual projects in the cluster. This was achieved largely through access to the FRDC data base and contact with Principal Investigators of projects, government agencies and industry personnel.
The value of total funding for each of the nine clusters (FRDC plus other investment) ranged from $3.7 million to $44.2 million, with a total value for all clusters of $137.4 million (in nominal $ terms). The FRDC nominal investment in the nine clusters analysed varied for each cluster (32.6% to 62.4% of the cluster total). FRDC contributed 40% of the total nominal investment across all nine clusters. 
The majority of the benefits identified from the nine clusters (202 projects in total) were economic in nature although significant numbers of environmental and social/community benefits also were identified. The major beneficiary of the impacts of the nine clusters of research investment has been the fishing industry (51% of the number of benefits identified), with 43% of the identified number of benefits being public in nature and 6% to overseas interests. The results demonstrate the significant spillovers of benefits to the public sector from research targeted at the fishing industry. Insignificant spillover benefits to other Australian industries were identified.
A number of the identified benefits were valued, and investment criteria for each of the clusters of investment calculated. Benefits were estimated over 30 years from the final year of investment in the research. Benefits and costs were expressed in 2013/14 dollar terms, and discounted to 2013/14 using a discount rate of 5%.  
The net present values (NPVs) for total investment for the individual clusters ranged from $6 million to $124 million and the Benefit-Cost Ratios (BCRs) ranged from 1.8:1 to 3.9:1. FRDC investment made up 37.9% of the total investment in present value terms, and the NPVs for FRDC investment in individual clusters ranged from $4 million to $60 million.
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When all nine clusters are aggregated, the BCR for the $266.5 million investment in the nine clusters (present value terms) was 2.6:1, with the Present Value of Benefits (PVB) of $684.0 million and an NPV of $417.5 million. For the FRDC investment of $101.0 million (present value terms), the NPV was $170.2 million. 
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Background

The FRDC currently has five programs:
1. Environment
2. Industry 
3. Communities 
4. People development 
5. Extension and adoption 

[bookmark: _Toc427583140][bookmark: _Toc427583733]Theme 7 is part of the FRDC’s Industry program, the main priorities of which are to promote the development of new and existing technologies, improve the productivity and profitability of existing industries while supporting the development of new ones, and to better understand and response to domestic and international market and consumer requirements. Investment in the Enhancement, Nutrition and Health cluster aims to support the broad objective of Theme 7, which is to ‘increase the gross value of production, profit margins, productivity and opportunities throughout the fishing and aquaculture industry’ (FRDC, 2010).

[bookmark: _Toc427583141][bookmark: _Toc427583734]The research in this cluster has been conducted against the backdrop of the increasing gap between world demand for seafood and the capacity for seafood supply (FRDC, 2010). Expansion of aquaculture production and enhancement of wild fishery stocks provide two methods of addressing this issue, thereby increasing the economic and environmental sustainability of the fisheries industry.

[bookmark: _Toc427583142][bookmark: _Toc427583735]The use of fisheries enhancement has the potential to improve the profitability and sustainability of fisheries in both the short and long term. Two advantages of enhancement are its minimal environmental impact and low cost, however, these benefits will be realised only if thorough research has been conducted prior to commencement. The research in this cluster focused on the localised use of enhancement in several Australian fisheries.

[bookmark: _Toc427583143][bookmark: _Toc427583736]Nutrition and health are critical issues for successful aquaculture production, with implications for cost of production, growth rate, survival, product quality, and market acceptance. Feeding expenses usually represent the single largest cost to aquaculture producers, so there is a strong incentive to identify opportunities for improved efficiency in this area. As nutritional requirements can vary substantially between species, it is important to have targeted aquaculture nutrition research which addresses the needs of commercial operators. In addition to research in animal nutrition, several projects worked to develop new or improved methods for measuring health in fish.

[bookmark: _Toc427583144][bookmark: _Toc427583737]With recent increases in the prices of traditional feeds such as baitfish, fishmeal and Artemia, there has been a growing interest in producing manufactured feeds from lower cost ingredients. Several of the projects in this cluster reflected this trend, investigating the potential of alternative plant and animal ingredients in aquaculture feeds, as well as methods for producing, storing and administering these new feeds.

Summary of Projects 

There are 15 projects in Theme 7: Enhancement, Nutrition and Health. Table 1 gives a list of projects in the cluster and Table 2 provides a qualitative summary description of each project.  

Table 1: Projects Included in Cluster 

	FRDC Project Number
	Project Title

	1999/305

	Abalone Aquaculture Subprogram: identification of insulin-like peptides from abalone

	2001/033

	Development and delivery of technology for production, enhancement and aquaculture of blacklip abalone in NSW

	2001/249


	Aquafin CRC - SBT Aquaculture Subprogram: optimisation of farmed southern bluefin tuna (Thunnus maccoyii) nutrition to improve feed conversion efficiency and reduce production costs

	2002/045

	Rock Lobster Enhancement and Aquaculture Subprogram: assessing the possibilities for enhancing the natural settlement of western rock lobster

	2004/211


	Aquafin CRC - SBT Aquaculture Subprogram: nutritional profiles of baitfish 3:  effects of harvest and post-harvest processes on quality of local baitfish for feeding SBT

	2004/220
	Aquafin CRC: feed technology for temperate fish species

	2004/236

	Aquaculture Nutrition Subprogram: evaluation of value-added grain protein products for Atlantic salmon and black tiger prawns

	2004/237

	Aquaculture Nutrition Subprogram: assessment of growth performance under limiting environmental conditions

	2004/238

	Aquaculture Nutrition Subprogram: Further development towards commercialisation of marine fish larvae feeds -  Artemia

	2004/258

	Aquaculture Nutrition Subprogram: further development towards commercialisation of marine fish larvae feeds - Microdiet

	2005/016
	Marking scallops for release and recapture

	2007/221

	Evaluating the southern bluefin tuna cell lines as a platform for testing the effectiveness of antioxidants in preserving flesh quality

	2007/230

	Aquaculture Nutrition Subprogram: Technical review, project management and development services

	2008/071
	Tactical Research fund: Economic viability of pipi (Donax deltoides) reseeding

	2008/712
	Seafood CRC: Second generation tuna feeds






Table 2: Description of the 15 Projects

	Project Number 1999/305: Abalone Aquaculture Subprogram: identification of insulin-like peptides from abalone

	Project details
	Organisation: Flinders University
Period: September 1999 - January 2009
Principal Investigator: Kathleen Soole

	Rationale
	Decrease in wild abalone stocks was expected to lead to sustained price increases in the future, which made abalone aquaculture an increasingly attractive investment option.

Having achieved the fundamentals in rearing farmed abalone to marketable size, research trends were veering towards animal health, including disease control and growth efficiency.  Due to the potential for high stress-induced mortality amongst farmed abalone, there was a need for a stress marker that could be utilised in the early detection of poor animal health. The development of sensitive and reproducible methods for measurement of growth rates is crucial to facilitate study of the effects of various husbandry practices and diets on abalone development.

Levels of insulin-like growth factors (IGFs) have been shown to correlate with nutrition and stress in fish, and this knowledge has been used in developing commercially used assays for the early detection of stress and nutritional status in finfish. The identification and production of insulin-like peptides in abalone would allow studies to be performed to examine their roles in growth and development. The development of endocrinological assays as indicators of growth potential and response to factors such as diet could provide valuable tools for maximising the output of abalone farms.

	Objectives
	1. 1. To use molecular biology techniques to isolate insulin-like peptides (ILPs) from abalone.
2. 2. To use these peptides to produce reagents and develop immunoassays for measuring ILP concentrations in abalone.
3. 3. To characterise the expression of these factors at the DNA and protein levels.
4. 4. To undertake a preliminary study examining the correlation of ILP levels and growth.

	Outputs
	· The discontinuation of the PhD student performing the research led to a revision of project objectives to include only objective one.
· Molecular biology techniques were used in the isolation of a partial ILP DNA sequence from greenlip abalone. This was found to be expressed only in the cerebral ganglia, eyes and tentacles.
· It was discovered that parts of this DNA molecule are also present in the DNA of other marine species (blue swimmer crab, cockle, shrimp, snail, sponge and squid). This indicates that this sequence is widespread among marine species.

	Outcomes
	· The ILP gene fragment isolated in this project has the potential to be used as a starting point for the isolation of more ILPs and IGFs in marine species that may have the potential to be used as biochemical stress markers.
· Isolation of the complete ILP sequence will enable development of immunoassays that can be used to measure the correlation between abalone ILP, growth, and stress levels. Such a finding could contribute to the development of a sensitive and reproducible assay method for the measurement of abalone growth rates.

	Benefits
	· Contribution to scientific knowledge regarding the isolation of DNA sequences from abalone.
· Increased knowledge regarding abalone stress measurement, growth, and mortality has the potential to improve the productivity and profitability of Australian abalone farms. 



	Project Number 2001/033: Development and delivery of technology for production, enhancement and aquaculture of blacklip abalone in NSW 

	Project details
	Organisation: NSW Department of Primary Industries (DPI)
Period: December 2001 to March 2009
Principal Investigator: Geoff Allan

	Rationale
	NSW blacklip abalone (Haliotus rubra) populations had declined severely in recent decades, and many complex questions and issues needed to be addressed if this decline was to be stopped or reversed. Foremost was the issue of raising juvenile recruitment to levels that match the inherent capacities of individual depleted reefs to sustainably yield higher quantities of marketable 4+ year old adults. 

A precursor project had made good progress towards developing cost-effective enhancement and ranching technology for blacklip abalone in NSW, particularly in the areas of seed production and transport costs. While preliminary economic modelling had identified hatchery raised 6 to 8 month old juveniles as those likely to be cost-effective for seeding depleted reefs in NSW, average survivorship from these releases was much lower than that reported for equivalent size/age wild juveniles. 

The NSW DPI abalone aquaculture and enhancement project was originally initiated by NSW south coast Indigenous groups to develop abalone aquaculture for their communities, so the Indigenous community, through the Indigenous Fishing Strategy, were logical partners and key stakeholders in the R&D. These communities have historically relied on abalone as a food source and for cultural purposes, but with significant reduction in the abundance and availability of abalone this reliance is now denied to them.

In addition to these issues, there was a desire to investigate the potential for aquaculture of triploid abalone. While some other triploid molluscs have been widely used in aquaculture due to their sterility, improved growth, and improved quality (Gong et. al., 2004), further research was required to determine whether such effects were present in triploid blacklip abalone.

	Objectives
	1. To produce and assess the utility of sterile triploid blacklip and/or hybrid abalone for fisheries enhancement, ranching and farming.
2. To evaluate alternative methods of reducing high post release mortality rates commonly sustained by hatchery produced abalone seed.
3. To develop Indigenous community capacity to undertake the production of seed abalone and use of that seed for cost-effective and sustainable fisheries enhancement, ranching and farming of black-lip abalone.
4. To produce economic models for enhancement of blacklip abalone fisheries using hatchery produced seed.

	Outputs
	· The effects of two different chemicals widely used to produce triploid molluscs were systematically assessed for their appropriateness for the production of triploid blacklip abalone. Optimal conditions for producing triploid blacklip abalone including dose rate, application time and duration were identified for both chemicals. 
· Large-scale hatchery production of triploid and diploid H. rubra was achieved, and effects of triploidy on the various aspects of growth and breeding explored in a series of experiments. Of the triploids examined, one group was found to have yields of saleable flesh approximately twice that of all other groups of the same age. 
· Experiments were carried out to investigate the impacts of seeding density and scale on post-release survival of hatchery reared juveniles. It was found that the spatial configuration at which abalone are deployed and their proximity to urchins made little difference to their long-term survival.
· Several initiatives were undertaken to develop Indigenous community capacity to produce seed abalone on the NSW south coast. These included study tours, training courses, and the publication of a comprehensive operations manual for hatchery and nursery production of blacklip abalone.
· A major discussion paper on bio-economic modelling as an aid to cost-effective fisheries enhancement was prepared for the World Congress of Malacology in 2004. This paper incorporated results of the current and previous projects with a review of the essential components of successful marine stock enhancement, and how these components are being addressed in relation to the NSW blacklip abalone fishery.

	Outcomes
	· Substantial progress has been made regarding the production of triploid abalone, and its potential for use in aquaculture.
· Abalone farms have the potential to benefit from access to higher yielding, faster growing triploid abalone, although as of 2014 triploids have not been adopted in the industry (Wayne O’Connor, pers. comm., 2014).
· Further evaluations conducted after completion of the project found that despite low survival rates of juveniles, reseeding could greatly increase wild abalone populations with no significant impact on the benthic habitat.
· Abalone reseeding has not occurred on a significant scale in NSW fisheries. However, abalone represents a strong candidate species for restocking in the future, which has been enabled by this research (Wayne O’Connor, pers. comm., 2014).
· Improved understanding of the factors influencing success of seeding efforts will contribute to increased success of potential future abalone enhancement programs. 
· While the Indigenous hatchery was not established, significant human capacity has been developed in regards to the production and management of abalone in NSW.

	Benefits
	· Increased industry capacity in abalone production and management.
· Potentially increased fishery profits due to larger catches. 
· Potentially increased sustainability of NSW abalone fisheries.



	Project Number 2001/249: Aquafin CRC - SBT Aquaculture Subprogram: optimisation of farmed southern bluefin tuna (Thunnus maccoyii) nutrition to improve feed conversion efficiency and reduce production costs

	Project details
	Organisation: South Australian Research and Development Institute 
Period: January 2002 to June 2008 
Principal Investigator: Robert van Barneveld

	Rationale
	Tuna nutrition, in particular the development of a manufactured pellet to replace baitfish, had long been a priority for the tuna aquaculture industry. Prior to this project, the SBT nutrition research program had resulted in the development of a semi-moist manufactured diet that could be produced and fed successfully on a commercial scale. 

Despite these advances, the bulk of nutritional knowledge was embodied in the production techniques for semi-moist pellets and the nutritional values of some ingredients. Knowledge of the nutritional requirements of SBT was still quite limited. In addition, industry feedback suggested that major limitations remained in knowledge of the nutritional value of feed ingredients, the potential for fortification diets, and techniques for the production of cost-effective diets. This project was developed to address some of these limitations and further improve manufactured pellets.

	Objectives
	1. To improve overall industry feed conversion efficiency with a view to increasing the quantity of tuna produced from the same nutritional inputs.
2. To improve nutritional knowledge to reduce the cost and (increase) efficiency of SBT production by:
· Enhancing the capacity to control the supply of nutrients to farmed SBT
· Improving knowledge of the nutritional requirements of SBT
· Understanding factors that influence feed intake in SBT
3. To provide nutrition research support to other tuna research projects.
4. To establish the digestibility of extruded pelleted diets and measure changes in diet digestibility over the tuna season.
5. To establish the effectiveness of FORMU-BAIT feeding software, for predicting SBT responses to diets under commercial conditions.

	Outputs
	· The project conducted detailed investigations in the following areas:
· Effect of feed form and addition of attractants on pellet intake
· Effects of different preservatives on shelf life of pellets and fish performance
· Rapid methods to analyse the nutrient composition of bait fish
· SBT protein and energy requirements
· Digestibility of feeds
· The feed formulation software, FORMU-BAIT was developed. This program has the capability to accept information on potential supplies of bait fish, including their cost and nutrient composition, and relate these to a stated requirement.
· A tuna nutrition manual was produced for farmers, outlining the current knowledge on SBT nutrition and explaining the theory behind nutrition and diet formulation. The manual was designed to be a working document so that it can be updated as more information becomes available in the future.
· It was determined that the most desirable feeding strategy for SBT is to maintain a constant and balanced supply of protein and fat. SBT that were fed a diet containing medium levels of protein (18.5%) and medium levels of fat (7.3%) for an entire commercial season had the greatest length increase, the greatest weight gain and the lowest feed conversion ratios. 
· There does not appear to be any advantage in supplying either high protein/low fat or low protein/high fat diets at the beginning of the season to exploit the higher feed intakes of SBT that occur at that time.
· Based on a literature review, blue mackerel was initially identified as one of the most suitable surrogate species for SBT due to physiological similarities. However, in practice it proved very difficult to capture and handle without bruising. Blue mackerel also experienced high mortality and growth issues, suggesting that blue mackerel may not be a suitable surrogate for SBT in future experiments.
· The digestibility experiment demonstrated apparent digestibility of the diet tested in this project is consistent with findings for other fish species fed a high quality diet. Digestibility was found to be higher in June and August and April and May, which may reflect enzymatic changes induced by pellets, or a difference in gut transit time due to decline in water temperature.
· Research was conducted on pellet form, examining the effect of pellet size, shape and moisture content on the attractiveness of pellets to SBT. The results of these experiments suggested the optimum form is a semi-moist, flat pellet approximately 30mm in length.
· It was proven possible to create a shelf-stable moist pellet with the addition of a preservative agent. Such a formulation was found to exhibit no visible signs of mould after nine weeks. A growth trial, using yellowtail kingfish as a surrogate for SBT, found that fish fed the preservative-containing diet suffered no significant negative impacts compared to fish fed a preservative-free diet.
· Of the attractants evaluated – abalone gut, squid heads and pilchards - none were found to have an effect on consumption. 
· Investigations were conducted into the effect of long-term holding of SBT on growth, feed conversion ratio, and condition.

	Outcomes
	· Increased understanding of the nutrient requirements of SBT.
· The FORMU-BAIT tools provides farmers with a means to manipulate nutrient supply when feeding so they can match SBT requirements.
· This project has led to improvements in the development of a manufactured tuna pellet, particularly with regard to the optimum pellet form and pellet stability.
· Data obtained on pellet digestibility, combined with nutrient requirement data, will help in diet formulation and ensure diets do not over or under-supply nutrients.
· As of 2014 there has been little to no adoption of manufactured feeds in the SBT industry, with producers still primarily relying on baitfish. (Craig Foster, pers. comm., 2014).
· This project has contributed to the sophistication of feeding practices of the SBT aquaculture industry by raising the knowledge of nutrition and husbandry of SBT farm managers and owners (Philip Thomas, pers. comm., 2014).

	Benefits
	· Increased profitability of the SBT aquaculture industry through decreased feed and feed-handling costs.
· Reduced environmental impact of SBT aquaculture production due to more efficient usage of fish-based feed inputs.
· Enhanced industry and scientific capacity, particularly in the areas of SBT nutritional knowledge.



	Project Number 2002/045: Rock Lobster Enhancement and Aquaculture Subprogram: assessing the possibilities for enhancing the natural settlement of western rock lobster

	Project details
	Organisation: Department of Fisheries Western Australia
Period: June 2002 to February 2007
Principal Investigator: Bruce Phillips

	Rationale
	Previous studies had shown that western rock lobster pueruli and post-pueruli shelter in small holes and crevices, and that suitable shelter in the inshore environment is limited. It was considered that by providing suitable shelter, the survival of this life-stage could be substantially enhanced, leading to increased production in the wild capture fishery. This project was developed to design suitable shelters which could be used to test this proposal.

	Objectives
	1. To investigate in the laboratory, the number, size and positioning of holes suitable for post-pueruli shelters in an artificial reef environment.
2. To estimate the number of shelters needed to make a measurable impact in a study area, and a preliminary estimate of what would be needed to provide an impact in a regional commercial catch and effort reporting area.
3. To design, in conjunction with coastal engineers, suitable pueruli/post-pueruli enhancement structures that could be built in the future to test as a device to enhance local rock lobster populations.
4. To undertake a cost benefit analysis for the various options for enhancing western rock lobster.

	Outputs
	· Laboratory experiments were conducted to investigate the number, size and positioning of holes that might be suitable for post-pueruli shelters in the marine environment. Information was gained on hole occupancy patterns and the influence of factors such as the size and distribution of holes, presence of other post-pueruli, and presence of predators.
· These results were used in the design of two different sized shelter devices, which could potentially be used to enhance the survival of pueruli and post-pueruli in their first year in the benthic environment.
· A method for testing these devices was developed, identifying the potential area and number of devices required for such an experiment.
· The cost benefit analysis was deemed too difficult to achieve due to the large number of unknown variables. Particular areas of concern included the unknown costs of producing and installing the shelter devices.

	Outcomes
	· Implementation of the devices may lead to increased survival of young lobsters and thus a greater quantity of adult lobsters in the fishery.
· As of 2014, there has been no further research or deployment of the devices. However, general interest in restocking may lead to trials of the devices in the future (Bruce Phillips, pers. comm., 2014).   

	Benefits
	· Potential for increased profitability of the Western Rock Lobster fishery, driven by an increase in catch limits, or increased catch per unit effort due to thicker stocks. 
· Potentially increased sustainability of the fishery. 



	Project Number 2004/211: Aquafin CRC - SBT Aquaculture Subprogram: nutritional profiles of baitfish 3:  effects of harvest and post-harvest processes on quality of local baitfish for feeding SBT

	Project details
	Organisation: South Australian Research and Development Institute
Period: May 2005 to October 2007
Principal Investigator: John Carragher

	Rationale
	Past SBT Aquaculture Subprogram projects have sought to determine the nutritional profiles of the approximately 23 different baitfish species that are fed to farmed southern bluefin tuna (SBT). These studies have shown inter- and intra-species differences in the key nutritional parameters of baitfish.
 
Whilst differences in these characteristics between species are expected, differences between different batches of the same species can indicate seasonal or regional effects, and/or the impacts of different harvest and post-harvest practices on baitfish quality. This highlighted a need to better understand the factors that affect the nutritional quality of locally caught baitfish for the feeding of farmed tuna.

	Objectives
	1. To survey the consequences of existing harvest and post-harvest handling practices on measures of nutritional quality of local baitfish for feeding tuna.
2. To determine the effects of different harvest and post-harvest handling practices on measures of nutritional quality of local baitfish for feeding tuna.
3. To make recommendations to industry (baitfish fishers and tuna farmers) regarding existing or modified harvest and post-harvest handling practices that maximise the nutritional quality of local baitfish for feeding tuna.

	Outputs
	· Postharvest deterioration in Australian sardine (Sardinops sagax) and redbait nutritional quality was followed from the jetty through short (4-6 weeks) and long (3-6 months) term storage trials with regular sampling of frozen fish.
· A series of thawing trials was conducted for both species. These trials examined the impact of different thawing regimes on nutritional content.
· It was determined that harvest and post-harvest practices have a significant impact on the nutritional quality of baitfish fed to SBT in seacages.
· It was found that increases in rancidity and loss of freshness could be found alongside substantial losses in key elements of the nutritional profile.
· Greatest losses in quality and freshness occurred during post-harvest transport and freezing, and thawing of baitfish.
· A number of suggestions were provided to sardine fishers, processors, and tuna farm operators on how to appropriately manage baitfish post-harvest, including: 
· Baitfish, particularly sardines, should be thawed in seawater, not air, to minimise vitamin losses  
· Block feeding at sea is recommended over land-based thawing, as rapid thawing may reduce vitamin losses
· Fish should be kept on ice or refrigerated when transferred from the fishing vessel’s seawater tanks to the factory, and storage time limited
· Thiobarbituric acid reactive substances should be included as an analytical requirement for baitfish quality analysis
· A laminated summary of key results was distributed to sardine fishers, processors and tuna farm operators. Key results also were included in industry newsletters. 

	Outcomes
	· The findings of this project have the potential to be used by suppliers to improve post-harvest treatment of baitfish to optimise quality.
· Tuna aquaculture operators will then be able to improve the efficiency and effectiveness of their feeding strategy, thus optimising growth, health, quality and profits.
· Data produced in this project have been incorporated into the FORMU-BAIT database. 

	Benefits
	· Potentially increased SBT aquaculture profits from improved efficiency of handling and feeding of baitfish feeds.
· Scientific understanding of the nutritional attributes of baitfish has been advanced.



	Project Number 2004/220: Aquafin CRC: Feed technology for temperate fish species

	Project details
	Organisation: NSW Department of Industry and Investment
Period: September 2004 to May 2009
Principal Investigator: Geoff Allan

	Rationale
	Feeding costs are usually the largest budget expense for marine fish farms, and also significantly affect costs of producing fingerlings in hatcheries. Prior to this project, grow-out diets used for yellowtail kingfish (YTK) and mulloway were based on generic formulations for “marine fish”. These diets produced results, but it was unknown if they were nutritionally adequate, especially for rapidly growing fish. Even basic requirements, like the best protein to energy ratio, were unknown. There was no reliable information on ingredient digestibility making it impossible for feed manufacturers to confidently formulate diets with alternative protein sources to fishmeal. 

Global shortages of Artemia and the high cost of weaning diets have driven hatcheries to evaluate alternative live feeds, weaning diets and feeding strategies. Optimising feeding and rearing strategies can significantly improve the survival and quality of marine larvae and fingerlings, ultimately increasing the efficiency of hatchery production.

The lack of information on hatchery production and grow-out feeds for mulloway and yellowtail kingfish reduced confidence in investing and expanding marine fish farming in Australia. Applied research was needed on both species, particularly in the high-cost areas of feeds and production of fingerlings, in order to give farmers and feed manufacturers better information with which to make informed business decisions and improve profitability.

	Objectives
	General objectives:
1. To reduce costs of fingerling production.
2. To improve the cost-effectiveness of grow-out diets.
3. To validate improved feeds and feeding practices on a commercial scale.

Feeding strategy objectives: 
1. To determine the best combination of live feeds/inert feeds for larval mulloway and yellowtail kingfish.
2. To determine the best weaning and feeding strategies for juvenile mulloway and yellowtail kingfish.

Diet development objectives:
1. To determine digestibility of feed ingredients in order to formulate research and commercial feeds for mulloway.
2. To identify optimum stocking densities for juvenile mulloway.
3. To determine optimal protein and energy requirements of rapidly growing mulloway.
4. To increase understanding of how size and temperature affect the metabolism of mulloway and yellowtail kingfish.

	Outputs
	· Bioenergetic models describing growth and the protein and energy requirements of mulloway and yellowtail kingfish were developed and published.
· A series of experiments were conducted on the following factors to determine the optimum conditions for growth of larval/juvenile mulloway and YTK:
· Photoperiod and light intensity
· Conventional and alternative feeds
· Feeding frequency
· Water temperature and salinity 
· Substitution of fish oil with alternative oils
· Nutrient digestibilities for a range of diets and ingredients
· Routine metabolic rate
· Stocking density
· A database of digestibility coefficients for fishmeal and other ingredients used in commercial aquafeeds for mulloway and yellowtail kingfish was constructed and made available to Australian feed companies.
· Each bioenergetic model was used to estimate the digestible protein and energy requirements of growing fish, and iteratively determine the most appropriate protein and energy content of hypothetical feed formulations. In addition, the models can be used to estimate theoretical feed conversion ratios (FCR) and construct feeding tables for either species.
· A comprehensive hatchery manual containing advances in rearing technology developed for the production of mulloway and yellowtail kingfish in this project was developed, published, and widely disseminated.
· Much of the data produced in this project has been published in peer-reviewed scientific literature.
· Two Aquafin CRC PhDs and several honours projects were successfully completed under this project (Wayne O’Connor, pers. comm., 2014).

	Outcomes
	· Feed manufacturers can now formulate higher quality, more cost-effective feeds for mulloway and yellowtail kingfish. 
· Broodstock manipulation, hatchery practices and nursery technology have been refined, providing marine hatcheries with guidelines for improving the survival and quality of marine fingerlings. 
· Fingerling production for mulloway and YTK is now reliable and routine.
· Low-cost technology for the extensive pond-based production of mulloway larvae has been developed.
· Bioenergetic models for mulloway and yellowtail kingfish will assist farmers to benchmark growth rates, plan feeding strategies, estimate feed requirements and predict nutrient outputs, greatly assisting their farm/business management strategies (Wayne O’Connor, pers. comm., 2014).
· Research methods for diet development, larval rearing and nursery production used in this project have all assisted in the design of new research to address similar problems for other marine species.
· Research capacity at an institutional (NSW DPI and Ridley Aquafeeds) and personal level (technical staff and students) has been expanded.
· Hatchery techniques have been shared with other hatchery managers and technicians during Aquafin and Seafood CRC workshops and conferences, Australasian Aquaculture conferences and during specific meetings of marine finfish hatchery managers and technicians. 

	Benefits
	· Increased profitability of the YTK aquaculture industry due to reduced feeding and fingerling costs.
· Increased scientific capacity for aquaculture nutrition research and development.



	Project Number 2004/236: Aquaculture Nutrition Subprogram: evaluation of value-added grain protein products for Atlantic salmon and black tiger prawns

	Project details
	Organisation: University of Western Australia
Period: August 2004 to November 2007
Principal Investigator: Brett Glencross

	Rationale
	Fishmeal has traditionally been considered an important protein source for use in aquaculture diets, and many aquaculture formulations still have fish meal included at levels in excess of 50%. Due to the volumes of fish meal and oil used in aquaculture, especially for carnivorous species, aquaculture of these species is still perceived as a net fish consumer rather than producer, and this practice has raised concerns about the long-term sustainability of these industries. Furthermore, fish meal prices are prone to fluctuations in price and availability, a situation which is not expected to improve in the near future. As a strategy to reduce risk, the identification, development and use of alternatives to fish meal in aquaculture diets was a high priority for the industry.

Plant-based feeds and additives offer promise for use as alternative feeds. While there had been a substantial amount of research on the use of feed grains in aquaculture diets, there remained a need for research targeted at identifying key attributes and limitations, both generally and for individual species. Having been widely grown in Australia for many years, lupin meals and proteins were each identified as an ideal candidate for further research and development. 

	Objectives
	1. To develop value-added lupin protein product(s) for use in the animal feeds sector.
2. To evaluate the nutritional value of a range of value-added lupin protein products when fed to fish.
3. To commercialise intellectual property for development of new product(s).
4. To determine the nutritional value of selected grain products developed as part of the linked CLIMA-GRDC project, when included in feeds for black tiger prawns and Atlantic salmon.
5. To evaluate any potential nutritional limitations of the grain products in aquaculture feeds.
6. To provide grain producers, grain processors, aquaculture feed manufacturers and the prawn and salmon aquaculture industries with information about the nutritional characteristics and quality assurance criteria of grain products so that they can be marketed and used with confidence in aquaculture feed formulations.

	Outputs
	· Detailed research was conducted into the potential usage of lupin protein as an alternative food source in commercial aquaculture, with Rainbow trout (Oncorhynchus mykiss) used as the primary species for conducting experiments. Particular areas investigated included:
· Digestibility and nutritional value of lupin kernel meals
· De-hulling of lupins
· Appropriate inclusion levels
· Potential anti-nutritional factors
· Production and feeding of lupin protein concentrates and isolates
· Effect of lupin kernel meal inclusion levels on the physical characteristics of feed pellets
· From this research, the following key conclusions were reached:
· Considerable variability in digestibility of lupin kernel meals exists
· De-hulling of lupins significantly improves their nutritional value to fish
· Inclusion of a low – moderate level of lupin kernel meal in fish feeds does not negatively impact growth
· The alkaloid gramine is a significant anti-nutritional factor for rainbow trout, due to its activity in reducing palatability to the animal
· In the right circumstances plant protein and energy content can be utilised as effectively as animal protein by carnivorous fish in their diet
· Protein isolation methods are capable of producing products with high protein levels (over 80%), while protein concentration results in lower protein content but greater yield
· Prototype lupin protein concentrates (LPCs) do not hinder growth or feed intake when included in the diet of rainbow trout. Provided the dietary amino acids are balanced, the fish use LPCs as effectively as fish meal protein
· Lupin kernel meals have a significant advantage over soybean meal when included in diets for sea-water reared Atlantic salmon
· Prawns can use lupin kernel meal as effectively as fish meal, even at high inclusion levels
· Project findings were extended to various industry stakeholders through workshops, promotional site visits and collaborative trials.
· Visits were conducted to feed companies in Norway, Scotland, Japan, Thailand and Chile to promote the potential for lupin use in aquaculture feeds.
· Numerous publications and media releases were produced throughout the duration of this project.

	Outcomes
	· The various findings of this project provide support for the notion that lupin-based products can supplement fish meals used in commercial aquaculture.  
· Near-infrared spectroscopy should allow grain processors and users to rapidly and more accurately assess the actual value of discrete batches of grain products.
· Findings regarding the alkaloid gramine provide clear guidelines for plant breeders as to what critical target alkaloid levels need to be.
· Grain processing industry partners have initiated the large-scale commercial de-hulling of lupins for the domestic and international aquaculture feed markets. 
· Drawing from the work in this project, CBH-Group and Weston Technologies formed a joint-venture company to develop a 200,000 tonne per annum lupin kernel meal production facility with production commencing in early 2007. The targeting of lupin kernel meals to the aquaculture market was highlighted as one of its key initiatives. However, this joint venture ended in 2012, with a move towards processing lupins for human consumption (Garnett, 2013). 
· Several smaller grain processors have also begun commercially producing and marketing lupin kernel meals to the aquaculture sector (Brian Pover, pers. comm., 2014).

	Benefits
	· Cost savings to aquaculture producers driven by access to alternative feed formulations made from lower-cost ingredients.
· Scientific understanding of lupin products as aquaculture feeds has been advanced.
· Increased use of plant-based feed ingredients may reduce the environmental impact of aquaculture due to reduced reliance on potentially unsustainable fish meals.



	
Project Number 2004/237: Aquaculture Nutrition Subprogram: Assessment of growth performance under limiting environmental conditions

	Project details
	Organisation: University of Tasmania
Period: January 2005 to July 2008
Principal Investigator: Chris Carter 

	Rationale
	Research into aquaculture nutrition often accumulates data under optimum experimental conditions that maximise growth performance. However, with Australian aquaculture operations expanding across the country, the industry was increasingly facing the proposition of growing fish under sub-optimum environmental conditions. This led to a need to understand growth under more extreme conditions, as aquafeed companies lacked critical information about the optimum balance of protein and energy required for feed formulations under the most relevant limiting conditions. 

	Objectives
	1. Generate critically identified data for incorporation into factorial growth models that describe nutrient supply and nutrient retention in relation to temperature.
2. Determine the maintenance dietary protein and energy requirements for Atlantic salmon at normal to high temperatures.
3. Develop biochemical tools to understand the effect of temperature on the growth performance of fish.
4. Determine the optimum dietary protein to energy ratio for Atlantic salmon at normal to high temperatures.
5. Use biochemical tools to understand the effect of temperature on protein turnover and growth performance in barramundi.
6. Use biochemical tools to understand the effect of temperature on protein turnover and growth performance in Atlantic salmon.

	Outputs
	· Modelling was conducted on the protein and energy requirements for seawater Atlantic salmon at elevated water temperatures. This process demonstrated that salmon exhibited the same type of growth response to changes in dietary composition and nutrient intake as at lower temperatures.
· The impact of decreased water oxygen levels on Atlantic salmon was investigated. The trial found that in such a scenario, growth performance was significantly affected by oxygen level, but only marginally by diet composition.
· Two barramundi growth trials were used to model the effects of temperature on feed intake and growth performance across a wide temperature range. Under the conditions of the experiment, the optimal temperature for growth of juvenile barramundi was identified as 31oc. Feed intake, specific growth rate and growth efficiency remained at ≥90% of the maximum biological response over a large temperature range, but a rapid decline in growth efficiency was still noted at extreme temperatures.
· Protein synthesis in barramundi was measured across a broad temperature range. It was found that it does not vary significantly over the optimum range, and synthesis retention efficiency is also highest over this range.
· Nitrogenous excretion was measured in Atlantic salmon and related to dietary composition and feed intake.
· Free pool amino acids in Atlantic salmon muscle were measured in relation to temperature and starvation. Starvation had a greater effect on free pool amino acid concentrations than temperature. The amino acid lysine had a very low concentration, which suggested it may be a limiting amino acid. The data also suggested that in normally feeding Atlantic salmon the dietary amino acids were not limiting at an elevated temperature.
· Changes in expression of genes involved in protein turnover were assessed to investigate their potential as indicators of responses to nutritional and environmental variables.
· By combining molecular and biochemical approaches a mechanism for coping with high temperatures was proposed: a greater energy requirement was met by amino acids supplied by both the diet and muscle protein breakdown via specific pathways. This explained why high protein diets work at high temperatures.

	Outcomes
	· Greater fundamental knowledge about the physiological mechanisms that explain how fish maintain growth under limiting environmental conditions has been developed. 
· Australian aquafeed manufacturers have increased information available for formulation of feeds, to assist in feed management on farms. 
· There is an enhanced capacity to understand and quantify the nutritional, physiological and molecular effects of limiting environmental conditions on Australian fish species. 
· There has been an increase in industry technical knowledge through presentations, training of research students and inclusion of project findings in University of Tasmania student coursework.
· Robert van Barneveld, Aquaculture Nutrition Subprogram leader, expressed concerns that some results from the Atlantic salmon protein: energy ratio and dissolved oxygen experiments may have been compromised due to a lack of difference in the testing diets used (Van Barneveld, 2010).
· The approaches developed during this project have been used to underpin student research projects, collaborative research with CSIRO and international researchers and develop new projects relevant to local industry (Chris Carter, pers. comm., 2014).

	Benefits
	· Increased scientific capacity for aquaculture nutrition research.
· Potential increase in profits of the barramundi and Atlantic salmon Australian aquaculture industries through improved feeds and feeding strategies.
· More efficient feeding practices have the potential to reduce the environmental impact of barramundi and Atlantic salmon aquaculture production.




	Project Number 2004/238: Aquaculture Nutrition Subprogram: Further development towards commercialisation of marine fish larvae feeds - Artemia

	Project details
	Organisation: Department of Fisheries Western Australia
Period: June 2005 to May 2009
Principal Investigator: Sagiv Kolkovski

	Rationale
	Hatchery production of fish in Australia had increased rapidly over recent years to support expanding aquaculture industries. One issue with the potential to constrain this growth was the reliance of fish hatcheries on live foods, such as Artemia, for certain stages of the grow-out process. Australian hatcheries, including those producing marine prawn, relied almost exclusively on imported Artemia and recent fluctuations in supply, quality, and price had placed considerable pressure on the aquaculture industry. Providing a suitable alternative to imported Artemia could provide Australian fish hatcheries and the wider industry with a more reliable and consistent alternative. 
A prior FRDC project had established contact with a commercial partner and made significant progress in building the potential for commercial production of Artemia in Australia. While the result had been very promising, there was a need for further investment in order to establish reliable mass production of marketable product.

	Objectives
	1. To establish techniques and culture protocols to produce Artemia biomass.
2. To develop a self-contained bio-secure flow through an Artemia culture system.
3. To determine the influence of salinity, temperature, dissolved, oxygen, pH and algae concentration on growth and survival of Artemia.
4. To determine rates at which to apply extraction waste and/or concentrated Dunaliella salina paste that optimises growth and survival of Artemia.
5. To establish a commercial scale Artemia production facility at Hutt Lagoon Western Australia.
6. To assess the quality and suitability of Artemia cysts, biomass and other Artemia products for marine larvae. 

	Outputs
	· An initial feasibility study was completed for the current project, followed by a more in-depth internal study by Cognis Australia.
· A research facility was constructed and used to determine different factors affecting Artemia growth, survival and production of cysts. 
· Extensive activities were conducted in the design, development and construction of the Cognis facility for commercial Artemia production at Hutt Lagoon, WA. These activities led to the development of a commercially viable and environmentally sound method for large-scale Artemia production.
· The Hutt Lagoon facility incorporates Artemia production with the existing production of algae for beta-carotene harvest. In this closed system Artemia feed on algae biomass, while their waste provides a natural fertiliser for the algae.
· After comparisons were made with comparable commercially available products, it was determined that the Hutt Lagoon Artemia had the potential to be competitive in the global market.
· A method for producing frozen Artemia was developed.
· A plan was devised on how to best implement production improvements and expand production.

	Outcomes
	· Scientific knowledge of the Artemia life cycle, and the relevance of this to mass-production, has been advanced.
· The Cognis facility became fully operational, producing a high volume of Artemia biomass without impacting on the beta-carotene harvests. 
· The Australian aquaculture and ornamental fish industries had access to a reliable domestic source of Artemia, reducing the reliance on imports and inferior substitutes.
· Frozen Artemia product was reported to have been well received in the market. Prawn farmers responded positively due to its added health benefits and feeding response. The product also proved popular with aquarium retailers and hobbyists.
· After the acquisition of Cognis by BASF, Artemia production at the Hutt Lagoon facility was halted and the facility was moth-balled (Sagiv Kolkovoski, pers. comm., 2014).

	Benefits
	· Enhanced scientific knowledge regarding large-scale Artemia production.
· Temporarily increased profits to Australian prawn and fish hatcheries through provision of lower cost, higher quality feed input. 



	Project Number 2004/258: Aquaculture Nutrition Subprogram: further development towards commercialisation of marine fish larvae feeds - Microdiet

	Project
details
	Organisation: Department of Fisheries Western Australia
Period: April 2005 to March 2009
Principal Investigator: Sagiv Kolkovski

	Rationale
	The Australian aquaculture industry cannot reach its full potential without a reliable supply of seed stock from marine hatcheries. Despite research in this area, environmentally and economically sustainable hatchery production remained a key limitation in many sectors of the industry. Traditionally, marine hatcheries had relied on live feeds, such as rotifers and Artemia. However, ongoing availability and pricing issues led to a desire to develop microdiets (MD) as a complete or partial substitution for these feeds.

Despite substantial achievements in the past three decades, complete replacement of live feeds for most marine species was still not feasible. Important physical characteristics of MD particles within the water column such as sinking rates, nutritional stability, leaching rates and leachate profiles had received very little research attention. In addition, there were also unresolved issues with feeding systems and practices. 

Prior to this project, a world-first feeding system that could cope with microdiet particles in relatively small accurate doses had been developed, and required further development and commercialisation activities before it could be adopted in the industry. The development of this feeding system, in conjunction with the optimisation of formulated microdiets, formed the focus of this project.

	Objectives
	1. To optimise formulated marine fish larvae diets and to foster commercialisation.
2. To serve as service centre for any larvae problems and product development.
3. To further develop and commercialise automatic feeding systems for microdiets.

	Outputs
	· Work was conducted on the testing and optimisation of different microdiet preparation methods and nutritional parameters. It was found that the current method of micro-binding (MBD) achieved better stability and less leaching of amino acids compared to micro marumerisation (MEM). The MBD particles sunk significantly slower than the MEM particles, giving the larvae a longer time for ingestion.
· Characterisation of the chemical and physical properties of microdiets, such as leaching rates and buoyancy, were made to enable the determination of the ‘window of opportunity’ for larvae to successfully ingest the food particles.
· Different feed attractants and inclusion methods were compared in terms of the effects on ingestion rates and larvae growth and survival. This process determined the best attractants and the preferred method of inclusion. Higher observed ingestion rates and better survival of yellowtail kingfish larvae resulted from feeding this diet.
· A previously developed world first automatic microdiet dispenser (AMD) was further developed to commercial standards. Previously handmade, the feeders were redesigned as injection moulded units that could be mass produced.
· Two marketing assessments were carried out, and both came to the conclusion that the feeding system was likely to be commercially viable.
· The production of the feeders and the control panel was optimised and contracted to a local moulding company and control instrument manufacturing company. 
· International promotion of the system was carried out via advertising, articles in professional journals, and presentations at several symposiums.
· A patent for the AMD was registered in Australia and numerous overseas countries. 
· Weaning and rearing protocols for yellowtail kingfish and barramundi were developed using both commercially available and experimental diets.
· A commercially ready microdiet formulation was developed that achieved better ingestion, digestion and survival for yellowtail kingfish than other commercially available diets. This diet can be manufactured in Australia.
· Development of weaning protocols and rearing methods resulted in recommendations on different algae products that can be used in commercial hatcheries during the larvae rearing period.
· An R&D plan was produced for the development of marine fish, crustacean, and mollusc hatcheries.

	Outcomes
	· The feeding system developed in this project can be used by commercial and R&D hatcheries to optimise their feeding regimes by providing small amounts often, rather than manually feeding large amounts several times a day. The constant presence of microdiet particles increases the bioavailability of nutrients and gives the larvae the best opportunity to ingest the diet, resulting in better water quality and reduced incidence of disease.
· As of 2010, 15 feeding systems had been sold to both research and commercial hatcheries around the world, with customers reporting substantial cost savings due to more efficient use of microdiets and labour. 
· A better understanding of the composition and manufacture of microdiets has the potential to result in better larvae growth rates and health in commercial hatcheries.
· Due to the small market for the microdiet developed in project 2004/258, it was not viable to produce commercially by feed manufacturers (Sagiv Kolkovski, pers. comm., 2009). It was originally intended to further develop the microdiet with a new project, however this proposed project did not go ahead. 
· Since the completion of the project, the AMD system went through several upgrades, all paid for from the system sales. The systems continue to be sold worldwide, with all revenue returned to research projects (Sagiv Kolkovski, pers. comm., 2014).

	Benefits
	· Reduced feeding costs for fish hatcheries and research institutions who purchase the AMD.
· Sales of the AMD system have generated approximately $400,000 in revenue, which has been used to fund further aquaculture research (Sagiv Kolkovski, pers. comm., 2014).



	Project Number 2005/016: Marking scallops for release and recapture

	Project details
	Organisation: QLD Department of Agriculture, Fisheries and Forestry
Period: August 2005 to July 2008
Principal Investigator: Paul Palmer

	Rationale
	The saucer scallop (Amusium balloti) is a valuable fisheries resource for Queensland. Wild catches are known to fluctuate dramatically between seasons, an issue which can be addressed by supplementing natural recruitment with hatchery-produced spat.

Prior to this project there was no way to easily distinguish hatchery-reared scallops from those recruited by wild spawning. In order to enable evaluation of the re-seeding strategy, there was a need to develop an effective and environmentally sound method for marking hatchery-reared scallops prior to their release in the wild.

	Objective
	1. To develop a method to mark hatchery reared saucer scallops to distinguish them from animals derived from wild populations.

	Outputs
	· Three chemicals, namely alizarin red S, calcein and oxytetracycline (OTC), were tested for mark quality, mark retention and toxicity to scallops. Based on these criteria, OTC was identified as the most suitable option for marking scallops.
· It was demonstrated that immersing scallops for 3 days in OTC can produce reliable, visible shell marks with negligible mortality. Marks can persist for at least 10 months in live scallops.
· Researchers were able to produce multiple unique marks, providing a means of distinguishing between different batches of spat.
· To further test the utility of this shell marking system, marks were also applied to juvenile pearl oysters. Marks were clearly visible in some individuals, however autofluorescence from the oyster shell made categorical detection of marks difficult. Mark brightness ratings were, however, significantly higher in marked treatments than in unmarked controls.

	Outcomes
	· Industry and researchers now have access to a reliable, efficient, and safe method of marking hatchery-reared scallops.
· This research has enabled the industry to monitor the survival, growth and movement of specific cohorts of deployed scallops. This will provide valuable feedback to assess the value of the ranching venture, to optimise release strategies, and to develop improved species management plans.
· The ability to identify hatchery-produced scallops may assist in enforcing fishery regulations, and aid the prosecution of those trawling in prohibited areas.
· Advice on shell marking was given to Queensland Sea Scallop Ltd and commercial trials were commenced, with initial results showing successful marking of juvenile scallops.
· With the closure of Queensland Sea Scallop Ltd, there has been no further activity with scallop reseeding in Queensland as of 2014 (Paul Palmer, pers. comm., 2014).

	Benefits
	· A better understanding of the impact of scallop fishery enhancement may improve the profitability and environmental sustainability of the fishery.
· Industry capacity for further reseeding activities has been enhanced.


 
	Project Number 2007/221: Evaluating fish cell cultures as a platform for testing the effectiveness of antioxidants in preserving flesh quality in southern bluefin tuna and yellowtail kingfish 

	Project details
	Organisation: Flinders University
Period: July 2007 to July 2010
Principal Investigator: Kathryn Schuller

	Rationale
	Aquaculture conditions, particularly during harvest, can promote stress in fish, which can in turn lead to deterioration of flesh quality and reduced shelf life. This deterioration has been linked to oxidative damage to cellular and tissue components, particularly long-chain polyunsaturated fatty acids. Dietary antioxidants can help to prevent such damage. It has also been demonstrated that commercial handling of baitfish can result in a decline in antioxidant vitamins in baitfish – the main diet of farmed southern bluefin tuna (SBT). This led to a need for further research on the possibility of including antioxidants in the diets of farmed SBT. 

On-farm diet trials with live SBT are time-consuming and expensive. The use of fish cell lines and primary cell cultures has the potential to provide a faster and less expensive means of testing different concentrations and combinations of antioxidants. By conducting the experiments in vitro, the number of experiments that need to be conducted with live fish can be reduced. Compared to the variety of mammalian cell lines available to researchers, there were relatively few fish cell lines in culture collections, with marine species particularly under-represented. Addressing this issue had the potential to lead to sizable benefits to future research.

	Objectives
	1. To adapt existing assays for antioxidant potency from mammalian cell culture systems for use with primary fish cell cultures and immortal fish cell lines.
2. To use the adapted assays with primary fish cell cultures and immortal fish cell lines to screen a broad range of concentrations and combinations of traditional and novel antioxidants for their ability to inhibit lipid oxidation.
3. To rank the antioxidants with respect to their antioxidant potency relative to vitamin E, the ‘industry standard’ antioxidant.
4. To quantify how the antioxidant concentrations that are effective in primary fish cell cultures and immortal fish cell lines relate to the antioxidant concentrations that need to be added to aquafeeds.
5. To undertake a cost-benefit analysis of the various antioxidants and antioxidant combinations with respect to their eventual incorporation into feeds.
6. To investigate the impact of dietary antioxidants on cellular antioxidants and antioxidant enzymes in primary fish cell cultures and immortal fish cell lines.
7. To recommend the best concentrations and combinations of antioxidants to be added to southern bluefin tuna and yellowtail kingfish feeds to maximise fish health and flesh quality.

	Outputs
	· Successful isolation and culture of cells from various body tissues of yellowtail kingfish (Seriola lalandi) and southern bluefin tuna (Thunnus maccoyii).
· Development of a reproducible method for the production of primary cultures from yellowtail kingfish.
· Development of cell-based toxicity tests and antioxidant assays.
· Development of reproducible and rapid methods for the testing of antioxidant potency and possible cytotoxicity.
· A method for the production of relatively long-lived cell cultures from yellowtail kingfish and preliminary success with the production of cell cultures from southern bluefin tuna.
· Development of standardised methods for identifying the species of origin of fish cell cultures.
· A basis for the development of immortal cell lines from yellowtail kingfish and southern bluefin tuna for the purposes of virus isolation and identification.
· Cell-based experiments resulted in the characterisation of representative antioxidant compounds according to their ability to prevent oxidative damage to lipids.
· It was identified that in vitro (cell-free) assays for antioxidant potency may not be good predictors of antioxidant potency in cells or whole animals.
· It was concluded that to promote the stability of lipids, levels of vitamin E in aquaculture feeds should be maximised, while vitamin C should be included only at the minimal levels required for fish health. 

	Outcomes
	· A follow-on project was conducted to immortalise cells from SBT, to enable routine virus screening (Kathryn Schuller, pers. comm., 2014).
· Immortalised SBT cells were used to investigate the regulation of omega-3 long chain polyunsaturated fatty acid metabolism in tuna (Kathryn Schuller, pers. comm., 2014).
· The cell-based toxicity tests and antioxidant assays developed in this project will provide aquaculture feed manufacturers with a means for undertaking preliminary screening of potential feed additives. Preliminary testing has the potential to significantly reduce the cost and timeframe of future feed trials for large marine finfish. 
· Improved understanding of antioxidant compounds will assist producers involved in the development of improved manufactured feeds.
· Certain types of cells isolated during the course of this project displayed characteristics suited to the isolation and characterisation of viruses of commercially important marine fish species. Planned future work involves transforming these cells into immortal cell lines suitable for routine virus screening. 
· Better understanding of the role of antioxidants in feeds may lead to an increase in demand for SBT, driven by increased flesh quality.

	Benefits
	· Preliminary screening may lead to reduced cost and time requirements for future feed trials for large marine finfish. 
· Potentially increased profits of SBT and yellowtail kingfish aquaculture, due to improved feeds and subsequent flesh quality. 
· Enhanced capacity for SBT nutrition and health research.



	Project Number 2007/230: Aquaculture Nutrition Subprogram: Technical review, project management and development services

	Project details
	Organisation: Barneveld Nutrition Pty Ltd
Period: July 2008 to July 2011 
Principal Investigator: Robert van Barneveld

	Rationale
	Aquaculture nutrition research is a fundamental component in the establishment of new aquaculture industries, and in further development of existing aquaculture industries. There are a number of reasons behind this, including the high proportion of feed costs in total production costs, the current reliance on unstable input markets, and the economic and environmental benefits of improving feed conversion ratios.

Given the large number of unknowns often associated with the nutrition of aquaculture species and the difficulties associated with conducting the research, significant improvements in the efficiency of this research can be achieved by a coordinated approach to the definition of research priorities and research methods, such as that achieved within a managed subprogram.

	Objectives
	1. Provide expert guidance and direction for aquaculture nutrition research in Australia through maintenance of a strategic plan, provision of technical review services and inputs into project development.
2. Identify nutrition research priorities that are not being addressed through existing portfolios and initiate research projects in this area.
3. Promote capacity building and human capital development through provision of training and resources in aquaculture nutrition and aquafeed manufacturing.
4. Development risk management strategies as required for various aquaculture sectors in relation to nutrition to assist the research priority setting process.
5. Improve communication of nutrition research outcomes and current nutrition research between scientists, aquaculturalists, ingredient suppliers and feed manufacturers utilising workshops, planning meetings and conferences.

	Outputs
	· Organisation and delivery of successful aquaculture nutrition sessions at the 2008 and 2010 Australasian Aquaculture conferences.
· Recommendations were provided for the development of a semi-commercial nutrition research platform for the salmon industry in Tasmania.
· A range of preliminary research proposals pertaining to nutrition were reviewed on behalf of FRDC.
· A limited number of key nutrition related projects were managed and reviewed on behalf of FRDC.
· A number of challenges facing the future of aquaculture nutrition research were described. 
· Worked with industry stakeholders to identify nutrition research priorities, approaches to undertake this research, and means of implementing the outcomes. 
· As the nature of Australian aquaculture nutrition research and those best qualified to undertake this research had changed in recent years, and in the absence of indicative funding for generic aquaculture research, a subprogram approach could no longer be justified.
· Activities within this project were terminated prior to achievement of stated objectives.

	Outcomes
	· The presence of the subprogram delivered various outcomes supporting various stakeholders and FRDC through priority setting, managing and reviewing projects, assisting with implementation of research findings, and general communication on aquaculture nutrition.

	Benefits
	· Improved management and coordination of Australian aquaculture nutrition research.



	Project Number 2008/071: Tactical Research fund: Economic viability of pipi (Donax deltoides) reseeding

	Project details
	Organisation: Shellfish Quality Assurance Association Inc.
Period: September 2008 to November 2008
Principal Investigator: Mark Phelps

	Rationale
	Falling pipi harvests in NSW have led commercial fishers to consider reseeding local beaches in order to re-establish pipi supply and provide future growth opportunities. Before such an action could be undertaken, there was a need for further research on the economic feasibility of such an endeavour.

	Objectives
	1. To complete an economic assessment (based upon cost-benefit analysis techniques) of the feasibility of pipi reseeding NSW central coast beaches.
2. To package the economic analysis into a usable format for future use as an ‘economic decision tool’.
3. To provide an update on the status of land access, approvals and permits to reseed and harvest in areas included in Marine Parks.
4. To inform the CRC "Future Harvest Theme" leader of analysis outcomes.

	Outputs
	· A cost benefit analysis was conducted on the possibility of supplementing wild NSW zone 4 pipi populations via a reseeding program. This analysis produced favourable results, including a benefit cost ratio of 3.34:1 and a two year payback period, at an 8% discount rate.
· A risk analysis was conducted, and suggested that the probability of economic loss from a reseeding program was low.
· An economic decision tool was developed using Microsoft Excel in order to conduct the analysis. This simple tool can be manipulated by researchers and fishers to test sensitivity to changes in input costs, key biological variables (growth and survival) and market prices. 
· The key stakeholders were contacted and, where possible, the permits necessary for a pipi reseeding program were obtained.
· Contact was established with key researchers involved in similar harvest technologies.

	Outcomes
	· The favourable results of the cost benefit analysis have provided encouragement for the potential to reseed pipis.
· The design of the decision tool enables it to be expanded and adapted for other uses, such as the evaluation of pipi/clam farming.
· Areas requiring additional research, such as production and post-seeding survival, were identified.
· The Shellfish Quality Assurance Association (SQAA) have instituted a minimum size for commercial collection (35 mm) and have introduced a closed season for pipi collection for 6 months of the year.
· A scientific permit for pipi collection was obtained from NSW DPI.
· Local recreational fishers were informed, and a letter of support for a reseeding initiative has been obtained from the Advisory Council on Recreational Fishing.
· The proposal for reseeding was not accepted, and as of 2014 commercial pipi reseeding has not occurred in NSW fisheries (Mark Phelps, pers. comm., 2014).

	Benefits
	· Potential increase in profits of the NSW commercial pipi industry, through larger stocks and easing of fishing restrictions.
· Potentially improved sustainability of wild pipi populations.



	Project Number 2008/712: Seafood CRC: Second generation tuna feeds

	Project details
	Organisation: Clean Seas Tuna ltd
Period: December 2007 to December 2008
Principal Investigator: Craig Foster

	Rationale
	The southern bluefin tuna (SBT) industry has traditionally been based on the capture of wild sub-adult fish, which are then fattened to marketable size on a diet of baitfish. The range of issues associated with baitfish feeding such as highly variable prices, high storage/handling costs, and disease risks, combined with the planned implementation of hatchery produced stock, led to a growing desire for formulated feeds.

Several attempts had previously been made to produce formulated feeds for SBT grow-out operations, and the fattening of SBT with manufactured formulated feeds had been shown to be technically possible. Unresolved issues with these early generation feeds indicated a need for further research aimed at developing a nutritious and cost-effective manufactured feed.

Clean Seas Tuna (CST) had been in discussion with Ridley Aquafeeds, one of the two major feed manufacturers in Australia. As a result of these talks, Ridley Aquafeeds entered into an agreement with a Japanese company, Hayashikane, to produce a manufactured feed consisting of a shelf-stable, semi-moist sausage in Australia. While this particular diet had been used successfully in growing Japanese Northern Bluefin Tuna, a trial needed to be conducted with farmed SBT before such a product could be adopted in Australia.

	Objectives
	1. To secure the availability of a viable manufactured feed supply in Australia, to support the propagated tuna industry and the SBT wild caught fattening industry.
2. To determine the suitability of the Ridley/Hayashikane feed for fattening SBT in terms of its indicative growth, feed conversion, weaning mortality and degree of fatness.

	Outputs
	· Two trials were conducted and the performance of baitfish was compared to the proprietary Ridley sausage feed. Results were compared on the basis of growth rate (length and weight), weaning mortality, fat levels, flesh colour, and flavour.
· Due to concerns with experimental practice and concerns regarding lost profits from underperforming fish, the first trial was terminated prematurely. The second was altered after 11 weeks to include some baitfish in the diet of the SBT previously fed only the sausage diet.
· The SBT fed only baitfish were found to have significantly higher growth rates, better condition, and lower mortality than those fed the sausage diet. It was found that when used as the sole source of nutrition, the sausage diet did not support the growth of SBT.
· The experiments did not provide a conclusive explanation for the failure of the sausage diet. Thus it was recommended the apparent nutrient digestibilities of SBT diets be determined before the commencement of further feed trials.
· A tasting experiment was conducted, with sausage-fed fish being preferred unanimously by the tasting panel. However, such a result was not robust due to inconsistency with independent variables and insufficient sample size.
· Despite its failure in the experiment, several benefits of the sausage diet were identified:
· It is readily accepted by SBT
· It is shelf-stable at room temperature and requires less volume of feed, leading to reduced storage and handling costs
· The contents may be manipulated to alter the presence and concentration of nutrients and additives
· Numerous areas to be addressed in future research were identified, including:
· Determination of apparent dietary digestible energy
· Development of a more reliable measure of initial fish weight and length
· Increased sample size and robustness of sensory evaluation testing
· Better communication between project collaborators and field staff, perhaps by the use of a scientifically trained technician
· Ensuring adherence to experimental methodologies and protocols 

	Outcomes
	· The decision was made to continue with the development and evaluation of the diet on a larger scale. 
· Further collaboration between Ridley and Hayashikane resulted in a new diet specifically designed for SBT. This refined diet performed well in trials, outclassing baitfish in terms of weight gain, flesh quality, and condition at harvest. The product was made available to the market in 2009 (Smullen, 2009).
· The Ridley manufactured diet is shelf-stable, eliminating the costs associated with storage of frozen baitfish.
· Usage of a manufactured feed reduces the risk of diseases introduced from imported baitfish (Smullen, 2009).
· However, as of 2014 there has been little to no adoption of manufactured feeds in the SBT industry, with producers still primarily relying on baitfish (Craig Foster, pers. comm., 2014). 

	Benefits
	· Enhanced scientific understanding of the requirements of a successful manufactured SBT diet.
· Potential for reduction in SBT production costs due to reduced feed and feed handling/storage expenses.
· Reduced reliance on wild caught baitfish would lead to a reduction in the environmental impact of the SBT ranching industry. 
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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. 

Table 3: Investment by FRDC by Project for Years Ending June 2000 to June 2012 (nominal $)
	Project
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	Total

	1999/305
	 10,444 
	 15,785 
	 16,056 
	
	
	
	
	
	
	 11,430 
	
	
	
	53,715

	2001/033
	
	
	 82,543 
	
	
	 201,306 
	 37,732 
	 51,181 
	 6,363 
	
	 20,000 
	 14,993 
	
	414,118

	2001/249
	
	
	 190,200 
	 152,531 
	
	 177,017 
	 170,743 
	 105,000 
	 142,580 
	 28,800 
	 28,800 
	
	
	995,671

	2002/045
	
	
	
	 136,767 
	 83,652 
	
	
	 44,847 
	
	
	
	
	
	265,266

	2004/211
	
	
	
	
	
	
	 124,193 
	 55,569 
	 94,836 
	 30,511 
	
	
	
	305,109

	2004/220
	
	
	
	
	
	 195,585 
	 102,647 
	 106,590 
	 190,778 
	 186,724 
	 97,790 
	 132,791 
	
	1,012,905

	2004/236
	
	
	
	
	
	 101,680 
	 80,706 
	59,898  
	 75,318 
	
	
	
	
	317,600

	2004/237
	
	
	
	
	
	 93,358 
	 158,098 
	 75,009 
	 93,644 
	 46,679 
	
	
	
	466,788

	2004/238
	
	
	
	
	
	
	 91,222 
	 102,402 
	 60,310 
	 110,918 
	 35,000 
	 36,611 
	
	436,463

	2004/258
	
	
	
	
	
	
	 12,729 
	 12,969 
	 21,114 
	 56,972 
	
	 10,025 
	
	113,809

	2005/016
	
	
	
	
	
	
	 8,000 
	 20,580 
	 7,420 
	 4,000 
	
	
	
	40,000

	2007/221
	
	
	
	
	
	
	
	
	 73,656 
	 50,857 
	 158,111 
	 35,328 
	 35,328 
	353,279

	2007/230
	
	
	
	
	
	
	
	
	
	 15,058 
	
	 15,845 
	
	30,903

	2008/071
	
	
	
	
	
	
	
	
	
	 5,760 
	
	
	
	5,760

	2008/712
	
	
	
	
	
	
	
	
	
	 44,553 
	
	 120,767 
	
	165,320

	Total
	10,444
	15,785
	288,799
	289,298
	83,652
	768,945
	786,069
	634,045
	766,018
	592,262
	339,701
	366,360
	35,328
	4,976,706







Table 4: Investment by Researchers and Others by Project for Years Ending June 2000 to June 2012 (nominal $)
	Project
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	Total

	1999/305
	 36,661 
	 37,594 
	 38,558 
	 19,774 
	
	
	
	
	
	
	
	
	
	132,587

	2001/033
	
	
	
	 752,600 
	 577,380 
	
	
	
	
	
	
	
	
	1,329,980

	2001/249
	
	
	 95,154 
	 98,500 
	 102,005 
	
	
	
	
	
	
	
	
	295,659

	2002/045
	
	
	
	
	
	
	
	
	
	
	
	
	
	0

	2004/211
	
	
	
	
	
	 312,444 
	 310,941 
	
	
	
	
	
	
	623,385

	2004/220
	
	
	
	
	
	 584,583 
	 673,326 
	 667,884 
	 306,263 
	
	
	
	
	2,232,056

	2004/236
	
	
	
	
	
	 134,659 
	 130,696 
	
	
	
	
	
	
	265,355

	2004/237
	
	
	
	
	
	 276,231 
	 192,186 
	 161,469 
	
	
	
	
	
	629,886

	2004/238
	
	
	
	
	
	 270,364 
	 301,708 
	 290,642 
	
	
	
	
	
	862,714

	2004/258
	
	
	
	
	
	
	 104,164 
	 129,905 
	 116,049 
	
	
	
	
	350,118

	2005/016
	
	
	
	
	
	
	 175,107 
	 112,381 
	
	
	
	
	
	287,488

	2007/221
	
	
	
	
	
	
	
	
	 97,000 
	 97,000 
	 97,000 
	
	
	291,000

	2007/230
	
	
	
	
	
	
	
	
	
	 10,350 
	 10,712 
	 10,000 
	
	31,062

	2008/071
	
	
	
	
	
	
	
	
	
	 2,166 
	
	
	
	2,166

	2008/712
	
	
	
	
	
	
	
	
	 285,000 
	
	
	
	
	285,000

	Total
	36,661
	37,594
	133,712
	870,874
	679,385
	1,578,281
	1,888,128
	1,362,281
	804,312
	109,516
	107,712
	10,000
	0
	7,618,456




Table 5: Annual Investment in Cluster (nominal $)
	Year ending June
	FRDC
	Researchers and Others
	Total

	2000
	10,444
	36,661
	47,105

	2001
	15,785
	37,594
	53,379

	2002
	288,799
	133,712
	422,511

	2003
	289,298
	870,874
	1,160,172

	2004
	83,652
	679,385
	763,037

	2005
	768,945
	1,578,281
	2,347,226

	2006
	786,069
	1,888,128
	2,674,197

	2007
	648,934
	1,362,281
	2,011,215

	2008
	766,018
	804,312
	1,570,330

	2009
	592,262
	109,516
	701,778

	2010
	339,701
	107,712
	447,413

	2011
	366,360
	10,000
	376,360

	2012
	35,328
	0
	35,328

	Total
	4,991,595
	7,618,456
	12,610,051



Benefits 
The various projects and studies included in this cluster have helped generate a number of actual and potential economic, environmental and social benefits. These can be broadly separated into the following categories:
· Reduced aquaculture production costs
· Increased profitability of wild-catch fisheries
· Increased industry and/or scientific capacity
· Decreased environmental impacts of aquaculture production
· Enhanced sustainability of wild-catch fisheries

Table 6 summarises the major actual and potential benefits by category for each of the projects.

Table 6: Type of Benefit Delivered by Project 
	Project Number
	Project Title
	Type of Benefit

	
	
	Reduced aquaculture production costs 
	Increased profitability of wild- catch fisheries
	Increased industry and/or scientific capacity
	Decreased environmental impacts of aquaculture production
	Enhanced sustainability of wild-catch fisheries

	1999/305



	Abalone Aquaculture Subprogram: identification of insulin-like peptides from abalone
	
	
	
	
	

	2001/033




	Development and delivery of technology for production, enhancement and aquaculture of blacklip abalone in NSW
	
	

	
	
	

	2001/249




	Aquafin CRC - SBT Aquaculture Subprogram: optimisation of farmed southern bluefin tuna (Thunnus maccoyii) nutrition to improve feed conversion efficiency and reduce production costs
	
	
	
	
	

	2002/045






	Rock Lobster Enhancement and Aquaculture Subprogram: assessing the possibilities for enhancing the natural settlement of western rock lobster
	
	
	
	
	

	2004/211







	Aquafin CRC - SBT Aquaculture Subprogram: nutritional profiles of baitfish 3:  effects of harvest and post-harvest processes on quality of local baitfish for feeding SBT
	
	
	
	
	

	2004/220


	Aquafin CRC: feed technology for temperate fish species
	
	
	
	
	

	2004/236





	Aquaculture Nutrition Subprogram: evaluation of value-added grain protein products for Atlantic salmon and black tiger prawns
	
	
	
	
	

	2004/237




	Aquaculture Nutrition Subprogram: assessment of growth performance under limiting environmental conditions
	
	
	
	
	

	2004/238





	Aquaculture Nutrition Subprogram: Further development towards commercialisation of marine fish larvae feeds -  Artemia
	
	
	
	
	

	2004/258





	Aquaculture Nutrition Subprogram: further development towards commercialisation of marine fish larvae feeds - Microdiet
	
	
	
	
	

	2005/016

	Marking scallops for release and recapture
	
	
	
	
	

	2007/221





	Evaluating the southern bluefin tuna cell lines as a platform for testing the effectiveness of antioxidants in preserving flesh quality
	
	
	
	
	

	2007/230




	Aquaculture Nutrition Subprogram: Technical review, project management and development services
	
	
	
	
	

	2008/071



	Tactical Research fund: Economic viability of pipi (Donax deltoides) reseeding
	
	
	
	
	

	2008/712

	Seafood CRC: Second generation tuna feeds
	
	
	
	
	

	Frequency
	10
	4
	13
	4
	4



Table 7 provides in a triple bottom line framework a summary of the principal types of benefits associated with the outcomes of the investment.  



Table 7: Summary of Benefits in a Triple Bottom Line Framework
	Industry
	Environmental
	Social

	1. Increased profits of aquaculture
2. Increased profits of wild-catch fisheries
3. Improved industry and scientific capacity
	4. Reduced environmental impact of production 
5. Increased sustainability of wild-catch fisheries
	6. Improved scientific capacity




The benefits identified above have been classified into subjective beneficiary categories and a subjective estimate of their magnitudes is provided in Table 8.  Benefit numbers in Table 8 refer to the benefit numbers in Table 7. 

Table 8: Categories of Benefits from the Investment

	Fishing industry
	Spillovers

	
	Other industries
	Public
	Overseas

	1. ***
2. *
3. ***


	
	4. *
5. *
6. *
	1. *



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

Public versus Private Benefits 
The investment will result in both public and private benefits. On the basis of the six benefits listed in Table 7, and an equal weighting for each benefit, it could be concluded that the public benefits to Australia could make up 50% of the total Australian benefits. If the subjective weightings are taken into account (Table 8), the public benefits could make up 30% of total Australian benefits. 
 
Distribution of Benefits along the Supply Chain 
The majority of private benefits will initially be captured by fisheries and aquaculture producers. Some benefits (and costs) may be shared along the supply chain, including consumers.

Benefits to other Industries
As the majority of research outputs are specific to fisheries and aquaculture, it is unlikely that benefits will accrue beyond the broader fisheries industry. However, it is possible that some of the advances made in feed compositions and feeding strategies will be applicable to aquaculture species outside those targeted in this cluster.

Benefits Overseas
Overseas producers of popular aquaculture species such as Atlantic salmon may receive minor benefits from the developments of feed composition and feeding strategies.


Additionality and Marginality
The investment in the projects in this cluster has been categorised as high priority. FRDC contributed 38% of total funding on the 15 projects (in real terms), but this percentage varied greatly across individual projects. If the FRDC had not received funding from government, some of these investments would probably still have been supported by the FRDC but to a lesser extent. Some of the investment may have been funded through other sources if the FRDC had not contributed. Further detail is provided in Table 9.

Table 9: Potential Response to Reduced Public Funding to FRDC

	What priority were the projects in this cluster when funded?
	High 

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

	Would the cluster have been funded if no public funding for FRDC had been available?
	Yes, but with lesser total investment, perhaps 25% to 50% of actual total investment.



Match with National Priorities 
The Australian Government’s national and rural R&D priorities are reproduced in Table 10.

Table 10: National and Rural R&D Research Priorities
	Australian Government 

	Strategic Research Priorities            (est. 2013)
	Rural Research Priorities                   (est. 2007)

	1. Living in a changing environment
2. Promoting population health and wellbeing
3. Managing our food and water assets
4. Securing Australia’s place in a changing world
5. Lifting productivity and economic growth
	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


Source: DAFF (2014) & ARComm (2013)

The cluster contributes to Strategic Research Priorities 3 and 5. The cluster investment was also strongly associated with the Rural Research Priorities 1, 3, and 5, as well as both supporting priorities.

Quantification of Benefits

Benefits Valued
The primary benefit valued in this analysis is the reduction in aquaculture production costs, primarily in the area of feeding costs. This has been achieved through development of lower cost feed ingredients, as well as enhanced knowledge of feeding practices which will enable producers to maintain production levels with a lower level of feed input. Historical production figures were used when available, and used to inform conservative estimates of future industry value.

This benefit was estimated separately for the four main species targeted in this cluster:
· Southern bluefin tuna
· Yellowtail kingfish
· Atlantic salmon
· Barramundi

Benefits which were identified but not valued include:
· Increased profitability of wild-catch fisheries 
· Increased industry and scientific capacity
· Reduced environmental impact of production
· Increased sustainability of wild-catch fisheries

These three benefits were not valued due to difficulties in valuation or because the benefits were perceived to be minor in comparison to those valued.

Southern bluefin tuna
While the SBT industry has yet to adopt manufactured feeds, project 2001/249 has nonetheless had an impact on industry profitability by raising knowledge of SBT nutrition and husbandry amongst farm managers (Philip Thomas, pers. comm., 2014). In the absence of data on the extent of this benefit, it has been assumed that feeding costs in the SBT industry have been reduced by 1%.

Data for the value of production for the years 2009-2012 are provided in Table 11. The average value over the four years is used as the estimated value of future production.  

Table 11: SBT Industry Gross Value
	Year
	Industry Value ($’000)

	2009
	157,777

	2010
	102,175

	2011
	114,500

	2012 
	150,000

	Average
	131,113


Source: ABARES (2013)

Yellowtail kingfish 
Project 2004/220 achieved significant advances in understanding the nutritional requirements of yellowtail kingfish, particularly in the areas of hatchery/fingerling diets. This has led to improvements in the nutritional profile of feed ingredients, which has in turn reduced the cost of fingerlings to YTK farmers. 

Research efforts have enabled YTK producers to reduce their fingerling costs by an average of approximately 30% (Wayne O’Connor & Craig Foster, pers. comm., 2014). The costs of YTK fingerlings are similar to those of barramundi (Craig Foster, pers. comm., 2014), at approximately 3.5% of total costs (QLD DPI, 2008). Given that this fingerling cost reduction occurred as a result of other research in addition to project 2004/220, an attribution factor of 50% has been applied to the valuation of the benefit. 

In addition to its efforts targeting the nutrition at juvenile fish, project 2004/220 also made advances in understanding the general nutritional requirements of YTK throughout the life cycle. To account for this, it has been assumed the project also reduced general feeding costs for YTK by 2.5%.

Atlantic salmon
Project 2004/237 has contributed to more effective and efficient feeding practices for Atlantic salmon by enhancing understanding of the nutritional requirements of these species under varying environmental conditions. 

Together, these research activities have contributed to a reduction in feeding expenses for Australian salmonid aquaculture by an estimated 2%. An impact probability of 50% has also been assumed for the valuation this benefit.

Data for the value of salmonid production for the years 2009-2012 are provided in Table 12.  The average value over the four years is used for the annual value of future production.  

Table 12: Salmonid Industry Gross Value

	Year
	Industry value ($’000)

	2009
	326,218

	2010
	369,491

	2011
	427,498

	2012 
	512,577

	Average
	408,946


Source: ABARES (2013)

Given that the above data does not distinguish between Atlantic salmon and other salmonids, for valuation of benefits it has been assumed that Atlantic salmon comprise 98% of the total salmonid industry by value.

Barramundi
Project 2004/237 also contributed to the feeding practices of Australian farmed barramundi. As with Atlantic salmon, the reduction in feed costs has been assumed to be 2%, and an impact probability of 50% has been applied.

Data for the value of production for the years 2009-2012 are provided in Table 13. The average value over the four years is used for the annual value of future production.  

Table 13: Barramundi Industry Gross Value

	Year
	Industry value ($’000)

	2009
	31,661

	2010
	32,028

	2011
	35,730

	2012 
	41,061

	Average
	35,120


Source: ABARES (2013)
Summary of Assumptions
A summary of the key assumptions made is shown in Table 14.

Table 14: Summary of Assumptions

	Variable
	Assumption
	Source

	Common Assumptions

	Production costs as a proportion of farm gate price
	85%
	Agtrans Research

	Feeding costs as proportion of total costs
	40%
	Agtrans Research, based on QLD DPI (2008)

	SBT 

	Industry value at farm gate
	See Table 11
	ABARES (2013) 

	Reduction in feed costs
	1%
	Agtrans Research

	Year of first benefit
	2009
	Agtrans Research, based on project completion in 2008

	Average annual industry benefit 
	$445,784
	$131,113,000 * 85% * 40% * 1%

	YTK

	Farm gate price 
	$11.15 /kg
	ERA (2009)

	Average production per annum
	3,000 tonnes per annum
	Seafood CRC (2013)

	Fingerling costs as proportion of total costs
	3.5%
	DPI (2008) and Craig Foster, pers. comm., 2014

	Reduction in fingerling costs
	30%
	Craig Foster & Wayne O’Connor, pers. comm., 2014

	Attribution factor (fingerling cost reduction only)
	50%
	Agtrans Research

	Reduction in overall feeding costs
	2.5%
	Agtrans Research 

	Year of first benefit
	2010
	Agtrans Research, based on project completion in 2009

	Average annual industry benefit 
	$433,596
	$33,450,000 * 85% (3.5% * 30% * 50% + 40% * 2.5%)

	Atlantic salmon

	Industry value at farmgate
	See Table 12
	ABARES (2013) 

	Proportion of salmonid industry that is Atlantic salmon
	98%
	Agtrans Research 

	Reduction in feeding costs
	2%
	Agtrans Research

	Year of first benefit
	2009
	Agtrans Research, based on project completion in 2008

	Probability of impact
	50%
	Agtrans Research

	Average annual industry benefit 
	$1,362,608 
	$408,946,000 * 98% * 85% * 40% * 2% * 50% 

	Barramundi

	Industry value at farmgate
	See Table 13   
	ABARES (2013) 

	Reduction in feeding costs
	2%
	Agtrans Research

	Year of first benefit
	2009
	Agtrans Research, based on project completion in 2008

	Probability of impact
	50%
	Agtrans Research

	Average annual industry benefit
	$119,408
	$35,120,000 * 85% * 40% * 2% * 50%


Results
All past costs and benefits were expressed in 2013/14 dollar terms using the CPI. All benefits after 2013/14 were expressed in 2013/14 dollar terms. All costs and benefits were discounted to 2013/14 using a discount rate of 5%. The base run used the best estimates of each variable, notwithstanding a degree 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 (2011/12) to the final year of benefits assumed. 

Tables 15 and 16 show the investment criteria for the different periods of benefits for both the total investment and the FRDC investment.

Table 15: Investment Criteria for Total Investment
(discount rate 5%)

	
	Number of years from last year of investment 

	Years
	0
	5
	10
	15
	20
	25
	30

	Present value of benefits ($m)
	10.61
	21.88
	30.71
	37.63
	43.05
	47.30
	50.63

	Present value of costs  ($m)
	23.13
	23.13
	23.13
	23.13
	23.13
	23.13
	23.13

	Net present value ($m)
	-12.53
	-1.25
	7.58
	14.50
	19.92
	24.17
	27.50

	Benefit cost ratio 
	0.46
	0.95
	1.33
	1.63
	1.86
	2.04
	2.19

	Internal rate of return (%)
	negative
	4.2
	8.4
	10.0
	10.8
	11.1
	11.3



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

	
	Number of years from last year of investment  

	Years
	0
	5
	10
	15
	20
	25
	30

	Present value of benefits ($m)
	4.10
	8.47
	11.88
	14.56
	16.66
	18.30
	19.59

	Present value of costs  ($m)
	8.67
	8.67
	8.67
	8.67
	8.67
	8.67
	8.67

	Net present value ($m)
	-4.57
	-0.21
	3.21
	5.89
	7.99
	9.63
	10.92

	Benefit cost ratio 
	0.47
	0.98
	1.37
	1.68
	1.92
	2.11
	2.26

	Internal rate of return (%)
	negative
	4.6
	9.0
	10.7
	11.4
	11.8
	12.0



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

The present value of benefits (PVB) for each of four species was estimated separately and then summed to provide an estimate of the total value of benefits. Table 17 shows the benefits for each species, expressed as the PVB and the percentage of total benefits.  

Table 17: Source of Benefits (discount rate 5%, 30 year period)

	Species
	PVB
($m)
	% Total 

	Southern bluefin tuna
	 9.68 
	19.1

	Yellowtail kingfish
	 8.86 
	17.5

	Atlantic salmon
	 29.51 
	58.3

	Barramundi
	 2.59 
	5.1

	Total 
	 50.63 
	100.0



Table 18 shows a subjective assessment of total benefits against the rural research priorities. Bear in mind that this assessment refers only to the benefit which was valued.

Table 18: Benefits Valued and Rural Research Priorities

	Benefit 
	PVB
($m)
	Productivity and Adding Value  
	Supply Chain and Markets 
	Natural Resource Management 
	Climate Variability and Climate Change 
	Biosecurity 

	
	
	% subjective allocation to each priority 

	Reduced aquaculture production costs
	50.63
	90
	0
	10
	0
	0

	Total ($m)
	50.63
	45.57
	0
	5.06
	0
	0

	Total (%)
	100.0
	90.0
	0
	10.0
	0
	0



Sensitivity Analyses
The sensitivity analysis on the discount rate (Table 19) demonstrates that the investment criteria are somewhat sensitive to the discount rate over the range considered. 

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

	Criterion 
	Discount Rate 

	
	0%
	5%
	10%

	Present value of benefits ($m)
	79.85
	50.63
	39.36

	Present value of costs ($m)
	15.56
	23.13
	34.09

	Net present value ($m)
	64.29
	27.50
	5.26

	Benefit cost ratio
	5.13
	2.19
	1.15



Table 20 demonstrates the sensitivity of the investment criteria to changes in the level of feeding cost savings assumed for Atlantic salmon.

Table 20: Sensitivity to Level of Feed Cost Reductions for Atlantic salmon
(Total investment, 30 years)

	Criterion 
	Feeding cost reduction (%): Atlantic Salmon 

	
	1 (pessimistic)
	2 (base case)
	3 (optimistic)

	Present value of benefits ($m)
	35.87
	50.63
	65.38

	Present value of costs ($m)
	23.13
	23.13
	23.13

	Net present value ($m)
	12.74
	27.50
	42.25

	Benefit cost ratio
	1.55
	2.19
	2.83



Table 21 demonstrates the sensitivity of the investment criteria to changes in the level of feeding cost savings assumed for SBT, YTK, and barramundi

Table 21: Sensitivity to Level of Feed Cost Reductions for Southern bluefin tuna, Yellowtail kingfish and Barramundi (Total investment, 30 years)

	Criterion 
	Feeding cost reduction (%): SBT, YTK, barramundi 

	
	0.5, 1.25, 1 (pessimistic)
	1, 2.5, 2 (base case)
	1.5, 3.75, 3 (optimistic)

	Present value of benefits ($m)
	41.59
	50.63
	59.66

	Present value of costs ($m)
	23.13
	23.13
	23.13

	Net present value ($m)
	18.46
	27.50
	36.53

	Benefit cost ratio
	1.80
	2.19
	2.58



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 22). 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 uncertainties in assumptions made 
Low:	Denotes a poor coverage of benefits or many uncertainties in assumptions made
 
Table 22: Confidence in Analysis of Cluster

	Coverage of Benefits
	Confidence in Assumptions

	Medium
	Low



Observations for Future Investment and Evaluation 

Contacting relevant personnel to provide feedback on project impacts proved to be difficult in some cases and created time lags in completing the evaluation. This was particularly difficult due to the age of some projects, where researchers had long since moved on from their previous positions. It might be helpful for future evaluations if there existed a database containing the up to date contact information of key fisheries researchers.

Key Performance Indicators

The Theme 7 key performance indicators are described in Table 23.

Table 23: Key Performance Indicators for Theme 7
 
	KPI
	Description
	Number of projects contributing

	1
	Development of knowledge, processes and technologies to improve productivity and profitability of the commercial sectors.
	7

	2
	Development of knowledge and technologies in the areas of domestication and breeding genetics to support growth of the aquaculture sector.
	0



Of the projects in this cluster, seven were deemed to be directly contributing towards the theme’s Key Performance Indicators. The eight which did not make a direct contribution focussed on identifying opportunities for further research and development, and as such may have made contributed in an indirect manner.



Conclusions
FRDC investment in the Enhancement, Nutrition and Health cluster produced a range of mainly productivity and capacity building benefits. These benefits were primarily economic in nature, although some minor social and environmental benefits also occurred. Of the 15 projects in the population, three were valued. Six benefit categories were identified, with the one major benefit (feeding cost reductions in aquaculture industries) being valued. 

The majority of projects analysed in this cluster focused on aquaculture nutrition, with nine of the 15 targeting this area. Of the remainder, four targeted enhancement, and two were in the area of animal health. None of the enhancement or health projects were valued, due to difficulties in their valuation or because there was insufficient evidence to suggest they had led to any industry impacts to date.

Benefits for the Atlantic salmon industry contributed the largest share of benefits, as salmonids represent the largest aquaculture industry by value in Australia by a large margin. However, the benefits for smaller industries such as YTK and barramundi are still important, as the productivity improvements provide the opportunity for these industries to grow in the future.

Overall, the investment criteria estimated for total investment in the cluster of $23.13 million (present value of costs) were positive with a present value of benefits of $50.63 million, a net present value estimated at $27.50 million and a benefit cost ratio of 2.19 to 1, all estimated using a discount rate of 5% (benefits estimated over 30 years from the final year of investment). Due to the number of minor benefits which were identified but not valued, the resulting investment criteria are likely to be a lower bound estimate of total benefits. 
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