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Background 

The Australian Southern Bluefin Tuna (SBT) aquaculture industry commenced development in 1991. Tuna, generally about two to four years old, are captured from the wild for growing out in pontoons on aquaculture farms near Port Lincoln in South Australia. After 3 to 8 months of fattening, the fish are caught and most are exported to Japan.

The industry has grown significantly in the past eighteen years and is currently the largest finfish aquaculture industry in Australia. Industry growth has been supported by technology advancement, much of which has been driven by research and development investment by the Australian Southern Bluefin Tuna Industry Association (previously Tuna Boat Owners Association of Australia), the South Australian Government and FRDC. The SBT Aquaculture Subprogram was initiated in 1997 by the FRDC to coordinate R&D for the SBT across a range of areas including production, quality, value adding, health, environment and education and training. 


The Cluster 
    
Projects 
Table 1 presents the details for each of the 15 projects included in this cluster. The projects in this cluster were those projects with final reports completed in the period from 1 July 2003 to 30 June 2008. This met the criteria for population definition in the guidelines for evaluation as communicated by the Council of Rural Research and Development Corporation Chairs. 

Table 1: Summary of Project Details

	Project Number 
	Project Title 
	Other Details

	1997/361



	Implementation and coordination of research experiments conducted with farmed southern bluefin tuna to assess manufactured diets, feeding regimes and harvesting techniques
	Organisation: South Australian Research and Development Institute
Period: Mar 1998 to Mar 2005
Principal Investigator: Steven Clarke

	2000/219
	Management, service delivery, infrastructure and technical support
	Organisation: South Australian Research and Development Institute
Period: Oct 2000 to Jan 2004
Principal Investigator: Steven Clarke

	2000/220
	Use of steam extrusion and nutritional surrogates to develop a suitable manufactured diet to replace bait fish as the primary source of nutrients for southern bluefin tuna
	Organisation: South Australian Research and Development Institute
Period: Oct 2000 to Dec 2003
Principal Investigator: Robert van Barneveld 

	2001/200
	Tuna cell line development and their application to tuna aquaculture health surveillance
	Organisation: CSIRO Livestock Industries 
Period: Jan 2002 to Dec 2005
Principal Investigator: Mark Crane

	2001/201
	Commercialisation trials for a manufactured tuna feed
	Organisation: Australian Tuna Fisheries P/L
Period: Mar 2002 to Aug 2006
Principal Investigator: Hagen Stehr

	2001/250
	Strategic planning, project management and adoption

	Organisation: South Australian Research and Development Institute
Period: Jan 2002 to Jun 2006
Principal Investigator: Steven Clarke

	2001/252
	Infrastructure management, service delivery and technical support

	Organisation: South Australian Research and Development Institute
Period: Jan 2002 to Mar 2004
Principal Investigator: Jeffrey Buchanan

	2001/253
	A risk assessment of factors influencing the health of farmed southern bluefin tuna

	Organisation: University of Tasmania
Period: Jan 2002 to Jul 2003
Principal Investigator: Barbara Nowak

	2002/249
	Service delivery and infrastructure management for projects requiring Port Lincoln based R&D support

	Organisation: South Australian Research and Development Institute
Period: Jan 2003 to Jul 2006
Principal Investigator: Jeffrey Buchanan

	2003/225 
	Investigation of the relationship between farming practices and southern bluefin tuna health

	Organisation: University of Tasmania
Period: Jul 2003 to Aug 2007
Principal Investigator: Barbara Nowak 

	2003/227
	Development and validation of baitfish sampling methods to address international residue standards for southern bluefin tuna (Thunnus maccoyii)
	Organisation: South Australian Research and Development Institute
Period: Jul 2003 to Mar 2005
Principal Investigator: David Padula

	2003/228
	Activity metabolism in live-held southern bluefin tuna (Thunnus maccoyii)
	Organisation: University of Adelaide 
Period: Sep 2003 to Aug 2006
Principal Investigator: Richard Musgrove

	2004/206
	Management of food safety hazards in farmed southern bluefin tuna to exploit market opportunities
	Organisation: South Australian Research and Development Institute
Period: June 2004 to Mar 2008
Principal Investigator: David Padula 

	2001/102
	Tuna environment - development of novel methodologies for cost effective assessment of the environmental impact of aquaculture
	Organisation: South Australian Research and Development Institute
Period: Jan 2002 to Mar 2007
Principal Investigator: Maylene Loo

	2001/104
	Tuna environment - development of regional environmental sustainability
	Organisation: South Australian Research and Development Institute
Period: Jan 2002 to Mar 2007
Principal Investigator: Jason Tanner 



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

Table 2: Description of Project Objectives

	Project Number 
	Objectives

	1997/361
Subprogram coordination 
	1. To provide a coordinated research program investigating the development of manufactured diets, energetics of SBT, and harvesting techniques that will optimise growth and product quality of SBT respectively. 
2. To optimise the use of the limited resources provided by the TBOAA Tuna Research Farm in Port Lincoln by coordinating a series of experiments that will provide data for projects 2, 3 and 4. 
3. To initiate and coordinate Steering Committee and Scientific Advisory Committee meetings on SBT farming research during each year. 
4. To communicate the research outcomes to the SBT farming industry and participating feed manufacturing companies in order to commercialise suitable feeds and subsequently enhance the sustainability of commercial SBT farming operations.

	2000/219
Subprogram management and technical support 
	1. To provide core resources to continue to service the SBT Aquaculture Subprogram including a Steering Committee and Scientific Advisory Committee.
2. To optimise the use of the limited resources of the Tuna Research Farm, Boston Bay, Port Lincoln by coordinating a series of experiments that will provide data for a number of the associated projects. 
3. To provide a coordinated research program investigating the development and optimisation of manufactured diets, feeding strategies (in future years) and post harvest product quality.
4. To communicate, where appropriate, the research outcomes to all relevant sectors of the SBT aquaculture industry to facilitate the commercialisation of research outcomes directed at ensuring the sustainability and profitability of this industry. 
5. To manage and undertake the day to day activities on the Tuna Research Farm and commercial farms in conjunction with the active research projects (manufactured diets, feeding strategies (in future years) and post harvest product quality).
6. To develop and evaluate a waste collection system which allows uneaten feed to be collected to improve estimates of food conversion ratios and intake as a measure of SBT performance subjected to alternative experimental treatments.

	2000/220
Pellets and nutrients 
	1. Nutrition Research:  To identify nutrition research surrogates for SBT that can be used to define ingredient specifications and nutritional requirements more cost effectively and accurately than currently possible using SBT on the tuna research farm in Port Lincoln.
2. Pellet Technology:  To develop production techniques for extruded tuna feeds that will facilitate the use of the widest possible range of feed ingredients while maintaining acceptability of the product by SBT. 
3. Pellet Technology:  To identify those characteristics of extruded and moist feeds that have the greatest influence on SBT performance, including the digestibility and acceptability of the pellet using small-scale, intensive experiments and growth experiments on the tuna research farm in Port Lincoln.
4. Feed evaluation:  Using surrogates, to develop a feed evaluation system defining the availability of key nutrients for SBT.
5. Nutrient requirements:  To utilise surrogates, growth correlates and nutrient partitioning to define the requirements for key nutrients such as protein and energy and the fate of ingested nutrients in SBT.
6. Feeding strategies:  To examine the influence of feeding strategy on the efficiency of nutrient use using surrogates and SBT. 
7. Communication:  To extend project results to commercial tuna farmers using workshops, publications and individual meetings.

	2001/200
Tuna cell lines 
	1. To establish primary cell cultures from southern bluefin tuna (SBT) and/or yellowfin tuna (YFT) tissues, larvae or fry.
2. To select sub-populations of cell cultures which display continuous cell division. 
3. To clone cells which display features of immortal cell lines. 
4. To characterise the major features of the tuna cell lines important for their application as a diagnostic tool. 
5. To determine susceptibility of cell lines to viral pathogens of marine finfish.

	2001/201
Manufactured feed commercial-
isation 
	1. To evaluate and compare the survival, growth, condition, product quality and market price of SBT fed the best available manufactured feed as compared to pilchard type feeds in two commercial SBT 40m cages (pellet fed), with six commercial SBT 40m cages (pilchard fed) via a full commercialisation trial. 
2. To develop for implementation feed handling strategies, equipment and protocols relevant to the commercial use of manufactured feeds. 
3. To coordinate, collate and disseminate the research and development data resulting from the pilot, commercial scale, feed evaluation trials. 
4. To materially reduce SBT waste products, thereby reducing the ecological impact on the Boston Bay seabed and environs.

	2001/250
Strategic plan 
	1. To coordinate the use of resources of the tuna research farm, Boston Bay, Port Lincoln and any other core facilities required.
2. To provide a coordinated research program addressing the focus areas of the R&D plan for the SBT Aquaculture Industry.
3. To communicate, where appropriate, the research outcomes to all relevant sectors of the SBT aquaculture industry to facilitate the commercialisation of research outcomes directed at ensuring the sustainability and profitability of the industry. 
4. To coordinate administration and meetings of the SBT Aquaculture Subprogram ensuring effective communication throughout members of committees and industry.

	2001/252
Infra-structure 
management
	1. To provide and maintain a managed (staff and budgets) facility as required by other project PIs undertaking small scale, experimental, high risk and/or novel research and development activities requiring live SBT. 
2. To ensure to the level of resources available, that the research facility and procedures are world best practice scientifically as well as from an industry perspective.
3. To coordinate and therefore optimise the use of the limited resources available for research and development requiring live SBT in a managed research environment, through the development of an agreed project Annual Operating Plan.
4. To complete, in consultation with other project Principal Investigators (PIs), the planned research and development activities designated in the project Annual Operating Plan, providing the agreed outputs (generally data) in an orderly and timely manner.

	2001/253
Health risk assessment 
	1. To provide a qualitative fish health risk assessment for the tuna aquaculture industry in Australia.
2. To review tuna health information from the industry (including their database), research organisations and scientific literature. 
3. To identify areas of highest risk and propose management control measures for the industry, as well as research priorities.
4. To disseminate the results of this SBT health risk assessment project.

	2002/249
Service delivery 
	1. To provide and maintain a managed (staff and budgets) scientific and technical service as required by other project PIs undertaking Tuna R&D activities in Port Lincoln.  These services are provided for experiments conducted in a range of situations: on commercial tuna farms, in the waters adjacent to commercial tuna farms, in the controlled environment of the Tuna Research Farm and in the shore based facilities at the LMSC.
2. To ensure, to the level of resources available, that the research facility and procedures are world best practice.
3. To coordinate and therefore optimise the use of the limited resources available for research and development requiring live SBT in a managed research environment, through the development of an agreed project Annual Operating Plan.
4. To complete, in consultation with other project PIs, the planned research and development activities designated in the project Annual Operating Plan, providing the agreed outputs (generally data) in an orderly and timely manner.
5. To support improved communication between project PIs and industry partners.

	2003/225 
Farming practices and health 
	1. To investigate the relationship between farming practices and SBT health.
2. To develop an understanding of the epidemiology of blood fluke, Cardicola forsteri.
3. To develop basic best practice sampling protocols and preliminary laboratory diagnostic procedures for SBT industry.
4. To develop and implement a SBT health surveillance program for the tuna industry.
5. To provide training related to SBT health.
6. To provide SBT health research support for the biofouling project.
7. To obtain and analyse SBT health data for a third full commercial harvest season.

	2003/227
Feed sampling and residues 
	1. To establish critical input data for a feed decision support model e.g. wild caught SBT, local & imported baitfish, manufactured feeds, and carcase samples from SBT with known feed histories.
2. To define the relationship between residue levels in imported baitfish and Maximum Residue Levels for Japanese SBT market access.
3. To assess the potential bio-accumulation of food safety hazards along the food chain for SBT. Specifically, develop a quantitative model for estimating bio-accumulation of dioxin in SBT carcases with known feed histories.
4. To advise the Net Antifoulant project on sampling approaches (site, tests etc) and assist with interpretation of data.

	2003/228
Metabolism 
	1. To measure SBT metabolic rates in situ in a mesocosm. 
2. To identify and develop methodology to make reliable, realistic and repeatable measurements of metabolic rate in SBT under commercial conditions.
3. To measure the metabolic rate of SBT of differing size classes.

	2004/206
Managing food safety hazards 

	1. To determine the time:size relationship (wild and farmed) for mercury bioaccumulation in SBT. 
2. To benchmark residue levels in local and imported baitfish and manufactured feeds. 
3. To investigate the association between dioxin and lipid deposition in farmed tuna.
4. To investigate the rate of bioaccumulation of dioxin in farmed SBT over time.
5. To establish dioxin congener patterns of Coplanar PCBs i.e. PCB 126 in feeds for mitigating trade risk.
6. To establish ratio of methyl mercury:total mercury in wild and farmed SBT.
7. To investigate the rate of bioaccumulation of mercury in farmed SBT over time.

	2001/102
Environmental impact 
	1. To identify a range of benthic infaunal species and possibly ecosystem processes (sulphur reduction / methanogenesis) which are variously characteristic of sites ranging from heavily impacted (organically polluted) tuna sea-cages through to non-impacted (pristine) environments.
2. To develop a system for the rapid detection of selected taxa in sediment samples using PCR techniques.
3. To evaluate the extent to which rapid detection systems can be routinely applied to provide quantitative estimates of the relative abundance of indicator taxa or processes in sediments (and therefore of the health of seabed systems).
4. To assess the generality of the technique to other forms of aquaculture (particularly salmon).
5. To improve the sensitivity of the assays to levels comparable with terrestrial systems. 
6. To develop PCR assays for 3 additional taxa.
7. To quantitatively calibrate all 5 assays (existing and new assays). 
8. To demonstrate the "proof of application" of this methodology in comparison with traditional, manual enumeration methods.
9. To further clarify the phylogentic relationship in spionidae and evaluate the need for multiple spionidae assays.

	2001/104
Regional ESD assessments 
	1. To establish a steering committee of stakeholders and hold a SCFA-ESD reporting workshop to develop a set of operational parameters for regional scale ESD assessment.
2. To develop a set of methodologies for measuring and evaluating each of the parameters in order to provide an ESD assessment. 
3. Using knowledge gained through this process and in consultation with stakeholders, to develop target levels for key parameters as a basis for effecting management responses.
4. In collaboration with researchers involved in the development of ecosystem scale models for salmon farming, to identify the key information/data required to parameterise and validate these models for the tuna industry. 
5. To integrate the field and remote data collection systems, necessary to provide the data required for the parameterisation of these ecosystem scale models, into the regional ESD assessments.



Project Investment   
[image: cover for peter]


The following tables show the annual investment by project for both the FRDC (Table 3) and for researchers and other investors (Table 4). Table 5 provides the total investment by year from both sources.
1
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Table 3: Investment by FRDC by Project for Years Ending June 1998 to June 2008 (nominal $)

	Project
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	Total

	1997/361
	113,435
	113,436
	106,097
	173,184
	11,615
	0
	0
	0
	0
	0
	0
	517,767

	2000/219
	0
	0
	0
	355,558
	0
	98,244
	0
	0
	0
	0
	0
	453,802

	2000/220
	0
	0
	0
	85,077
	0
	88,277
	0
	0
	0
	0
	0
	173,354

	2001/200
	0
	0
	0
	0
	93,314
	20,564
	86,932
	43,181
	60,998
	0
	0
	304,989

	2001/201
	0
	0
	0
	0
	155,522
	99,467
	22,194
	75,216
	35,000
	0
	0
	387,399

	2001/250
	0
	*0
	0
	0
	140,927
	53,400
	53,400
	31,230
	0
	0
	0
	278,957

	2001/252
	0
	0
	0
	0
	0
	304,907
	174,106
	0
	0
	0
	0
	479,013

	2001/253
	0
	0
	0
	0
	44,288
	42,750
	0
	0
	0
	0
	0
	87,038

	2002/249
	0
	0
	0
	0
	0
	364,193
	795,079
	118,033
	154,783
	0
	0
	1,432,088

	2003/225
	0
	0
	0
	0
	0
	0
	270,468
	157,284
	142,102
	102,655
	30,000
	702,509

	2003/227
	0
	0
	0
	0
	0
	0
	148,509
	16,501
	0
	0
	0
	165,010

	2003/228
	0
	0
	0
	0
	0
	0
	121,343
	53,141
	30,336
	0
	0
	204,820

	2004/206
	0
	0
	0
	0
	0
	0
	0
	261,006
	341,538
	150,636
	0
	753,180

	2001/102
	0
	0
	0
	0
	109,854
	50,731
	144,247
	94,620
	65,287
	0
	0
	464,739

	2001/104
	0
	0
	0
	0
	105,054
	31,719
	0
	112,776
	30,362
	0
	13,012
	292,923

	Total
	113,435
	113,436
	106,097
	613,819
	660,574
	1,154,252
	1,816,278
	962,988
	860,406
	253,291
	43,012
	6,697,588


Source: FRDC project management database  

Table 4: Investment by FRDC Other Investors by Project for Years ending June 1998 to June 2008 (nominal $)

	Project 
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	Total

	1997/361
	555,299
	555,304
	519,377
	847,788
	56,859
	0
	0
	0
	0
	0
	0
	2,534,626

	2000/219
	0
	0
	0
	825,771
	0
	228,168
	0
	0
	0
	0
	0
	1,053,939

	2000/220
	0
	0
	0
	169,761
	0
	176,147
	0
	0
	0
	0
	0
	345,908

	2001/200
	0
	0
	0
	0
	225,087
	49,603
	209,693
	104,159
	147,136
	0
	0
	735,679

	2001/201
	0
	0
	0
	0
	556,918
	356,187
	79,476
	269,345
	125,334
	0
	0
	1,387,260

	2001/250
	0
	0
	0
	0
	328,347
	124,417
	124,417
	72,763
	0
	0
	0
	649,944

	2001/252
	0
	0
	0
	0
	0
	170,292
	97,239
	0
	0
	0
	0
	267,531

	2001/253
	0
	0
	0
	0
	8,539
	8,243
	0
	0
	0
	0
	0
	16,782

	2002/249
	0
	0
	0
	0
	0
	161,621
	352,839
	52,381
	68,689
	0
	0
	635,530

	2003/225
	0
	0
	0
	0
	0
	0
	175,770
	102,214
	92,348
	66,713
	19,496
	456,541

	2003/227
	0
	0
	0
	0
	0
	0
	104,705
	11,634
	0
	0
	0
	116,339

	2003/228
	0
	0
	0
	0
	0
	0
	62,830
	27,516
	15,708
	0
	0
	106,054

	2004/206
	0
	0
	0
	0
	0
	0
	0
	524,632
	686,505
	302,784
	0
	1,513,921

	2001/102
	0
	0
	0
	0
	59,862
	27,645
	78,604
	51,561
	35,577
	0
	0
	253,249

	2001/104
	0
	0
	0
	0
	946,425
	285,755
	0
	1,015,992
	273,529
	0
	117,224
	2,638,926

	Total
	555,299
	555,304
	519,377
	1,843,320
	2,182,038
	1,588,078
	1,285,573
	2,232,198
	1,444,826
	369,497
	136,721
	12,712,229


Source: Applicant and other investment based on project proposals; other investors included those provided by industry, the Aquafin CRC, tertiary educational institutions and State research agencies (particularly the South Australian Research and Development Institute (SARDI))
Table 5: Annual Investment in Cluster (nominal $)

	Year ending June
	FRDC
	Researchers and Others  
	Total

	1998
	113,435
	555,299
	668,734

	1999
	113,436
	555,304
	668,740

	2000
	106,097
	519,377
	625,474

	2001
	613,819
	1,843,320
	2,457,139

	2002
	660,574
	2,182,038
	2,842,612

	2003
	1,154,252
	1,588,078
	2,742,330

	2004
	1,816,278
	1,285,573
	3,101,851

	2005
	962,988
	2,232,198
	3,195,186

	2006
	860,406
	1,444,826
	2,305,232

	2007
	253,291
	369,497
	622,788

	2008
	43,012
	136,721
	179,733

	Total
	6,697,588
	12,712,229
	19,409,817




Outputs 

Of the 15 projects two addressed manufactured feeds, three addressed fish health, two addressed residues and markets, two addressed environmental issues, one addressed metabolic rate, and five involved planning and support including strategic planning, coordination, service delivery, and technical and infrastructure support 

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

Table 6: Summary of Project Activities and Outputs

	Project
	Activities/Outputs

	Manufactured Feeds 

	2000/220
Pellets and nutrients
	· The project developed production techniques for extruded feeds that were acceptable to tuna and that could utilise a wide range of feed ingredients. 
· This was achieved though use of nutritional surrogates and through intensive feeding and growth experiments. 
· Results were extended to commercial tuna farmers using workshops, publications and individual meetings.

	2001/201
Manufactured feed commercial-
isation
	· This trial involved commercial size pontoons, stocking rates and management strategies being used.  
· Weight gains over the 2002 season were broadly comparable between pellet fed fish and those fed baitfish, with the higher mortality on pellet fed fish being offset by increased weight gains on pellet fed fish. 
· The total cost of feeding tuna with pellets was lower than for feeding tuna with baitfish, even though the manufactured feed was a higher cost per tonne. 
· Product quality was similar for both pellet fed and baitfish fed tuna.  
· The 2002 trials demonstrated more efficient weaning onto pellets, reduced mortalities, improved feed management for pellets and the favourable economics of feeding with pellets on the basis of feed prices current in 2002. 
· In 2003, there were high mortalities generally across the trials but mortality differences could not be ascertained between pellet fed and baitfish fed tuna. 
· It was not possible to establish meaningful data for the effects of feeds on growth rates, feed conversion, efficiency or product quality.
· Weaning was confirmed to be fully achievable onto semi-moist pellets.
· Feed delivery and monitoring procedures were further improved.

	Fish Health 

	2001/200
Tuna cell lines
	· While the initial aim of establishing primary cultures was achieved, such cultures have restricted potential for replication, probably due to the age of the fish used for establishing the primary cultures.  Nevertheless, cultures were nurtured to encourage transformation.
· Transformation was not successful and the cultures eventually died.
· The results demonstrated that current materials and methods are adequate for the development of primary cell cultures. 
· The study concluded that younger fish will be required as starting material in order to develop continuous SBT cell lines. 
· It is understood that a subsequent project on oxidisation of flesh tried to use the cell line, and found it was not in fact a tuna cell line but had been compromised by another line (fathead minnow).  

	2001/253
Health risk assessment
	· A risk assessment of SBT health in aquaculture systems was carried out with a literature review and existing industry reports and records as the major inputs. The literature review identified a general lack of information about SBT health and physiology. 
· It was concluded that there was a real need to establish an industry driven health database, based on a health surveillance and monitoring program that ensures that there is an early warning if a disease risk increases. 
· Existing parasites were identified as potentially highest risk but there is little information about life cycles of parasites and host-parasite interactions. 
· Scarce information exists on normal cardio-respiratory physiology of tuna, effects of nutrition on health, potential effects of viral pathogens, effects of toxic substances and harmful algal blooms. 

	2003/225
Farming practices and health
	· This project has promoted the understanding of SBT health, developed baseline information for farmed SBT health and methods to monitor health status of SBT. 
· Most husbandry procedures did not appear to affect SBT health as measured by parasite loads. 
· Parasites of SBT have been identified and new species described.  A baseline for SBT parasite loads is now available.
· The project formed a basis for monitoring SBT health. A database for SBT health covering three farming seasons has been developed and transferred to the SBT industry. Sampling and processing protocols were developed.
· The project has provided SBT health training for the SBT industry and researchers. A CD-ROM on SBT health was developed and distributed to SBT industry and aquaculture education providers as a part of this project.
· Four Honours students, one PhD student and one postdoctoral fellow were trained within the project.

	Residues and Markets 

	2003/227
Feed sampling and residues
	· Detectable residues of pesticide DDTs (dichlorodiphenyl trichloroethane) metabolite DDE (dichlorodiphenyl dichloroethylene)were found in some aquaculture produced SBT fed on local sardines and in one baitfish sample; low levels of PCBs (polychlorinated biphenyls) were found in all feed samples. No level of DDE or PCB residues was greater than one fifth of the MRLs.  No detectable levels of any other pesticide were found. 
· The level of mercury in wild caught and aquaculture produced tuna were not significantly different; the level of mercury in aquaculture produced tuna was about one third of the MRL. 
· The cross carcase study showed that there was a variation of fat soluble residues such as dioxins and PCBs between individual tuna cuts.
· The bioaccumulation of dioxins and PCBs was possibly attributable to metabolic degradation of naturally present low toxic dioxins to more toxic forms in farmed SBT.
· A baitfish guide was developed that aggregated all testing data (both current and previous projects).
· A new sample collection method was developed and adopted. The method provides equivalence between data reported in parts of this study and that officially reported in Japan. 

	2004/206
Managing food safety hazards 

	· The levels of dioxins and PCBs were low by EU regulatory standards in wild and farmed SBT, regardless of cut. 
· Imported baitfish was identified as the dominant source of regulatory significant PCBs in farmed SBT.
· Dietary modelling indicated that Japanese consumers can be assured that consumption of mixed portions of whole SBT on a regular (but not daily) basis will not incur an elevated health risk.
· Japanese Government import testing data for wild and farmed SBT showed Australian products compare favourably with overseas competitors’ products.
· Predictive models to enable better management of feeding based on hazard levels in feeds can support product integrity in major markets; these tools can be used to assess public health and trade access for use of alternative feeds in the future. 
· A booklet was produced consolidating all project residue data into a format suitable for trade promotion purposes. 

	Environmental Issues  

	2001/102
Environmental impact
	· This project developed a system of rapidly assessing the environmental health of the seabed in the vicinity of SBT sea cages. 
· The method involved extraction of DNA from sediments followed by quantification of key indicator taxa; an environmental compliance scorecard was also developed. 
· The system provides an improved understanding of the interaction between aquaculture and its environment and allows greater confidence in meeting of regulatory requirements as well as optimising the productivity of SBT aquaculture.   

	2001/104
Regional ESD assessments
	· It was concluded that satellite-based remote sensing could be useful for mapping algal blooms, water quality and sea surface temperature. 
· Experimental telemetered water quality monitoring systems were trialled, with data delivered via a web-based system.  Data can be delivered in near real-time to authorised users. The data includes temperature, salinity, dissolved oxygen, wind speed and direction, chlorophyll, and possibilities for other variables.
· Multivariate analysis of data from the Tuna Environmental Monitoring Program indicates that SBT farming is having an undetectable impact on the benthos at compliance sites.
· A zone-based model of carrying capacity was developed and suggested that if production increased by only around 6,000 tonnes from current levels, then breaches of water quality guidelines for ammonia would result.
· A second model considers carbon deposition on the seafloor at lease scale and shows that the likely overlap in deposition between adjacent cages is relatively low unless they are very closely spaced. 

	Metabolic Rate 

	2003/228 
Metabolism
	· This project produced a new technology for measuring oxygen consumption, but most importantly, new information on metabolic rates, oxygen consumption, and other physiological characteristics of SBT.
· It was concluded that the high energy cost of SBT is ecologically relevant and unavoidable. The energy content of the diet had little effect on the energy cost of food ingestion and digestion. This high energetic cost is most likely related to the fast growth rate of tuna. Also, SBT were able to survive and digest with very low dissolved oxygen levels. 

	Planning and support  

	1997/361
Subprogram coordination 
	· This project was the inaugural project of FRDC’s SBT Subprogram and was a coordination project covering implementation and coordination of research experiments conducted with caged SBT, to access manufactured diets, feeding regimes and harvesting techniques and led to the more formalised coordination project 2001/250. 
· The project provided a management structure to oversee the active research projects and manage and coordinate the infrastructure and activities associated with SBT research in Port Lincoln. 
· The project also provided a focused strategy for disseminating research results to industry, obtain industry feedback and set research priorities.

	2000/219
Subprogram management and technical support
	· The project delivered successful infrastructure support and experimental services to principal investigators utilising live SBT in a controlled and managed experimental environment; appropriate data and samples were delivered. 
· Support was given to projects in a number of SBT relevant areas. 

	2001/250
Strategic Plan
	· General management and coordination of R&D for SBT including the production of the SBT Aquaculture Strategic Plan 2001-2006.
· The project contributed to success of AusIndustry Grants for two commercial companies. As well it contributed to the transformation of the Tuna Research farm from small experimental pontoons to commercial size pontoons operated on a commercial site.
· The project provided effective management of milestone reports, final reports, media releases and dissemination of research results to industry through various mechanisms.  

	2001/252
Infrastructure 
management
	· The project delivered successful infrastructure support and experimental services to principal investigators utilising live SBT in a controlled and managed experimental environment; appropriate data and samples were delivered. Support was given to projects in a number of SBT relevant areas.

	2002/249
Service delivery
	· The project delivered successful experimental services to principal investigators utilising live SBT in a controlled and managed experimental environment; appropriate data and samples were delivered. 
· Support was given to projects in the areas of product quality and farm husbandry practices, metabolism, nutrition, baitfish composition, farm waste and environmental monitoring, and improving the understanding of great white shark interaction with SBT pontoons.





Outcomes

Table 7 provides a summary of outcomes by project and project group. 

Table 7: Summary of Project Outcomes

	Project
	Outcomes

	Manufactured Feeds 

	2000/220
Pellets and nutrients
 and 2001/201 Manufactured feed commercial-
isation
	· Evaluation of R&D progress from a number of projects on pellet feed for aquaculture and encouragement of tuna farmers to take up any new manufactured feeds where conditions are commercially feasible. 
· Changes in supply of local baitfish have made the extensive use of pelleted feeds unattractive to date. Future adoption will depend on the relative prices of manufactured feeds and locally produced baitfish. 
· The trials have made it clear that pelleted tuna feeds including shelf stable pellets are a practicable option should the need arise. 
· The extent of the industry adopting pelleted feeds is unknown but it has been a very small proportion in the past few years.
· For those who do adopt, there would be operational cost savings from improved storage and transport, improved feed conversion ratios, equivalent growth rates, potentially higher product prices, but higher mortalities.

	Fish Health 

	2001/200
Tuna cell lines
	· Progress towards an enhanced health surveillance system through identification of disease free eggs of SBT in expectation that the life cycle of SBT can be closed and farmed fish developed from eggs rather than from wild capture where quantity limits are imposed.   

	2001/253
Health risk assessment
	· This project has formed the basis for ongoing tuna health research as well as fish health monitoring and surveillance of the SBT industry.
· Currently, the overall disease risk ranges from negligible to low. However, changes in overall risk in the future are likely as further development and possible intensification of production will increase the risk of tuna health problems. 
· Furthermore, the project has consolidated existing health information, made recommendations for improved health monitoring and developed research priorities, including the priority for blood fluke research.   
· Oral presentations at industry workshops and scientific conferences and individual meetings with tuna industry increased the industry’s understanding of tuna health risks and their awareness of potential health problems and their likelihood.

	2003/225
Farming practices and health
	· This project has increased the understanding of the relationship between farming practices and SBT health and enhanced the industry’s ability to investigate SBT health in the future. 
· The methods and protocols developed for health monitoring and the industry implementation of the improved health surveillance system is a major outcome of the investment.

	Residues and Markets 

	2003/227
Feed sampling and residues
	· The low levels of dioxin found in aquaculture SBT provide a high degree of public health protection for consumers.
· The National Residue Survey and the National Dioxins Program have adapted the new sample collection method for official product integrity testing for tuna, making it similar to that used in Japan.
· A baitfish guide was produced which summarises all testing performed by SARDI, TBOASA and NRS over the past three years. As Japan has advanced a series of proposed Maximum Limits that will apply to a range of pesticides, veterinary medicines and feed additives that came into force from May 2006, the guide for residue assessment in SBT feeds is very important for compliance.  
· The production of the guide clearly highlighted the importance of this type of document to industry and the effectiveness of a feed purchasing decision support model.
· Food Standards Australia and New Zealand removed SBT from their public advisory statement in March 2004 as a result of mercury data from this project as well as earlier data being presented. 
· A report on SBT residues based on data for this project and earlier projects was provided and presented to the Japanese Government in December 2003 and April 2004.
· A bilingual document was produced in 2004 that drew from data in this study, the National Dioxins Program data and from previous projects; this document was used as a market promotion tool in Japan and as a demonstration of a traceability supply chain to the Japanese Government. 
· An enhanced scientifically defensible position has been produced to manage any domestic or international criticism targeted at the SBT industry on food safety concerns.

	2004/206
Managing food safety hazards 

	· Revision of Japanese Government public mercury advisory statement that now differentiates between SBT and Northern Bluefin Tuna from Mexico, Japan and the Mediterranean. 
· Assurance of compliance with Japanese regulatory standards with impact on access to new markets including China, South Korea, United Arab Emirates and the EU.
· Enhanced confidence in the safety of Australian SBT leading to greater market access for SBT in Japan.
· Development of through-chain product integrity data to support trade access. 

	Environmental Issues  

	2001/102
Environmental impact
	· The system developed in this project is being used by the regulatory authorities in South Australia for routine environmental compliance monitoring. 
· The system is rapid and cost effective and is the first DNA based technology used for routine marine environmental monitoring in the world. 
· The method has application to other finfish aquaculture environmental monitoring requirements.
· The system reduced costs and improved reporting time as compared to the prior environmental monitoring program. The system is being extended to the Yellowtail Kingfish industry through project 2006/078. 

	2001/104
Regional ESD assessments
	· An understanding of the applicability of remote sensing for environmental monitoring in the region, and recommendations on the use of this new technology.
· Industry members have used the telemetered environmental monitoring system to help understand conditions on their leases.
· The models of waste deposition and nutrients have been further refined and used by PIRSA Aquaculture to help set initial maximum stocking rates for aquaculture zones as they are revised.

	Metabolic Rate 

	2003/228 
Metabolism
	· Nutrition (food conversion ratios), responses to water quality (limiting oxygen concentrations), response to predators, fish health and environmental outcomes (e.g. waste production) are all linked to metabolic rate.  
· The information produced has provided a basis for improving management and husbandry of SBT and is already being used in bioenergetic and environmental models to improve nutritional, health and environmental management for farmed SBT. 
· A follow-up project has delivered industry environmental, nutritional-feeding and educational outcomes to other projects.  David Ellis still has yet to finish his PhD, which very much builds on the nutritional-feeding aspects of this work and Project 2001/249.

	Planning and Support  

	1997/361
Subprogram coordination
	· Efficient experimentation due to enhanced coordination and industry involvement in R&D. 
· More applied research objectives leading to more cost-effective, relevant  and timely outcomes
· A higher level of interpretation and more effective communication of research results to industry.

	2000/219
Subprogram management and technical support
	· Efficient experimentation due to enhanced coordination and industry involvement in R&D 
· A higher level of interpretation and more effective communication of research results to industry

	2001/250
Strategic Plan
	· Achievement of coordinated R&D investment that was industry-focused and involved all relevant stakeholders. 
· Dissemination of research results to industry so encouraging greater consideration and adoption of new processes and technologies. 

	2001/252
Infrastructure 
management

	· Efficient experimentation due to enhanced coordination and industry involvement in R&D. 
· A higher level of interpretation and more effective communication of research results to industry. 

	2002/249
Service delivery

	· Efficient experimentation due to enhanced coordination and industry involvement in R&D. 
· A higher level of interpretation and more effective communication of research results to industry. 




Benefits 

The following addresses the benefits that have been identified as emanating from the fifteen research projects. The benefits are described below in list form by theme area.

Manufactured Feeds 
· Potential cost savings in delivery and distribution where manufactured feeds are used. 
· Greater effectiveness and efficiency in formulating and using manufactured feeds in those cases where they may be used.
· Reduced risk of dependence on bait fish (local and imported) with their inherent fluctuations in price, quality and availability.
· Nutrition and feeding management influenced by this research has the potential to impact on the environment by influencing faecal loads (e.g. from overfeeding) in baitfish selection.
· Environmental benefits from using pellets rather than baitfish are also possible. However, preliminary data suggested that while feed utilisation can be better controlled using pellets if the nutrient composition is optimised, any waste feed is less well assimilated than baitfish (for example, by scavengers). 
· An alternative feeding strategy now available to the industry if needed, so reducing any regional impact from disruption of baitfish supply.
· Manufactured feeds would be important for any future development of a much larger industry based on hatchery produced SBT.  

Fish Health 
· Progress towards capturing potential for reducing mortality in young tuna by identifying the desirability for disease free eggs of SBT in preparation for propagating SBT rather than relying on wild capture.    
· Tuna producers now have access to current knowledge regarding tuna health.
· Producers now have a greater capacity to anticipate and guard against fish health related incursions in tuna farms and hatcheries. 
· The projects have highlighted the research needs of the industry regarding health and improved research resource allocation is likely to occur in the future.

Residues and Markets 
· Enhanced opportunity for market promotion leading to retention of market share, increased demand, and price in the Japanese market for Australian SBT.  
· Increased confidence regarding the future expansion of the Australian SBT aquaculture industry based on prospective comparative advantages of SBT over competitor products.   
· Greater certainty on market access continuing for farmed tuna to Japan and the EU. 
· Stronger response capacity by Australian industry to any future trade barriers imposed, especially by Japan and EU for farmed tuna products from Australia.
· Traceability by Australian seafood businesses has been strengthened in response to increasing market access requirements in Japan and other markets.
· Avoidance by Japanese wholesalers of having to enter into Positive List Insurance of Australian SBT purchases, leading to reduced importation costs.  
· Potentially increased market demand in other markets including China, South Korea, United Arab Emirates and the EU.
· Enhanced quality of product for consumers in Australia and in overseas countries. 
· Food safety and human health benefits to all consumers of SBT.
· Increased probability of expansion of the Australian industry with associated employment and added value impacts.
· Reduced probability of regional social impacts from trade disruption.    

Environmental Issues  
· Time and cost savings in environmental monitoring compared to the former method of sorting, identifying and enumerating benthic infauna in sediments.
· Ensuring access to farm sites, and security of tenure to farmers through greater certainty in planning.
· Facilitation of aquaculture development approvals through assistance in determining the carrying capacity of farm environments and indications of the most appropriate number of farms a region can accommodate.
· The improved understanding of the interaction between SBT farming and the environment has allowed greater confidence of SBT producers to optimise the productivity of their sea cage systems without compromising environmental health.    
· Refining of regulatory frameworks by government agencies responsible for licensing and managing the industry.
· Improvements of government and community perceptions of aquaculture developments.
· Improved health of farmed SBT through avoidance of resuspension, which can lead to irritation to gills and respiratory difficulties, and increased infestation from sediment-dwelling parasites. 
· Improved ability to predict and prepare for potentially catastrophic events such as oil spills, algal blooms, disease outbreaks, or major storms that are likely to trigger resuspension. Preparation is likely to include determining potential areas where pontoons can be relocated to avoid the event.  

Metabolic Rate 
· Strategic knowledge that can be used in improving the long-term efficiency of production systems for SBT including feeding, health and improved water quality for the environment. 

Planning and Support  
· Infrastructure support for experimentation, more efficient allocation of research resources and higher and more timely adoption through improved industry involvement and communication.  

Summary of Benefits 
Table 8 provides in a triple bottom line framework a summary of the principal types of benefits associated with the outcomes of the investment.  

Table 8: Summary of Benefits in a Triple Bottom Line Framework
 
	Economic
	Environmental
	Social

	Manufactured Feeds 

	1. Lower total feed cost for some tuna farmers using baitfish due to use of a feed formulation program

2. Potential cost savings in formulating and using manufactured feeds including delivery and distribution 

3. Contingency feeding strategy available should baitfish supply be interrupted (quantity or quality) or where the price of baitfish increases significantly
	16. Potentially reduced faecal nutrient loads   
	19. Reduced regional impact of baitfish supply interruption and/or price increase 




	Fish Health 

	4. Potential for reducing mortality in young tuna by identifying disease free eggs of SBT (in preparation for the potential closure of the SBT life cycle allowing farmed fish to be developed from eggs rather than wild capture)    

5. Greater capacity by producers to anticipate, monitor and guard against fish health related incursions in tuna farms and hatcheries  

6. Improved focus on research needs 
	
	20. Capacity building through education and training of postgraduate students

	Residues and Markets  

	7. Retention of existing market access to Japan and EU for farmed SBT from South Australia 

8. Increased competitive position for Australian farmed SBT over competitor products marketed in Japan, leading to opportunities for increasing demand and price and expansion of the Australian industry 

9. Increased demand for SBT in other non-Japanese markets
	
	21. Avoided expected regional social impacts from disruption to overseas trade

22. Reduced health risk for Australian and overseas consumers of SBT 

	Environmental Issues

	10. Increased confidence that the SBT industry can be developed further and can meet planning regulations 

11. Improved risk management of potentially significant events such as storms 

12. Improved health of fish and quality of product 

13. Spinoff economic benefits to other industries such as tourism and diving 
	17. Enhanced biodiversity of Spencer Gulf Region with reduced impact on seagrasses, other marine species and scavengers 
	

	Metabolic Rate

	14. Potential improvements in the long-term efficiency of production systems for SBT including feeding and health 
	18. Potentially improved water quality for the environment
	23. Research capacity increased due to training of PhD student associated with this investment    

	Planning and Support 

	15. Infrastructure support for experimentation, more efficient allocation of research resources, more cost effective and relevant outcomes, and higher and earlier adoption through improved industry involvement and communication  
	
	24. Better informed community regarding aquaculture operations due to workshops and web site  



The benefits identified above have been classified into other categories in Table 9. This provides a subjective assessment of the magnitude of each benefit and its distribution among beneficiaries.   

Table 9: Categories of Benefits from the Investment 

	
	Fishing industry
	Spillovers

	
	
	Other industries
	Public

	Economic
	1.  *
2.  *
3.  **
4.  *
5.  *
6.  **
7.  ***
8.  ***
9.  *
10. ***
11. *
12. *
14. *
15. *
	13. *
	15. * 

	Environmental
	16. *
17. *

	
	16. *
17. *
18. **

	Social
	20. *
	
	19. *
20. *
21. *
22. *
23. *
24. *


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

In addition to the direct project benefits, SBT farming and associated R&D provided a substantial benefit to aquaculture in general; it increased government’s perception of the industry’s potential not just in South Australia, but also nationally.  The industry (Steven Clarke, pers.comm., 2009):
· initiated improved regulatory aquaculture  frameworks (i.e. the SA Aquaculture Act would not have occurred when it did), 
· provided a stimulus for other aquaculture developments (e.g. mussel farming started in SA because of the noticed abundance on tuna nets – very few mussels were seen in Port Lincoln prior to this), 
· stimulated longer term holding and value adding of rock lobster, and
· stimulated culture of abalone in sea-cages – like Australian Bight Abalone Ltd – developed by a person working for a tuna company.

The SBT industry demonstrated:
· aquaculture and wild fisheries could be synergistic (these were major conflicting industry groups in other countries); 
· finfish culture was possible in the Gulfs in SA (this led to snapper then Yellowtail Kingfish and mulloway farming); and
· the benefits of early R&D investment to facilitate new industry success.

Public versus Private Benefits 
As indicated in Table 9, the majority of the benefits identified are private in nature and accrue to the South Australian (Port Lincoln) commercial producers of SBT and their input supply and market supply chains. The public benefits include lowered environmental impacts of the industry with regard to biodiversity and water quality.  There are a number of social benefits listed in the area of reducing prospective social impacts due to the local region’s dependence on the SBT industry.

On the basis of the distribution of the 28 benefits listed in Table 9, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up 37% of the total benefits. If the subjective weightings are taken into account, the public benefits would contribute 27% of the total benefits.     

Distribution of Benefits Along the Supply Chain 
Some of the benefits assigned to commercial producers of SBT will be shared along the input supply and market supply chains, including both domestic and foreign consumers. 

Benefits to Other Industries
Other industries that may benefit form the research include the tourism and diving industries.

Benefits Overseas
Some small potential benefits were identified to overseas farmed tuna producers, as well as foreign consumers of Australian tuna. 
  
Additionality and Marginality
The investment in this cluster was targeted principally towards benefits to farmed tuna producers. The FRDC investment in this subprogram had commenced before these projects were funded. Hence these investments were regarded as high priority by both the FRDC and the aquaculture industry. In the event that public funding to FRDC had been cut by half, it is likely that most of the projects in the cluster would have still been funded by FRDC, the Aquafin CRC, and industry and state agencies, assuming an industry contribution was still in place.  It is estimated that investment would have gone ahead as planned in the areas of manufactured feed, residues and markets, environmental issues and planning and support, with some of the more strategic projects in the areas of fish health and metabolism being significantly restricted. Overall the investments made would have been somewhat less well coordinated and some projects that would have proceeded but would have started later, been less substantial, and taken longer to complete. Without the FRDC involvement, the national research skill base would not have been utilised and the effort would have relied more heavily on South Australian skills only. 

A proportion of the public benefit spillovers that have been identified would therefore still have been delivered. Further detail is provided in Table 10.

Table 10: Potential Response to Reduced Public Funding to FRDC

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

	2. Would FRDC and state agencies have funded this cluster if only half of public funding of FRDC had been available?
	Yes, but with a lesser total investment (75% -100%) 

	3. Would the cluster have been funded if no public funding for FRDC had been available?
	Yes, 50-75% of that actually funded 



Match with National Priorities 
The Australian Government’s national and rural R&D priorities are reproduced in Table 11 (updated in May 2007 and current as of July 2009 (http://www.daff.gov.au/agriculture-food/innovation/priorities)).

Table 11: National and Rural R&D Research Priorities 2007-08

	Australian Government 

	National Research Priorities
	Rural Research Priorities 

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



The investments have addressed principally National Research Priorities 1, 2 and 3, as well as Rural Research Priorities 1, 2, and 3. Project 2003/228 on metabolism addressed the Supporting Priorities 1 and 2 as did a number of other projects in this cluster.  


Quantification of Benefits

Valuation of benefits has been carried out for three of the six research and development areas defined earlier. These areas were:
· manufactured feeds 
· residues and markets 
· environmental issues 
 
The projects in the area of planning and support are viewed as contributing to the success of the other projects and benefits accruing to them are assumed captured in the three clusters where project benefits are valued. While there may be some short-term benefits to the industry from the three fish health projects, the projects are considered to be principally strategic.  Fish health is a major issue at present in the industry. Significant benefits will most likely depend on any future intensification of the industry and closure of the life cycle so that fish are reared from eggs rather than wild capture. The metabolic rate project is a strategic project and future benefits in the areas of stocking densities, water flows and feed practices may well depend on the closure of the life cycle.  
       
Manufactured Feeds 
Scenarios With the Research Investment 
With the research, it is assumed the use of manufactured feeds is now technically feasible and would be adopted by industry in a situation of high prices for baitfish and in a future scenario of a much larger industry based on hatchery produced SBT. 

However, given current tuna production levels it is assumed that there is a low probability of baitfish prices rising to the point where manufactured feeds would be attractive (10% probability per annum commencing in the 2008/09 year). It is assumed that the cost saving from using manufactured feed in those situations would save 20% in total feed costs. 

It is assumed that 80% of the benefits from the availability of the manufactured feed technology can be attributed to the two projects in the cluster.     

Scenario Without the Research Investment  
Without the overall research effort, it is assumed the use of manufactured feeds would have been insignificant, even given high future prices for baitfish.   

Residues and Markets 
Scenario Without the Research Investment  
Without the research investment defined in this analysis, it is assumed that there may have been the potential for suspicions or even claims by Japanese importers of dioxins and other contaminants in Australian farmed tuna leading to trade disruption. This would have resulted in costs to Australian companies in sampling and responding, to demonstrate clean product. In addition such incidents would have disrupted trade in the short term and the image of the Australian product in the longer term. Trade disruption is assumed to occur for two months, requiring exporters to sell to non-Japanese markets. The probability of this occurring is assumed to have been 20% per annum without the research. 

Due to competition from other exporting countries it is assumed that, even without any specific trade incidents, the confidence in the Australian product would have been lower leading to a lower price than that actually obtained in the Japanese market.

Scenarios With the Research Investment 
The probability of a trade incident occurring with the research investment is assumed to fall to 5% per annum. 
 
The price received by Australian exporters to Japan is assumed to have been $1,000 per tonne (about 5%) higher with the research investment. 

Both benefits are assumed to commence in the 2005/06 financial year and continue into the future. The two benefits are assumed independent and are additive.  

Benefits Not Valued 
Benefits related to residues that were not valued in the current analysis include:
· any reduced insurance costs to Japanese importers.  
· any expansion in the Japanese market as a result of the research investment.  
· retaining market access to existing non-Japanese markets or any contributions to the development of new markets.      

Attribution to the Research Investment
It is understood that the only part of the benefits from the investment defined in this analysis can be attributed to the two projects and that several other projects also contributed. It is assumed that 50% of the benefits valued can be attributed to the two projects analysed. 

Environmental Issues
There are three sources of industry benefits valued associated with environmental issues.  No direct environmental or social benefits are valued due to lack of data and the difficulty of establishing strong linkages. 

Improved Risk Management
The availability of data and models has improved the risk management capabilities of the industry and government, resulting in a decreased impact from a major event through, for example, the ability to predict the speed and direction of spread of algal blooms and disease outbreaks, and the implications of major storms that are likely to trigger resuspension.  In 1996, 75% of industry stock in the Port Lincoln area was lost due to a large storm that triggered a resuspension event.  Since this time, the industry has moved further off-shore, making such an impact less likely. However the modelling has shown that such a possibility does still exist in certain conditions. Being able to predict when and where such an event is likely allows the industry to develop emergency contingency plans for where and how to move pontoons to avoid such stock losses during such an event.  

For the purposes of this analysis, it is assumed that the probability of such an event occurring is 5% per annum (once in 20 years), and that the likely stock losses from such events without the research having taken place would be 25% (conservatively lower than 75% as in the 1996 incident to allow for movement of industry off-shore). With the research, the impact of such an event occurring is assumed to be reduced through stock losses of only 10%. It is assumed that there are 9,500 tonnes of stock produced per annum, with an average value of $22,000 per tonne (export value). It is assumed that due to the growth cycle, seasonal considerations, and feed saved, the value of the stock loss is one third of the annual value of production. The first year of benefit (reduced likely impact) is assumed to be 2009/10.

Sustainable Expansion of Industry
The data, monitoring and models will allow appropriate decisions to be made regarding the sustainable level of expansion of the industry in the Spencer Gulf area.  Without the research, it is possible the size of the industry could have been capped either artificially low, or high, due to the absence of appropriate scientific data and reasoning. If the size of the industry was kept too low, there would be significant lost income, while if the industry was allowed to grow too high, there would be environmental, as well as long term industry impacts due to poor water quality. For the purposes of this analysis, it is assumed that the decision would have been made to expand the industry by only 3,000 tonnes, rather than 5,000 tonnes as is assumed sustainable.  It is assumed the expansion occurs (in both with and without scenarios) over 10 years from the year 2009/10 to 2018/19.  The value lost is equal to the profit foregone by not allowing the additional 2,000 tonnes to be farmed.  The value of the tuna is assumed to be $22,000 per tonne, with the profit assumed to be 15% of this value. It is further assumed that the capital required to allow such expansion is 40% of the annual value of the tuna at the end of the ten years of growth (40% of $66 m or $26.4 m). The capital investment required is assumed to be evenly distributed over the ten years of growth. It is assumed there is a 50% probability of this expansion occurring, both in the ‘with’ and ‘without’ scenarios.

Increased Industry Profitability
Improved industry profitability can result from improved management recommendations emanating from the research and the models developed. For example, such recommendations might lead to a more efficient feeding regime, or less likelihood of poor animal health due to dissolved and undissolved contaminants in the water.  The proposal for one of the four projects calculated that a 2% improvement in productivity for the industry resulting from the availability of more sites enabling greater separation of farms and improved local conditions through optimised fallowing and/or polyculture, equates to $2 million per annum in economic value. It is assumed that there is a 50% probability of such benefits being realised, and that the benefits are net benefits, with no further adoption costs considered. The first year of benefits is assumed to be in 2009/10, the full 2% benefit being realised after four years. 

Attribution to the Two Projects 
There have been four environmental issue theme projects funded that have contributed to the benefits identified above (FRDC projects 2001/102, 2001/103, 2001/104 and 2005/059). The two projects included in the cluster contributed 36% of the total cost of the four projects. Hence 36% of the benefits estimated in the environmental area are attributed to the subprogram cluster 

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

Table 12: Summary of Assumptions

	Variable 
	Assumption
	Source

	Manufactured Feeds 

	Year of first potential benefit 
	2008/09
	Consultant estimate  

	Probability of  high baitfish prices making it economic for industry to use manufactured feeds 
 
	10% p.a. 
	Consultant estimate after discussions with Craig Foster  

	Baitfish cost
	$1.50 per kg
	Consultant estimate   

	Production of farmed tuna 
	9,500 tonnes  per annum based on 
(i) an annual average of 9,649 tonnes in three years to 2006/07
(ii) exports of over 9,500 tonnes in 2007  
	ABARE (2008); SARDI (2008)


	Fish produced per annum 
	271,429
	9,500 tonnes per annum divided by 35 kg per fish 

	Total feed used in industry based on baitfish  
	49,000 tonnes of baitfish per annum based on 15 kg weight gain per fish at a 12 to 1 feed conversion ratio and 271,000 fish produced. Supporting this assumption is that the volume of baitfish used in 2000/01 was estimated at 45,000 tonnes (Australian Aquaculture portal).    
	Consultant estimate  and Australian Aquaculture portal (2008)

	Total feed cost for industry based on high price for baitfish of $1.50 per kg
	$73.3 m per annum
	From above 

	Feed  cost saving per fish if manufactured feeds used in high baitfish price situation    
	20%
	Consultant estimate  

	Attribution of benefits from manufactured feeds to the two projects analysed 
	80%
	 Consultant estimate  

	Residues and Markets 

	Enhanced demand for Australian farmed SBT

	Quantity tuna produced 
	9,500 tonnes  per annum; based on 
(i) an annual average of 9,649 tonnes in three years to 2006/07
(ii) exports of over 9,500 tonnes in 2007  
	ABARE (2008); SARDI (2008)


	Price 
	$1,000 per tonne higher with the research
	Consultant estimate  

	Year of first benefit 
	2005/06
	Consultant estimate  

	Trade disruption 

	Annual exports to Japan
	95% production  
	Consultant estimate   

	Price of exported tuna to Japan 
	$22,000 per tonne 
	Consultant estimate after discussion with Brian Jeffries

	Probability of trade disruption without research investment 
	20% per annum 
	Consultant estimate  

	Probability of trade disruption with research investment 
	5% per annum 
	Consultant estimate  

	Cost of trade disruption incident 
	20% of annual exports at 25% price reduction 
	 Consultant estimate  

	Year of first benefit 
	2005/06
	 Consultant estimate  

	Attribution of Benefits to the Two Projects  

	Attribution of price benefit to the two projects 
	50%
	Consultant estimate   

	Attribution of the reduced trade disruption to the two projects 
	50%
	Consultant estimate  

	Environmental Issues 

	Improved risk management  

	Probability of adverse event occurring per annum
	5%
	Consultant estimate  

	Proportion of stock lost due to adverse event without research
	25%
	Consultant estimate  (based on 75% loss during 1996 storm event when industry was located closer to shore)

	Proportion of stock lost due to adverse event with research
	10% 
	Consultant estimate  

	Tuna tonnage produced  per annum
	9,500 tonnes
	ABARE (2008); SARDI (2008)


	Value of product sold annually
	$209 m (9,500 tonnes @ $22,000 per tonne)
	Consultant estimate  after discussion with Brian Jeffries  

	Value of stock that is vulnerable at any one time
	33.3% of annual value of product sales (allows for saved feed, transport and marketing costs etc).  
	Consultant estimate  

	Year of first benefit
	2009/10
	Consultant estimate  

	Sustainable expansion 

	Expansion of industry without research
	3,000 tonnes
	Consultant estimate  

	Expansion of industry with research
	5,000 tonnes
	Consultant estimate, based on project results

	Year in which expansion starts
	2009/10
	Consultant estimate  

	Period over which expansion occurs
	10 years
	Consultant estimate  

	Value of tuna per tonne
	$22,000
	Consultant estimate after discussion with Brian Jeffries

	Proportion of value that is profit
	15%
	Consultant estimate  

	Additional capital investment required 
	$17.6 m (spread over 10 years); based on 40% of 2,000 t @ $22,000 per tonne 
	Consultant estimate  

	Probability of expansion occurring
	50%
	Consultant estimate  

	Increased Industry Profitability 

	Increase in productivity from model results 
	2%
	Project 2001/103 application

	Increase in economic return
	$2 million per annum 
	Project 2001/103 application

	Probability of assumed increase
	50%
	Consultant estimate  

	Attribution to Two Projects (Projects 2001/102 and 2001/104) 

	Proportion of investment in environmental considerations represented by the two projects 
	36%
	Based on nominal costs of projects 2001/102 and 2001/104 compared with the total of 2001/102, 2001/103, 2001/104 and 2005/059




Results

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

The present value of benefits (PVB) from each source of benefits was estimated separately and then summed to provide an estimate of the total value of benefits.  Table 13 shows the sources of benefits, expressed as the PVB and the percentage of total benefits.    


Table 13: Source of Benefits (discount rate 5%, 30 year period)

	Theme
	Component
	PVB
($m)
	% Total 

	Feeds
	Manufactured Feeds 
	18.93
	10.1

	Residues

	Trade Disruption 
	43.45
	23.3

	
	Enhanced Demand 
	92.39
	49.5

	Environment

	Risk Management 
	2.85
	1.5

	
	Improved Profits  
	4.95
	2.7

	
	Sustainable Expansion 
	24.15
	12.9

	Total
	
	186.72
	100.0



Tables 14 and 15 show the investment criteria for the different periods of benefits for both the total investment and the FRDC investment.

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

	Years
	0
	5
	10
	20
	30

	Present value of benefits ($m)
	23.12
	61.37
	97.36
	152.73
	186.72

	Present value of costs  ($m)
	26.53
	26.53
	26.53
	26.53
	26.53

	Net present value ($m)
	-3.41
	34.84
	70.82
	126.20
	160.19

	Benefit–cost ratio 
	0.9
	2.3
	3.7
	5.8
	7.0

	Internal rate of return (%)
	1.8
	18.4
	21.7
	23.0
	23.1



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

	Years 
	0
	5
	10
	20
	30

	Present value of benefits ($m)
	7.87
	20.89
	33.14
	51.99
	63.56

	Present value of costs  ($m)
	8.95
	8.95
	8.95
	8.95
	8.95

	Net present value ($m)
	-1.08
	11.94
	24.19
	43.04
	54.61

	Benefit–cost ratio 
	0.9
	2.4
	3.7
	5.8
	7.1

	Internal rate of return (%)
	1.5
	20.2
	23.6
	24.8
	25.0



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

Figure 1: Annual Cash Flow of Benefits

[image: ]

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
 
	Theme
	Benefits Component
	PVB
($m)
	Produc-tivity and Adding Value  
	Supply Chain and Markets 
	Natural Resource Management 
	Climate Variabil-ity and Climate Change 
	Biosecu-rity 

	
	
	
	% subjective allocation to each priority 

	Feeds
	Manufactured Feeds 
	18.93
	90
	0
	10
	0
	0

	Residues

	Trade Disruption 
	43.45
	0
	100
	0
	0
	0

	
	Enhanced Demand 
	92.39
	0
	100
	0
	0
	0

	Environment

	Risk Management 
	2.85
	50
	0
	50
	0
	0

	
	Improved Profits  
	4.95
	100
	0
	0
	0
	0

	
	Sustainable Expansion 
	24.15
	50
	0
	50
	0
	0

	Total
	$m
	186.72
	35.49
	135.84
	15.39
	0
	0

	
	%
	100
	19
	73
	8
	0
	0



Sensitivity Analyses
Sensitivity analyses were carried out on some variables and results for the total investment are reported in Tables 17 to 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.
 
Table 17 shows the sensitivity of the investment criteria to the discount rate. 

Table 17: Investment Criteria for Different Discount Rates
(Total Investment, 30 years)

	Criterion
	Discount rate 

	
	0%
	5% 
	10%

	Present value of benefits ($m)
	336.32
	186.72
	126.66

	Present value of costs  ($m)
	19.39
	26.53
	36.18

	Net present value  ($m)
	316.93
	160.19
	90.48

	Benefit-cost ratio 
	17.3
	7.0
	3.5



As there were six different benefits valued, the results of any sensitivity analyses on the assumptions for any one benefit would have not been particularly meaningful. Sensitivity analyses were restricted therefore to the principal benefit from the residues and markets theme (enhanced demand) which constituted 50% of the present value of all benefits valued. Results are provided in Table 18. 

Table 18: Sensitivity to Assumed Price Increase due to Residues and Market Theme Investment    
(Total investment, 30 years)

	Criterion
	Price Increase 

	
	$500 per tonne 
	Base ($1,000 per tonne)
	$1,500 per tonne 

	Present value of benefits ($m)
	140.52
	186.72
	232.92

	Present value of costs ($m) 
	26.53
	26.53
	26.53

	Net present value ($m) 
	113.99
	160.19
	206.39

	Benefit-cost ratio 
	5.3
	7.0
	8.8

	Internal rate of return (%)
	19.0
	23.1
	26.7



Confidence Rating  
The results produced are highly dependent on the assumptions made, many of which are uncertain.  Two factors are brought to attention.  The first factor is the coverage of benefits.  Where there are multiple types of benefits it is often extremely difficult 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 significant 				uncertainties in assumptions made 
Low:	denotes a poor coverage of benefits or many uncertainties in assumptions made 

Table 19: Confidence in Analysis of SBT Subprogram Cluster

	Coverage of Benefits
	Confidence in Assumptions

	High
	Medium






Association with FRDC KPIs

The Key Performance Indicators (KPIs) for FRDC fall into five groups as provided in Table 20. The investments analyses in this evaluation have addressed KPIs in challenges C, D and E. In particular, significant contributions have been made to KPIs in C3, D2, and E2, while more modest contributions have been made to KPIs C1 and E1.   

Table 20: FRDC Key Performance Indicators by Strategic Challenge as per R&D Plan 2005-2010

	Strategic Challenge 
	KPI

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

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

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

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

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


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




Lessons Learnt for Future Investment

Lessons learnt from this analysis include:
· The results demonstrate the importance of markets and delivering what is required to those markets. This is particularly important when overall demand is highly dependent on a single market.
· It should be noted that strategic research outputs have not been valued in the current analysis but are critical in ensuring future benefits continue to be delivered. The strategic investments not valued should be noted, and their investment costs recorded, so that future analyses can attribute any realised benefits to them.
· Win-win situations for addressing environment and productivity issues in aquaculture have been demonstrated, a similar situation to that observed in research and development success for agriculture. 


Conclusions

On the basis of the distribution of the 28 benefits identified, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up 37% of the total benefits. If the subjective weightings are taken into account, the public benefits would contribute 27% of the total benefits.     

Investment was made in a total of 15 projects within the cluster with the FRDC contribution approximating 34% of the total costs involved.  The investments were divided into six themes and benefits were valued in three of these themes. The principal reason for no values being assigned to benefits in the other themes was due to them containing a high proportion of strategic research.  

The three themes where benefits were valued were manufactured feeds, residues and markets, and environmental issues. The highest level of benefits was apparent in the residues and markets theme.

The investments were regarded as a high priority by both the FRDC and the aquaculture industry. In the event that public funding to FRDC were cut by half, it is likely that most of the projects in the cluster would have still been funded by FRDC, industry and state agencies, assuming an industry contribution was still in place.  It is estimated that investment in the areas of manufactured feed, residues and markets, environmental issues and planning and support would have gone ahead in some form, with some of the more strategic projects in the areas of fish health and metabolism being significantly restricted. Overall the investments made would have been somewhat less well coordinated and some projects that would have proceeded would have started later and taken longer to complete.

Overall, the investment criteria estimated for the 15 projects in the cluster were positive with a net present value (for all investment) estimated at $160 million and a benefit-cost ratio of 7 to 1 (discount rate of 5%, and benefits measured over 30 years from final year of investment). 

It should be noted that not all benefits identified in the analysis were valued so that the results are likely to be underestimates of the actual benefits derived from the investment. 
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