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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

The Industry program (Program 2) has five themes (FRDC, 2010):
Theme 5: Governance and regulatory systems 
Theme 6: Resource access and allocation 
Theme 7: Production, growth and profitability 
Theme 8: Consumers, product and markets
Theme 9: Value from aquatic resources

Theme 7 is concerned with improving productivity, economic value, and efficiency of production. Theme 7 is divided into four clusters, Part A, B, C and D. The current analysis addresses Part B. Part B covers genetics and selective breeding. The projects funded in Part B cover a range of aquaculture industries. These industries have strong growth prospects and much of the investment is focused on domestication and breeding genetics for disease resistance and growth.

Summary of Projects
There are 18 projects from Theme 7 Part B (Genetics/selective breeding) included in the analysis of this cluster. Table 1 provides a list of all projects in the cluster and Table 2 provides a summary description of each project. 

Table 1: Projects Included in Theme 7 (Part B: Genetics/selective breeding)

	FRDC Project Number
	Project Title

	1994/070

	Higher returns in prawn aquaculture: Pilot program to create production stocks that are all female

	1994/081

	Experimental production of tetraploid oysters for use as broodstock for commercial hatchery production of triploids

	1997/321
	Selective breeding of Pacific oysters

	2000/206
	Sustainable genetic improvement of Pacific oysters in Tasmania and South Australia

	2000/215
	Improved performance of marron using genetic and pond management strategies

	2001/254

	Abalone Aquaculture Subprogram: selective breeding of farmed abalone to enhance growth rates

	2002/202

	Abalone Aquaculture Subprogram: use of marker assisted genetic breeding to improve abalone and abalone products

	2002/204
	Development of techniques for production of homozygous Pacific oysters

	2002/209
	Understanding and removing the barriers to Penaeus monodon domestication

	2005/205

	Practical, feasible and low cost genetic selection of P. monodon for increased profitability

	2005/227
	Selection of genetic strategies in Pacific oysters to maximise commercial benefit

	2006/205
	Genetic improvement of P. monodon – establishing commercial readiness

	2006/238
	Planning for investment in genetics for Pinctada Maxima

	2008/722


	Seafood CRC: Scope and economic analysis of options for a nationally unified breeding program that provides significant economic benefit to the Australian abalone aquaculture industry

	2008/723

	Seafood CRC: The development of a genetic management and improvement strategy for temperate marine finfish (SBT, YTK & Mulloway)

	2008/758

	Seafood CRC: Development of a genetic management and improvement strategy for Australian cultured Barramundi

	2008/904

	Seafood CRC: benefit-cost analysis of marker assisted selection in Australian aquaculture species

	2008/221

	Atlantic Salmon Aquaculture Subprogram: whole genome selection to improve selection efficiency for AGD resistance



Table 2: Description of Each of the 18 Projects

	Project number 1994/070: Higher returns in prawn aquaculture: Pilot program to create production stocks that are all female  

	Project details

	Organisation: Department of Primary Industries and Fisheries, Queensland 
Period: Nov 1994 to Sep 2005
Principal Investigators: Ken Reed, Lani West, and Tim Mahony 

	Rationale

	Female penaeid prawns exhibit faster growth rates and potentially had higher feed conversion efficiencies than their male counterparts. If a technique could be devised to bias the sex ratio of larvae produced so that the proportion of females in each brood outnumbered the males, the commercial grower may be able to achieve significantly more efficient production.

	Objectives
 
	1. To establish the genetic mechanism of sex determination in penaeid prawns and provide genetic markers that allow sex to be identified before visible signs are evident.
2. To identify and isolate the gene or genes involved in and ideally responsible for triggering sex determination. Studies of the potential for hormones to induce sex reversal will also be undertaken.
3. To aim to produce sex-reversed prawns as broodstock by introducing sex- determining genes into fertilised eggs to produce transgenic sex-reversed animals. 

	Activities and Outputs 

	· It was discovered that prawns use a system of genetic sex determination that is distinct compared to the chromosomal organisation of most well-known organisms.
· The results indicated that sex determination in penaeid prawns is directed by a single genetic locus or at most a small number of loci, rather than fully differentiated sex chromosomes.
· In order to successfully isolate genetic markers for only one to several loci it was necessary to resort to the most genetically similar, inbred prawns.
· Three genetic markers for the male sex and one genetic marker for the female sex in Penaeus japonicas were successfully located.
· The original objectives of the project were forced to change due to the unexpected high degree of genetic variability found between individuals of the same species.
· To succeed in obtaining the genetic markers of sex, it was necessary to depend on the F2 generation.
· These were unavailable in the early stages of the project, due to the complex nature of breeding an F2.
· Although the markers were more difficult to obtain than originally predicted, finding fewer markers after the rigorous search had its own advantages.
· The second part of the research developed fortuitously when success was achieved in growing cells isolated from Penaeus monodon under laboratory cell culture conditions.

	Outcomes
 
	· The genetic mechanism for sex determination is now established and this could contribute to production systems in future that exploit the faster growth rate of females. 
· It is understood that there are no commercial enterprises that are exploiting sex biased populations in Australia; however, there are very recent reports of the application of RNA interference to establish non-reproductive populations from Israel. See http://www.israel21c.org/environment/prawn-farming-gets-a-revolution-with-same-sex-mating (Tim Mahony, pers. comm., 2014).
· These recent developments suggest that biased sexed populations may become commercially feasible in the not too distant future. If this is the case, Project 1994/070 will have made only an indirect contribution to this by establishing there is a genetic basis to sex determination in prawns – meaning that the ratio has the potential for manipulation (Tim Mahony, pers. comm., 2014).
· The cell culture techniques established are now used by researchers working on diseases within crutaceous species and can be used in testing the most effective techniques for preventing bacterial and viral diseases in commercial prawns.
· The cell culture systems reported by the project have had some impact on the investigation of infectious diseases that can affect prawn enterprises.
· The published scientific manuscript paper describing the methodologies used to establish these cultures has been cited 16 times in manuscripts regarding various prawn pathogens (Tim Mahony, pers. comm., 2014).

	Benefits

	· Some contribution to future potential for exploiting sex biased production systems for P. monodon.
· Strong contribution to cell culture techniques for understanding and potentially reducing disease impacts in prawn farming and therefore a major scientific capacity building benefit.    



	Project number 1994/081: Experimental production of tetraploid oysters for use as broodstock for commercial hatchery production of triploids

	Project details 

	Organisation: Flinders University 
Period: Aug 1994 to Aug 2007
Principal Investigator: Jon Havenhand

	Rationale 

	Normal oysters are diploid (two sets of chromosomes) but triploids exhibit significantly higher growth rates. However, production of triploids from diploids is technically difficult. It was thought that if tetraploid breeding stock could be developed, they could in turn produce triploids simply by mating with normal diploids. 

	Objectives

	1. To produce experimental tetraploid (4n) oyster embryos, larvae, and spat.
2. To grow out tetraploid (4n) oyster spat to adulthood and reproductive capability.
3. To hybridise diploid (2n) gametes (from tetraploid (4n) broodstock) with 1n gametes (from normal 2n broodstock) to produce triploid (3n) embryos, larvae and spat.

	Activities and Outputs 
	· The first objective “the experimental production of tetraploid (4n) oyster embryos, larvae and spat” was achieved. Tetraploid oyster embryos were induced by most methods used in the study; including hydraulic pressure shock, thermal shock, chemical treatment and combined chemical treatment.
· The second objective “on-growing of tetraploid oyster spats to adulthood and reproductive capability” was partially achieved. The percentage of tetraploids growing out on farms can only be estimated based on the samples analysed at Flinders University.  At the time of writing the initial report draft, August 1999, the reproductive capability of oysters grown out at the South Australian Oyster Hatchery had not been obtained. 
· During the second year of the project (July 1997), the industry was consulted about the direction of oyster research. At this time the industry indicated that grower demand for triploid oysters had fallen considerably in the light of poor growth rates and meat quality of chemically produced triploid oysters on commercial leases. As a result, plans for continued research into production of tetraploid broodstock were abandoned.
· The last objective “hybridization of diploid gametes (from tetraploid broodstock) was not achieved due to non-completion of the second objective.
· Although very low percentages of tetraploid Pacific oyster spats were induced in some experiments, the success of this study also indicates that the development of zygotes, produced by fertilising eggs from diploid females with sperm from diploid males, could tolerate tetraploid genome in their cells.

	Outcomes
	· At the time of completion of the project only one hatchery was producing commercial quantities of triploid Pacific oysters in Australia and that was based on the patented technology from USA. 
· The further refinement of the experiments in this project to produce tetraploid brood-stock has the potential to provide several hatcheries with the ability to supply triploids in the seed market via the tetraploid process.

	Benefits 

	· No direct industry benefits occurred from this project
· Some science capacity was built.   



	Project number 1997/321: Selective breeding of Pacific oysters

	Project details 

	Organisation: University of Tasmania
Period: Oct 1997 to Sep 2006
Principal Investigators: Peter Thompson 

	Rationale 

	From previous CRC-Aquaculture research it had been established that the Pacific oyster in Tasmania had sufficient genetic variability to provide the basis of a selective breeding project. The three most desired traits were meat yield, total growth rate and shell shape (L-W-D). This project was based on the use of a range of selective breeding techniques in an effort to improve these characteristics. 

	Objectives

	1. To evaluate groups of Pacific oysters mass selected for growth rate.
2. To establish family groups that allow combinations of desirable characteristics to be selected.
3. To establish how these selected groups perform in different areas and production systems.
4. To ensure that improvements are sustainable by undertaking molecular genetic analysis of the progeny.
5. To ensure that the benefits of the molecular genetics “revolution” e.g. DNA markers for performance can be adopted within an industry breeding plan based on separate breeding lines.
6. Overall, to improve profitability and production in the Pacific oyster farming industries on a genetically sustainable basis.

	Activities and Outputs

	· The project produced two generations of mass selected oysters with (up to) four mass selection lines per generation that grew faster than commercial controls. 
· Traits such as growth rate, meat weight, shape, sex ratio, colouration and frill, all showed significant segregation between family lines. 
· In general, high performing lines were consistently high performing regardless of site or production system.
· However, generally all control, family and mass selection lines performed better on intertidal sites relative to the one site selected for subtidal grow-out. 
· Also, all control, family and mass selection lines generally grew faster on the South Australian sites than in Tasmania. 
· Oysters from all lines were available to the CRC Aquaculture project D1 for the purpose of developing genetic markers. Progeny were genetically tested to confirm parentage. Potential broodstock for the second generation of mass selection were genotyped in an effort to select those with the greatest genetic diversity. Genetic markers were used to assess potential for improvement in growth.
· On a trial basis in 2000 the project supplied broodstock to a commercial hatchery. The hatchery produced about 5 million seed oysters in two batches. One batch was from inbred family lines considered free from the undesirable shell characteristic (called by industry “curl back”), and the second line derived from the best performing first generation of family lines. These oysters were then grown on commercial farms and form the first commercial scale trial of the selected oysters.
·  In 2001 expressions of interest were received from 4 hatcheries; all 4 hatcheries were sent some broodstock in 2001 but only one hatchery produced commercial quantities of juveniles that were eventually sold. 

	Outcomes 
	· A joint venture company ASI (Australian Seafood Industries) was formed by the two oyster growing bodies (Tasmanian Oyster Research Council and South Australian Oyster Growers Association), The University of Tasmania, CSIRO and FRDC. 
· ASI was formed with the intention of commercialisation of the science already developed and was expected to provide continued adoption of the improved selected lines by industry.
· ASI has continued to be supported and has delivered productivity gains to the industry. 

	Benefits
 
	· Contribution to improved growth rates and higher productivity in Pacific oyster production. 



	Project number 2000/206: Sustainable genetic improvement of Pacific oysters in Tasmania and South Australia

	Project details
 
	Organisation: CSIRO Marine and Atmospheric Research
Period: Dec 2000 to Jan 2006
Principal Investigator: Robert Ward 

	Rationale

 
	This project continued the earlier project 1997/321 that had produced five generations of oysters with substantial improvements in growth rates. The adoption of the selectively bred oyster lines was already significant and was increasing.   

	Objectives 
	1. To continue production of mass selection lines for growth rate and family lines for growth rate and other industry-desired traits.
2. To create crossbred family lines to assess the feasibility of combining desirable traits from different families into a single line.
3. To develop a multi-trait selection index.
4. To develop a commercialisation strategy. 

	Activities and Outputs 
	· The Pacific oyster breeding project initiated in FRDC 97/321 was continued. 
· Both mass selection and family selection procedures were employed. The main trait of interest was growth rate, although shell shape and condition index were also recorded.
· Within any one generation, families generally performed with similar rank orders among farms, meaning that genotype by environment interactions were limited. 
· In generation four, the mean of the mass selection lines and the mean of the family selection lines were both about 1.6x greater than the unselected commercial control line.
· In the fourth generation, virtually all oysters when individually measured showed acceptable shape; also, generally the selected lines gave more uniform product than the control line.
· Full-scale commercial trials of some lines were undertaken to collect data from a much larger number of farms and also to expose these lines (and the project) to the wider community. Collecting reliable quantitative data from these lines proved impossible, but anecdotally these lines generally performed as well or better than control lines.
· Heritability estimates indicated that additive genetic variance was present for most traits and that these could be exploited in any ongoing selective breeding program. 
· Molecular genetic research included developing new microsatellite DNA loci and comparing levels of genetic variation in mass selection lines with those in natural populations; it was shown that microsatellite DNA genotyping of individual larvae was achievable.

	Outcomes
	· The project and its predecessor FRDC 97/321 produced five generations of selectively bred oysters before the program was handed over to Australian Seafood Industries Pty Ltd (ASI). 
· Lines of oysters with reduced time to harvest resulting in increased economies in production costs were then available. 
· An 8% improvement in growth rate in the first selected generation was predicted to result in a significant reduction in costs (perhaps of the order of ~$1m per year).
· The figures above suggest a cost reduction for the industry of $125,000 for every 1% increase in growth rate.
· This estimate was based on the increased turnover from fixed farm equipment (Robert Ward, pers. comm., 2014).
· Lines of oysters free of the deleterious trait 'curl-back' and with enhanced growth and other desirable traits were made available.
· ASI was established by the Tasmanian and South Australian industries during the course of the project to ensure the continuation of the breeding program at the end of the project and to facilitate technological transfer to industry.
· The proportion of the SA and TAS Pacific Oyster industries that are now using the ASI lines is about 20% (Robert Ward, pers. comm., 2014).  
· When ASI took over the program, the breeding objectives changed from a focus on growth rate to a combination of five traits (growth rate, shape, condition, survival, and uniformity). See FRDC and Seafood CRC Final Report FRDC Project 2006/227 (Enhancement of the Pacific Oyster Selective Breeding Program). 
· Also, now there is a new breeding focus on resistance to POMS (Pacific Oyster Mortality Syndrome - a herpes viral disease) (Robert Ward, pers. comm., 2014). 
· It is likely that the productivity gains produced in the earlier stages via growth rate have now stabilised as other traits prioritised in the breeding program have been pursued (e.g. condition, shell shape, condition, survival, and more recently POMS) (Rachel King, pers. comm., 2014). 

	Benefits

 
	· The major benefit has been a contribution to a more efficient and productive industry using genetically improved lines of Pacific oysters over the period from 2006, and potentially thereafter. 



	Project number 2000/215: Improved performance of marron using genetic and pond management strategies

	Project details 

	Organisation: Department of Fisheries, Western Australia 
Period: Oct 2000 to Aug 2008
Principal Investigator: Craig Lawrence 

	Rationale

 
	There was an opportunity identified to increase growth rates of marron by strain evaluation and selective breeding. There was a need also for husbandry improvements to increase both the quality and quantity of marron production.  

	Objectives

 
	1. To select and improve genetic stock of marron.
2. To develop improved husbandry protocols for marron. 
3. To extend results to industry. 

	Activities and Outputs

 
	· The project evaluated progeny produced from wild populations collected from six river systems that had not been subjected to the broodstock selection processes on commercial farms.
· Marron from all river systems grew faster than industry stocks.
· Consultation with farmers identified breeding objectives that were applied by researchers to develop a selection index for a more complex pedigree breeding program that permitted simultaneous selection for multiple traits based upon economic merit. 
· Husbandry experiments showed that current refuge densities were suitable for marron production. Paddlewheel aeration practices could be improved by increasing the duration of aeration.
· It was found that size grading of juveniles prior to stocking ponds can increase the average weight of marron harvested by 12 - 58% and decrease the proportion of below market size animals by 54%.
· Marron with proportionately shallower abdomens grow faster than those with deeper abdomens; combined with hide harvesting, this simple condition index can be applied by farmers to evaluate condition of marron in commercial ponds, calculate growth rates and manage feed rates.
· Farms based in the more southern, cooler regions, have lower growth rates due to cool water temperatures.
· It is essential that commercial marron farms are correctly designed, constructed and professionally managed. Commercial trials involving 147,000 marron reared to market size in 44 commercial ponds over a 5 year period demonstrated the viability of current practices and the increased profit ($33,600/ha) from farming selectively bred marron developed in the project.
· An extension strategy that included open days, research seminars, field trials and open communication with industry was deemed successful. 

	Outcomes 
	· Most key outputs from this project were adopted by some leading farmers with newer entrants to the industry following their example. As a result the husbandry strategies and software developed by this project were rapidly adopted by some growers and 18,000 elite marron produced from the selective breeding program were distributed to industry in WA and SA.
· The use of marron produced by the FRDC selective breeding program can dramatically increase the profitability of farming. 
· For a correctly managed and constructed 50 pond farm, replacing industry stock with marron from the selective breeding program increases the IRR from 8.24% to 22%, return on capital from 4% to 40%, yields from 1-1.5 to 3 t/ha/year and profit from $20,722 to $189,130 /year.
· The profitability increases quoted above from the report are still valid as they were obtained by the project team actually stocking, managing & harvesting the ponds on commercial farms and compared with yields from ponds on the same farm but run by the farmer using their “standard” control method (Craig Lawrence, pers. comm., 2014). 
· However, despite the clear increase in profit, the marron industry took a change in direction shortly after this project was completed. The industry association committee members became dominated by “lifestyle” farmers, who preferred a lower input strategy and lower yields (i.e. they used no aeration, no annual draining of ponds, relying upon natural feed etc.). Therefore currently only some farmers are achieving the same production levels as those achieved by the farmers during the project (Craig Lawrence, pers. comm., 2014).
· The project had been designed with the intention that at its end the government /university partnership would operate a breeding nucleus, from which a supply of juveniles would be sold to industry each year, thus funding the ongoing breeding program and ensuring a supply of selectively bred marron to farmers. 
· However, upon the release of the findings, industry were keen to adopt and decided to operate the breeding program on their farms. Unfortunately, most farmers were unable to maintain family lines, nor did they have the quantitative genetics expertise to operate a breeding program. 
· As this was one of the first selective breeding projects in Australia, the principal outcome was demonstrating that quantitative genetics can be used to select for improved growth in aquaculture (Craig Lawrence, pers. comm., 2014).
· A second major outcome was the development of the algorithms, software, pedigree selection program and system needed to apply quantitative genetics to an aquaculture species with 200-500 progeny/mating (as opposed to terrestrial animals with 1-10 progeny) (Craig Lawrence, pers. comm., 2014). 

	Benefits

	· The principal benefit has been the progress towards a more efficient and productive industry using genetically improved lines of marron and improved husbandry practices, with some additional profits made by the part of the industry that has adopted. 
· Also, some additional investment in marron can be assumed in the future due to the potential productivity increases that are on offer.



	Project number 2001/254: Abalone Aquaculture Subprogram: selective breeding of farmed abalone to enhance growth rates

	Project details
 
	Organisation: South Australian Research and Development Institute 
Period: Feb 2002 to Nov 2008
Principal Investigator: Xiaoxu Li 

	Rationale

 
	High operating costs associated with holding animals for 4 years until they reach market size was recognised as a major problem for abalone farmers. Selective breeding was recognised as a potential solution to improve growth rates, so shortening the production cycle by over a year and reduce operating costs and increase industry profits. In early 2000, the first abalone selective breeding project established protocols and demonstrated the feasibility of using farm facilities for a selective breeding program. One of the outcomes of this first FRDC project was an interim breeding goal for the abalone selective breeding program. The project 2001/254 continued this earlier short project in pursuit of these goals.

	Objectives


	1. To establish new families. 
2. To continue to maintain established families. 
3. To upgrade management systems for easy maintenance, easy cross reference, and protection of the privacy of individual farms.
4. To collect data and determine genetic parameters for traits of economic importance and their correlations.
5. To develop, respectively, the breeding objectives and select indices for both greenlip and blacklip abalone with the data available.

	Activities and Outputs 

	· The objective to establish new families was achieved with 235 families established from the summer of 2001/2002 to the summer of 2005/2006. The project encountered changes of research priorities in some farms, and frequent changes in on-farm project officers.
· The maintenance of the families was achieved until the outbreak of abalone viral ganglioneuritis on two of the three main farms participating in this project in Victoria, in early 2006. These farms were destocked according to regulatory requirements.
· Most of the families established during this and the previous project were properly maintained on the participating farms.
· Strengths and weaknesses of the farmed-based abalone selective breeding program were identified, and recommendations for further improvement were provided.
· The 3rd project objective of upgrading management (e.g. recording, privacy) was partly achieved. 
· The collection of data and determining genetic parameters for traits of economic importance and their correlations (if any) was completed. The results showed for both abalone species (blacklip and greenlip) that genetic improvement in important traits can be effectively achieved through selective breeding.

	Outcomes
	· The project gave confidence to future investment in abalone breeding. 
· The project highlighted the areas that could be improved in any future abalone selective breeding program.
· The methods developed in this project for definition of breeding objectives and appraisal of investment in genetic improvement programs can be applied also to breeding programs in other aquaculture species.
· The selective breeding program for abalone is still ongoing and some growers have farmed abalone stocks from selective breeding programs since 2009. 
· Productivity gains achieved by industry have been about 10% per generation with regard to growth rate. As abalone have a 3 year generation interval, the stock farmed from 2009 - 2012 would grow 10% faster than the stock farmed prior to 2009 whereas the stocks farmed from 2013 and onward would be ~20% faster (Xiaoxu, Li, pers. comm., 2014). 
· On average, the gains have been estimated at about $1 million per annum since 2009 (Xiaoxu Li, pers. comm., 2014). 

	Benefits

	· Along with other projects, this project made a significant contribution to selective breeding program processes and later impacts. 



	Project number 2002/202: Abalone Aquaculture Subprogram: use of marker assisted genetic breeding to improve abalone and abalone products

	Project details 

	Organisation: DPI VIC 
Period: Jun 2002 to Jul 2007
Principal Investigator: Nick Robinson 

	Rationale
 
		Programs for genetic improvement, based on traditional methods (such as selective breeding), can be significantly enhanced by the use of new genetic marker-based breeding technologies. This need for genetic improvement and the potential additional benefits of a marker-based approached was recognised by the abalone industry. The project was envisaged to interact with FRDC Project 2001/254 (see earlier). 

	Objectives 

	1. To formulate an “Abalone Profit Index” (API) in consultation with industry representatives.
2. To develop a computer simulation model of abalone breeding strategies that will identify the most profitable strategies. 
3. To develop a set of 100-150 abalone microsatellite loci covering the abalone genome for use as genetic markers.
4. To use this set of genetic markers to identify linked quantitative trait loci affecting API that can be used to fast track the selection process and ensure maximum genetic gains in the selective breeding project.
5. To continue the abalone selective breeding program during 2004.

	Activities and Outputs
	· Industry representatives and stakeholders were consulted and the major traits of significance at the time were considered to be growth rate and meat-to-shell ratio.
· As meat-to-shell ratio was found to be very highly positively correlated with growth rate it was decided to focus attention on growth rate (total weight at a mature age).
· Few useful genetic marker tests for blacklip and greenlip abalone were available, so 125 new abalone genetic tests for useful markers were developed. 
· The tests were used to produce the first “genetic map” for southern Australian abalone. 
· This map has provided critical data to guide the choice of tests for genetically improving farmed populations and served as a valuable resource for other researchers studying wild and captive populations.
· Abalone DNA was extracted and screened using the tests to pinpoint the locations on the genetic map that explained the differences between fast and slow growing abalone; nine map regions containing genes with a large effect on growth rate were detected. 
· Computer simulation software was developed and used to model the use of these tests in a selective breeding program. 
· It was determined that around a 9% improvement in growth rate per year using the tests could be obtained and this rate of improvement would be 21% higher than that achievable using traditional selective breeding techniques without the genetic tests over a 3 year period. 
· The final report for the project estimated that the value of the technology could be a $14 million additional profit for the industry over five years.

	Outcomes
	· The knowledge generated by this project can be used to enhance the rate and efficiency of genetic improvement of farmed blacklip and greenlip abalone. Such genetic improvement will increase the profitability of the abalone industry.
· However, the markers have not been used in a selective breeding program to date (Nick Robinson, pers. comm., 2014).  
· Apart from potential use in selective breeding, the genetic markers may have future applications in capturing benefits from improved freshness and survivorship for exported product, traceability programs (marketing), reseeding programs for depleted reefs, and reduced reliance on the wild fishery. To date, the markers have not been used to date for these purposes. 
· It is possible that the markers may be used in a selective breeding program in the future and so deliver benefits to industry.

	Benefits
	· Potential future contribution to yield gains from selective breeding for abalone.
· Potentially other benefits to the abalone industry such as traceability may be delivered in future. 



	Project number 2002/204: Development of techniques for production of homozygous Pacific oysters

	Project details
 
	Organisation: South Australian Research and Development Institute 
Period: Jun 2002 to Oct 2008
Principal Investigator: Xiaoxu Li

	Rationale 

	Most Pacific Oysters are grown from wild broodstock. As a consequence, variability in growth rate and product quality were major issues for the industry. The Pacific oyster industry had recently engaged in a research program focused on selective breeding. Selective breeding of oysters via traditional crossing was expected to take many years to achieve progress. A technique for generating doubled haploid oyster larvae offered the opportunity to produce inbred lines in only the second generation of a breeding program and could therefore speed up the production of F1 hybrids significantly. The production resulting from identical spat would improve the uniformity of growth rate and consistency of quality.  

	Objectives

 
	1. To determine the genetic loads of Pacific Oysters farmed in Australia. 
2. To optimise technologies for producing pure and/or inbred lines.
3. To maintain the progenies produced.

	Activities and Outputs 
	· The first two objectives were achieved but the third objective was only partially achieved.
· The genetic load or the number of lethal equivalents in Pacific oysters was high, highly variable, and expressed progressively with larval development.
· This result re-emphasised the importance of avoiding inbreeding in order to maintain reliable commercial hatchery production. Inbreeding can be minimised by using a higher number of broodstock and/or broodstock with a clearly recorded pedigree history. The importance of this practice needed to be recognised, especially when more and more growers in Australia farm selectively bred families.
· Fifteen day old doubled haploid oyster larvae were produced by inhibiting the first mitotic division of eggs activated by UV irradiated sperm, with 99% confidence according to the number of microsatellite markers analysed and their mean recombination rates published. The chromosome doubling was induced by the combined hydraulic pressure method.
· The numbers of larvae surviving to day 20 post-fertilisation were low (about 1% on average) and highly variable (from 500 to 9,000), which were within the expectations estimated according to the number of genetic loads per oyster identified by this study.

	Outcomes


	· The genetic loading is the biggest threat to the successful commercialisation of the double haploid technology.
· This project raised questions about the best way forward for the Pacific oyster breeding program. 
· If the genetic loads were not so high the potential to breed identical improved progeny would be very beneficial to the industry as it would reduce grading requirements, a major cost to the industry (Xiaoxu Li, pers. comm., 2014). 
· Also the application of double haploid technology would be faster to achieve a similar genetic gain in comparison with selective breeding.
· The result suggested that double haploid technology would be a high risk approach to take in Pacific oyster improvement. However, it should be noted that the technique has accelerated the genetic gains and establishment of uniformity in   a few plant species (Xiaoxu Li, pers. comm., 2014).
· The research was an initial step towards the establishment of a breeding program using the double haploid technique and the genetic load constraint needs to be addressed in future. 

	Benefits
 

	· No direct benefits but potential contribution to future success of breeding for Pacific oysters using double haploids resulting in potentially higher productivity in Pacific oyster production.



	Project number 2002/209: Understanding and removing the barriers to Penaeus monodon domestication

	Project details 

	Organisation: CSIRO Marine and Atmospheric Sciences 
Period: Feb 2003  to May 2007
Principal Investigator:  Nigel Preston

	Rationale


	Prawn farmers had identified their highest research priority was to overcome the barriers to P. monodon domestication. Domestication of P. monodon was needed to address a number of vital issues for the Australian prawn farming industry including the erratic supply of wild broodstock. Also, the continued use of wild broodstock risked the introduction of disease. Also required were: disease diagnostic tools and improved disease management, selective breeding programs, and new methods of minimising impacts on the environment. 

	Objectives 
	1. To optimise reproductive output from domesticated P. monodon by assessing tank, raceway and pond rearing systems and associated maturation protocols.
2. To assess and minimise chronic and acute health-related barriers to the domestication of P. monodon.
3. To measure the genetic components underlying the suitability of different strains/ families/ individuals for domestication. 
4. To develop and implement an effective extension, technology transfer and commercialisation program for P. monodon domestication. 

	Activities and Outputs 

	· The project produced twenty-four third generation families, derived from East Coast (EC) broodstock, as founder stocks for future selective breeding and ten fourth generation families derived from Gulf of Carpentaria (GoC) broodstock for on-going stocking of farm ponds and selective breeding.
· The project produced new knowledge about the origin and nature of viruses in wild founder stock populations of P. monodon and subsequent changes in the level of infections in successive generations of the domesticated stocks. 
· The knowledge of viruses has been incorporated into on-going strategies for minimising and monitoring viral loads in domesticated stocks at research and commercial sites.
· The first trials of domesticated stocks in commercial ponds in 2005 demonstrated that growth and survival of the progeny of second generation broodstock was equivalent or superior to that of progeny of wild broodstock. 
· Subsequent to the completion of the project, the second commercial trials in 2006, with third generation stocks, resulted in an average yield of 11.8 tonnes per ha.  The third commercial trials in 2007, with fourth generation GoC progeny, further increased the average yield to 12.8 tonnes per ha, the highest yields ever recorded for the production of farmed P. monodon in Australia.

	Outcomes

	· The results of this project have provided the Australian prawn farming industry with the knowledge and technology to commence the progression of the industry to the production of domesticated broodstock of known health status.
· The offspring of wild P. monodon broodstock from the EC and from the GoC were successfully reared through three successive generations in tanks, raceways or specialised ponds. Improvements in the growth, survival and reproductive output were achieved with each generation in each of the rearing environments. 
· It was anticipated that progressive adoption of the results of the project will extend across the whole industry as the progeny of domesticated stocks become increasingly available to more and more farms.
· The principal outcomes include the elimination of total reliance on wild stocks; all-year round availability of postlarvae and the production of disease free or high health seedstock, and future cumulative and permanent genetic gains.
· Although the project successfully produced domesticated East Coast stocks – when the progeny of these stocks were provided for use in a subsequent project (2006/205) poor biosecurity practices at Bribie Island resulted in disease and no progeny from this line of East Coast domesticated stocks were stocked into any commercial ponds (Nigel Preston, pers. comm., 2014).  
· A part of the prawn farming industry has progressed to the use of domesticated broodstock (See Projects 2005/205 and 2006/205).

	Benefits
 
	· Contribution to higher profits for some prawn farmers due to higher productivity from improved growth rates and reduced disease impact. 



	Project number 2005/205: Practical, feasible and low cost genetic selection of P. monodon for increased profitability

	Project details

	Organisation: Australian Prawn Farmers Association (APFA)
Period: Aug 2005 to Jul 2008
Principal Investigator: Greg Coman, CSIRO

	Rationale 

	Genetically selected, faster growing, better surviving P. monodon (Black Tiger Prawn) was a principal strategy of APFA to reduce costs and increase profitability. This strategy was considered critical to reducing reliance on wild broodstock of variable health status and insufficient quantity, improve productivity and provide more reliable production. This project extended the FRDC funded project 2002/209 (Understanding and removing the barriers to P. monodon domestication) described earlier.

	Objectives 


	1. To complete one further generation of captive reared P. monodon with selection for growth, survival and reproductive output.
2. To develop a revised commercialisation plan to be led by industry. 

	Activities
 and Outputs 
	· The single objective of the project was achieved through 4 experimental components:
· Experiment 1.1: Selection of G2 candidate breeders, estimation of EBVs and ranking of families (QDPI)
· Experiment 1.2: Reproduction of G2 broodstock and PL growth at Australian Institute of Marine Science (AIMS)
· Experiment 1.3: Biosecurity: An evaluation of the growth, survival and health status of duplicate genotypes reared in controlled environment tanks (CSIRO)
· Experiment 1.4: Growth of G3 broodstock in ponds with selection at harvest size (QDPI)
· The project achieved the primary objective of completing one further generation of captive reared P. monodon with selection for growth, survival and reproductive output.
· The project demonstrated to the Australian prawn farming industry the practical feasibility of operating a genetic selection program for the black tiger prawn over multiple generations. 
· In addition, broodstock reared in the ponds were made available to commercial hatcheries for the first industry trials of these stocks.

	Outcomes
 
	· While the initial indications suggested that the quality of the domesticated broodstock was poor, the project did identify critical areas where future research is required to improve the reproductive performance of the pond-reared broodstock. 
· Furthermore, the project demonstrated the value of having a back-up facility for breeding programs stocks as insurance against biosecurity breaches and for insurance against stock loss through the holding all stocks at only a single location. 
· Notably, differences in the viral loading and spermatophore development between broodstock reared in the two systems (i.e. ponds versus clear water tanks) indicated the value of clear water systems for biosecure production of domesticated P. monodon broodstock.
· The families generated in this project were to provide the genetic resource for continuation of the breeding program.
· For this project as well as Project 2006/205 (see later), CSIRO had a small role in managing some back-up stocks in indoor systems at CSIRO, Cleveland, and some related R&D (Greg Coman, pers. comm., 2014) 
· Despite significant biosecurity challenges at the QDPI Bribie Island site, the stocks held at CSIRO had no such issues.
· At the conclusion of Project 2006/205 the stocks being held by CSIRO were directed (by the steering committee) to be sent to a commercial partner site (Seafarm).
· However, problems with the facilities at the Seafarm site ended up seeing no seedstock produced and these lines being terminated (Greg Coman, pers. comm., 2014).
· Hence, no larvae from the FRDC supported breeding program have been used in commercial production and a commercialisation plan was not produced.
· Following the demise of the domesticated stock, CSIRO in partnership with Gold Coast Marine Aquaculture, Australian Prawn Farms and Pacific Reef Fisheries, (co-funded by the Queensland Government) conducted a highly successful on farm domestication program that used technology developed in the FRDC projects (Nigel Preston, pers. comm., 2014).  

	Benefits

 
	· No industry benefits were delivered directly by this project but it did contribute indirectly to greater profits for a part of the prawn farming industry via improved growth rates and reduced disease impact. 



	Project number 2005/227: Selection of genetic strategies in Pacific oysters to maximise commercial benefit

	Project details 

	Organisation: Australian Seafood Industries P/L
Period: Apr 2005 to Sep 2006
Principal Investigator: Barry Ryan 

	Rationale
 


	There was a need to develop a genetics R&D strategy so that Australian Seafood Industries (ASI) could continue to deliver increased profitability and improved efficiency to the oyster industry. The emphasis was on determining the economic benefits of different strategies and the outcome required was a genetics strategy that identified the best returns from investment in R&D. The project was to evaluate genetic technologies such as triploidy, hybrid vigour, double haploids, and marker-assisted selection. There was also a need to develop transparent evaluation processes, meeting a need in aquaculture generally and the oyster industry in particular.

	Objectives 
	1. To document the existing oyster genetic R&D technology and IP ownership.
2. To review and, where possible, quantify the expected benefits and likely risks when using each of these technologies for Pacific oysters; the technologies (and their main proponents) were triploidy (Shellfish Culture Ltd),  Tassie Golds  (Camerons of Tasmania Pty Ltd), hybrid vigour (Robert Ward CSIRO), double haploidy (Xiaoxu Li, SARDI; Greg Kent, TAFI), and marker-assisted selection (Nick Elliott, CSIRO).
3. To document a pathway for the commercial deployment of Pacific oysters developed by triploidy, hybrid vigour, double haploidy, and marker-assisted selection, with particular emphasis on the cost and time needed for both the R&D phase and full commercialisation.
4. To identify the way in which the use of triploidy, hybrid vigour, double haploidy and marker-assisted selection fit in with a selective-breeding strategy and identify aspects of a selective-breeding program that are essential for the commercial use of these tools.
5. To identify any impediments to the commercialisation of these technologies.
6. To estimate the commercial production costs of triploid, hybrid and double haploid Pacific oysters and assess their economic value relative to stock produced from ASI’s conventional selective-breeding program.
7. To identify IP ownership of each of the breeding tools, expected costs associated with commercial access to IP, and any limitations to commercial application that may occur due to IP ownership; this will include existing IP ownership and any new or extended ownership issues likely to arise during the development of these breeding tools.

	Activities and Outputs

 
	· Existing, developing and proposed technologies in relation to oyster triploidy, double haploidy, intensive inbreeding and marker assisted selection were reviewed alongside the ASI breeding program with a view to establishing which, if any, might be developed to replace or improve the selective breeding program currently operated by ASI.
· Enhancement of the current selective breeding program was identified as the highest priority and most cost effective area for developmental research to supplement the ASI selective breeding program.
· Industry access to triploidy technology through the tetraploid route is limited by the existing IP ownership and patent protection. Developmental research to commercialise alternative technology for induction of triploidy is warranted.
· Intensive inbreeding, double haploidy and marker assisted selection were not considered as appropriate tools to replace or supplement the ASI selective breeding program at that time.

	Outcomes 

	· The future priorities for Pacific oyster genetic research were clarified.
· Enhancement of the current ASI selective breeding program and development of direct triploidy methodologies were suggested as high priorities.
· The ASI selective breeding program was supported with new projects.
· When ASI took over the program, the breeding objectives changed from a focus on growth rate to a combination of five traits (growth rate, shape, condition, survival, and uniformity). See FRDC and Seafood CRC Final Report Project 2006/227 (Enhancement of the Pacific Oyster Selective Breeding Program). 
· Also, now there is a new breeding focus on POMS (Pacific Oyster Mortality Syndrome) resistance (a herpes viral disease) (Robert Ward, pers. comm., 2014). 

	Benefits


	· Improved research resource allocation.
· Contribution to improved growth rates and higher productivity in Pacific oyster production



	Project number: 2006/205: Genetic improvement of P. monodon – establishing commercial readiness

	Project details 

	Organisation: Department of Primary Industries and Fisheries 
Period:  Sep 2007 to Aug 2008
Principal Investigators:  Wayne Knibb QDPIF, Scott Walter (APFA) 

	Rationale
 
	The Australian Prawn Farmers Association (APFA) indicated that genetic improvement was still the most likely route for reducing production costs and increasing the competitiveness of the Australian P. monodon farming industry. This project was conceived to advance a breeding strategy adopted in the two projects described earlier, with a focus on commercialising breeding stocks and progressing science and technology advances made in P. monodon selective breeding.

	Objectives 
	1. To deliver a commercial entity with an appropriate business plan to drive the selective breeding program and capture any IP generated by the project.
2. To deliver the APFA’s long-term plan for selective breeding of P. monodon. 
3. To deliver a draft media release to FRDC for approval within 6 weeks of exchange of the Project Agreement.
4. To provide “readiness training” to at least three APFA member hatcheries and farms to ensure uptake and on-site application of knowledge learned from earlier projects about handling domesticated lines (specifically AI techniques).
5. To provide 100 to 2,000 mature APFA captive females to industry by August 2006, and capture and report commercial performance data from industry participants (hatcheries and farms) using standard commercial performance parameters.
6. To produce up to 60 families of the APFA Generation 4 East Coast stocks (to permit between and within family selection).
7. To monitor health status of the APFA captive east coast stocks.
8. To develop and maintain a data base of the APFA east coast pedigree that is user friendly for farmers and geneticists.
9. To manage the project through the APFA R&D Committee and the Principal Investigator. 

	Activities and Outputs
	· Training was provided to experienced hatchery managers on handling domesticated P. monodon; specifically techniques for artificial insemination, internal elastomer tagging and rearing broodstock through to maturation in broodstock ponds and tanks.
· The first industry trial of the domesticated East Coast lines was conducted with 248 female and 224 male G3 (i.e. third generation) pond-reared broodstock shipped from Bribie Island Aquaculture Research Centre (BIARC) to two commercial farms in July and August 2006. 
· While domesticated pond-reared APFA EC G3 broodstock were provided to the industry, these broodstock were not found reproductively viable at a commercial scale in the industry trial undertaken in August 2006, resulting in no industry ponds being stocked with domesticated EC G4 stocks. 
· Subsequent spawning evaluations of the stocks at AIMS in September 2006 found the females did produce commercially viable numbers of eggs (i.e. an average of 336,000 eggs/spawning), despite the poor fertility of the sibling pond-reared males. 
· The project was unable to successfully reproduce the G5 families (note, this was beyond the scope of the project; but was essential for the continuation of the breeding program), resulting in the extinction of the APFA EC lines.
· A CD including the proceedings of a “readiness training” workshop, the short user’s guide to domestication and histopathology reports were prepared.

	Outcomes
 
	· The project did provide knowledge that broadened the understanding of viral transmission within the domesticated stocks, and identified key issues that needed to be addressed for future breeding programs, such as the poor reproductive development of the pond-reared males. 
· However, with the exception of information regarding the genetic pedigree, performance and parameters of the individual EC families, and the prawn management system (including the database), no new IP of any value was generated within the project.
· Prior to this project, the APFA’s long-term plan for selective breeding was largely centred on the continued development of the breeding program, with a plan to devolve the business of running the program from QLD DPI&F (and other associated research organisations) to a commercial entity.
· Given the failure of the project to establish the foundations for further developing the program and establishing such a commercial entity, the APFA and individual companies had to reconsider their plans for future P. monodon selective breeding. 
· As of late 2008, one company has its own domestication and breeding program, and several other companies are now also initiating their own programs.
· Irrespective of the future approach taken to P. monodon selective breeding, the results of this project highlighted the risks associated with pond-rearing of male broodstock. 
· If ponds are to play a role in broodstock production in future breeding enterprises, research efforts should focus on identifying the causal factors in ponds that affect male reproductive development in order to develop rearing protocols that abrogate the risks of compromised male fertility.

	Benefits
 
	· Potentially, greater profits for prawn farmers due to higher productivity and reduced disease impacts.



	Project number 2006/238: Planning for investment in genetics for Pinctada Maxima

	Project details
 
	Organisation: Paspaley Pearling Co
Period: May 2006 to Jul 2007
Principal Investigator: Wayne Knibb

	Rationale
		A view was held by the Australian pearl industry that international competition, both from P. maxima production in Indonesia, and non-maxima pearl production globally, will generate downward pressure on pearl prices for the foreseeable future. Also of concern was the continuing development in Indonesia of P. maxima hatcheries and the recent development of sophisticated genetic selection programs in Indonesia utilising Australian expertise and government funding. While there still was considered substantial opportunity for efficiency gains from Australian husbandry, management and production system research and analysis, the Australian industry needed to explore improvement in genetics for increased efficiency. 

	Objectives

 
	1. To support the development of a genetic program for P. maxima.
2. To support the formation of a commercial entity to operate the P. maxima genetic program.
3. To develop detailed technical genetic plans for selection programs (early draft to be completed by 2006).
4. To identify/recruit/review potential science, technology and investment partners for the genetics program.
5. To offer genetic and related advice to the P. maxima industry as needed.

	Activities and Outputs 
	· The technical report provides a list of candidate traits that likely will respond to selection, as well as information about whether selection for one trait will negatively influence another. 
· The donor shell and its saibo had the largest effect on pearl quality but by itself did not contribute a large amount to the variation in a quality trait.
· Variation in heritabilities and phenotypes suggested there were a number of traits that will respond to selection.
· Selection responses of 10-20% per generation were estimated for most traits and the selection response in economic terms was argued as being even greater.
· The predicted high rates of economic returns make a genetics program on pearls potentially more attractive than consideration of the heritabilities by themselves. 
· A new grant application provided the detailed methodology for operating a five year selection program and supported the formation of a commercial entity to operate the P. maxima genetic program.
· The success of the new grant application was envisaged to help facilitate the building of even larger industry networks, partnerships and commercial entities to exploit the value of the genetics program.
· The new grant application included new science contributions (DNA markers and genomics) and investment from the University of the Sunshine Coast.

	Outcomes
 
	· The technical analysis of in-house Paspaley data supported the case for a genetic program, indicating conservatively an economic return of 10-20% per generation.
· An accompanying project proposal in the final report develops the detailed plans, teams, methods and extension to action and commercially integrates the genetic program into most of Australia's P. maxima industry.
· The proposal was accepted by FRDC and Project 2007/218 was funded, and is due for completion in 2014. 
· Project 2007/218 has progressed very well (Wayne Knibb, pers. comm., 2014); however, details of progress are commercial in confidence.  

	Benefits
 
	· Likely significant contribution to the development of productivity improvements from genetics in the Australian pearl industry.



	Project number 2008/722: Seafood CRC: Scope and economic analysis of options for a nationally unified breeding program that provides significant economic benefit to the Australian abalone aquaculture industry

	Project details 

	Organisation: Flinders University  
Period: Mar 2008 to Aug 2008
Principal Investigators: Nick Robinson and Xiaoxu Li   

	Rationale 

	The abalone industry gained valuable experience when it embarked on its first selective breeding program a few years earlier. Valuable lessons were experienced about the costs and risks associated with selective breeding. The industry recognised that a nationally unified selective breeding program was needed in Australia and identified a number of essential requirements for such a program.

	Objectives 
	1. To model the Tasmanian /Great Southern Waters (GSW) programs and alternative mainland strategies, and determine the optimal strategy for a unified, centrally coordinated program.
2. To identify the areas of collaboration for adding value to each program and the standardisation of procedures needed to ensure collaboration is achievable.
3. To identify key researchable constraints to the implementation of the breeding program, prioritise the research objectives and identify funding options.
4. The cooperative breeding program that develops should aim to achieve the objectives of the Australian Abalone Growers Association (AAGA).

	Activities and Outputs 
	· A trait prioritisation exercise was undertaken as a first step for developing breeding objectives for the abalone industry. Traits were ranked on the basis of likely economic impact, potential for genetic improvement, practicality of measurement and selection, demonstrability and amount of research needed. 
· Growth rate emerged as a major trait of importance with behaviour in slabtanks and stress related traits next in priority. 
· Alternative breeding program designs were evaluated using a computer simulation model.
· Costs associated with selective breeding, industry parameters and genetic parameters were estimated by industry representatives and local geneticists. 
· The model was used to predict the optimal selective breeding program design. 
· The model showed that selective breeding programs, of a scale which produce 100 or more blacklip and 100 or more greenlip abalone families each generation, would result in strong genetic improvement and have a highly beneficial impact on the efficiency and competitiveness of the Australian abalone industry.
· Value adding can best occur through collaborative research projects which are prioritised and funded to mitigate risks and address key constraints to selective breeding. 
· Research needed to address the risks, constraints and opportunities were summarised and prioritised on the basis of benefits to selective breeding, likelihood of success and urgency. 
· There was a need to implement biosecurity measures that will meet state agencies’ legislative requirements for translocation and result in sustainability of the program. Necessary considerations (facilities and location, founding stock and quarantine protocols, code of practice for biosecurity control measures and translocation protocols) were outlined.
· The industry identified the need for a new selective breeding entity for mainland Australia. Under the current circumstances, the addition of this entity would provide the best means for the majority of the industry to benefit from genetic improvement. There would be advantages if this new selective breeding entity was separated both physically and commercially from existing farms. 
· A commercialisation strategy and business proposal was developed for the proposed stand-alone abalone selective breeding entity (a Pty Ltd company). 
· In summary, the scoping study provided the blueprints for a nationally unified breeding program where genetic gains and economic benefits from selective breeding are maximised, existing and new initiatives are collaborative, research constraints are identified and efficiently addressed, and the needs of the industry for strong genetic gain, capacity to service all of industry, commercial and practical feasibility and biosecurity are met.

	Outcomes 
	· The national unified breeding program was not established. However, one of the largest individual companies is about to commence a selective breeding program (Nick Robinson, pers. comm., 2014) that may utilise some of the project’s outputs.
· It may take 3-5 years before benefits are captured by this follow-on project.

	Benefits 

	· Potentially higher growth rates, less mortality and higher profits for at least one large abalone grower.




	Project number 2008/723: Seafood CRC: The development of a genetic management and improvement strategy for temperate marine finfish (SBT, YTK & Mulloway)

	Project details
 
	Organisation: Flinders University 
Period:  Nov 2007 to Apr 2008
Principal Investigator: Graham Mair  

	Rationale 


	Yellowtail Kingfish (YTK), Mulloway and propagated Southern Bluefin Tuna (SBT) were considered key species for the emerging sector of marine finfish aquaculture. While SBT propagation had not yet commenced, both YTK and Mulloway have been bred in captivity for years. However, production remained dependent on seed from wild caught broodfish. Domestication, selection and subsequent genetic improvement will address some of the key constraints to the expansion of this industry sector. In this regard there was a need to evaluate a range of genetic options for possible future management and improvement of YTK, Mulloway and SBT.

	Objectives
 
	1. To develop a range of options for genetic improvement of cultured stocks and implement cost effective strategies that will achieve efficiency, productivity and market gains.

	Activities and Outputs

	· The review addressed the resources available for the implementation of breeding strategies in the three species, an analysis of the breeding systems used for YTK and Mulloway and options for their adaptation to enable controlled breeding to enhance genetic management. 
· Research to develop single pair mating and determine its commercial feasibility were considered.
· CleanSeas Tuna (CST) could initiate a database system to permit traceability of stock through the production cycle as a first step towards the level of data management required by genetic improvement. 
· Genetic markers or tagging can address some of the limitations imposed by the existing breeding systems.
· CST need to consider a dedicated setup for genetic breeding including breeding fish at non-commercial ages and out of season spawning to make use of facilities when available.
· A preliminary report was produced on the current genetic status of existing cultured stocks of the three species, and their relationship with wild stocks. 
· A review of the approaches to genetic improvement was undertaken and various research studies were identified.
· An economic study concluded that growth rate should be given priority as the first trait for selection.
· The review suggested CST should investigate collaboration as an option for cost effective implementation of genetic improvement with large family numbers but with benefits shared (initially) industry wide.

	Outcomes

 
	· CST intended to use the report to implement their breeding strategy.
· The project was fundamental to CST’s decision to move forward with a genetic program and this probably would not have happened without the project. 
· CST and Seafood CRC have since invested in two further projects to develop genetic improvement of YTK (2010/768 and 2013/700).  
· Project 2010/768 has just been completed and one of the outcomes is that CST is now producing improved domesticated F2 progeny with better performance in the hatchery and commercially (Graham Mair, pers. comm., 2014).  
· Mulloway culture was discontinued by CST. For SBT, genetic markers are used to identify parentage in propagated SBT but there is no utilisation of any genetic improvement in that species.
· At the time of the final report, further distribution of the report outside CleanSeas was under discussion and was dependent on whether a Marine Fish Committee would be established. This Committee was not established.
· The report is available on the Seafood CRC website but only one copy of the report has been downloaded (Graham Mair, pers. comm., 2014).
· There is also a much simpler genetic management plan being implemented by a hatchery in WA which is looking to develop commercial scale YTK aquaculture.  YTK aquaculture is also about to start in NSW and it seems probable that CST will eventually supply improved YTK to the rest of the industry in Australia as it develops (Graham Mair, pers. comm., 2014). 

	Benefits 

	· Benefits from improved YTK performance are already being delivered to CST with profits increased by more than $1M per annum (Graham Mair, pers. comm., 2014).



	Project number 2008/758: Seafood CRC: Development of a genetic management and improvement strategy for Australian cultured barramundi

	Project details 

	Organisation: South Australian Research and Development Institute 
Period: Aug 2008 to Jan 2009
Principal Investigator: Nick Robinson 

	Rationale
 
	The Australian barramundi industry had recognised the potential for improving the sustainability and profitability of production through genetic management. However, previous attempts to develop a coordinated national strategy had been constrained by a poor understanding of possible models by which a breeding program within the industry can be implemented and what resources would be required. There was a need for an industry wide approach to developing an economically viable genetic management and improvement strategy.

	Objectives 
	1. To review existing barramundi-related genetic knowledge to identify relevant research and where the research and development gaps preventing instigation of barramundi breeding programs presently exist.
2. To identify, through direct engagement with industry and research and development providers, the levels of infrastructure and resources that are available to undertake collaborative genetics related research and development.
3. To undertake a genetic audit of available hatchery stocks, using established genetic marker systems, to provide a census of captured genetic variation and genealogical relationships among broodstock.
4. Through consultation with the Seafood Cooperative Research Centre, research and development providers and industry, to develop research options that will fill the knowledge gap currently impeding commencement of targeted breeding programs.
5. To identify opportunities for additional industry investment in barramundi genetic improvement and related research through consultation with barramundi farmers and other industry groups and stakeholders.
6. To undertake a prioritisation exercise to identify traits that should be targeted in future research and development and selection programs.
7. To conduct a benefit cost analysis of the effective and appropriate implementation of genetic improvement strategies.
8. To identify training needs in genetic management and improvement and raise awareness of the potential benefits of genetic improvement to the industry.

	Activities and Outputs 
	· Information was gathered and processed by the investigators to determine key researchable constraints to barramundi selective breeding and practical options for beginning selective breeding. 
· A computer based bio-economic simulation model for the barramundi selective breeding program was developed and used to estimate genetic and economic improvement likely to result from a basic breeding program. 
· It was recommended that the breeding program for the barramundi industry be established using one facility which is isolated from existing barramundi farm sites to reduce the risks of disease being introduced to the breeding families and genetic improvement being diluted.
· Animals from the nucleus would be sent to farms to be grown and tested with each generation of selective breeding, and these animals then can be used as an emergency backup to restock the nucleus.
· A number of practical challenges with selectively breeding barramundi were recognised and a number of key researchable constraints were identified; issues included control over sexual maturation and sexual differentiation and reproduction to allow planned and synchronised mating of selected broodstock each generation.
· However, even a basic breeding program was demonstrated as likely to yield a high benefit-cost ratio for the barramundi industry; after 10 years of selective breeding the model predicted benefit cost ratios of from 11:1 to 18:1, a net present value to the investors in selective breeding of from $12-28 million, and internal rate of return on investment of between 42 and 144%. 
· There was a need found for the industry to develop the knowledge and skills necessary for establishing and running the day-to-day practical routines for the breeding program, profiting from the selective breeding business and providing detailed analysis and interpretation of data for selective breeding; in this regard the project recommended that the barramundi industry should take advantage of the travel bursaries, education and exchange programs being offered by the Seafood CRC. 

	Outcomes
 
	· A coordinated industry breeding program has not been funded to date. A company “Barratek” was started, but has not been funded to date; the program is still under investigation (Chris Calogeras, pers. comm., 2014). 
· There are some individual farms who have commenced selective breeding programs. 
· It is still possible that Barratek may be funded at some time in the future; if so, this project 2008/758 would have contributed to its development.
· It is likely that some genetic gain will be captured in the meantime by the individual farms undertaking selective breeding.

	Benefits 
	· Contribution to the potential future development of a selective breeding program for barramundi that delivers productivity benefits to industry.
· Contribution to potential gains for some barramundi farms who individually have commenced selective breeding.     



	Project number 2008/904: Seafood CRC: Benefit-cost analysis of marker assisted selection in Australian aquaculture species

	Project details 

	Organisation: Flinders University 
Period: Feb 2009 to May 2009
Principal Investigator: Nick Robinson

	Rationale
 

	This project relates to the research strategies developed by the CRC from projects that have scoped selective breeding for abalone, Yellowtail Kingfish (YTK) and barramundi. There was potential that genetic marker assisted selection (MAS) techniques could greatly speed up the genetic progress in these selective breeding programs and provide faster access and more benefit than conventional selective breeding techniques.

	Objectives

 
	1. To provide a concise report that focuses on the relevance and benefit cost analysis of marker assisted selection for the abalone, barramundi, prawn, tuna, YTK, mulloway, oyster and Atlantic salmon aquaculture industries.

	Activities and Outputs 
	· The project relates to the research strategies developed by the Australian Seafood CRC from projects that have scoped selective breeding for abalone (Haliotis rubra and H. laevigata), YTK (Seriola lalandi) and barramundi (Lates calcarifer). It also relates to the R&D strategies developed by many of the other aquaculture sectors in the CRC, e.g. Pacific oyster and Sydney rock oyster, Atlantic salmon and black tiger prawn, which have included in the past, or currently include, projects to develop or apply marker assisted selection.
· The report provides an overview of trait priorities identified, undertakes a literature review, explores which factors are likely to affect the success of the development and application of marker assisted selection, estimates some of the costs and likely benefits involved in developing and applying marker assisted selection, provides an overview of current methods suggested for optimising the discovery and application of markers, and, reviews cases where the impact from the application of marker assisted selection has been demonstrated.
· The report has identified:
· Basic resources that are available or needed for each species before research to find markers or to apply these technologies can be carried out.
· Marker assisted selection also needs to be applied in an optimum way for the species and traits in question so that the benefit-cost ratio from the application of marker assisted selection is maximised.
· A major prerequisite for the use of marker assisted selection (MAS) is the existence of a selective breeding program for the species concerned in Australia.
· MAS will be most beneficial for traits that are of high economic importance to the industries and traits that are otherwise difficult or slow to improve using selective breeding without markers or other means. 
· There is very little published work demonstrating the impact of the application of these technologies to other aquaculture or livestock industries. This is partly because there has been little application in the past, it is difficult to get existing breeding companies to compare or benchmark the results of their breeding work, and because there has not been enough time for the most recent developments in technology to be applied to aquaculture breeding programs and the impact of this application to be evaluated. 
· In summary, recent developments in sequencing and genotyping technology, and in methods for the analysis of this information, have made it possible to more efficiently develop and apply MAS to benefit the participating industries in the Australian Seafood CRC.

	Outcomes

 


	· The industries that could benefit from this project would be abalone, barramundi, prawns, tuna, YTK, mulloway, oyster and salmon aquaculture. 
· The major beneficiaries would be to growers, hatcheries and breeding organisations.
· Each sector will gain an understanding of priority traits, the added resources and research needed to discover markers for the species, how marker assisted selection would be applied, lessons learnt from past example of successes and failures, and the benefits likely to accrue from the use of marker assisted selection and how this would compare to other means of selection for the traits of interest.
· Each industry would benefit immediately by being able to prioritise and plan the timing and budget for research, and, if appropriate to their sector, by taking advantage of the latest developments in this area. 
· Industry organisations and selective breeding companies will be able to make informed decisions that maximise the gains from investment that are derived from genetic improvement.
· New sequencing technologies are advancing rapidly and they are now lower cost and success in identifying and applying marker technologies is increasing (Nick Robinson, pers. comm., 2014).
· However, it has been difficult to find “whole of industry buy-in” to selective breeding programs but there are many of the larger aquaculture farms who are starting their own selective breeding programs so that this project will contribute via this impact pathway.

	Benefits
	· Contribution to the efficient and effective application of genetic markers in selective breeding programs for a range of aquaculture industries.
· Potential for improved research resource allocation in selective breeding programs.



	Project number 2008/221: Atlantic Salmon Aquaculture Subprogram: Whole genome selection to improve selection efficiency for AGD resistance

	Project details 

	Organisation: CSIRO, Animals, Health, and Food Science 
Period: Oct 2008 to Dec 2009
Principal Investigator: Sonja Dominik

	Rationale 

	Control of amoebic gill disease (AGD) remained a priority for the Tasmanian Atlantic salmon industry, but the acceleration of genetic gain was	difficult because information on AGD resistance cannot be collected on the selection candidates themselves. Simulation studies suggested that if individuals directly tested for AGD resistance could be used as broodstock, genetic gains could, based on traditional selection schemes, be accelerated by between 30 and 50%.  However, direct selection of broodstock on performance in either challenge tests or marine grow-out is impractical and risky for the Tasmanian program. The use of whole genome selection (WGS) has the potential to provide improvements to genetic gain without the impractical direct selection for AGD resistance (and other traits of importance), and therefore maintain biosecurity of the highly valuable broodstock. This could reduce freshwater usage and operating costs significantly.

	Objectives 
	1. To determine the feasibility of conducting a whole genome association study, based on the available CIGENE SNP chip and the specifics of the Atlantic salmon genome, for enhancing the accuracy of breeding values for AGD resistance in the closed Tasmanian population.
2. To design and undertake a statistically powerful and cost efficient whole genome study on the association of AGD resistance to SNP marker variation.
3. To provide a whole genome selection tool to refine selective breeding for AGD resistance in the Tasmanian selective breeding program.

	Activities Outputs 

	· The principal outputs of this project are the findings that the current genomic tools available for Atlantic salmon can be used for whole genome selection for AGD resistance in Tasmanian Atlantic salmon.
· In principle, the application of whole genome selection for AGD would be cost effective. 
· It was determined that the technology would increase genetic gains in AGD resistance and reduce the associated cost of fresh water bathing substantially compared to the traditional selection approach. 
· However, funding opportunities to validate the technology were considered as too high risk at this stage as some of the associated technologies and suggested application structures need to be improved before it could proceed.
· Clear targets were established to increase the efficiency of the technology and to reduce costs and associated risks, paving the way for work which may be cost-effectively undertaken in the future.

	Outcomes


	· Potentially, higher genetic gains could be achieved by selecting broodstock more accurately for AGD resistance using whole genome selection. Consequently offspring would require less fresh water bathing which will significantly reduce production costs.
· The suggested selection approach of combining estimated breeding values (EBVs) and molecular breeding values (MBVs) has not been adopted by industry. The industry partner, Saltas, withdrew a funding submission after careful consideration of the new selection approach and evaluation of the risks.   
· The project helped to identify the reasons for the lack of industry adoption and provided information useful in any future development of the whole genomic approach to selection. 
· The technology that was tested as part of the project was an Atlantic salmon single nucleotide polymorphism (SNP) chip developed by the Centre of Integrative Genetics in Norway with 6K SNPs. For the Tasmanian Atlantic salmon population only around half of SNPs were useful, which is a low number compared to livestock where they have been using 50K SNP chips. Currently a 200K chip is being developed by CIGENE which would provide higher scope for commercial implementation (Sonja, Dominik, pers. comm., 2014).
· At the same time, more individuals with phenotypes of AGD resistance would be available for testing. The availability of better technology and more data has improved the infrastructure for whole genome selection. 
· A benefit-cost study demonstrated that it is very likely that the costly SNP technology is economically feasible for the extra genetic gain that can be achieved by implementing whole genome selection for the improvement of resistance to AGD (Sonja Dominik, pers. comm., 2014). 

	Benefits 

	· Potential for future selection for higher levels of resistance to AGD, resulting in saved costs for the Atlantic salmon industry.




6
Project Investment
The following tables show the annual investment for both the FRDC (Table 3) and for researchers and others (Table 4). Table 5 provides the total investment by year from both sources. 

Table 3: Investment by FRDC by Project for Years ending June 1995 to June 2010 (nominal $)

	Project
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	Total

	1994/070
	21,225
	86,974
	27,884
	0
	0
	0
	0
	0
	0
	0
	0
	27,884
	0
	0
	0
	0
	163,967

	1994/081
	40,398
	0
	40,399
	94,525
	0
	0
	0
	0
	0
	0
	5,603
	0
	0
	10,876
	0
	0
	191,801

	1997/321
	0
	0
	0
	77,463
	71,065
	57,413
	19,137
	68,464
	0
	0
	0
	0
	0
	0
	0
	0
	293,542

	2000/206
	0
	0
	0
	0
	0
	0
	83,864
	205,232
	121,367
	247,212
	0
	79,856
	0
	0
	0
	0
	737,531

	2000/215
	0
	0
	0
	0
	0
	0
	123,184
	134,475
	194,945
	119,893
	71,427
	0
	0
	62,502
	0
	0
	706,426

	2001/254
	0
	0
	0
	0
	0
	0
	0
	62,817
	44,984
	0
	109,950
	7,900
	0
	0
	61,230
	0
	286,881

	2002/202
	0
	0
	0
	0
	0
	0
	0
	0
	143,131
	0
	82,413
	123,212
	0
	
	35,228
	0
	383,984

	2002/204
	0
	0
	0
	0
	0
	0
	0
	0
	50,988
	64,570
	88,394
	0
	0
	0
	43,361
	0
	247,313

	2002/209
	0
	0
	0
	0
	0
	0
	0
	0
	400,138
	374,584
	62,428
	636,967
	87,542
	17,479
	0
	0
	1,579,138

	2005/205
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	40,000
	20,000
	120,000
	20,000
	0
	200,000

	2005/227
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	
	53,914
	5,991
	0
	0
	0
	59,905

	2006/205
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	51,834
	181,418
	0
	233,252

	2006/238
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	35,000
	5,000
	0
	0
	40,000

	2008/722
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	23,296
	12,082
	0
	35,378

	2008/723
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	35,287
	0
	35,287

	2008/758
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	20,114
	11,018
	31,132

	2008/904
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	11,136
	11,136

	2008/221
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	47,693
	47,280
	94,973

	Total
	61,623
	86,974
	68,283
	171,988
	71,065
	57,413
	226,185
	470,988
	955,553
	806,259
	420,215
	969,733
	148,533
	267,691
	479,709
	69,434
	5,331,646


Source: FRDC Project Database Table 4: Investment by Researchers and Others by Project for Years ending June 1995 to June 2010
(nominal $)



	Project 
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	Total

	1994/070
	86,250
	57,750
	57,750
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	201,750

	1994/081
	74,371
	51,599
	55,059
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	181,029

	1997/321
	0
	0
	0
	103,990
	67,470
	107,490
	66,890
	0
	0
	0
	0
	0
	0
	0
	0
	0
	345,840

	2000/206
	0
	0
	0
	0
	0
	0
	211,520
	297,949
	307,654
	105,820
	0
	0
	0
	0
	0
	0
	922,943

	2000/215
	0
	0
	0
	0
	0
	0
	592,029
	555,594
	585,215
	599,887
	617,858
	0
	0
	0
	0
	0
	2,950,583

	2001/254
	0
	0
	0
	0
	0
	0
	0
	134,820
	234,486
	114,859
	0
	0
	0
	0
	0
	0
	484,165

	2002/202
	0
	0
	0
	0
	0
	0
	0
	0
	133,500
	133,500
	133,500
	133,500
	0
	0
	0
	0
	534,000

	2002/204
	0
	0
	0
	0
	0
	0
	0
	0
	169,306
	177,324
	0
	0
	0
	0
	0
	0
	346,630

	2002/209
	0
	0
	0
	0
	0
	0
	0
	0
	1,250,952
	1,406,687
	1,397,874
	0
	0
	0
	0
	0
	4,055,513

	2005/205
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	273,428
	0
	0
	0
	0
	273,428

	2005/227
	0
	0
	0
	0
	0
	0
	0
	0
	0
	
	53,365
	71,952
	0
	0
	0
	0
	125,317

	2006/205
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1,391,227
	0
	0
	1,391,227

	2006/238
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	26,000
	0
	0
	0
	26,000

	2008/722
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	17,227
	23,251
	0
	40,478

	2008/723
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	54,763
	0
	0
	54,763

	2008/758
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	20,125
	0
	20,125

	2008/904
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	14,000
	0
	14,000

	2008/221
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	
	623,490
	47,143
	670,633

	Total
	160,621
	109,349
	112,809
	103,990
	67,470
	107,490
	870,439
	988,363
	2,681,113
	2,538,077
	2,202,597
	478,880
	26,000
	1,463,217
	680,866
	47,143
	12,638,424


Source: FRDC Project Database 

Table 5: Annual Investment in Cluster (nominal $)

	Year ending June 
	FRDC
	Researchers and Others 
	Total 

	1995
	61,623
	160,621
	222,244

	1996
	86,974
	109,349
	196,323

	1997
	68,283
	112,809
	181,092

	1998
	171,988
	103,990
	275,978

	1999
	71,065
	67,470
	138,535

	2000
	57,413
	107,490
	164,903

	2001
	226,185
	870,439
	1,096,624

	2002
	470,988
	988,363
	1,459,351

	2003
	955,553
	2,681,113
	3,636,666

	2004
	806,259
	2,538,077
	3,344,336

	2005
	420,215
	2,202,597
	2,622,812

	2006
	969,733
	478,880
	1,448,613

	2007
	148,533
	26,000
	174,533

	2008
	267,691
	1,463,217
	1,730,908

	2009
	479,709
	680,866
	1,160,575

	2010
	69,434
	47,143
	116,577

	Total 
	5,331,646
	12,638,424
	17,970,070




Benefits 
The various projects funded in this cluster have contributed to a number of industry, environmental and social benefits. Table 6 summarises the major industry beneficiaries of the projects. 


Table 6: Projects and Benefit Categories

	Project code
	Project title
	Prospective Industry Beneficiary 

	
	
	Prawn 
	Oyster
(Pacific and Pearl) 
	Abalone
	Finfish (SBT, YTK and Mulloway)
	Salmon 
	Marron
	Barramundi
	Generic 

	1994/070

	Higher returns in prawn aquaculture: Pilot program to create production stocks that are all female
	X
	
	
	
	
	
	
	

	1994/081

	Experimental production of tetraploid oysters for use as broodstock for commercial hatchery production of triploids
	
	X
	
	
	
	
	
	

	1997/321
	Selective breeding of Pacific oysters
	
	X
	
	
	
	
	
	

	2000/206

	Sustainable genetic improvement of Pacific oysters in Tasmania and South Australia
	
	X
	
	
	
	
	
	

	2000/215
	Improved performance of marron using genetic and pond management strategies
	
	
	
	
	
	X
	
	

	2001/254

	Abalone Aquaculture Subprogram: selective breeding of farmed abalone to enhance growth rates
	
	
	X
	
	
	
	
	

	2002/202

	Abalone Aquaculture Subprogram: use of marker assisted genetic breeding to improve abalone and abalone products
	
	
	X
	
	
	
	
	

	2002/204
	Development of techniques for production of homozygous Pacific oysters
	
	X
	
	
	
	
	
	

	2002/209
	Understanding and removing the barriers to Penaeus monodon domestication
	X
	
	
	
	
	
	
	

	2005/205

	Practical, feasible and low cost genetic selection of P. monodon for increased profitability
	X
	
	
	
	
	
	
	

	2005/227
	Selection of genetic strategies in Pacific oysters to maximise commercial benefit
	
	X
	
	
	
	
	
	

	2006/205
	Genetic improvement of P. monodon – establishing commercial readiness
	X
	
	
	
	
	
	
	

	2006/238
	Planning for investment in genetics for Pinctada Maxima
	
	X
	
	
	
	
	
	

	2008/722


	Seafood CRC: Scope and economic analysis of options for a nationally unified breeding program that provides significant economic benefit to the Australian abalone aquaculture industry
	
	
	X
	
	
	
	
	

	2008/723

	SCRC: The development of a genetic management and improvement strategy for temperate finfish (SBT, YTK & Mulloway)
	
	
	
	X
	
	
	
	

	2008/758

	Seafood CRC: Development of a genetic management and improvement strategy for Australian cultured Barramundi
	
	
	
	
	
	
	X
	

	2008/904

	Seafood CRC: benefit-cost analysis of marker assisted selection in Australian aquaculture species
	
	
	
	
	
	
	
	X

	2008/221

	Atlantic Salmon Aquaculture Subprogram: whole genome selection to improve selection efficiency for AGD resistance
	
	
	
	
	X
	
	
	

	Total number of projects 
	4
	6
	3
	1
	1
	1
	1
	1



Summary of Benefits 
Table 7 provides a triple bottom line framework summary of the principal types of actual and potential benefits associated with the outcomes of the investments.  Most potential benefits were associated with the private sector. 

Table 7: Summary of Principal Benefits in a Triple Bottom Line Framework

	Industry
	Environmental
	Social

	1. Potential productivity gains via higher growth rates and lowered production costs via domestication and selective breeding 

2. Enhanced industry and scientific capacity 
	Nil
	3. Enhanced scientific capacity

4. Improved community wellbeing through increased aquaculture farm income and associated off-farm expenditure




The benefits identified above (1 to 4) have been classified into beneficiary categories and a subjective estimate of their magnitude is presented in Table 8.  

Table 8: Magnitude of Beneficiary Types

	Aquaculture industry 
	Spillovers

	
	Other industries
	Public
	Overseas

	       1. ***
       2. ***
	
	3.*
4.*

	



Public versus Private Benefits 
The investment will result in predominantly private benefits to a range of aquaculture industries. On the basis of the four benefits in Table 7, and equal weighting for each benefit, it could be concluded that public benefits make up 50% of the total Australian benefits. If the subjective weightings are taken into account (Table 8), the public benefits would contribute only 25% of the total Australian benefits. 

Distribution of Benefits along the Supply Chain 
The majority of the private benefits will be initially captured by aquaculture producers but any benefits (and additional costs) will most likely be ultimately shared along the supply chains, including seafood consumers.  

Benefits to Other Industries
It is most likely that industry benefits will be confined to the Australian aquaculture industries targeted, with some potential spillovers to other aquaculture industries due to the scientific capacity built.  

Benefits Overseas 
It is possible there may be some benefits from the investment captured by overseas industries, mainly via new scientific information. 

Additionality and Marginality 
The investment in the projects has been categorised as high priority for the industries concerned. FRDC contributed 30% to the total funding of the 18 projects. If FRDC had not received funding from government, some of the projects would probably still have been supported by industry, except for some of the more strategic projects. Further assessment is provided in Table 9.  

Table 9: Potential Responses 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 has been available?
	Yes, but with a lesser FRDC investment (about 75% of actual FRDC investment 

	Would the cluster have been funded if no public funding for FRDC had been available?
	Yes, but with a lesser total investment  of about 50%-75% of actual total investment)



Match with National Priorities  

The Australian Government’s strategic and rural R&D priorities are reproduced in Table 10. 

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

	Strategic Research Priorities 
	Rural Research Priorities 

	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: DIISRTE (2013); Rural Research Priorities: DAFF (2007)

Table 11 identifies the strategic and rural research priorities that each of the principal benefits address. Both supporting priorities associated with the Rural Research Priorities are addressed by the investment. Table 11: Categorisation of Principal Benefits by Priorities
	Benefit
	Strategic Research Priorities Addressed
	Rural Research Priorities Addressed

	Potential productivity gains via higher growth rates and lowered production costs via selective breeding 
	Priority 5***


	Priority 1***
 

	Enhanced industry, scientific and technical capacity
	Priority 5** 
	 

	Improved community wellbeing 
	Priority 3*
	


*** Strong contribution    **Some contribution      * Marginal contribution

Quantification of Benefits  
   
Benefits Valued 
Selective breeding in aquaculture industries can provide economic benefits to the industry by reducing the costs of production largely via faster growth rates, enhanced product quality and improved disease resistance. Of the 18 projects funded in this cluster, 12 addressed three aquaculture industries, namely farmed prawns, edible oysters and abalone. Single projects addressed marron, barramundi, YTK, pearl oysters, salmon, a group of three finfish industries, and aquaculture breeding strategies in general.

Seven benefits were valued and focused on marron, barramundi, yellow tailed kingfish, black tiger prawns, Pacific oysters, abalone, and pearl oysters. 
 
Marron 
The selective breeding program funded in Project 2000/215 and the improved pond management strategies produced and communicated by the project have been adopted only by a small part of the industry. This has resulted in some increase in profitability of marron production. The benefits are valued both in relation to the part of the existing production where yields have been increased and also in relation to the uncertain potential for induced additional investment in marron farming due to the enhanced productivity gains available. Specific details of the assumptions made to value the benefits are provided in Table 12.  

Barramundi  
Project 2008/758 estimated genetic and economic improvements likely to result from a selective breeding program for barramundi and recommended a breeding program be established. Considerable progress has been made to date in establishing a breeding entity (Project 2009/730). The entity requires grant funding of $1 million per annum for the first five years but funding has not been supported to date. Despite this delay and uncertainty, any future program is expected to provide significant productivity gains to barramundi farmers, albeit at some time in the future. The project 2008/758 identified the potential and, in the case of the breeding program proceeding, could be attributed a small proportion of the resulting benefits. In the meantime, individual company selective breeding programs have commenced. Details of the assumptions made to value benefits are provided in Table 12. 

Yellow tail kingfish (YTK) 
Project 2008/723 contributed to the development of the improved performance of YTK as farmed by CST. This was because the project was the forerunner to CST’s decision to move forward with a genetic program and this probably would not have happened without the project. The project proceeding 2008/723 has delivered improved domesticated F2 progeny with better performance in the hatchery and commercially. Benefits from this improved YTK performance are already being delivered to CST with profits increased by more than $1 million per annum. Specific details of the assumptions made to value this benefit are provided in Table 12. 

Black tiger prawns 
Three of the four prawn projects in this cluster built knowledge and capacity in domestication and selective breeding of black tiger prawns. This capacity in domestication has been realised by part of the industry already and this impact is likely to expand significantly from 2015 (Nick Moore, pers. comm., 2014). Despite some setbacks in the selective breeding initiative, selective breeding impacts are likely to commence in 2015 for part of the industry and be captured some years later by other industry players. 

These impacts are being, or will be, captured by an increasing proportion of the industry (e.g. Gold Coast Marine Aquaculture, Pacific Reef Fisheries and Australian Prawn Farms). Specific assumptions used in valuing this impact are provided in Table 12. 

Pacific oysters 
The average annual total Australian edible oyster production for Tasmania and South Australia over the three years ending June 2010 to June 2012 was over 10,000 tonnes. The Pacific oyster selective breeding program commenced as far back as the year 2000 and the effort was reorganised in 2006 when Australian Seafood Industries was formed. The priorities of the program changed over time with growth rate being targeted early on. The traits selected for changed from growth rate towards survival and quality traits and more recently to breeding for resistance against POMS. The oyster breeding projects in this cluster contributed significantly in the early part of the initiative but the gains that may be attributed to the investment in this cluster are only part of the total gains likely over time. Allowance for this attribution has been included in the specific assumptions made in Table 12.  

Abalone 
The three abalone breeding projects in this cluster have progressed the selective breeding program for farmed abalone. The main productivity gain has been associated with growth rate with gains captured from about 2009. With a three year generation interval for abalone, gains would have accelerated from about 2013. The expected benefits estimated in this current analysis, after attribution to other investment and assuming only part of the industry is benefiting, are just over $350,000 per annum. Specific assumptions are provided in Table 12.   
 
Pearl oysters  
The average annual production of pearls in Western Australia and the Northern Territory is 954 Kan, with the majority produced in Western Australia, some in the Northern Territory, and a very small quantity in Queensland. The average farm gate price is about $110,000 per Kan (Kan is a measure of weight), so the cost of production would be somewhat less than $100,000 per Kan. As stated earlier, the results for the following project are confidential but it is known that it has been successful to date. Project 2006/238 estimated selection responses of 10-20% per generation for most traits and the selection response in economic terms was predicted possibly to be greater. Hence, a conservative estimate of a 10% cost reduction has been made in the current evaluation. Specific assumptions are provided in Table 12.  

Projects where benefits not valued 
The five projects where benefits were not valued included:
1994/070: Female bias in prawn production systems   
1994/081: Tetraploid route to triploids for Pacific oysters  
2008/221: Whole genome selection for AGD in Atlantic salmon   
2008/723: Temperate marine finfish   
2008/904: General aquaculture species selection  

The principal reasons for not attempting to value benefits were that evidence could not be located to show that the outputs had been used commercially to produce benefits for the Australian aquaculture industry.   

Summary of Assumptions
A summary of the key assumptions made is shown in Table 12.

Table 12: Summary of Assumptions

	Variable
	Assumption
	Source

	Productivity Gains for Marron   

	Gains to existing production 

	Existing marron production
	76 tonnes 
	Average 3 year production 2009/10 to 2011/12 (ABARES, 2012)

	Proportion of industry adopting 
	5%
	Agtrans Research after discussions  with Craig Lawrence

	Yield without project  
	1.25 tonnes per ha 
	Based on ACWA Marron Aquaculture  Guide

	Yield using project information and genetics 
	2.5 tonnes per ha increasing by 2% p.a. 
	Agtrans Research based on Final Report for Project 2000/215 and discussions with Craig Lawrence

	Attribution to Project 2000/215
	90% 
	The strain selection and genetic component was entirely due to FRDC 2000/215 funding. The husbandry component was the only large scale research of its type. Therefore the proportion of gains that can be attributed to FRDC 2000/215 is high. 

	Price 
	$28 per kg  
	Average 3 year price 2009/10 to 2011/12 (ABARES, 2012)

	First year of benefits 
	2009
	Year after project ended 

	Year in which 2.5 tonnes per ha yield first obtained 
	2013
	Agtrans Research 

	Gains from new investment 

	Additional investment likely 
	Maximum of additional 15 ha 
	Agtrans Research 

	Probability of new investment due to project 
	20%
	Agtrans Research based on expected  profitability 

	Additional investment required 
	$60,000 per ha 
	Based on ACWA Marron Aquaculture  Guide (undated)

	Yield assumed 
	2.5 tonnes per ha increasing by 2% p.a. up to 3.43 t per ha after 20 years 
	Agtrans Research based on Final Report for Project 2000/215 and discussions with Craig Lawrence

	Operating margin 
	$10 per kg
	Based on ACWA Marron Aquaculture  Guide (undated)

	Year that new investment begins  
	2015
	Agtrans Research 

	First year of benefits from new investment 
	2018 (3 years after year new investment begins ) 
	Agtrans Research 

	

	Productivity Gains for Barramundi  

	Existing farmed barramundi production 
	4,159 tonnes 
	Average 3 year production 2009/10 to 2011/12 (ABARES, 2012)

	Price
	$8.7 per kg at farm gate 
	Average 3 year price 2009/10 to 2011/12 (ABARES, 2012)

	Yield gain 
	20% 
	Conservative estimate by Agtrans Research 

	Probability breeding program will be established  
	75% 
	Agtrans Research 

	Proportion of industry benefitting 
	75%
	Agtrans Research 

	Attribution to Project 2008/758
	5%
	Agtrans Research, based on significant additional investment in the breeding program including Project 2009/730 and an operational budget for the breeding program initially estimated at $5m over five years 

	Year of first benefit 
	2019 
	Agtrans Research estimate, based on follow on project not yet having commenced.      

	

	Productivity Gains from YTK  

	Profit gain from improved genetics 
	$1 m per annum 
	Graham Mair, pers.  comm., 2014

	Attribution  
	15%
	Agtrans Research, based partly on relative investment in projects 2008/723 and 2010/768 

	Year of first benefit 
	2014
	Agtrans Research 

	
	
	

	Productivity Gains from Domestication and Selective Breeding of Black Tiger Prawns      

	Existing farmed prawn production 
	4,397 tonnes 
	Average 3 year production 2009/10 to 2011/12 (ABARES, 2012)

	Banana prawn production 
	1,000 tonnes 
	Production of SeaFarm 

	Total production of black tiger prawns 
	3,397 tonnes 
	4,397 - 1,000 

	Price
	$14.6 per kg at farm gate 
	Average 3 year price 2009/10 to 2011/12 (ABARES, 2012)

	Cost of production 
	85% of price
	Agtrans Research based on other aquaculture enterprises  

	Cost of production 
	$12.41 per kg
	$14.6 x 85%

	Potential cost reduction 
	25% 
	Agtrans Research, after discussions with Nick Moore 

	Potential cost reduction 
	$3.10 per kg
	$12.41 x 25%

	Maximum adoption of domestication and selective breeding of black tiger prawns 
	75% 
	Agtrans Research, based on discussions with Helen Jenkins and Nick Moore 

	Attribution of impact to projects in cluster 
	75%
	Agtrans Research 

	Year of first productivity gain 
	2012 for 25% of industry;
2015 for 50% of industry 
	Agtrans Research, after discussions with Nick Moore  

	Years to maximum productivity gain 
	Five years from first year of gain 
	Agtrans Research 

	Probability of impact occurring  
	75%
	Agtrans Research 

	

	Productivity Gains from Pacific Oysters  

	Production (SA and TAS)
	10,387 tonnes per annum
	Average production 2009/10 to 2011/12 (ABARES, 2012)

	Price 
	$6.85 per kg
	Average price 2009/10 to 2011/12  (ABARES, 2012)

	Cost of production 
	85% of price 
	Agtrans Research based on other aquaculture enterprises  

	Cost of production 
	$5.82 per kg
	$6.85 x 85%

	Potential cost reduction 
	40% over ten years 
	Kube (2012)

	Cost reduction achieved 
	15% over ten years 
	Conservative estimate by Agtrans Research 

	Adoption 
	20% of TAS and SA production 
	Final Report for FRDC Project 
2000/206

	Attribution 
	25%
	Agtrans Research, based on extent of other projects contributing such as FRDC project 2006/227

	First year of savings 
	2006
	Agtrans Research 

	Year of maximum savings 
	2015
	Agtrans Research, ten years after initial benefit 

	

	Productivity Gains from Abalone  

	Existing farmed abalone production 
	517 tonnes 
	Average 3 year production 2009/10 to 2011/12 (ABARES, 2012)

	Price
	$33 per kg at farm gate 
	Average 3 year price 2009/10 to 2011/12 (ABARES, 2012)

	Cost of production 
	85% of price
	Agtrans Research based on other aquaculture enterprises  

	Cost of production 
	$28.10 per kg
	$33.06 x 85%

	Potential cost reduction 
	10% gain
	Agtrans Research, from 2009 to 2012

	Potential cost reduction 
	$2.81 per kg
	$28.10 x 10%

	Cost reduction assumed 
	20%
	Agtrans Research, from 2013

	Potential cost reduction 
	$5.61 per kg
	$28.10 x 20% 

	Adoption 
	25%
	Agtrans Research 

	Attribution to cluster 
	50%
	Agtrans Research 

	Year of first productivity gain 
	2009
	Xiaoxu Li, pers. comm., 2014 

	

	Productivity Gains from Pearl Oysters

	Value of Northern Territory (NT) pearl production 
	$15.1 million 
	Two year average 2010-2011 DPIF NT (2011)

	Northern Territory pearl production  
	135 Kan
	Two year average 2010-2011 DPIF NT (2011)

	Average farm gate price (NT) 
	$111,852 per Kan
	$15.1m/135

	Value of Western Australian pearl production 
	$91.6 m
	Three year average  2009-2011, ABAREs (2012)

	Estimate of Western Australian pearl production 
	819 Kan
	Based on average price per Kan in the Northern Territory 

	Total pearl production 
	954 Kan
	819 + 135 (the minor production in  Queensland has been ignored) 

	Cost of production 
	85% of price 
	Agtrans Research based on other aquaculture enterprises  

	Cost of production 
	$95,074 per Kan 
	$111,852 x 85%

	Potential cost reduction 
	15%  
	Agtrans Research 

	First year of benefits 
	2020
	Agtrans Research, based on a five year generation interval  

	Attribution to project 2006/238
	2%
	Agtrans Research, based on an estimate of proportion of funding from 2006/238 of  total of 2006/238 and 2007/218  




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 high level of uncertainty for many of the estimates. Investment criteria were estimated for both total investment and for the FRDC investment alone. All analyses ran for the length of the investment period plus 30 years from the last year of investment (2009/10) to the final year of benefits assumed. 

Tables 13 and 14 show the investment criteria for the different periods of benefits for both the total investment and the FRDC investment.
The analysis is based on total investment in the projects and associated benefits, not on the additional benefits due to the marginal investment by FRDC alone. The FRDC benefit is estimated from the total benefit by the proportion of total funding providing by FRDC.Table 13: Investment Criteria for Total Investment
(discount rate 5%)




	Investment Criteria

	Years from last year of investment

	
	0
	5
	10
	15
	20
	25
	30

	Present value of benefits (PVB) ($m)
	1.42
	9.04
	29.43
	48.81
	64.09
	76.08
	85.48

	Present value of costs (PVC) ($m)
	39.00
	39.00
	39.00
	39.00
	39.00
	39.00
	39.00

	Net present value (NPV) ($m)
	-37.57
	-29.96
	-9.57
	9.81
	25.09
	37.08
	46.48

	Benefit-cost ratio  (BCR)
	0.04
	0.23
	0.75
	1.25
	1.64
	1.95
	2.19

	Internal rate of return (IRR) (%)
	negative 
	negative
	2.8
	6.5
	8.0
	8.8
	9.1



Table 14: Investment Criteria for FRDC Investment
(discount rate 5%)

	Investment Criteria
	Years from last year of investment

	
	0
	5
	10
	15
	20
	25
	30

	Present value of benefits (PVB) ($m)
	0.42
	2.68
	8.73
	14.48
	19.01
	22.56
	25.35

	Present value of costs (PVC) ($m)
	11.60
	11.60
	11.60
	11.60
	11.60
	11.60
	11.60

	Net present value (NPV) ($m)
	-11.17
	-8.92
	-2.87
	2.88
	7.41
	10.97
	13.75

	Benefit-cost ratio  (BCR)
	0.04
	0.23
	0.75
	1.25
	1.64
	1.95
	2.19

	Internal rate of return (IRR) (%)
	negative 
	negative 
	2.8
	6.5
	8.0
	8.7
	9.1



The annual cash flow of undiscounted benefits is shown in Figure 1 for both the total investment and for the FRDC investment.
 [image: ]
Figure 1: Annual Cash Flow of Benefits

The present value of benefits (PVB) from each source of benefits was estimated separately and then summed to provide an estimate of the total value of benefits.  Table 15 shows the sources of benefits, expressed as the PVB and the percentage of total benefits.  The analysis shows that the principal benefits were associated with the genetics investment in prawn farming.

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

	Industry 
	PVB
($m)
	% Total

	Marron
	3.98
	4.7

	Barramundi
	2.20
	2.6

	Yellow tail kingfish 
	6.82
	8.0

	Black tiger prawns 
	60.09
	70.3

	Pacific oysters 
	8.86
	10.4

	Abalone 
	2.31
	2.7

	Pearl oysters 
	1.23
	1.4

	Total 
	85.48
	100.0



Table 16 shows a subjective assessment of the different benefits against the rural research priorities.  Bear in mind that this assessment refers only to those benefits that were valued. 

Table 16: 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

	Marron
	3.98
	100
	0
	0
	0
	0

	Barramundi
	2.20
	100
	0
	0
	0
	0

	Yellow tail kingfish 
	6.82
	100
	0
	0
	0
	0

	Black tiger prawns  
	60.09
	100
	0
	0
	0
	0

	Pacific oysters 
	8.86
	95
	0
	0
	0
	5

	Abalone 
	2.31
	100
	0
	0
	0
	0

	Pearl oysters 
	1.23
	100
	0
	0
	0
	0

	Total ($m)
	85.48
	85.05
	0
	0
	0
	0.43

	Total (%)
	100
	99.5
	0
	0
	0
	0.5



Sensitivity Analyses
Sensitivity analyses were carried on some variables and the results for total investment are reported in Tables 17 and 18. All sensitivity analyses were performed with benefits taken over the life of the investment plus 30 years from the year of last investment. All other parameters were held at their base values. 

The sensitivity analysis on the discount rate (Table 17) demonstrates that the investment criteria are particularly sensitive to the discount rate over the range considered. This is because of the generally long lag periods between the investments and their associated benefits. 



Table 17: Sensitivity to Discount Rate
(Total investment, 30 years)

	Criterion
	Discount Rate

	
	0%
	5%
	10%

	Present value of benefits (m$)
	154.29
	85.48
	55.36

	Present value of costs (m$)
	23.64
	39.00
	64.38

	Net present value (m$)
	130.74
	46.48
	-9.03

	Benefit-cost ratio
	6.55
	2.19
	0.86



As the benefits from the productivity gains for black tiger prawns dominated the total benefits, the sensitivities of the investment criteria to the magnitude of the cost reduction in prawn farming and the attribution to the investment are shown in Table 18.  

Table 18: Sensitivity to Productivity Increase and Attribution Assumptions for Black Tiger Prawn industry  
(Total investment, 30 years)

	Investment criteria 
	Cost reduction 
	Attribution to R&D investment  

	
	12.5%
	25%
	50%
	50% 
	75%
	100% 

	PVB (m$)
	55.44
	85.48
	145.57
	65.45
	85.48
	105.51

	PVC (m$)
	39.00
	39.00
	39.00
	39.00
	39.00
	39.00

	NPV (m$)
	16.44
	46.48
	106.57
	26.45
	46.48
	66.51

	BCR
	1.42
	2.19
	3.73
	1.68
	2.19
	2.71



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 19). 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 19: Confidence in Analysis of Genetics Cluster 

	Coverage of Benefits
	Confidence in Assumptions

	High
	Medium




Observations for Future Investment and Evaluation
1. As for previous cluster analyses, the FRDC project management system was found valuable in being able to easily extract funding information by project by financial year across a range of individual R&D areas. 
2. The proportion of total funding in this group of projects made by FRDC was 30%. This was well below the average percentage of 40% found for 18 clusters in 2009. This finding was not surprising due to the largely private benefit streams expected to be captured via genetic improvement in aquaculture pursuits.  
3. The relevant percentages for each cluster are worth summarising as they may be important in assessing the FRDC current and prospective roles in different R&D areas and where public benefits are manifest but external funding may be difficult to attract. The percentage data may be useful also in developing changed leveraging targets for various themes and project groups. 
4. While the ABARES statistics on production and value by species within aquaculture was extremely useful, one of the important constraints faced by this analysis was a lack of readily available information on standardised yields, costs, and gross margin budgets for the various aquaculture industries. It would be helpful if FRDC could facilitate improved indicative summary data for the various industries.
5. The most successful individual industry investment has been that for black tiger prawn genetics and this success has compensated for the mediocre performance of most of the other industry investments.  
6. The benefit-cost ratio for the overall investment in the genetics cluster was not particularly high. The reasons most likely include:
· The cost of investment in the cluster of projects  
· The short history of previous investment in genetics for many of the industries so that the knowledge base was not highly developed    
· The long time periods between the investment and the realisation of benefits
· The relatively small size of many of the industries included in this cluster
· The lack of success with some of the industries in developing and maintaining improved stock
7. Many of the projects spanned some 10-15 years and many were not completed before other projects on the same topic commenced. This superseding of projects made it time consuming to assess benefits from the earlier project as it was necessary to capture some data from the newer projects; this extended the workload. For example, two projects in the genetics cluster commenced in 1994 but did not deliver final reports until 11-13 years later.    
One suggestion that may be considered would be to move the population forward in time and include incomplete projects when they had reached a significant milestone. Another suggestion would to ensure projects are completed within one year of their original completion date. If not, and the investment is to be continued, it may be preferable to commence a new project rather than extend the former project.



Key Performance Indicators
The two Theme 7 key performance indicators (KPI) are listed in Table 20.

Table 20: 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 
	18

	2
	Development of knowledge and technologies in the area of domestication and breeding genetics to support growth of the aquaculture sector 
	18


 
All 18 of the projects funded in this cluster contribute to the second KPI, as all addressed domestication and breeding genetics across a range of aquaculture industries. As breeding and genetic initiatives primarily were aimed at industry productivity and profitability, all projects addressed the first KPI as well.   

Conclusion
Investment was made in a total of 18 projects within the cluster and FRDC contributed approximately 30% of the total nominal costs of investment.

Both industry and public benefits will be delivered by the investment. On the basis of the four benefits as listed in Table 7, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up 50% of the total Australian benefits. If the subjective weightings are taken into account, the public benefits would still make up about 25% of the total Australian benefits. On the basis of those benefits valued, the industry benefits contributed 100% of the total. 

Seven impacts were valued from the investment in this group of projects, one for each of seven aquaculture industries (marron, barramundi, yellow tail kingfish, black tiger prawns, Pacific rock oysters, abalone and pearl oysters). The largest benefit valued was the economic benefits estimated for genetic improvements in black tiger prawns (70% of the total benefits), with Pacific oysters contributing the next highest at 10%.

In addition to the impacts valued, most of the projects contributed by building scientific, technical and industry capacity in genetics, domestication and selective breeding and this capacity is likely to deliver future impacts not valued in the analysis.
 
Overall, the investment criteria estimated for total investment in the project group of $39.0 million (present value of costs) were positive with a present value of benefits of $85.5 million, a net present value estimated at $46.5 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). 

Acknowledgments
Chris Calogeras, Australian Barramundi Farmers Association  
Greg Coman, CSIRO
Sonja Dominik, CSIRO
Jon Havenhand 
Helen Jenkins, Australian Prawn Farmers Association 
Rachel King, Australian Seafood CRC 
Wayne Knibb, University of the Sunshine Coast 
Peter Kube, CSIRO
Craig Lawrence, University of Western Australia 
Xiaoxu Li, South Australian Research and Development Institute
Tim Mahony, QAAFI, University of Queensland 
Graham Mair, Australian Seafood Cooperative Research Centre
Nick Moore, Gold Coast Marine Aquaculture 
Nigel Preston, CSIRO 
Nick Robinson, Nofima (Norwegian Institute of Food, Fisheries and Aquaculture Research)
Robert Ward, CSIROReferences 
ABARES (2012), Australian Fisheries Statistics 2012, Australian Bureau of Agricultural Resource Economics and Sciences, Australian Government, Canberra
http://data.daff.gov.au/data/warehouse/9aam/afstad9aamd003/2012/AustFishStats_2012_v1.0.0.pdf

Aquaculture Council of Western Australia (ACWA) (undated), A Guide to Marron Aquaculture, Accessed 22 Sep 2014
http://www.aquaculturecouncilwa.com/about-acwa/organisational-profile

DAFF (2007), Rural Research Priorities, Department of Agriculture, Fisheries and Forestry, Australian Government, Canberra.
http://www.daff.gov.au/_media/documents/ag-food/innovation2/Priorities_Booklet_FINAL.pdf

DIISRTE (2013), Australia's National Research Priorities and their Associated Priority Goals, Department of Industry, Innovation, Science, Research and Tertiary Education, Australian Government, Canberra.
http://www.innovation.gov.au/Research/Pages/AustraliasNationalResearchPrioritiesandGoals.aspx

Department of Primary Industry and Fisheries Northern Territory (DPIF NT) (2011), Pearling Industry Status Report 2011, Fishery Report No. 11 Site visited: 13/08/2013
http://www.nt.gov.au/d/Fisheries/index.cfm?header=Fishery%20Status%20Reports&newscat1=&newscat2=

FRDC (2010) Investing for tomorrow’s fish: the FRDC’s Research, Development and Extension Plan, 2010–2015, FRDC, Canberra 
http://frdc.com.au/research/Documents/Final_reports/RDE_plan_2010-2015_final.pdf

Kube P (2012), Pacific Oyster Selective Breeding in Australia, Global aquaculture advocate, May/June 2012  

image3.emf
0

1

2

3

4

5

6

7

Annual Benefit ($m)

Years

Total

FRDC


image1.png
%/// \\\ L L\\ 0

U =

\\g //// j I N





image2.jpeg




