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Background 

Pests and diseases have a significant impact on production costs in both the wild catch and aquaculture fishing industries. These costs are generally in the form of either prevention and treatment costs, or lost production due to pest and disease impact. There are also some concerns that fishing activity (particularly aquaculture) may itself lead to pest and disease problems, through intensity of production or moving species outside of their natural habitat.

Pests and diseases can also negatively impact on biodiversity and environmental and resource condition.  FRDC and industry have funded a significant number of projects aimed at understanding pests and diseases, the risks associated with them, and reducing their financial and ecological impact.  

In 2001, an Aquatic Animal Health Subprogram was established by FRDC that aimed to provide a cohesive and national approach to animal health research and development in Australia.  This cluster includes some projects that were funded through that Subprogram, and also some projects that were funded prior to the Subprogram’s development. 


The Cluster 
    
Projects 
Table 1 presents the details for each of the 13 projects included in this cluster. The projects in this cluster were those projects with final reports completed in the period from 1 July 2003 to 30 June 2008. This met the criteria for population definition in the guidelines for evaluation as communicated by the Council of Rural Research and Development Corporations. 

Table 1: Summary of Project Details

	Project Number 
	Project Title 
	Other Details

	1998/212
	Determination of the disease status of Western Australian commercial prawn stocks
	Organisation: Department of Fisheries WA
Period: Jun 1998 to Jun 2004
Principal Investigator: Brian Jones

	1999/205
	The effect of barramundi Nodavirus on important freshwater fishes
	Organisation: DEEDI Qld
Period: Jul 1999 to Jun 2005
Principal Investigator: Ian Anderson

	2000/151
	Control of Perkinsus disease in abalone
	Organisation: University of Queensland
Period: Sep 2000 to May 2006
Principal Investigator: Bob Lester

	2000/182
	Eradicating European carp from Tasmania and implications for national European carp eradication
	Organisation: Inland Fisheries Services
Period: Nov 2000 to Aug 2004 
Principal Investigator: John Diggle

	2000/267
	Development of a health management strategy for the silver perch aquaculture industry
	Organisation: Industry & Investment NSW
Period: Dec 2000 to Jun 2008
Principal Investigator: Stuart Rowland

	2001/044
	Establishment of the long-spined sea urchin (Centrostephanus rodgersii) in Tasmania: a first assessment of the threat to abalone and rock lobster fisheries
	Organisation: University of Tasmania
Period: Jul 2001 to May 2006
Principal Investigator: Craig Johnson

	2001/093
	Aquatic Animal Health Subprogram: strategic planning, project management and adoption
	Organisation: Department of Agriculture and Fisheries
Period: Nov 2001 to Nov 2005
Principal Investigator: Mark Crane

	2001/214
	Aquatic Animal Health Subprogram: development of a disease zoning policy for marteiliosis to support sustainable production, health certification and trade in the Sydney rock oyster
	Organisation: Queensland Museum
Period: Jan 2002 to Feb 2006
Principal Investigator: Robert Adlard

	2001/256
	Development and establishment of a national system for minor uses of products for the protection of livestock in aquaculture
	Organisation: Crop Protection Approvals Ltd
Period: Feb 2002 to Jun 2004
Principal Investigator: Peter Taylor

	2002/409
	Pathogenic Vibrio parahaemolyticus in Australian oysters
	Organisation: University of Tasmania 
Period: Aug 2002 to Aug 2003
Principal Investigator: Tom Lewis

	2002/414
	Development of techniques for quantification of stress-induced catecholamine changes in the hemolymph of the Pacific oyster (Crassostrea gigas)
	Organisation: SARDI
Period: Oct 2002 to Jan 2005
Principal Investigator: Xiaoxu Li

	2003/216
	Aquatic Animal Health Subprogram: detection and management of yellowtail kingfish (Seriola lalandi) health issues
	Organisation: South Australian Marine Finfish Farmers Association Inc.
Period: Aug 2003 to Oct 2005
Principal Investigator: Martin Hernen

	2003/402
	Identification of natural mudworm species in South Australian Pacific oyster (Crassostrea gigas) stocks
	Organisation: South Australian Oyster Research Council
Period: Aug 2003 to Feb 2005
Principal Investigator: Gary Zippel



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

	1998/212
Disease status of prawn stocks
	Rationale:
At the time the project was funded, Western Australia had approved a number of applications to farm prawns and there was increasing pressure to import postlarvae from Queensland.  Also, prawn farms using local stock were being developed in areas adjacent to wild stock fisheries. There were therefore some disease risks and there was almost no data available on the health status of existing prawn stocks within WA on which to base translocation decisions and disease management plans, other than the knowledge that virus diseases did occur.  

Objectives:
1. Detect and document the serious diseases and significant pathogens of wild penaeids in Western Australia.
2. Develop a database of disease, location and prevalence that can assist both government and industry in making informed decisions about translocation of stock.

	1999/205
Barramundi Nodavirus 
	Rationale:
There was a need to address concerns about the risk of possible lethal transmission of barramundi nodavirus to freshwater fishes already under threat in their natural habitat.  Knowledge of the persistence of barramundi nodavirus in the environment could allow fisheries managers to decide on effective conditions for barramundi farming licences that minimised the risk of transferring virus outside the culture facility.

Objectives:
1. To establish a standard infection model for barramundi nodavirus in barramundi larvae and fry.
2. To more accurately define the range of fish species that can actually be infected by barramundi nodavirus, the effect of the virus on these fishes and the infectious dose.
3. To determine the sensitivity of the barramundi nodavirus to a range of environmental conditions and to disinfectants.
4. To evaluate the cell culture isolation system as a method of detecting nodavirus in asymptomatic carrier fish.

	2000/151
Perkinsus disease in abalone 
	Rationale:
Disease, particularly Perkinsus disease, was seen as the fourth major risk to the sustainability of the abalone fishery in SA.  Perkinsus disease was causing ongoing losses to the industry, losses that were expected to increase with global warming unless some action was taken to curb the disease.  This project sought to explore one approach that may be feasible to control Perkinsus and thus reduce its impact on the industry.

Objectives:
1. To determine the extent and nature of Perkinsus infection around Taylor Island, identification of possible reservoir hosts, the production of an epidemiological model, and recommendations on appropriate management methods.

	2000/182
Eradicating European carp 
	Rationale:
Development of control techniques for carp had been given high priority in FRDC and the Carp Control Coordinating Group (CCCG) reviews of Australia’s carp problem. Carp control was hampered by a lack of techniques. Carp control techniques that can be used in larger water bodies are lacking, and it was proposed to modify a standard control technique (physical removal through fishing) so that it can be used to eradicate carp from larger water bodies.

Eradicating carp from Tasmania was to provide the basis to rehabilitate what were once two of Tasmania’s finest trout fishing lakes contributing a $30 million fishery comprising a mix of recreational fishers, commercial fishing guides, tourism operators, and equipment manufacturers. At the same time it could remove the risk of carp escaping from these lakes and causing extensive environmental and habitat damage to lowland rivers, lakes and reservoirs with the resulting loss of freshwater habitat and water quality.

Objectives:
1. Use existing Lake Crescent carp capture data to develop a risk assessment model (based on characteristics of recorded catches) that will determine the number of male fish to leave in Lake Crescent while fishing down the females, and the period of fishing required to ensure that the Lake is free of female carp at a level of risk required by managers.
2. Conduct the first three years of a strategic fishing plan to eradicate carp from Lake Crescent.
3. Interpret catch per unit effort and mark and recapture data collected since the start of the fishdown (1995) to develop a population model and determine the population characteristics of the Lake Crescent and Lake Sorell carp populations.
4. Use the models developed in steps 1 and 3 to determine the number of male carp to add to Lake Sorell as female aggregators, and the strategic fishing plan necessary to achieve eradication of females from this lake at the level of risk required by managers.
5. Monitor the results of the selective fishdown of male carp. Determine the extent to which they validate the model predictions and any problems or concerns in using selective removal of males to eradicate the population.
6. Ensure that the successful results get distributed widely to promote the mindset that feral fish can be eradicated and to provide the techniques for that eradication.

	2000/267
Silver perch aquaculture health 
	Rationale:
At the time of the project being funded there were about 180 licensed silver perch growers in all states; however, only about a third of these were producing fish commercially. Most farms were inefficient and not producing near their potential. Consultation with industry has identified that research into winter diseases and health management was a high R&D priority. 

Objectives:
1. Identify and characterise the causes of winter disease and other important diseases of silver perch.
2. Identify cost-effective control and preventative measures for these diseases.
3. Develop, validate and extend "Health Management Programs" which can be modified to suit the needs of individual farms.
4. Implement and validate a health management plan with major silver perch producers.
5. Evaluate the efficacy of formalin and copper against ichthyophthirius multifiliis infestations and saprolegniosis outbreaks during winter.
6. Production of an updated health management plan for silver perch.

	2001/044
Sea urchin threats 
	Rationale:
If the long-spined sea urchin behaves in Tasmania as in NSW, then large tracts of reef habitat could be destroyed and concomitant reductions in abalone and rock lobster fisheries were likely. Given fixed quotas, this could have the effect of increasing effort in productive habitat that has not been affected by urchins. It was imperative to assess whether the urchin was likely to behave in Tasmania as in NSW, and therefore whether it posed a significant threat to reef-based industries in Tasmania.

Objectives:
1. To ascertain the distribution of Centrostephanus rodgersii ‘barrens’ and C. rodgersii populations on the east coast of Tasmania in an initial assessment of (a) the potential threat of the urchin to fisheries, and (b) development of an urchin industry.
2. To compare the standing stock of abalone and rock lobster on C. rodgersii ‘barrens’ with that on equivalent adjacent reef supporting native algal assemblages.

	2001/093
Aquatic Animal Health Subprogram
	Rationale:
Since 1992, the FRDC had contributed more than $11 million to over fifty projects related to aquatic animal health. Due to project diversity and cross-linkages to several FRDC Programs and existing Subprograms, well-facilitated project management was a fundamental requirement to ensure efficiency and effectiveness in delivering and extending results and could be facilitated by a dedicated Subprogram with a leader and supporting infrastructure. 

Objectives:
1. Coordinate the FRDC Subprogram Aquatic Animal Health (project applications, workshops, communication) including the Program Activities funded under the AFFA/FRDC Agreement (Agreement between Commonwealth of Australia and Fisheries Research and Development Corporation ABN 74 311 094 913 for the delivery of Program Activities under the Building of a National Approach to Animal and Plant Health program).
2. Set strategic directions for aquatic animal health R&D in Australia.
3. Facilitate the dissemination of information on, and results from, aquatic animal health R&D.
4. Develop and implement a dedicated communication strategy for aquatic animal health R&D in Australia.

	2001/214
Rock oyster disease zoning 
	Rationale:
The rock oyster industry in Australia had the potential to expand its international exports, which in turn required compliance with international regulations on oyster health with a transparent health audit trail.  The techniques of surveillance and diagnosis for molluscan pathogens required by the OIE for imported oyster products were not only stringent and accepted as the worldwide standard, but were also applicable to domestic requirements within Australia. There was an initial 2 year period of surveillance before a zone could be granted a disease-free status, with ongoing surveillance required for this status to be maintained.

The development of a zoning policy framework for marteiliosis was seen to provide a valuable opportunity to implement and field-test Australia’s zoning policy guidelines in a practical context to assist with the development of further zoning policies for diseases of aquatic animals.  

Objectives:
1. The primary objective is to implement and field-test the zoning policy framework developed under Aquaplan in a practical context and to facilitate the development of further zoning policies for other significant diseases of aquatic animals.  This will be conducted using marteiliosis as a case study to develop an effective zoning policy that is consistent with internationally recognised (OIE) standards.  The zoning policy will aim to:    
a. Reduce the risk of introducing this pathogen into the remaining disease-free production areas; and  
b. Facilitate domestic and international market access for the industry.
2. The sub-objectives necessary to achieve this are to:    
a. Identify through sampling and appropriate diagnosis marteiliosis-free and marteiliosis-endemic estuaries within oyster culture areas;   
b. Determine the specific identity of Marteilia sp. from positive samples through ultra-structural and molecular diagnostics;   
c. Develop a rational and effective program of surveillance for marteiliosis, based on occurrence and an assessment of risk for each oyster producing estuary;  
d. In consultation with fisheries managers and industry, develop a coastal zoning plan for marteiliosis.

	2001/256
Minor use permits for chemicals 
	Rationale:
All substances that fit the definition of agricultural and veterinary chemicals under the Chemical and Veterinary Chemicals Code Act 1994 must be registered by the National Registration Authority before they could be supplied, sold or used in Australia.  In addition, any produce derived from livestock that had been treated with such substances must comply with Maximum Residue Limits as specified in Part 14 of the ANZFA Food Code.

The cost of generating data and assembling submissions for registration of substances was high. Aquaculturists frequently suffer from a lack of legal access to livestock protection products because the industries were too small individually for agrochemical or veterinary companies to bear the high cost of registering products for use on them.

Growers affected by the problem were increasingly trapped in a situation where they face severe losses from pests and diseases if they did nothing to protect their fish, or have their produce rejected by the marketplace if they used a product that was not registered.  

Objectives:
1. Establish a producer driven system for determination and prioritisation of the requirements of the various sectors of aquaculture for registered products.
2. In consultation with industry bodies, establish frameworks for the ownership of data and permits and for the ongoing servicing and renewal of permits.
3. Establish a network of consultants and research establishments to implement residue and efficacy studies.
4. Modify in-house software to provide aquaculture specific applications for project management and protocol generation.
5. Develop standard operating procedures and a blueprint for the ongoing operation of the new system.

	2002/409
Vibrio pathogens in oysters 
	Rationale:
In 1999, Seafood Services Australia (SSA) initiated a risk-based approach to assessing and managing hazards and a risk assessment on vibrios in oysters was undertaken as part of this. The risks associated with the three main species: V. parahaemolyticus (Vp), V. vulnificus and V. cholerae were assessed. For Australia, no work on pathogenic Vp in oysters could be found, which introduced a great deal of uncertainty to the assessment. 

In March 2002 the FAO/WHO team was to develop a global risk assessment of Vp in oysters. The RA would utilise the US risk model and insert data from the oyster industries of Canada, New Zealand, Australia and Japan. If no Australian data were available on levels of Vp, the modellers would be required to make assumptions which may well be disadvantageous to the Australian industry. 
This project was designed to provide evidence of the occurrence and prevalence of pathogenic and non-pathogenic V. parahaemolyticus in Australian oysters. 

Objectives:
1. Obtain total Vibrio spp. and total V. parahaemolyticus counts from oysters from NSW, SA and Tasmania.
2. Determine prevalence of pathogenic V. parahaemolyticus amongst these isolates.
3. Compile and analyse data for potential inclusion in the FAO-WHO global risk assessment of Vibrio parahaemolyticus in oysters.

	2002/414
Pacific Oyster 
stress physiology 
	Rationale:
One of the major problems facing the Pacific oyster industry throughout southern Australia was minimising the impacts to the animals resulting from general farming activities such as grading and transportation and the processing before oysters were sold at the market. A few factors had been suggested to be associated with the impacts. However, these predisposing factors for the loss of stocks could not be distinguished simply because the methods, which could be used to measure the physical changes of the stressed animals, had not been available. 

If the method developed by Locoste et al (2001) for determining the haemolymph catecholamine levels in oysters could be confirmed as suitable for use in the South Australian environment using the facilities at SARDI, the suspected predisposing factors – temperature, grading, transportation, disease infection, the combinations of these factors, etc, for the stock losses in Australia, could then be identified. The performance of the oysters could then be improved by adopting the best techniques and equipment currently used by the farms and processors or by developing new farming technologies which take into account the physiological requirements of the animals. The methods and equipment currently used by oyster farms and processors had been developed mainly because of their convenience to the farmers, cost effectiveness and the ecological requirement of the animals, not because they optimised the quantity of the product.

Objectives:
1. Evaluate, modify and optimise the published methodologies to quantify oyster haemolymph catecholamine levels in the South Australian environment using the equipment available at SARDI.
2. Establish a standard protocol for oyster blood sample collection, preservation and transportation, which will minimise the time effect on the accuracy of the proposed analysis, so that the technologies are useful across the remote oyster farming areas in South Australia.

	2003/216
Yellowtail Kingfish health 
	Rationale:
A Yellowtail Kingfish (YTK) Aquaculture Industry R&D Committee had recognised disease management and disease risk identification as high priorities in a 2003-2008 draft Strategic R&D Plan.  Australia’s lack of vaccine and drug availability to aquaculture made other forms of prevention the best and most cost-effective strategy for managing disease for Australia.  There were four requirements that must be addressed in order to have an effective preventive program including a preliminary assessment of the risks of disease development and amplification; a mechanism for early detection and categorisation of potential fish health problems; an ongoing system of vigilant observation and recording in the form of action-based detection of emerging changes; and the identification of actions that should be taken in response to laboratory and disease-related findings.

Objectives:
1. To review and compile Yellowtail Kingfish health information from the industry, scientific literature and both national and international research organisations.
2. Determine the objectives and needs of a generic farm-level YTK disease identification system.
3. Identify the obstacles and opportunities for the recognition and diagnostic confirmation of YTK diseases.
4. Provide the YTK industry with a qualitative and relative fish health risk assessment, and propose generic health management control measures.

	2003/402
Pacific oyster mudworms 
	Rationale:
In South Australia and all other countries spionid polychaete (‘mudworm’) infestations were a major problem for oyster growers and have large financial impacts. The economic costs to growers are significant, however these losses were not through mortality, but rather growers experiencing mudworm problems having to  provide extra oysters when selling to their buyers to compensate for losses from mudworm infestations.  In South Australia the species causing damage are not well known. It is for this reason that South Australian Oyster Research Council (SAORC) wanted to implement a survey to gain an understanding of mudworm species found in SA to assist industry with the management of this pest.

Objectives:
1. Design and conduct a survey of spionid polychaetes (mudworm) to identify natural species and life cycle from South Australian oyster growing regions.
2. Work with SA scientists to train them in the identification of SA mudworm species.
3. Identify the best management techniques to reduce mudworm infestation rates in SA.
4. Communicate advice to farmers through a workshop format.



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

	1998/212
	25,726
	38,285
	31,129
	0
	13,307
	32,794
	0
	0
	0
	0
	141,241

	1999/205
	0
	77,225
	39,424
	0
	0
	19,712
	13,164
	0
	0
	0
	149,525

	2000/151
	0
	0
	59,675
	60,855
	62,617
	21,563
	21,563
	21,476
	0
	0
	247,749

	2000/182
	0
	0
	28,962
	44,085
	30,423
	0
	71,022
	0
	0
	0
	174,312

	2000/267
	0
	0
	25,019
	50,017
	49,569
	24,570
	33,990
	16,995
	0
	16,995
	217,155

	2001/044
	0
	0
	0
	49,987
	27,332
	13,303
	11,327
	11,327
	0
	0
	113,276

	2001/093
	0
	0
	0
	75,568
	67,002
	84,680
	56,814
	0
	0
	0
	284,064

	2001/214
	0
	0
	0
	85,767
	58,743
	69,641
	55,754
	11,321
	0
	0
	281,226

	2001/256
	0
	0
	0
	40,300
	22,900
	11,680
	0
	0
	0
	0
	74,880

	2002/409
	0
	0
	0
	0
	13,795
	200
	0
	0
	0
	0
	13,995

	2002/414
	0
	0
	0
	0
	15,198
	7,599
	2,533
	0
	0
	0
	25,330

	2003/216
	0
	0
	0
	0
	0
	45,609
	40,722
	9,599
	0
	0
	95,980

	2003/402
	0
	0
	0
	0
	0
	1,000
	4,000
	0
	0
	0
	5,000

	Total
	25,726
	115,510
	184,209
	406,579
	360,706
	332,351
	310,939
	70,718
	0
	16,995
	1,823,733


       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

	1998/212
	41,767
	62,157
	50,539
	0
	21,604
	53,242
	0
	0
	0
	0
	229,308

	1999/205
	0
	121,656
	62,106
	0
	0
	31,053
	20,738
	0
	0
	0
	235,553

	2000/151
	0
	0
	60,892
	62,096
	63,894
	22,003
	22,003
	21,914
	0
	0
	252,803

	2000/182
	0
	0
	171,030
	260,336
	178,595
	0
	419,408
	0
	0
	0
	1,029,369

	2000/267
	0
	0
	93,192
	186,307
	184,638
	91,520
	126,608
	63,304
	0
	63,304
	808,873

	2001/044
	0
	0
	0
	77,755
	42,515
	20,693
	17,619
	17,619
	0
	0
	176,201

	2001/093
	0
	0
	0
	235,061
	208,416
	263,405
	176,725
	0
	0
	0
	883,607

	2001/214
	0
	0
	0
	84,912
	58,157
	69,947
	55,198
	11,208
	0
	0
	278,422

	2001/256
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2002/409
	0
	0
	0
	0
	5,175
	75
	0
	0
	0
	0
	5,250

	2002/414
	0
	0
	0
	0
	11,409
	5,705
	1,902
	0
	0
	0
	19,015

	2003/216
	0
	0
	0
	0
	0
	14,636
	13,084
	3,080
	0
	0
	30,800

	2003/402
	0
	0
	0
	0
	0
	2,400
	9,600
	0
	0
	0
	12,000

	Total
	41,767
	183,812
	437,760
	906,437
	774,403
	573,678
	862,884
	117,126
	0
	63,304
	3,961,201


     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
	25,726
	41,767
	67,493

	2000
	115,510
	183,812
	299,322

	2001
	184,209
	437,760
	621,969

	2002
	406,579
	906,437
	1,313,046

	2003
	360,706
	774,403
	1,135,109

	2004
	332,351
	573,678
	906,029

	2005
	310,939
	862,884
	1,173,823

	2006
	70,718
	117,126
	187,844

	2007
	0
	0
	0

	2008
	16,995
	63,304
	80,299

	Total
	1,823,733
	3,961,201
	5,784,934




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

	1998/212
Disease status of prawn stocks
	· Information was acquired on the disease status of the commercial prawn species on the northwest shelf and Shark Bay with the examination of over 2,500 prawns for disease. The information indicates that the prawns are free of gill-associated virus (GAV) but are exposed to Monodon baculovirus-like virus (MBV-like virus) and Hepatopancreatic parvo-virus (HPV).
· The project did not negate the hypothesis that the prawn stocks to the west of the Torres Strait have a distinctive parasite fauna.
· The project has provided a greater understanding of the histopathology of prawns in Australia.
· Western Australia sourced Penaeus monodon prawns were free from GAV, while this species is affected by a number of viruses in combination with GAV in both Queensland and New South Wales. 

	1999/205
Barramundi Nodavirus 
	· Experiments were undertaken to infect barramundi by bath exposure (virus added to water with fish) and by direct injection of the virus into the barramundi fry’s body.
· The signs of Viral Nervous Necrosis, deaths and pathology typical of Viral Nervous Necrosis were seen in both bath and direct injection infections. 
· A bath infection of barramundi was achieved in freshwater, suggesting barramundi Nodavirus infection was theoretically possible outside a seawater environment.
· Bath and injection infections were attempted in two age groups of four species of important freshwater recreational fishes.  At no time were these fishes infected by bath exposure to the virus. However, all the fishes were susceptible to infection by injection.
· Initial indications therefore suggest that freshwater fishes would not be susceptible to nodavirus infections in natural environments. However further testing is required to determine if younger fish than those tested (younger than 6 weeks) would be susceptible. 
· Previously, a barramundi brain cell line had been developed to support the growth of barramundi nodavirus in the laboratory.  This was used in this research project, however it was found that after dividing and regrowing about 35 times the cell line transformed and the cells were no longer able to support the growth of barramundi nodavirus in the laboratory.
· This transformation led to some aspects of the project not being completed.
· Knowledge has been created on the Australian application of a sensitive molecular detection test for nodavirus in healthy fishes. The technology utilised a precise molecular key to recognise the nodavirus genetic sequence and the polymerase chain reaction (PCR) to amplify a molecular product.

	2000/151
Perkinsus disease in abalone 
	· The study demonstrated that the Perkinsus disease from Australian abalone and other Australian bivalves all belonged to the same species, Perkinsus olseni, and that this was a senior synonym for Perkinsus atlanticus. 
· Survey data showed that there was no significant host of Perkinsus in the area other than blacklip abalone.
· Both laboratory and field observations showed that the parasite did not appear to kill the abalone. Rather, the protozoan appears to be encapsulated by the host and killed or ejected.
· It was hypothesised that transmission is associated with rupturing abscesses on adult abalone, or that infected abalone are eaten by fish, with parasites passing through the gut and forming zoospores on being ejected in the faeces.
· It was hypothesised that reasons for hotspots of infection in South Australia may relate to localities where abalone are occasionally stressed, and this allows the parasite to replicate before being contained by the abalone’s immune response.
· It was recommended that old abalone with abscesses should be removed from hotspots, and the rate of new infections over the following three months be measured. It is hypothesised that the removal of the animals with abscesses should reduce the prevalence of the disease in resident animals over several years. 

	2000/182
Eradicating European carp 
	· Development and use of a mark and recapture program to monitor the success of the ongoing fishdown strategy to control carp in Lake Crescent and Lake Sorell. This model can be generalised to other lakes. 
· The population size for Lake Crescent was estimated at 32 fish in November 2003. No mark and recapture population estimate was possible for Lake Sorell as the fish were too small to sex, and therefore all fish captured in the lake have been killed.
· A major constraint on the use of the model was inconsistency in data collection over the years, and as part of this project a database was developed to assist consistent data entry.
· Analysis of catch and effort data, as well as the data on carp tagged and recaptured multiple times, has shown the variability of behaviours in carp populations that can have important implications for ongoing eradication.
· Observations on the effectiveness of different approaches to carp eradication were documented as part of the project. 

	2000/267
Silver perch aquaculture health 
	· Final report was also for 2004/089 – a one year extension to 2000/267.
· Seven commercial silver perch farms in coastal and western regions of NSW as well as the Grafton Aquaculture Centre (GAC) participated in the study.
· A generic Health Management Plan (HMP) was developed in the first six months of the project and consisted of advice on farm design and operation, pond management, fish husbandry, water quality management and disease diagnosis and treatment.
· The HMP was implemented at GAC and extended to participating farmers.
· The history and current status of infectious diseases in silver perch aquaculture were determined using published scientific records, and data from GAC over the 15 year period 1991-2005 and from commercial farms over four years (2001-2004).  
· The number of known pathogens and infectious diseases of silver perch has increased from 4 in 1983 to 20 in 2005.
· Three protozoan parasites and a monogenean gill fluke accounted for around 80% of all records at GAC and on commercial farms.
· During the first three years of the project, application of the generic HMP was successful in controlling most diseases; however winter saprolegniosis and ichthyophthiriosis continued to cause serious problems on some commercial farms during winter. 
· During the project, extension and disease diagnostic support was provided to participating farmers.
· A manual titled “Diagnosis, Treatment and Prevention of the Diseases of the Australian Freshwater Fish Silver Perch (Bidyanus bidyanus)” was prepared using the results of this project and previous fish health research.
· A series of key recommendations for the health management of silver perch was provided in the report.

	2001/044
Sea urchin threats 
	· The pattern of distribution of the long-spined sea urchin Centrostephanus rodgersii over 40 years in Bass Strait was analysed. The results suggested that the incursion of C. rodgersii into Tasmanian waters was from the north, and spread on the east coast of Tasmania propagated from an ‘epicentre’ in the vicinity of St Helens in the northeast. It was suggested that the initial incursion was via larvae transported from NSW in the East Australian Current.
· It was found that on the east coast of Tasmania there is a clear negative relationship between the abundance of C. rodgersii and the density of commercially fished abalone and rock lobster.  
· Abalone and rock lobster are unlikely to occur in commercial quantities on C. rodgersii barrens habitats.
· It was concluded that given the spatially patchy distribution of existing and potential barrens, a stronger focus on spatial management of fisheries on the east coast of Tasmania may be warranted. 
· There is the need to improve the capacity to predict future patterns of barrens habitat, including understanding the mechanisms that initiate barrens formation and that determine the position and dynamics of boundaries between habitats.
· It was recommended that management intervention to limit the spread of C. rodgersii barrens in Tasmania is warranted.

	2001/093
Aquatic Animal Health Subprogram
	· The Aquatic Animal Health (AAH) Subprogram managed a total of fifty projects.
· The AAH Subprogram developed a Strategic Plan (2002-2007) to guide the Subprogram to fulfil its objectives and provide leadership, direction, and focus for aquatic animal health R&D and other related non-R&D activities.
· The plan was updated in mid-2003 to reflect the outcomes of a foresighting workshop.
· All projects within the Subprogram were developed following a dedicated stakeholder consultation process to ensure relevance as well as avoid duplication of research.
· A Scientific Conference for the Subprogram was held in October 2003. Over 40 aquatic animal health specialists including representatives from Australian and State governments, universities and other academic institutions participated in the conference. 
· A quarterly newsletter called Health Highlights was produced and reported on progress made in Subprogram projects.
· Together, the subprogram produced improved diagnostic capability and ten Standard Diagnostic Techniques for priority aquatic animal diseases; twenty-one AQUAVETPLAN aquatic animal disease emergency management manuals or other training resources; and ten training exercises to enhance the disease emergency management capability of industry and government personnel.

	2001/214
Rock oyster disease zoning 
	· The design of field sampling to identify disease infected oysters was assessed and found to be appropriate and robust.
· Appropriate tests for diagnosis of disease were assessed and it was found that polymerase chain reaction (PCR) was the most sensitive diagnostic test.
· Combined surveillance results from 2001 (NSW estuaries only), 2002-03 (NSW and Queensland estuaries) and 2004 (Queensland estuaries only) demonstrated some significant departures from the geographic distribution expected for QX disease. 
· When PCR techniques were used for diagnosis in estuaries that had never recorded the disease, it was realised that the organism was more widespread than previously indicated by other diagnostic testing or disease outbreaks.  
· It was found that the disease agent is not limited geographically to those estuaries that experience periodic outbreaks, and is actually in most rock oyster growing areas on the east coast of Australia.
· It was found that disease is likely to be regulated through a combination of the dynamics of the parasite lifecycle, the level of oyster fitness, and environmental factors.
· The results indicate that it might be argued that management by quarantine is no longer appropriate, however until the biology of the oyster disease and its host are better understood the precautionary principle should be upheld.
· Local management of oysters should focus on disease seasonality and stock rotation to avoid the high risk periods in mid to late summer.

	2001/256
Minor use permits for chemicals 
	· The minor use system developed for the horticulture industries was used as a model for an aquaculture specific system in which industry sectors identify and prioritise their needs for veterinary chemical products and pass them to an appointed consultant coordinator.
· The individual items are then analysed by the consultant in terms of availability of alternatives, environmental considerations etc.
· It is planned that ongoing maintenance of the system will be contracted by the National Aquaculture Council (NAC) to a consultant.
· Pilot uses of the minor use system during the life of the project included the consolidation of existing and expired permits for formalin into a single permit for aquaculture industries; permits for hydrogen peroxide; and for benzalkonium chloride.

	2002/409
Vibrio pathogens in oysters 
	· The project examined samples of oysters from NSW, Tasmania and South Australia for the total and pathogenic V. Parahaemolyticus.  Total V. Parahaemolyticus was found in 80% of NSW oysters, 60% of Tasmanian and 20% of SA oyster samples, with levels ranging to 2000/g.
· Pathogenic strains were found in 20% of NSW and Tasmanian oysters and in 10% of SA oysters with maximum levels being 350/g in NSW samples, 300/g in Tasmanian and 200/g in SA oysters.
· The prevalence and levels of both total and pathogenic V. Parahaemolyticus established in the study were much lower than those recorded in the USA, where the organism can be present in 100% of oysters at harvest levels up to 10,000/g, and at post harvest levels of 1 million/g. 

	2002/414
Pacific Oyster 
stress physiology 
	· Evaluation and optimisation of a test to use on Pacific oysters grown in South Australian waters to quantify oyster haemolymph catecholamine quantification. Such a test enables stressed caused by current farming technologies to be assessed.
· The test was successfully used in the project, however it was still to be determined what the optimal time would be to sample blood.

	2003/216
Yellowtail Kingfish health 
	· Interviews and questionnaires in Australia and Japan were used to elicit information from four main groups of experts: fish culturists, government officers, researchers and laboratory service professionals. 
· An extensive literature search of papers on diseases and related topics in the same genus, Seriola.
· A substantial bibliography, literature review, a list of 41 plausible hazards to YTK health, and a risk analysis were developed.
· The lack of published information about YTK was considered a noteworthy risk to the health of kingfish.
· A number of priorities for ongoing R&D and other activity were identified by the various stakeholder groups interviewed.
· A guidebook titled “A Photographic Guide to the Diseases of Yellowtail (Seriola) Fish” was published as an adjunct component of this project.

	2003/402
Pacific oyster mudworms 
	· A minor mudworm survey was carried out, in seven different growing areas over a two day period in Adelaide.  The survey was only minor in scale, but provided a forum to train the SA industry and scientist representatives in the sampling, preservation and identification of mudworm.
· The mudworm species identified from the survey were different from previously recorded species, which raised concerns and questions regarding the problematic species in SA. This highlighted the need for more investigative work and further research in this area.
· A growers’ workshop was held to present results from the survey, and with two scientists as keynote speakers. Twenty five oyster farmers attended the workshop. There was general interactive discussion among the participants regarding future investigative work required to understand the life cycles of problematic species, and the development of specific management techniques that could be used to break their life cycles. 
· Some experimental work carried out as part of the project showed that it is easier and much less expensive to prevent mudworm infestation than cure it. It was confirmed that the best way to avoid mudworm infestation, is to manage growing height as mudworm thrive in areas where there is protection and food. This is most commonly found when growers reduce their growing height to gain extra growth.   




Outcomes

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

Table 7: Summary of Project Outcomes

	Project
	Outcomes

	1998/212
Disease status of prawn stocks
	· The data acquired in the project are of use in documenting Australia’s prawn disease status, and contributed to ensuring that green prawns for recreational bait could not be imported due to disease risk.
· The results indicate that controls on movement of prawns from other States to Western Australia should either remain or be strengthened. However, the existence of a GAV-free stock in WA has been of use in projects looking at stock enhancement using hatchery reared prawns (having access to disease-free stock) and in accessing disease free stocks for breeding programs for aquaculture in Queensland and NSW. 
· The project has resulted in the development of closer ties between the Fish Health Laboratory in Western Australia and the CSIRO.

	1999/205
Barramundi Nodavirus 
	· Confirmed that management of barramundi translocations outside their natural range requires fisheries authorities should take into account the risk that barramundi nodavirus may lethally infect native freshwater fishes, however it showed this risk was likely to be minimal.
· Knowledge on the molecular detection test has led to industry and government support for further research on diagnostic test development for nodaviruses.
· The barramundi hatchery sector subsequently supported a research project to apply the molecular detection test to screen captive barramundi breeders for nodavirus with the aim to produce nodavirus-free barramundi fry (FRDC project 2002/043). This has been achieved through bathing barramundi eggs in order to kill the virus and therefore preventing passing of the virus through generations.
· The importance of cell lines for the diagnoses and culture of nodaviruses was recognised nationally as a result of this project and further research was funded (FRDC project 2001/626).

	2000/151
Perkinsus disease in abalone 
	· It was demonstrated that this parasite is widely distributed across the old world (Australasia, Korea, Japan, Portugal, Spain) and therefore it is possible the Office International de Episooties (OIE) will remove it from their list of notifiable diseases, and therefore removing one of the barriers to export of Australian molluscs. However, this has not occurred at this time. 
· While the understanding of the disease has increased, there have not been any significant management changes relating to the disease at this time.

	2000/182
Eradicating European carp 
	· Provided ongoing data and support to the carp eradication scheme taking place in Lakes Crescent and Sorell. Carp have now been eradicated from Lake Crescent, and until recently there were a very small number of carp remaining in Lake Sorell. However there has recently been a setback in Lake Sorell with a spawning event in spring 2009 (Ford, 2010). The eradication program in Lake Sorell is therefore ongoing.
· Produced a model and information regarding tag and release methods, and fish behavior, that are useful for other carp eradication programs within similar Australian lakes.
· Contributed to other scientific work being undertaken on carp in Tasmania, including a PhD through the Invasive Animals CRC on genetic manipulation of carp.

	2000/267
Silver perch aquaculture health 
	· The diagnostic support provided to participating farmers resulted in greatly increased knowledge of silver perch diseases and skills in using microscopes and diagnosing and treating diseases.
· The generic Health Management Plan and diagnosis manual has assisted in disease diagnosis, treatment and prevention, and general health management on silver perch farms. The booklet is very farmer friendly and water-proof, and is an essential and frequently used resource for those staff of silver perch farms involved with health monitoring and management.
· The NSW DPI has ceased providing aquaculture extension and disease diagnostic support to silver perch and other aquaculture and fisheries industries, which makes the availability of the diagnosis manual of even greater value. 
· The diseases status of silver perch has improved since this project. 
· During the course of the project a “Hatchery Quality Assurance Program for Murray Cod, Golden Perch and Silver Perch” was prepared to address concerns about diseases as well as genetics and trash fish in the native fish hatchery industry. Development of this program was not part of 2000/267, but 2000/267 did contribute to its success. 

	2001/044
Sea urchin threats 
	· The information and understanding provided by the project will contribute to improved research and management associated with C. rodgersii populations in Tasmania. Further research into preventing the spread of sea urchin barrens is ongoing. 

	2001/093
Aquatic Animal Health Subprogram
	· The overall outcome has been the successful facilitation, administration and promotion of the FRDC Aquatic Animal Health Subprogram over the three year period form 2001-2004. 
· The outputs of the program have contributed to significantly enhanced capability for Australia to be prepared for and respond to aquatic animal disease emergencies.
· The conference played an important role in the communication function of the Subprogram, and links to other interested parties such as the Aquafin CRC and Australia’s National Aquatic Animal Health Technical Working Group were enhanced (note, the specific funding of this conference is included in Cluster 23).
· The conference also provided an opportunity for young specialists and newcomers in the field to develop their networks.
· The Subprogram provided an industry-based structure that helped to develop and maintain strategic direction for investment in aquatic animal health.
· The Subprogram continues, and is seen as a constant, stable forum with which government can consult on aquatic animal health issues.

	2001/214
Rock oyster disease zoning 
	· The understanding of QX disease in rock oysters has been greatly increased as a result of the project.
· Although quarantine arrangements for disease outbreaks are still in place, the NSW and Queensland oyster industry and DPIs of each state have adapted their disease management plans to recognise the wide geographic distribution of the disease.
· A risk minimisation approach has been adopted by NSW with reduced emphasis on strenuous surveillance for the QX organism.
· The knowledge generated in the project has strengthened the recognition of the links between oyster immunity and environmental factors, and therefore heightened awareness among catchment managers and the wider community on the importance of protecting the health of estuaries.
· The project has strengthened the case for continuing with ongoing projects that are successfully developing QX disease resistant oysters.
· It has contributed to reduced costs for the industry as they are able to move stock around to condition oysters without testing for QX in different estuaries. 
· It has also allowed the rock oyster breeding program to operate in a range of estuaries without testing for QX.

	2001/256
Minor use permits for chemicals 
	· At the time of the final report, the system was not fully operational due to unresolved issues in regard to ongoing funding through NAC. The NAC is now responsible for continuing this program.
· Due to the pilot projects, aquaculturalists now have legal access to formaldehyde under a consolidated single permit fresh and salt water finfish, abalone and crustaceans.
· Consolidated permit applications for Hydrogen Peroxide for treatment of Kingfish and abalone were successful. Since the completion of the project there has also been success for other chemicals passing through the system including benzocaine and clove oil.

	2002/409
Vibrio pathogens in oysters 
	· An FAO-WHO Expert Consultation was held in August 2002 where USA modelers published predicted illness from V. parahaemolyticus in oysters in Canada, USA, Japan, NZ and Australia. For Australia no data was available as the modeling was undertaken prior to the completion of this study, and therefore modeled estimates exceeded 200 cases/annum. However, this appeared highly exaggerated from the actual situation as no recent illnesses from oyster consumption linked with V. parahaemolyticus had been reported to health authorities, even though V. parahaemolyticus-related illnesses from other sources have been reported. 
· The data from this study was presented to the FAO-WHO Expert Consultation to be used for the final predictions and the predicted illnesses were much reduced. The reduced predictions reflect the Australian epidemiology for this pathogen:product pairing.
· By incorporating this new Australian data into the final global risk assessment, it will ensure that predicted illness from Australian oysters will be based on correct information, rather than assumptions based on US data. 
· The project also indicates the effectiveness of tailoring data gathering towards satisfying the requirements of risk assessment.  

	2002/414
Pacific Oyster 
stress physiology 
	· This test was used in FRDC project 2003/208 to measure the stress response induced in oysters by various farming practices used in South Australia.  The intention is to identify the practices inducing the most and the least stress, however it was not demonstrated that stress was the most significant factor in the health of oysters.
· In the future, such scientific knowledge will contribute to further research and perhaps be used by the oyster industry to modify their practices to minimise stress on the oysters, and therefore improve overall oyster health. 
· This project was an initial step to build up a comprehensive program for further improvement of the currently used farming and processing technologies of SAOGA. 

	2003/216
Yellowtail Kingfish health 
	· The literature review, risk analysis, guidelines to management and photographic pathology book resulted in stimulating a greater awareness of the potential and future needs, opportunities and safeguards for the YTK aquaculture industry of SA for PIRSA, researchers, and diagnostic service personnel.
· The project formed the basis for further applied R&D and the development of tools to control diseases.
· The development of best management practices (BMPs), integrated health management procedures, disease surveillance programs or amendments to current fish health regulations also arose as a consequence of the priorities identified in this project.
· The book is designed as an immediate diagnostic field guide for farm staff, fish health specialists and students. Aquaculture companies in SA use the book as an essential component of their staff training program.
· The workshop contributed to the establishment of an SA Aquatic Animal Health Working Group. 
· The project and workshop assisted the group with identifying their objectives and needs for a farm level disease identification program.

	2003/402
Pacific oyster mudworms 
	· The project demonstrated that mudworms were common, and zoning could therefore be taken away to allow stocks of oysters to continue to be moved for use in breeding programs. 
· Several recommendations for further R&D in the area of mudworms and oysters in South Australia were made including:
· Determining if management of growing height to avoid mudworm infestation affects other aspects of oyster health.
· Expand the current work to identify the species causing the blisters in various SA oyster growing areas and understand enough of their life cycles to recommend effective control strategies. 
· Develop management techniques.




Benefits 

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

Table 8: Summary of Project Benefits

	Project
	Benefits

	1998/212
Disease status of prawn stocks
	· Reduced risk of spread of prawn diseases from eastern states to WA.
· Improved data relating to disease status, and therefore contributing to Australia’s ability to prevent the import of green prawns. 
· Potential increases in productivity of prawn farming through improved understanding of diseases and prawn life cycles.

	1999/205
Barramundi Nodavirus 
	· Reduced impact of nodavirus on farmed barramundi due to improved understanding of disease, and contribution to technique for removing virus from eggs.

	2000/151
Perkinsus disease in abalone 
	· Reduced probability in the longer term of Australian molluscs being rejected for export due to the presence of this parasite.
· Potentially increased quality and volume of abalone harvests in the longer term due to increased understanding of the parasite and its interaction with abalone. 

	2000/182
Eradicating European carp 
	· Reduced environmental impact of carp on freshwater lakes in Tasmania (including water quality and biodiversity).
· Potentially reduced environmental impact of carp in waterways throughout Australia (including water quality and biodiversity).
· Potentially saved costs for carp eradication programs, through improved knowledge of carp behaviour.

	2000/267
Silver perch aquaculture health 
	· Reduced costs of production, through reduced number of pest and disease incidences on silver perch farms.

	2001/044
Sea urchin threats 
	· Potential long-term contribution to increases in abalone production in Tasmania through increased understanding of sea urchins and their interaction with spatial management.

	2001/093
Aquatic Animal Health Subprogram
	· Potentially increased benefits from aquatic animal health research, compared to what would have been achieved if a coordinating subprogram did not exist. 
· Improved scientific capacity of the industry through improved communication and relationships.

	2001/214
Rock oyster disease zoning 
	· Reduced costs of rock oyster production through relaxed quarantine and surveillance of rock oysters with respect to QX outbreaks.
· Potentially improved outcomes from rock oyster breeding programs due to more efficient use of leases between regions and allowance of trade in stock. 

	2001/256
Minor use permits for chemicals 
	· Potentially reduced pest and disease management costs, and reduced impact of pests and diseases, on the aquaculture industry through increased availability of appropriate chemicals. 
· Reduction in potential environmental and social impacts from the use of inappropriate chemicals.

	2002/409
Vibrio pathogens in oysters 
	· Reduced potential for Australian oysters to be limited for export to other countries due to more accurate understanding of the risk of predicted illness from Australian oysters.  

	2002/414
Pacific Oyster stress physiology 
	· Long-term contribution to research aimed at increasing the consistency of the quality of oysters.

	2003/216
Yellowtail Kingfish health 
	· Contribution to reduced production costs, or improved quality and volume of YTK produced, due to reduced impact of diseases on YTK production. 
· Reduced probability of a catastrophic disease incident decimating the YTK industry in South Australia.

	2003/402
Pacific oyster mudworms 
	· Potential long-term contribution to increased quality and volume of oyster harvest in South Australia due to increased understanding of mudworms, and the ability to move stocks between regions for breeding programs.




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 costs of production for silver perch farms, rock oysters, and YTK due to improved understanding of pests and diseases
	7. Reduced environmental impact of carp on waterways
	9. Reduced likelihood of health impacts from chemicals used in aquaculture 

	2. Increased production and improved quality for prawns, barramundi, abalone, SA oysters, and YTK
	8. Reduced likelihood of environmental impacts from chemicals used in aquaculture
	10. Improved scientific capacity for industry

	3. Contribution to reduced costs of pest and disease management for a range of aquaculture industries due to availability of minor use chemical permits
	
	

	4. Potential for improved export access for abalone and oysters
	
	

	5. Potentially saved costs for carp eradication programs
	
	

	6. Increased efficiency of R&D resource allocation for animal health R&D 
	
	



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. **
6. *

	
	5. *
6. *


	Environmental
	
	
	7. *
8. *

	Social
	10. *
	
	9. *
10. *


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

Public versus Private Benefits 
On the basis of the distribution of the 12 benefits listed in Table 10, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up 50% of the total benefits.  If the subjective weightings provided in Table 10 are taken into account, then 38% of the total benefits could constitute public benefits to Australia.

Distribution of Benefits Along the Fish Supply Chain 
The benefits from the projects in this cluster will be distributed right along the supply chain, with benefits due to reduced costs and impacts of pests and diseases accruing to both producers and consumers. 

Benefits to Other Industries
There will be no significant benefits to industries outside of the fishing sector.

Benefits Overseas
There may be some benefits through increased scientific understanding of pests and diseases where this information has been published in journals. Much of this information has been used by Australian scientists overseas, particular in South East Asia. 
  
Additionality and Marginality
The investment in the projects in this cluster has been of medium importance in FRDC's total investment. It is largely funded out of the public good component of FRDC’s funding. If FRDC had not received funding from government, less investment would have been made in this cluster. 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, state agencies and industry 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 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 in this cluster have contributed to National Research Priorities 3 and 4, and Rural Research Priorities 1, and 5. There has also been some contribution to both  supporting priorities. 



Quantification of Benefits

Benefits Valued
There are three benefits valued from this cluster:
· Benefit to South Australian YTK industry from improved health management, through the reduced probability of a catastrophic health event. 
· Benefit to the fishing and aquaculture industry in terms of more efficient R&D spending.
· Long-term benefit to a number of aquaculture industries (in the form of reduced costs) due to improved scientific knowledge and skills with respect to aquatic animal health.

The benefits not directly valued relate to the potential saved costs and environmental and social benefits from the minor use permits scheme, and the potential benefits of carp eradication in Tasmania. Some benefit for most other projects is covered in a generic way through the long-term cost reduction benefit.

Yellow Tail Kingfish
Project 2003/216 identified the best current knowledge available with respect to the management of health and disease risks for YTK aquaculture in South Australia. This information was used to identify health and disease risks as well as gaps in knowledge in order to set R&D priorities.  Awareness of potential health issues and prevention and management options was increased significantly. 

Since this time, the South Australian YTK industry has experienced no significant health threat or event. It is likely that this is partially due to the knowledge building and awareness raising that has occurred as a result of this project.

Currently, production of YTK is assumed approximately 4,000 tonnes per annum, with a value of $5,000/tonne. For the purpose of this analysis, it is assumed that there is a certain probability of a catastrophic event occurring in an individual year that would result in the loss of the total value of the industry for one year. It is assumed that this probability has been reduced due to the research undertaken. 

Without the research, it is assumed the annual probability of a catastrophic event may have been 20% (i.e. 1 in 5 years). With the research however, this probability has been significantly reduced, to an assumed annual probability of 5% (i.e. 1 in 20 years).  It is further assumed that this reduction in probability is only partially attributable to this individual project (2003/216), and that much of the benefit is also attributable to the research, development and extension subsequently undertaken based on priorities developed in 2003/216. Therefore it is assumed that only 10% of this probability reduction is attributable to this project. It is assumed that the first year of impact was the year ending 2005/06, but that it took 5 years for the full reduction in probability to be achieved. The benefits are assumed to be ongoing after that time. 


R&D Efficiency
Establishing a subprogram of investment in a common topic, and establishing a management committee and appointing a coordinator to manage R&D for that common topic, results in the funding of R&D projects that more closely meet the priorities of the industry, and are therefore likely to have a greater impact.  For the purposes of this analysis, it is assumed that without a coordinating program, there would have been greater investment in R&D (that is, increased R&D costs) to achieve the same level of impact that has been experienced by the existing program of funding. 

The individual coordinating project in this cluster ran largely through the four financial years 2001/02 to 2004/05. The total funding during this time on aquatic animal health products funded by FRDC was approximately $0.5 million per annum.  Based on the FRDC average for leverage, it is further assumed that FRDC made up 40% of the total funding in these projects, and therefore the total investment affected was $1.25 million. A second factor is applied and based on the estimate that FRDC projects made up 75% of all resources expended on Australian Fisheries R&D including aquaculture. This results in the total R&D investment affected being $1.67 million.  For the purposes of this analysis, it is assumed that without the coordinating program, the investment in those four years would have needed to be 5% higher to achieve the same impacts. It is further assumed that the coordination during those years would have had some flow-on impact to the subsequent five years, through a saving of 2.5% of R&D costs.  

Long-term Cost Reduction for Selected Aquaculture Industries
A number of the projects have been focused at the level of ‘basic’ or ‘strategic’ research, in that the projects have resulted in increased scientific knowledge about a range of aquatic animal diseases and pests.  However, to date the projects have resulted in only limited changes to practices or management that might lead to direct benefits for the industries.  Despite this, it is recognised that in the longer-term, the scientific knowledge developed through these projects is highly likely to influence the management of aquatic pests and diseases in the future.  Benefits that might result from such management changes and improved knowledge in the future include a reduction in production and pest management costs, an increase in the quality of seafood, and an increase in production of seafood (increased yields).  As the nature of the potential outcomes and impact relating to each of the industries targeted through this research is uncertain, a generic approach to valuing the potential impact has been taken.

For the purposes of this analysis it is assumed that a number of industries are likely to receive some benefit. Table 13 identifies the industries that are assumed to be influenced, and indicates which projects will be influencing those industries.  The average annual value for each of those industries is also provided. 


Table 13: Industries Impacted and their Value

	Industry
	Projects
	Annual Value ($m)
	Source for Value

	Prawns
	1998/212
	46.350 
	ABARE, 2009 (3 year average)

	Barramundi
	1999/205
	25.568
	ABARE, 2009 (3 year average)

	Silver perch
	2000/267
	3.414
	ABARE, 2009 (3 year average)

	Oysters
	2001/214
2002/409
2002/414
2003/402
	86.162
	ABARE, 2009 (3 year average)

	Abalone
	2000/151
2001/044
	16.006
	ABARE, 2009 (3 year average)

	Yellow Tail Kingfish
	2003/216
	20.000
	Consultant estimate after discussions with FRDC personnel  

	Total
	
	197.500
	



Given the values provided in Table 13, it is assumed that the total value of the sectors of the industry influenced is equal to $197.5 million.  It is further assumed that the costs of production make up 90% of this value (with the remainder being profit). 

It is assumed that over the longer-term, these projects will contribute to a reduction in the cost of production of approximately 1%.  It is assumed that this cost reduction started to occur in 2007/08, which is two years after the majority of the research was completed, and that it will take 10 years for the full 1% cost reduction benefit to be realised. 

It is recognised that subsequent research, development and extension that will build on and follow from these projects will result in further benefits, but these would be considered additional to the 1% cost reduction assumed here. 

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

Table 14: Summary of Assumptions

	Variable
	Assumption
	Source

	YTK Catastrophe

	Annual volume of YTK
	4,000 tonnes
	Consultant estimate, after discussions with FRDC

	Average value of YTK
	$5,000/tonne
	Consultant estimate

	Annual probability of catastrophic event resulting in loss of one years production - without research
	20%
	Consultant estimate

	Annual probability of catastrophic event resulting in loss of one years production - with research
	5%
	Consultant estimate

	Attribution of benefit to this project
	10%
	Consultant estimate

	First year of benefit
	2005/06
	Based on year of completion of research project

	Number of years to maximum benefit 
	5 years
	Consultant estimate

	R&D Funding

	Annual cost of research (FRDC plus other) for aquatic animal health
	$1.67 million
	Consultant estimate, after consulting FRDC project database and discussions with FRDC personnel

	Research spending efficiency saving due to this project for years 2001/02 to2004/05
	5%
	Consultant estimate

	Research spending efficiency saving due to this project for years 2005/06 to2009/10
	2.5%
	Consultant estimate

	Long-term Cost Reduction

	Total average value of industries impacted by research
	$197.5 million per annum
	See Table 13

	Proportion of value that is costs
	90%
	Consultant estimate

	Cost reduction due to research
	1%
	Consultant estimate

	Year of first benefit
	2007/08
	Based on two years after completion of most research projects

	Number of years to maximum benefit
	10 years
	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 15 shows the sources of total benefits, expressed as the PVB and the percentage of total benefits.    

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

	Benefit
	PVB
($m)
	% Total 

	YTK
	5.17
	17.9

	Research costs
	0.66
	2.3

	Cost reduction
	23.14
	79.9

	Total
	28.97
	100



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

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

	Years
	0
	5
	10
	20
	30

	Present Value of Benefits ($m)
	1.15
	5.69
	12.28
	22.62
	28.97

	Present Value of Costs ($m)
	9.21
	9.21
	9.21
	9.21
	9.21

	Net Present Value ($m)
	-8.06
	-3.52
	3.07
	13.41
	19.76

	Benefit-Cost Ratio
	0.1
	0.6
	1.3
	2.5
	3.1

	Internal Rate of Return (%)
	neg
	neg
	8.0
	12.0
	12.7



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

	Years
	0
	5
	10
	20
	30

	Present Value of Benefits ($m)
	0.36
	1.80
	3.88
	7.15
	9.15

	Present Value of Costs ($m)
	2.92
	2.92
	2.92
	2.92
	2.92

	Net Present Value ($m)
	-2.56
	-1.12
	0.96
	4.23
	6.23

	Benefit-Cost Ratio
	0.1
	0.6
	1.3
	2.4
	3.1

	Internal Rate of Return (%)
	neg
	neg
	7.9
	11.9
	12.7



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


Figure 1: Annual Cash Flow of Benefits



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

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

	
	
	% subjective allocation to each priority 

	YTK
	5.17
	50
	0
	0
	0
	50

	Research costs
	0.66
	100
	0
	0
	0
	0

	Cost reduction
	23.14
	50
	0
	0
	0
	50

	Total ($m)
	28.97
	14.82
	0
	0
	0
	14.15

	Total (%)
	100
	51.2
	0
	0
	0
	48.8



Sensitivity Analyses
Table 19 shows the sensitivity of the investment criteria to the discount rate. 


Table 19: Investment Criteria for Different Discount Rates
(Total investment, 30 years)

	Criterion
	Discount Rate

	
	0%
	5% (Base)
	10%

	Present Value of Benefits ($m)
	56.95
	28.97
	17.69

	Present Value of Costs ($m)
	6.85
	9.21
	12.30

	Net Present Value ($m)
	50.10
	19.76
	5.39

	Benefit-Cost Ratio
	8.3
	3.1
	1.4



As the generic cost reduction benefit contributed over 80% of the total benefits, a sensitivity analysis was performed to determine the sensitivity of the results to the proportion of the industry to which the assumed cost reduction might apply. The base scenario assumes that the 1% cost reduction applies across all of those industries for which benefits were assumed.  The sensitivity analysis was carried out on the total investment 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. Results are provided in Table 20. 

Table 20: Sensitivity of Investment Criteria to Proportion of Industry to Which Cost Reduction Applies
(Total investment, 30 years)

	Criterion
	Proportion of Industry

	
	25%
	75%
	100% (base)

	Present Value of Benefits ($m)
	11.62
	23.19
	28.97

	Present Value of Costs ($m)
	8.21
	9.21
	9.21

	Net Present Value ($m)
	2.40
	13.97
	19.76

	Benefit-Cost Ratio
	1.3
	2.5
	3.1

	Internal Rate of Return (%)
	6.5
	11.1
	12.7



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 21). The rating categories used are High, Medium and Low, where:
High:		denotes a good coverage of benefits or reasonable confidence in the 			assumptions made 
Medium:	denotes only a reasonable coverage of benefits or some significant 				uncertainties in assumptions made 
Low:	denotes a poor coverage of benefits or many uncertainties in assumptions made 

Table 21: Confidence in Analysis of Salmon Subprogram

	Coverage of Benefits
	Confidence in Assumptions

	Medium
	Low




Association with FRDC KPIs

The Key Performance Indicators (KPIs) for FRDC fall into five groups as provided in Table 22. Some of the projects in this cluster have contributed to some degree to KPI C5. 

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

	Strategic Challenge 
	KPI

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

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

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

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

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


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


Lessons Learnt for Future Investment

There were three lessons leant from this analysis: 
· Many of the projects funded in this cluster were fairly ‘basic’ in terms of the level of science targeted. While they were successful in developing knowledge and understanding about various diseases and pests affecting aquatic animals, their outcomes were limited in terms of quickly producing products or practices that can be utilised by seafood producers in the shorter term.  Despite this, the analysis has shown that if this type of research has the potential to contribute to future research and development, some significant benefit can be attributed back to this basic research.  
· When ‘basic’ research such as this is required, a subprogram structure such as the Aquatic Animal Health Subprogram is of great value in assisting with priority setting across the research – development spectrum, and across different industries and pest problems.  The success of the comprehensive priority setting exercise such as that used for the YTK industry further demonstrates the value of this approach.   
· Many of the projects funded were also targeted at prevention of disease and pest problems, and benefits in this area can be difficult to demonstrate in the absence of a disease outbreak.


Conclusions

Investment was made in a total of 13 projects within the cluster with the FRDC contribution approximating 31.5% of the total costs involved (nominal terms).  

Both private and public benefits have been identified as arising from the investment. On the basis of the 12 benefits identified, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up half of the total benefits.  If the subjective weightings are taken into account, then 38% of the total benefits could constitute public benefits to Australia.

Three benefits have been quantified. Given the framework used and the assumptions made, the investment criteria estimated for the cluster were positive with the total investment of $9.21 million (present value terms) estimated to return an expected present value of benefits of $28.97 million, yielding an expected net present value estimate of $19.8 million and a benefit-cost ratio of 3.1 to 1 (expressed in 2008/09 $ terms and using a 5% discount rate, benefits estimated over 30 years from the final year of investment).  
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