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Background 

In 1994 Australian abalone wild catch fisheries produced 60% of the world supply, but as the wild catch declined, aquaculture production of abalone increased substantially. In 1999 world production of abalone from aquaculture was nearly 8,000 tonnes of which only 1% was produced in Australia.

Abalone aquaculture began in Australia in the early 1980s in South Australia and Tasmania.  From about the mid-1990s specialised diets and improved tank technology allowed the production cycle to be shortened with minimum market size of 70 mm being attained in 3 to 4 years (Weston et al, 2001). Abalone farming spread to other states including Victoria.     

The production system depended on producing larvae by spawning recently collected wild brood stock or wild or farmed broodstock that had been held in conditioning systems. Surfaces for settlement of the larvae were vertical plastic plates already colonised by a variety of algal species. Juveniles were then weaned onto formulated feeds and then grown out in either land based tanks or sea based systems. As of the date of funding of the first project in this cluster (the late 1990s), abalone produced in Australia under aquaculture was expected to increase further. 

The FRDC Abalone Aquaculture Subprogram was established in July 1993 with the objective of providing excellent, timely and responsive research to the Australian abalone aquaculture industry so they could be profitable and internationally competitive, and could pursue ecologically sustainable development. The subprogram integrated almost all research on abalone aquaculture research in Australia, either directly (FRDC funded projects) or by forming affiliations with projects funded by other sources. 

Features of the subprogram were:
· Industry being highly involved in planning and via the Steering Committee, ensuring relevance and adoption of findings
· An independent program leader 
· Emphasis on high quality science 
· A comprehensive extension program
· Coordination between industries in different states   

The ten projects in this cluster focused on spawning (1), tank settlement (1), health and disease (3), breeding and breeding aids (2), water quality (1) and management and coordination (2).     


The Cluster 
    
Projects 
Table 1 presents the details for each of the ten 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

	1998/306


	Early life history of abalone (Haliotis rubra, H. laevigata): settlement, survival and early growth
	Research Organisation: Deakin University  
Period: Aug 1998 to Mar 2004
Principal Investigator: Sabine Daume   

	1998/307


	Development of an integrated management program for the control of spionid mudworms in cultured abalone
	Research Organisation: University of Tasmania
Period: Jun 1998 to Nov 2004
Principal Investigator: Judith Handlinger

	2000/200


	Facilitation, administration and promotion

	Research Organisation: Abalone Aquaculture Consultancy  P/L
Period: Jan 2000 to Apr 2004
Principal Investigators: Ann Flemming and Justin Fromm   

	2000/201


	Selective breeding of farmed abalone to enhance growth rates

	Research Organisation: South Australian Research and Development Institute 
Period: Jun 2000 to Jul 2004
Principal Investigator:  Xiaoxu Li 

	2000/202


	Development of Spermatozoa cryopreservation techniques in farmed abalone

	Research Organisation: South Australian Research and Development Institute 
Period: Sep 2000 to Nov 2004
Principal Investigator:  Xiaoxu Li 

	2000/204


	The commercial control of spawning in temperate abalone

	Research Organisation: University of Tasmania
Period: Oct 2000 to Mar 2005
Principal Investigator:  Arthur Ritar

	2000/205


	Potential for antibiotic use in abalone for disease control


	Research Organisation: University of Tasmania
Period: Oct 2000 to Feb 2006
Principal Investigator:   Judith Handlinger

	2002/200



	Preventing summer mortality of abalone in aquaculture systems by understanding interactions between nutrition and water temperature

	Research Organisation: : South Australian Research and Development Institute 
Period: Mar 2002 to Dec 2006
Principal Investigator: Meegan Vandepeer

	2002/201



	A national survey of diseases of commercially exploited abalone species to support trade and translocation issues and the development of health surveillance programs
	Research Organisation: University of Tasmania
Period: Jun 1998 to Nov 2004
Principal Investigator: Judith Handlinger

	2003/202

	Strategic planning, project management and adoption

	Research Organisation: Abalone Aquaculture Consultancy  P/L
Period: Jul 2003 to Jul 2007
Principal Investigator: Justin Fromm   



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

Table 2: Description of Project Rationale and Objectives

	Project Number 
	Rationale and Objectives

	1998/306
Settlement and growth 










	Rationale: In Australia abalone larvae are produced by spawning recently collected wild broodstock, or wild or farmed abalone broodstock that has been held in conditioning systems for extended periods. It was recognised that increased knowledge of the settlement process and development of advanced culture methods could result in a low cost juvenile abalone essential for both integrated abalone farms and for the supply of seed to grow-out farms.

Objectives: 
1. To test performance of different settlement inducers at both the laboratory and commercial scale.
2. To improve the rate and consistency of abalone larval settlement. 
3. To compare different microalgal diets for their nutritional value in terms of digestibility and growth.	 
4. To quantify the suitability of different microalgae for their ease of use, both for maintaining mass cultures and ability to recolonise settlement surfaces.
5. To increase growth and survival for the first two months of post-larval life at a commercial scale.

	1998/307
Mudworm control 










	Rationale: Sea cage culture of abalone offers a lower capital investment strategy to a land based operation. However, the establishment of a successful sea cage abalone culture industry depends primarily on overcoming the problems of high mortality due to mudworm. Mudworm infestation also affects land based operations.

Objectives:
1. To develop methods for the control of mudworms in farmed abalone, based on the principles of sustainable aquaculture.	 
2. To thoroughly investigate the ecology and reproductive biology of spionid mudworms and their interaction with abalone, through monitoring, field and laboratory experiments.	 
3. To gather long term data on the efficacy of the chemical treatment(s) throughout the production cycle.	 
4. To develop a protocol of chemical treatment within the production cycle to optimise the efficiency of chemical control in relation to abalone survival, growth and marketability, cost, and responsible chemical use.	 
5. To gather information on the epidemiology of mudworm infestation in relation to ecological and hydrodynamic characteristics of sites, cage design and deployment and stock husbandry.	 
6. To use information collected to refine culture methods so as to minimise the level and consequences of mudworm infestation, preferably without the use of chemical treatments.

	2000/200
Management and communication 



	Rationale: Subprograms are a specific form of collaboration that occurs when the scope of a particular R&D objective extends beyond what could be achieved through a single project undertaken by a single researcher.  FRDC recognised a managed subprogram for abalone would add value to the management of abalone projects that share common planned outcomes.  

Objectives:
1. To efficiently and effectively manage the Abalone Aquaculture Subprogram to maximise the contribution of FRDC-funded R&D towards the growth, viability and economic benefit of the abalone aquaculture industry.   
2. To maintain a high level of effective communication between the subprogram leader, and its stakeholders and researchers.   
3. To manage the subprogram’s activities in an efficient, effective, open and accountable manner.  

	2000/201
Breeding





	Rationale: Selective breeding has substantially improved a number of traits (particularly growth rates & disease resistance) in a number of fish species in the world. However, no such program existed for abalone in Australia.  It is anticipated that after a few generations (3 to 5) of selection, increased growth rates could shorten the production cycle by over a year, and thus substantially reduce farm costs of production.

Objectives:
1. To develop a practical selective breeding protocol for commercially desirable traits in abalone.	 
2. To develop a genetic evaluation system.	 
3. To develop a R&D genetic business plan.	 
4. To establish and maintain desired number of abalone family lines in each state participating.

	2000/202
Cryopreservation





 
	Rationale: Cryopreservation is a technique that can significantly enhance the capacity of a genetic improvement program. The use of cryopreservation was seen as likely to enhance the outcomes of the selective breeding project 2000/201.

Objectives:
1. To develop cryoprotectants suitable for abalone spermatozoa cryopreservation.	 
2. To establish reliable protocols for short and/or long term abalone spermatozoa cryopreservation.	 
3. To evaluate the performance of progeny produced with cryopreserved spermatozoa.	 
4. To extend the results to industry.

	2000/204
Spawning 



	Rationale: Protocols for the commercial control of spawning had been identified by industry as essential for consistent larval production and, in future, for genetic improvement. 

Objectives:
1. To determine the biological zero point (BZP) and the relationship between temperature and gonad development.	 
2. To identify the temperature required to condition abalone over a set period of time.	 
3. To develop protocols for the commercial control of spawning in abalone by temperature manipulation.

	2000/205
Disease control 




	Rationale: Bacterial infections (currently Vibrio harveyi) were emerging as mortality episodes related to stress events which were out of the abalone farmers’ control. Data for appropriate antibiotic use was unavailable.

Objectives:
1. To confirm the potential for antibiotic control of bacterial infections in abalone.	 
2. To determine which antibiotics are most suitable for use in abalone aquaculture and the most appropriate mechanism of delivery.	 
3. To increase understanding of factors affecting V. harveyi infections in abalone, and provide tools for further research into its control.

	2002/200
Summer mortality 






	Rationale: As the abalone aquaculture sector had grown, it had become apparent that high mortalities can occur during the summer months as water temperatures increase.  At that time, farmers were addressing summer mortalities by reducing feeding rates to ensure maximum water quality.  While this reduces mortalities, production levels suffer, hence other options are desirable.    

Objectives: 
1. To induce abalone mortality and/or bloat under experimental conditions to ensure a “control” exists for subsequent experiments. 	 
2. To examine the interaction between high levels of fermentable carbohydrate and temperature on abalone growth rates, mortality and haemocyte counts.	 
3. To define nutritional treatments that may alleviate the effects of increased water temperature on abalone mortality, including extrusion of dietary ingredients and immune enhancing diet additives such as antioxidants and mannan oligosaccharides. 	 
4. To apply the results of experiments 2 and 3 to black lip abalone.

	2002/201
Survey of diseases













	Rationale: Establishment of health monitoring programs of both farmed and wild stock for abalone were seen as helping to prevent disease and meeting future market expectations in relation to health accreditation. This process was threatened by inadequate data on diseases in wild stock, and in some states by limited experience in the diagnostic assessment of abalone.  

Objectives: 
1. To undertake, over approximately one year, a single-round health survey of abalone from representative wild groups of commercial abalone species throughout their range in 5 states, using statistically relevant samples appropriate to maximize the chances of detection of serious diseases and define the disease agents present.
2. To similarly examine equivalent samples from all abalone farms and reseeding operations in these states.
3. To develop a database of abalone disease, their location and apparent prevalence (with confidence limits), then to present these findings to the wild and aquaculture industries and State and National government agencies, and to record them pictorially in accessible electronic format.  
4. To expand the pool of abalone health expertise by holding an initial training workshop for collaborating pathologists to facilitate the survey, and a national abalone health meeting to present disease and pathology findings to all relevant pathologists and health service providers, to ensure their adoption.  
5. To ensure the resulting information and skills are fully utilised by assisting in the development of cost-effective on-going health surveillance programs through collaboration with the abalone aquaculture industry and state authorities.

	2003/202
Planning and management





	Rationale: The previous period had seen the subprogram achieve a high level of integration and coordination between projects expressed as industry planning of R&D, the quality of science, a partnership approach to R&D execution, and a comprehensive extension and communication program. It was seen as important that this approach was maintained.

Objectives: 
1. To develop and implement strategic plans and facilitate research and extension to assist the development of abalone aquaculture in Australia. 
2. To coordinate a wide range of discipline-based (i.e. nutrition, health, genetics, husbandry) research projects for the two commercially valuable species of abalone. 
3. To facilitate the delivery of outcomes from the Abalone Aquaculture Subprogram in the form of annual workshops, workshop proceedings, the subprogram’s website, the subprogram's newsletter, trade journal articles, final reports, and scientific publications. 
4. To provide a single point of contact for abalone aquaculture research in Australia. 
5. To facilitate the functions of an Abalone Aquaculture Steering Committee to ensure ongoing research programs have a high degree of industry relevance and focus. 
6. To undertake an independent review of the subprogram in partnership with FRDC, with the results to be used as input into the strategic planning process and subprogram procedures. 
7. To continue the abalone selective breeding program.



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

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

	1998/306
	85,523
	125,646
	51,690
	12,922
	12,922
	24,514
	0
	0
	0
	0
	313,217

	1998/307
	19,117
	48,882
	0
	0
	61,072
	0
	9,937
	0
	0
	0
	139,008

	2000/200
	0
	43,846
	59,410
	77,600
	38,271
	14,871
	0
	4,000
	0
	0
	237,998

	2000/201
	0
	0
	90,686
	0
	30,192
	16,222
	16,221
	0
	0
	0
	153,321

	2000/202
	0
	0
	9,047
	0
	9,000
	0
	11,494
	0
	0
	0
	29,541

	2000/204
	0
	0
	38,907
	0
	22,220
	0
	12,279
	0
	0
	0
	73,406

	2000/205
	0
	0
	15,856
	0
	0
	0
	0
	15,818
	0
	0
	31,674

	2002/200
	0
	0
	0
	50,331
	33,365
	3,776
	0
	8,434
	8,434
	0
	104,340

	2002/201
	0
	0
	0
	0
	75,831
	44,806
	51,718
	19,922
	21,836
	0
	214,113

	2003/202
	0
	0
	0
	0
	0
	93,396
	128,972
	75,228
	28,450
	38,450
	364,496

	Total
	104,640
	218,374
	265,596
	140,853
	282,873
	197,585
	230,621
	123,402
	58,720
	38,450
	1,661,114


Source: FRDC project management database   

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

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

	1998/306
	160,363
	235,597
	96,923
	24,230
	24,230
	45,966
	0
	0
	0
	0
	587,308

	1998/307
	68,370
	174,820
	0
	0
	218,416
	0
	35,538
	0
	0
	0
	497,145

	2000/200
	0
	20,634
	27,958
	36,518
	18,010
	6,998
	0
	1,882
	0
	0
	112,000

	2000/201
	0
	0
	212,543
	0
	70,762
	38,020
	38,018
	0
	0
	0
	359,343

	2000/202
	0
	0
	26,654
	0
	26,516
	0
	33,864
	0
	0
	0
	87,034

	2000/204
	0
	0
	121,169
	0
	69,201
	0
	38,241
	0
	0
	0
	228,611

	2000/205
	0
	0
	23,599
	0
	0
	0
	0
	23,543
	0
	0
	47,142

	2002/200
	0
	0
	0
	24,169
	16,022
	1,813
	0
	4,050
	4,050
	0
	50,105

	2002/201
	0
	0
	0
	0
	102,423
	60,518
	69,854
	26,908
	29,493
	0
	289,196

	2003/202
	0
	0
	0
	0
	0
	26,904
	37,153
	21,671
	8,196
	11,076
	105,000

	Total
	228,732
	431,051
	508,848
	84,917
	545,580
	180,220
	252,668
	78,054
	41,739
	11,076
	2,362,884


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

Table 5: Annual Investment in Cluster (nominal $)

	Year ending June
	FRDC
	Researchers and Others
	Total

	1999
	104,640
	228,732
	333,372

	2000
	218,374
	431,051
	649,425

	2001
	265,596
	508,848
	774,444

	2002
	140,853
	84,917
	225,770

	2003
	282,873
	545,580
	828,453

	2004
	197,585
	180,220
	377,805

	2005
	230,621
	252,668
	483,289

	2006
	123,402
	78,054
	201,456

	2007
	58,720
	41,739
	100,459

	2008
	38,450
	11,076
	49,526

	Total
	1,661,114
	2,362,884
	4,023,998


	

Outputs 

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

Table 6: Summary of Project Activities and Outputs

	Project 
	Activities/Outputs

	1998/306
Settlement and growth 


  
	Results of laboratory and nursery trials resulted in a series of recommendations for production including:
· Plates colonised with young germlings of U. lens, grown for a period of 2 weeks, so that algae cover ca. 30-40% of the plate, should be used for the settlement induction of abalone larvae (H. rubra, H. laevigata). 
· Plates inoculated with the cultured diatom Navicula sp. will provide suitable food and rapid growth of young post-larvae. This species produces extracellular mucus and is therefore suitable for early post-larval growth (first 4 weeks post-settlement). This species will sustain good growth until juveniles reach about 3 mm in shell length (H. rubra, H. laevigata).
· Plates covered with the green alga U.lens should be used as a food source for juvenile abalone larger than 3 mm in shell length. New plates covered by the algae should be introduced every 3-4 weeks and the stocking density should be reduced to 50 juveniles per plate (H. rubra, H. laevigata). That way high growth rates of 80-100 μm day-1 can be maintained on this feed until juveniles reach 8-10 mm in shell length (H. laevigata).

	1998/307
Mudworm control 



	· The project included a study of mudworm reproductive cycles and strategies with an emphasis on the Boccardia knoxi species, ways by which mud worm infection might be treated, examination of stock and environmental characteristics that might contribute to mud worm infestation, and the effect of mud worm infection on abalone health.
· The major knowledge outputs are that mud worm infestations can be substantially avoided in the first instance and treated if necessary.
· For example, it was found that Boccardia knoxi species produced larvae only in the spring months so that abalone placed in the sea in December or later remained free of this mud worm species for approximately 9 months – allowing a good start to the grow out phase.
· Also, the best treatment for mud worm in abalone was found to be simple air-drying of stock, as has been traditionally used by oyster growers to fight mud worms. 

	2000/200
Management and communication 





	· A set of projects was chosen and managed for operational efficiency and effectiveness and that ensured timely and relevant outputs and outcomes.
· Effective communication was maintained between the subprogram leader, the researchers and the industry. 
· The collaborative relationship with industry has led to highly commercially focused research outputs that responded to the changing R&D needs of the industry as it matured. 
· The subprogram has implemented operational processes that ensure industry members themselves identify R&D needs and, through the Steering Committee, subsequently manage research projects. 
· The subprogram has fostered the development of human capital within the Australian research community through actively seeking to link its R&D with postgraduate students, and to promote first-hand industry experience by conducting research on commercial farms where feasible. 
· The subprogram has achieved a high degree of research coordination between states and an extensive communication strategy to ensure service delivery to the industry. 

	2000/201
Breeding



	· The resources required for the development of a long-term industry-based breeding project have been built as a result of the protocols and plans developed during the course of this 18 month pilot project. 
· Personnel responsible for the on-farm activities for the selective breeding project were trained, and construction and modification of the facilities required for the breeding project were completed. 
· The breeding objectives for the project were established from interviews with participating farms.
· The two step project commercialisation model has been accepted by the various shareholders and was to structure the project’s business activities and guide the breeding program into a business entity. 
· 14 blacklip abalone families were established in Victoria and 12 greenlip abalone families have been established in South Australia in accordance with the protocol. 
· In late 2005 three abalone farms in Victoria agreed to work together to establish a collaborative breeding program to service the abalone aquaculture industry in Australia. One of them had most families established previously while the other two just started. The program was on track until 2006 when a virus broke out.
· Due to the virus, two of these three farms were destocked including the one with most families. The program lost about 150 families and the collaborative approach ceased as well. The selected broodstock for commercial production were also lost.

	2000/202
Cryopreservation

	· The development of cryoprotectants suitable for abalone spermatozoa crypreservation was successfully completed using dimethyl sulfoxide for both greenlip abalone and blacklip abalone.
· Reliable protocols for short and/or long term spermatozoa cryopreservation were established. 
· The evaluation of performance of progeny produced with cryopreserved spermatozoa was only partially achieved due to early termination of the trials due to heavy mortalities of both cryopreserved and control groups. 
· Extension of the results of the project to industry was achieved successfully through workshops, manuals (including a CD version) and presentation at subprogram meetings.

	2000/204
Spawning 



	· The BZP (biological zero point, a parameter used to determine the duration of gonad development) was estimated in wild-caught blacklip and greenlip abalone broodstock. 
· Wild-caught blacklip and greenlip abalone fed a formulated feed were held at 16 or 18 degrees C for different conditioning intervals ranging from 114 to 235 days and induced to spawn using ultraviolet-irradiated seawater.  
· The optimum temperature for conditioning of both species was determined. 
· Both the mean and total gamete production were higher for males and females cultured at 16 degrees C than at 18 degrees.
· Broodstock conditioning and induction protocols were developed for the predictable spawning during and outside the normal breeding season. 
· The study demonstrated that year-round hatchery production of seedstock of both species is possible providing broodstock are held under favourable environmental conditions, preferably 16 degrees C.

	2000/205
Disease control 



	· Factors affecting antibiotic use were reviewed and a series of preliminary investigations undertaken to confirm antibiotic absorption and efficacy to help assess whether antibiotic use as a component of bacterial disease control in abalone was feasible. 
· The most promising antibiotic from these trials (oxytetracycline), plus trimethoprim, were then tested for efficacy against the current most problematic pathogen, Vibrio harveyi. 
· Of the 5 antibiotics tested, only oxytetracycline was confirmed as being adequately absorbed and clinically active when milled into feed, with efficacy demonstrated against V. harveyi. 
· As sulphonamides are unlikely to be used alone, and trimethoprim was ineffective in trials against V. harveyi, there seems little opportunity for use unless further work identifies a more useful potentiator. 

	2002/200
Summer mortality

 

	· The original objectives of the project were to induce mortality and bloat in laboratory held animals so that a control existed for further studies to investigate diet manipulation. 
· Mortality and/or bloat could not be induced in the experiments conducted.
· In addition to the two laboratory experiments, a mortality survey was sent out to several farms but only 3 farms completed and returned the survey. 
· Based on the experiments, survey reportings and numerous conversations with different farmers about mortalities, it became apparent that many mortality events over summer were likely to be linked to water quality and tank husbandry issues rather than nutritional composition of manufactured diets per se. 
· The project’s planned outcomes were then changed to an understanding of the effect of water quality on abalone health and water quality parameters influencing abalone health and how these could be measured.
· A water quality manual for abalone farmers was produced. 

	2002/201
Survey of diseases


	· The health survey included the abalone aquaculture industry and the wild fishery in South Australia (SA), Victoria, Tasmania, New South Wales (NSW) and Western Australia (WA), and was undertaken by the major aquatic animal diagnostic laboratory in each of these States.
· Over 3,000 abalone were examined from the systematic sampling program, comprising 1,841 wild and 1,322 cultured abalone. Additional animals were examined from groups subsequently showing pathology that was not seen in that area during the survey.
· The findings from each State disease survey were consolidated and tabulated and made available through presentation including photographs. 
· The capacity of abalone health expertise has been increased and an inter-laboratory network established that is on-going. 

	2003/202
Planning and management 


	· Of the eleven active projects managed by the subprogram from 2003 – 2006, all due final reports and extension materials have been submitted.
· The subprogram has fostered the development of human capital within the Australian research community through actively seeking to link its R&D with postgraduate students.
· The subprogram achieved a high degree of research coordination between states and an extensive communication strategy to ensure service delivery to the industry. 
· Cost savings have been achieved from the coordination component by improving project adoption, ensuring projects are appropriately costed, coordinated travel and workshop budgets combined with more efficient use of limited research funds.
· An external review endorsed the management of the subprogram regarding selection of R&D topics of high strategic and commercial importance to industry, use of appropriate research providers and appropriate apportionment of available funds across the ten projects. 




Outcomes

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

Table 7: Summary of Project Outcomes

	Project
	Outcomes

	1998/306
Settlement and growth 


	· The project made significant improvements in nursery management strategies for both blacklip and greenlip abalone.
· Settlement rates have been improved from 1-10% to 30-35%, which is well beyond the 20-30% set as a performance indicator.
· The surface area needed for settlement (settlement plates and tanks) will be reduced, which will result in lower capital and labour costs through weaning or re-settlement. 
· Methods were developed for commercial scale algal culture. By the end of this project, the culture methods for Ulvella lens had been adopted at most abalone farms in Australia. 
· Beyond the scope of this project U. lens proved to be a good food source for juveniles larger than 3 mm in shell length. This will help to overcome problems of shortage in adequate feed (both quantity and quality) on the plates particularly at later stages of the nursery phase. 
· During this project a suitable diatom species was identified (Navicula sp.) that can be cultured on a commercial scale. 
· Growth-rates of post-larvae were improved by about 30-50%, and hence the cost for animals up to 10 mm will decrease and seed can be produced cheaper. Since the initial results of this project were conveyed to and adopted by industry, juvenile abalone prices have in fact declined.
· Earlier spawning and settlement means earlier growth which reduces both juvenile and grow out costs. 
· An interactive CD has been produced to extend the presently used methods for algal culture to industry in a user-friendly form. 

	1998/307
Mudworm control

	· The major project outcome from this knowledge is a new sense of perspective regarding the risk of severe infestation, the avoidance of infestations and treatments to control outbreaks.
· This has led to an associated rise in investor confidence leading to renewed interest in sea based abalone farming. 
· Project findings have been made available directly to industry and specific discussions held on risk minimisation with some individual farms.
· As mudworms impacted mostly on the older animals, faster growth rates in the industry and improved husbandry have reduced impacts without costly intervention.

	2000/200
Management and communication 



	· Research project management and coordination has resulted in increased profitability and reduced risk for the Australian abalone aquaculture industry.
· The benefits arising from the subprogram structure and management have been significant as measured by: quality of science, industry planning of R&D, partnership approach to R&D execution, comprehensive extension program using novel media formats (e.g. interactive CD ROMs) and a high level of adoption. 
· It was estimated that the presence of a coordination component within the subprogram has resulted in savings in the operation of new and existing projects of at least $500,000. This has been achieved by improving project adoption, ensuring projects are appropriately costed, coordinated travel and workshop budgets combined with more efficient use of limited research funds. 
· Involvement and empowerment of industry in research projects has increased relevance and adoption of research outputs.   
· Effective communication of research implications in a timely and readily useable form.
· This investment has also delivered outcomes from projects funded prior to the commencement of its current term. 

	2000/201
Breeding

 
	· Given the success of the initial family establishments, it had been reasonable to anticipate that at least 100 families could be established and maintained in each state in a few spawning seasons. 
· Documentation of the breeding protocol, genetic evaluation system and R&D genetic business plan objectives were developed, setting the guidelines for the further development of the breeding initiative.
· The development of a selective breeding program in abalone could form a model for other aquaculture industries in Australia such as salmon, prawn and oyster industries.
· Decrease in production costs for abalone growers due to enhanced growth rates will lead to shorter production times for abalone of a given size, thus providing considerable savings on production costs.
· The development of genetically improved stock will provide a higher quality of product that may deliver a higher price. 
· A business case based on collaborative approach was drafted although it was not pursued further due to the viral outbreak in Victoria.
· Currently there are 2 abalone breeding programs in Australia. One is the breeding program on the farm that was not affected by the viral outbreak. More than 200 families have been established so far. They have used selected stock for commercial production. Benefits should start to accrue in 2010-11. Another program started building up founding families last summer in Tasmania.
· The industry is also investigating the possibility to establish a centralised abalone breeding program.

	2000/202
Cryopreservation


 
	· The availability of a protocol for the abalone aquaculture industry for the successful cryopreservation of abalone sperm means that farmers can cryopreserve abalone sperm on their farms. 
· The technology has the potential to significantly enhance the capacity of the abalone selective breeding project established in Australia because the improved stock can be protected by storing frozen sperm. 
· Other potential benefits include an increase in the efficiency of hatcheries as only female broodstock need be spawned the majority of the time; an increase in the chance of genetic improvement when crossing between distant populations or different species that breed asynchronously; and a reduction in the chance of disease translocation if broodstock and animal shipments are replaced by spermatazoa shipment. 
· At the end of the project, at least one abalone farm was planning to build a dedicated cryopreservation facility. However, the farm that was using cryopreservation has since been bankrupted due to a viral outbreak in 2006.
· Currently there is no specialised cryostorage facility available to the aquaculture industry in Australia, which prevents the use of cryopreservation commercially. 
· The industry supports an Australian Seafood CRC project to investigate options to establish a specialised centre(s) or use existing centres for livestock breeding programs or human assisted reproduction. 
· It is anticipated that the number of farms (or breeding programs) using cryopreservation will increase when the storage option is resolved.  

	2000/204
Spawning






	· Hatchery managers have utilised the information from this study to predictably condition and spawn wild-caught blacklip and greenlip abalone broodstock.
· The industry adoption of these procedures provides a reliable and continuous supply of high quality larvae allowing consistent production of seedstock for abalone farming in southern Australia.
· Information from the project provided greater confidence to farms who were already developing such practices.
· Controlled spawning is now widely adopted across the industry.
· Bringing the spawning season forward and spawning less frequently has reduced costs.    

	2000/205
Antibiotics








	· The study concluded that the potential for antibiotic use in abalone for disease control is limited, but currently possible, though oxytetracycline is still the only antibiotic with proven potential.
· Disease control through better understanding of the precipitating stresses offers better long term potential. This result has been translated into support for a project studying links between diet and summer mortalities, and for study of immunological and physiological changes in stress and abalone. 
· Other alternate control mechanisms with potential are bacterin or probiotic exposure prior to expected stress periods.
· Information from this research was extended to the Abalone Aquaculture Subprogram throughout the course of the project, and internationally to the 5th International Abalone Symposia. 
· The findings have reduced inappropriate use of antibiotics and husbandry practices for disease control have become more prevalent.

	2002/200
Summer mortality 

	· This project has alerted the abalone industry to some of the factors that are likely to predispose abalone to summer mortality and provided them with suggestions as to actions they can take to prevent it.
· The production of the water quality manual has provided the industry with a guide to improved management for abalone farming. 
· Increasing knowledge on water quality and optimising management may lead to less mortalities by reducing abalone stress and promoting a cleaner production environment.
· The manual and the exercise greatly focused commercial farmers minds on water quality – animal husbandry issues; this has resulted in greatly improved stock management standards on land based abalone systems (Steven Clarke, pers.comm., 2009).
· Abalone farmers have greatly improved the way in which they manage their farm’s environment and stock and this has helped reduce abnormal mortalities under normal summer conditions. 
· Summer mortalities are still an issue on many farms in Australia due to occasional more extreme climate conditions or other factors.  For example, the occurrence of extremely high water temperatures experienced during heat waves has been a problem in some areas; disease has been a problem in others.  
· The extent to which mortalities have been reduced due to the project alone is positive but not easily recognisable.

	2002/201
Survey of diseases







	· The overall outcome from this project has been a considerable expansion of knowledge on abalone diseases within Australia, knowledge of abalone pathology, a considerable expansion of the diagnostic resources available to the Australian abalone industries, and heightened awareness of both industry sectors. 
· The information from this survey has been widely distributed to industry, researchers and regulatory authorities, together with advice to assist in the establishment of ongoing abalone health surveillance programs.
· This knowledge and capacity has the potential to lead to earlier diagnosis of diseases and therefore more appropriate and more rapid treatment decisions if a disease outbreak occurs in future. 
· The results have been used in the industry health surveillance program and the survey may have brought forward the surveillance program.
· The project may provide a basis for developing a future translocation policy for the industry.

	2003/202
Planning and management 


	· Improvement in production technology for the successful commercial culture of the two commercially valuable abalone species, and knowledge and techniques that have allowed the successful feeding, health management, husbandry, genetic improvement, harvesting and sale of abalone from larva to market size through the implementation and facilitation of strategic research and extension.
· Reductions in the cost of conducting highly focused research into abalone aquaculture while improving the quality and quantity of outputs from the research program for the net benefit of the Australian abalone aquaculture sector.
· Improvements in the extension of research results arising from research into abalone aquaculture.
· The benefits arising from the subprogram structure and management have been significant as measured by: quality of science, industry planning of R&D, partnership approach to R&D execution, comprehensive extension program using novel media formats (e.g., interactive CD ROMs) and a high level of adoption. 
· Involvement and empowerment of industry in research projects has increased relevance and adoption of research outputs.   




Benefits 

Table 8 provides a summary of benefits for each of the projects. 


Table 8: Summary of Project Benefits

	Project
	Benefits

	1998/306
Settlement and growth
	· Reduced cost of production of farmed abalone. 

	1998/307
Mudworm control 
	· Increased confidence by investors at the time.  

	2000/200
Management and communication
	· Generated additional benefits compared to a situation if all projects were funded separately outside a formalised subprogram. 

	2000/201
Breeding
	· Reduced cost of production for at least one farm in the foreseeable future and was the original investment that will deliver future breeding benefits. 

	2000/202
Cryopreservation
	· No benefits realised to date but potential exists for the future to enhance breeding programs and accelerate benefits.  

	2000/204
Spawning 
	· Reduced cost of production of farmed abalone. 

	2000/205
Antibiotics
	· Reduction in inappropriate use of antibiotics with associated small cost reduction and potential market and environmental implications.

	2002/200
Summer mortality 
	· Emphasis transferred to husbandry and water quality issues with reduced cost of production.

	2002/201
Survey of diseases
	· Potential for reduced cost of production in future due to improved recognition and identification of diseases.

	2003/202
Planning and management 
	· Generated additional benefits compared to a situation if all projects were funded separately outside a formalised subprogram. 



Summary of Benefits 
Table 9 provides in a triple bottom line framework a summary of the principal types of benefits associated with the outcomes of the investment.  


Table 9: Summary of Benefits in a Triple Bottom Line Framework

	Economic
	Environmental
	Social

	1. Reduced production costs due to earlier spawning, improved settlement rates and growth rates  
	7. Avoidance of chemical treatments for mudworm control 
	10. Increased research capacity in new industry development  

	2. Increased investor confidence due to improved mudworm control options 
	8. Reduction in inappropriate use of antibiotics with a reduction in the potential for a negative environmental impact  
	

	3. Reduction in inappropriate use of antibiotics with associated small cost reduction and potential market implications
	9. Improved understanding of abalone diseases in natural ecosystems
	

	4. Reduction in cost of production due to improved genetics
	
	

	5. Potential reduction in future production costs due to lowered mortality due to diseases 
	
	

	6. Efficiency dividend from management as a subprogram 
	
	



The benefits identified above have been classified into other categories in Table 10. This provides a subjective assessment of the magnitude of each benefit and its distribution among beneficiaries.   

Table 10: Summary of Importance of Benefits by Beneficiary Type 

	
	Fishing industry
	Spillovers

	
	
	Other industries
	Public

	Economic
	1. ***
2. *
3. *
4. **
5. *
6. *
	
	6. *

	Environmental
	
	
	7. *
8. * 
9. *   

	Social
	
	
	10. *


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



Public versus Private Benefits 
Predominantly private benefits will arise from this cluster investment. On the basis of the distribution of the ten benefits listed in Table 10, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up 45% of the total benefits.  If the subjective weightings provided in Table 10 are taken into account, then 36% of the total benefits could constitute public benefits to Australia. 

Distribution of Benefits along the Supply Chain 
The cost reduction benefits will be captured by the farmed abalone industry. Some of the benefits will be passed along the supply chain to those adding value and to consumers.  

Benefits to Other Industries
It is likely that most industry benefits will be confined to the fishing industry, although new industry development across other primary industries may benefit from some of the knowledge generated.

Benefits Overseas
Some spillover benefits from some of the knowledge generated may accrue to overseas abalone farmers. 

Additionality and Marginality
The investment in the projects in aquaculture and in this cluster has been an important component of FRDC's total investment (medium priority). However, if FRDC had not received funding from government, less investment by FRDC would have been made. Further detail is provided in Table 11.

Table 11: Potential Response to Reduced Public Funding to FRDC

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

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

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



Match with National Priorities 
The Australian Government’s national and rural R&D priorities are reproduced in Table 12 (updated in May 2007 and current as of July 2009 (http://www.daff.gov.au/agriculture-food/innovation/priorities)).




 
Table 12: National and Rural R&D Research Priorities 2007-08

	Australian Government 

	National Research Priorities
	Rural Research Priorities 

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



The projects contribute to National Research Priorities 1, 3 and 4 (environmentally sustainable Australia, frontier technologies and safeguarding Australia). The investment was most strongly associated with Rural Research Priority 1, with some reference to Priorities 3 and 5.  The supporting priorities were both addressed by the investment.   


Quantification of Benefits

Benefits Valued 
Four benefits linked to the cluster investment in abalone R&D are valued in the following economic analysis. These are:
· the reduced costs of production of abalone from improved settlement and early    growth (1998/306) and from improved spawning (2000/204) 
· the reduced costs of production due to avoidance of antibiotic use (2000/205)    
· the reduced costs of production due to improved genetics (2000/201)
· the benefits from subprogram management (2000/200 and 2003/202)

The benefits identified but not valued in this analysis are: 
· the potential value of improved genetics in the future
· the potential value of cryopreservation in the future
· the future benefits from the disease survey
· some past benefits from mudworm control 

Production and Production Costs
Table 13 provides tonnage and value of Australian farmed abalone production over the past three years.   


Table 13: Farmed Abalone: Production and Value

	Year
	2006
	2007
	2008
	Three year average 

	Production (tonnes)

	Victoria
	161
	121
	166
	

	South Australia
	250
	196
	167
	

	Tasmania
	95
	152
	171
	

	Australia  
	506
	469
	404
	460

	Value (000$) 

	Victoria
	5,633
	4,344
	5,966
	

	South Australia
	8,222
	7,155
	5,151
	

	Tasmania
	3,753
	5,990
	5,803
	

	Australia
	17,608
	13,489
	16,920
	16,006

	Unit value  ($/tonne)

	Australia 
	34,798
	28,761
	41,881
	35,147


      Source: ABARE (2009)

The cost of production of abalone is based on the assumptions made in Weston et al (2001).  There it was reported that the operating cost for a 100 tonne farm was $24.8 per kg product marketed. A capital investment of $29.88 per kg of final product was also reported; this is approximately $4.86 per kg per annum if the capital investment is amortised over 10 years at 10% pa rate of return. So an estimate of the total cost of production is about $24.8 plus $4.9 per kg, totalling $29.7 per kg, with the cost production up to farm gate estimated at $27.6 per kg including all capital and overhead costs (excludes freight and marketing).   

This estimated cost of production to farm gate in 2001 has most likely fallen in real terms, with some of this fall due to the cluster investment. In 2008/09$ terms, the $27.6 per kg would be about $34.4 per kg. The average price received over the past three years has been about $35 per kg (Table 13).

The Weston et al study also provides a break down in operating and capital costs (Table 14).  


Table 14: Operating Costs for Production of Farmed Abalone
(100 tonne farm)

	Item
	Annual Cost per farm 
(2001 $)
	%
	Annual Cost per kg 
(2001 $)

	Juveniles
	1,110,700
	37.4
	11.1

	Feed 
	336,500
	11.3
	3.4

	Freight and marketing 
	215,000
	7.2
	2.1

	Electricity and fuel 
	250,000
	8.4
	2.5

	Labor 
	350,000
	11.8
	3.5

	R&M
	35,000
	1.2
	0.4

	Miscellaneous 
	7,500
	0.2
	0.1

	Security
	75,000
	2.5
	0.8

	Administration costs 
	100,000
	3.4
	1.0

	Capital costs 
	490,000
	16.5
	4.9

	Total 
	2,969,700
	100
	29.7



Reduced Production Costs 
The reduced cost of production due to the improved settlement, growth and earlier spawning due to the projects is assumed to be 30%, resulting in a cost reduction of $10.3 per kg (30% of $34.4 per kg). It is assumed that 90% of abalone growers have benefited from 2006/07 onwards and that 50% of these benefits have been due to the research investment. The other 50% accounts for the counterfactual representing what would have occurred in the industry without the investment analysed.

Improved Use of Antibiotics
The avoided use of antibiotics is assumed to represent a 1% fall in the total cost of production to farm gate ($34.4 per kg) for about 20% of the industry. It is assumed this benefit commences in 2006/07 for a five year period. 

Breeding 
Only one farm is assumed to benefit from the breeding program in the foreseeable future due to the viral setback. Benefits to this farm theoretically should commence in 2010/2011. It is assumed that the farm has an annual production of 150 tonnes. The gain is assumed to reduce the total cost of production at farm gate by 15% (first generation gain only) with the time of growing to full size reducing from 3.5 years to under 3 years.   

Efficiency Dividend 
This benefit is measured through the counterfactual assumption that the total benefit from each benefit source would have been 10% less if the program had not been integrated and coordinated. 

Summary of Assumptions
A summary of the key assumptions made is shown in Table 15.

Table 15: Summary of Assumptions

	Variable
	Assumption
	Source

	Reduced nursery costs –settlement rates, growth rate and earlier spawning   

	Cost of production of abalone 
	$34.4 per kg final product at farm gate   
	Based on Weston et al (2001)

	Reduced cost 
	$10.3 per kg (30% of $34.4) 
	Discussions with Justin Fromm and industry personnel 

	Proportion of industry benefiting 
	90%
	Discussions with Justin Fromm and industry personnel

	Attribution to FRDC projects 
	50%
	Consultant estimate  

	Year of first benefit 
	2006/07
	Consultant estimate 

	Impact of antibiotic knowledge 

	Cost of production of abalone 
	$34.4 per kg final product at farm gate   
	Based on Weston et al (2001)

	Savings in cost of production 
	1%
	Consultant estimate after discussions with Justin Fromm

	Proportion of industry benefiting
	20% of industry for five years  
	Consultant estimate 

	Year of first benefit 
	2006/07
	Consultant estimate 

	Improved genetics 

	Cost of production of abalone  
	$34.4 per kg final product at farm gate   
	Based on Weston et al (2001)

	Abalone tonnage affected by improved genetics 
	150 tonnes
	Discussions with Justin Fromm and industry personnel

	Reduction in cost of production 
	15%
	Discussions with Justin Fromm and industry personnel

	Year of first benefit 
	2010/11
	Xiaoxu Li 

	Subprogram management 

	Allowance for efficiency dividend 
	10% annual benefits across all benefits 
	Consultant estimate 




Results

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

The present value of benefits (PVB) from each source of benefits was estimated separately and then summed to provide an estimate of the total value of benefits.  Table 16 shows the sources of benefits, expressed as the PVB and the percentage of total benefits.    

Table 16: Source of Benefits (discount rate 5%, 30 year period)

	Benefit
	PVB
($m)
	% Total 

	Reduced farm gate costs from improved spawning, settlement and growth
	35.22
	70.0

	Reduced costs – antibiotics
	0.14
	0.3

	Improved genetics 
	9.90
	19.7

	Efficiency dividend from management 
	5.03
	10.0

	Total benefits 
	50.29
	100.0



Tables 17 and 18 show the investment criteria for the different periods of benefits for both the total investment and the FRDC investment.

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

	Years
	0
	5
	10
	20
	30

	Present value of benefits ($m)
	4.67
	16.50
	26.88
	41.38
	50.29

	Present value of costs  ($m)
	6.84
	6.84
	6.84
	6.84
	6.84

	Net present value ($m)
	-2.17
	9.66
	20.04
	34.55
	43.45

	Benefit–cost ratio 
	0.7
	2.4
	3.9
	6.0
	7.4

	Internal rate of return (%)
	negative
	17.1
	20.6
	21.9
	22.1



Table 18: Investment Criteria for FRDC Investment
(discount rate 5%)

	Years
	0
	5
	10
	20
	30

	Present value of benefits ($m)
	1.90
	6.72
	10.95
	16.85
	20.48

	Present value of costs  ($m)
	2.73
	2.73
	2.73
	2.73
	2.73

	Net present value ($m)
	-0.83
	3.99
	8.22
	14.12
	17.75

	Benefit–cost ratio 
	0.7
	2.5
	4.0
	6.2
	7.5

	Internal rate of return (%)
	negative
	18.0
	21.6
	22.8
	23.0



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 19 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 19: Benefits Valued and Rural Research Priorities
 
	Benefit
	PVB ($m)
	Product-
ivity and Adding Value
	Supply Chain and Markets
	Natural Resource Manage-
ment
	Climate Variabil-ity and Climate Change
	Biosecur-ity

	
	
	% subjective allocation to each priority

	Reduced production costs due to spawning, settlement and growth 
	35.22

	100
	0
	0
	0
	0

	Reduced costs – antibiotics
	0.14
	100
	0
	0
	0
	0

	Improved genetics 
	9.90
	100
	0
	0
	0
	0

	Efficiency dividend from management 
	5.03
	100
	0
	0
	0
	0

	Total  ($m)
	50.29
	50.29
	0
	0
	0
	0

	Total (%)
	100
	100
	0
	0
	0
	0



Sensitivity Analyses
Sensitivity analyses were carried out on some variables and results for the total investment are reported in Tables 20 and 21. 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 20 shows that the investment criteria are moderately sensitive to the discount rate.  

Table 20: Sensitivity to Discount Rate  
(Total investment, 30 years)

	Criterion 
	Discount Rate 

	
	0%
	 5% (Base)
	10%

	Present value of benefits (m$)
	90.32
	50.29
	33.84

	Present value of costs (m$)
	4.89
	6.84
	9.52

	Net present value (m$)
	85.43
	43.45
	24.32

	Benefit-cost ratio
	18.5
	7.4
	3.6



Table 16 showed that the cost reduction from improved spawning, settlement and growth rates contributed 70% of the total benefit value. Table 21 shows sensitivity of the investment criteria to the assumption regarding the magnitude of this cost reduction.  If there had been no settlement benefit, the other benefits would have still paid for the investment with a benefit cost ratio of 1.6 and an internal rate of return of 7.8%.   

Table 21: Sensitivity to Cost Reduction from Settlement/Spawning Projects    
(Total investment, 30 years)
 
	Criterion 
	Level of  Cost Reduction 

	
	5%
	30% (Base)
	50%

	Present value of benefits (m$)
	17.68
	50.29
	76.38

	Present value of costs (m$)
	6.84
	6.84
	6.84

	Net present value (m$)
	10.84
	43.45
	69.54

	Benefit-cost ratio
	2.6
	7.4
	11.2

	Internal rate of return (%)
	11.2
	22.1
	27.7



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



A confidence rating based on these two factors has been given to the results of the investment analysis (Table 22). The rating categories used are High, Medium and Low, where:
High:		denotes a good coverage of benefits or reasonable confidence in the 			assumptions made 
Medium:	denotes only a reasonable coverage of benefits or some significant 				uncertainties in assumptions made 
Low:	denotes a poor coverage of benefits or many uncertainties in assumptions made 

Table 22: Confidence in Analysis of Marketing 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 23. The investments analysed in this evaluation have addressed KPI C5. 

Table 23: FRDC Key Performance Indicators by Strategic Challenge as per R&D Plan 2005-2010 (a)

	Strategic Challenge 
	KPI

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

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

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

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

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


(a) Note that a number of projects were started under previous R&D Plans


Lessons Learnt for Future Investment

Lessons learnt from this analysis include:
· From an evaluation viewpoint this subprogram has been very difficult to evaluate due to the difficulty of contacting and obtaining responses from appropriate personnel. Of the six Principal Investigators for the ten projects, four had retired or moved overseas. Other people in the researcher organisations were not knowledgable enough of the industry or the specific project to be of assistance. FRDC could attempt to ensure some form of corporate responsibility is addressed in research organisations, but this may be difficult to enforce. This issue is part of a larger challenge of improving the tracking of outcomes for all investments.
· A second suggestion is that it would be helpful to resource allocation and subsequent economic evaluation if there was a standardised industry production budget available for the small and growing Australian aquaculture industries. Such a cost model could be developed to answer what if questions and assist priority setting within and between industries.  


Conclusions

Investment was made in a total of 10 projects within the abalone farming cluster with the FRDC contribution approximating 41% of the total costs involved.  

Eleven benefits were identified in the evaluation of which six were considered private benefits and five public benefits, with the latter being made up of one economic benefit, three environmental benefits and one social benefit. Of the four benefits valued, three were associated with reducing the cost of production of abalone and all fell into the private benefit category of increasing productivity and profitability. No public benefits were valued due to lack of evidence for causality.   

In the event that public funding to FRDC were cut by half, it is likely that some, but not all, of the investment would still have been funded.

The investment criteria estimated for the cluster were positive with a net present value (for all investment) estimated at $50 million and a benefit-cost ratio of over 7 to 1, all expressed in 2008/09 $ terms and estimated using a discount rate of 5% over 30 years from the final year of investment.  
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