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Background 

Atlantic salmon and three species of trout were introduced to Australia in the 1800s, for the purposes of populating rivers in Tasmania and New South Wales for sport fishing.  However, no populations of Atlantic salmon established until the 1960s, with imports from Nova Scotia in Canada to the Snowy Mountains in NSW.  From 1984 to 1986 eggs were transferred from the Gaden hatchery in the Snowy Mountains to a quarantine hatchery near Hobart, and used as the founding stock of a salmon farming industry in Tasmania.   

[bookmark: _GoBack]Marine farming of salmonids involves the use of cages suspended in seawater, where the salmon are fed and grown during the marine phase of their lifecycle.  The majority of these farms are located in the south east of Tasmania (including the Huon River, Port Esperance and D’Entrecasteaux Channel), as well as other farms in Macquarie Harbour on the west coast and in the Tamar estuary on the north coast.  There are also small commercial operations also in South Australia (off Cape Jaffa) and north east Victoria (freshwater systems).  

Production of farmed salmonids in Tasmania has grown significantly over the last 20 years.  In 1989/90, 1,750 tonnes were produced. In 2006/07, this number had risen to 23,637 tonnes (for 2008/09 the production is anecdotally reported at some 30,000 tonnes).  The level of production varies from year to year, largely due to climate conditions.  In 2006/07 the gross value of salmon produced through aquaculture in Tasmania was $272 million (ABARE, 2008).  

The Salmon Aquaculture Subprogram (SAS) commenced in July 2000, initiated partly as an outcome of an MOU between the FRDC and the Tasmanian Salmonid Growers Association Ltd (TSGA) outlining mutual responsibilities, including a commitment by the TSGA to a self-imposed annual FRDC research levy proportional to industry GVP.  The SAS has the following broad objectives: 
1. Involve industry in all facets of research and development to ensure adoption of the outcomes.
2. Empower industry to actively participate in its own research and development program.
3. Develop research outcomes that result in increased profitability and reduced risk.
4. Develop a communication strategy that delivers results in a timely and readily usable form.

The subprogram was developed to address a number of biological constraints and socio-economic issues through a coordinated research effort to ensure economic and ecological sustainability, and to develop the industry to its full potential.  In particular, research was required that addressed issues of immediate concern while acknowledging that some projects required long-term timeframes.  The subprogram sought to use a strategic plan to develop collaborative research projects that addressed industry bottlenecks and avoided duplication and unnecessary expenditure of a finite research fund. The subprogram also had a significant relationship with the CRC for Sustainable Aquaculture of Finfish (Aquafin CRC) with many of the projects being carried out as part of the CRC.

The subprogram has considered a wide range of issues and sought to address a number of challenges that have threatened the sustainability and profitability of the industry including cost, control and management of disease, jellyfish and algal blooms, reliability of supply year-round and monitoring and minimising environmental impact. 


The Cluster 
    
Projects 
Table 1 presents the details for each of the nine projects included in this cluster. These nine projects are a subset of the total number of projects funded through the subprogram. 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

	2000/164
	Aquafin CRC - Atlantic Salmon Aquaculture Subprogram: development of novel methods for the assessment of sediment condition and determination of management protocols for sustainable finfish cage aquaculture operations
	Organisation: University of Tasmania
Period: Dec 2000 to May 2005
Principal Investigator: Catriona McLeod

	2000/223
	Aquafin CRC -  Atlantic Salmon Aquaculture Subprogram: facilitation, administration and promotion
	Organisation: University of Tasmania
Period: Dec 2000 to Feb 2005
Principal Investigator: Stephen Battaglene

	2000/224
	Atlantic Salmon Aquaculture Subprogram: molecular genetic tools for the Tasmanian Atlantic salmon industry – development and application
	Organisation: CSIRO Marine and Atmospheric Research
Period: Oct 2000 to Jan 2005
Principal Investigator: Nicholas Elliot

	2001/097
	Aquafin CRC - Atlantic Salmon Aquaculture Subprogram: system-wide environmental issues for sustainable salmonid aquaculture
	Organisation: CSIRO Marine and Atmospheric Research
Period: Jan 2002 to Jun 2006
Principal Investigator: John Volkman

	2001/244
	Aquafin CRC -  Atlantic Salmon Aquaculture  Subprogram: host-pathogen interactions in amoebic gill disease
	Organisation: University of Tasmania
Period: Jan 2002 to May 2005
Principal Investigator: Barbara Nowak 

	2001/245
	Aquafin CRC - Atlantic Salmon Aquaculture Subprogram: model development for epidemiology of amoebic gill disease
	Organisation: University of Tasmania
Period: Jan 2002 to May 2005
Principal Investigator: Barbara Nowak

	2001/246
	Aquafin CRC - Atlantic Salmon Aquaculture Subprogram: control of precocious sexual maturation in Atlantic salmon
	Organisation: University of Tasmania
Period: Jan 2002 to Dec 2006
Principal Investigator: Mark Porter

	2002/251
	Aquafin CRC -  Atlantic Salmon Aquaculture Subprogram - development of a vaccine for amoebic gill disease: genomic and cDNA library screening for antigen discovery
	Organisation: CSIRO Livestock Industries
Period: Nov 2002 to Dec 2005
Principal Investigator: Chris Prideaux

	2004/210
	Aquafin CRC - Atlantic Salmon Aquaculture Subprogram: use of immunomodulation to improve fish performance in Australian temperate water finfish aquaculture
	Organisation: : University of Tasmania
Period: Jun 2004 to Jul 2008
Principal Investigator: Barbara Nowak



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

Table 2: Description of Project Objectives

	Project Number 
	Objectives

	2000/164
Assessing sediment condition
	1. To determine the degree of progressive degeneration of sediments associated with cage aquaculture operations.
2. To develop novel techniques for farm-based evaluation of sediment degradation associated with ongoing marine cage aquaculture both by adapting existing techniques (as identified by TAFI and CSIRO in recent studies on the Huon estuary) and by investigating new techniques.
3. To incorporate these techniques into farm management protocols as tools for the evaluation and management of sediment condition in order to maximise sustainable aquaculture production.

	2000/223
Subprogram administration
	1. Co-ordinate the FRDC Atlantic Salmon Aquaculture Subprogram (applications, workshops).
2. Conduct an annual research workshop for the presentation of results from the subprogram and the definition of research objectives for subsequent years.
3. Facilitate travel of Subprogram project principal investigators, a nominated industry representative and the subprogram leader to biannual scientific committee meetings.
4. Facilitate travel of industry representatives and the subprogram leader to quarterly steering and management committee meetings.
5. Co-ordinate the preparation of and delivery of a subprogram newsletter, media releases, and workshop publications.
6. Integrate with other FRDC and externally funded Atlantic salmon programs.

	2000/224
Molecular genetic tools
	1. To further develop and apply molecular markers for use in industry breeding programs.
2. To genotype selected broodstock with a suite of microsatellite markers to enable efficient pedigree analysis of progeny.
3. To compare microsatellite DNA variation from archival scale samples from the progenitor Canadian population with past and current cohorts of the Tasmanian population.

	2001/097
System-wide environmental issues
	1. To acquire the necessary system understanding and knowledge, and apply it, in collaboration with industry and regulators, in order to support development of an adaptive management program which addresses system-wide impacts and production capacity for, and allows sustainable development of, salmon farms in the Huon Estuary and D'Entrecasteaux Channel.
2. To develop and implement 3-D hydrodynamic and ecological models of the Huon Estuary and D'Entrecasteaux Channel, and use these to assess and predict the environmental impacts of salmon farm nutrient loads in relation to other nutrient sources (especially catchments and marine boundaries), and to assess the level of connectivity and exchange between Huon Estuary and D'Entrecasteaux Channel, and among subsystems within the D'Entrecasteaux Channel.
3. To determine the role of sediments in estuaries and nearby channels as a source of nutrient release and oxygen consumption as an input for the modes and for comparison and processes occurring in sediments under fish cages.
4. To identify and quantify the key processes that link nutrient cycles with phytoplankton abundance and composition and determine the fate of the nutrients produced in finfish cage farms in waters of the Huon Estuary and D'Entrecasteaux Channel.

	2001/244
Host-pathogen interactions – amoebic gill disease
	1. To provide a knowledge base for development of novel treatments and vaccines.
2. To identify factors leading to binding of the parasite to fish gills.
3. To identify gill conditions which increase the susceptibility of the fish to amoebic gill disease (AGD).
4. To develop techniques for in vitro work on amoebic gill disease.
5. To expand the library of N. pemaquidensis strains.
6. To implement a long term preservation for N. pemaquidensis based on freezing technology.
7. To develop improved culture systems based on monoxenic and axenic techniques.
8. To develop cell factory capability to produce high density cell suspensions of N. pemaquidensis.
9. To develop cell purification techniques to produce pure cell suspension of N. pemaquidensis derived from cell culture and gill associated disease.
10. To implement cell characterisation techniques for strain differentiation.
11. To investigate culture strategies to develop infective strains of in vitro grown N. Pemaquidensis.

	2001/245
Epidemiology of amoebic gill disease
	1. To identify Neoparamoeba pemaquidensis reservoirs.
2. To identify risk factors for AGD including the spatial relationship between infected and uninfected cages.
3. To develop a pilot surveillance system.

	2001/246
Control of sexual maturation
	1. To develop an improved understanding of the mechanisms of light regulated control of melatonin secretion in salmon.
2. To develop an improved understanding of the association between melatonin levels and reproductive development in salmon.
3. To improve capacity to rapidly and non-destructively assess the acute reproductive condition of caged salmon.
4. To develop commercial scale photomanipulation techniques for the retardation or prevention of precocious sexual maturation in farmed Tasmanian salmon.

	2002/251
Vaccine for amoebic gill disease
	1. To characterise the genome and parasome of the AGD causative agent Neoparamoeba pemaquidensis.
2. To establish genomic and cDNA libraries, and screen for major parasite DNA antigens that constitute potential vaccine candidates using DNA sequencing together with DNA data base analysis.
3. To use subtractive hybridisation of RNA isolated from amoeba grown in vitro and in vivo to produce a library of in vivo regulated genes.

	2004/210
Immuno-modulation
	1. To evaluate the use of immunostimulants for control of AGD of Atlantic salmon.
2. To investigate the role of inflammation in AGD of Atlantic salmon.
3. To test the effectiveness of vaccination against AGD using crude or partially purified antigens.



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 2000 to June 2008 (nominal $)

	Project 
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	Total

	2000/164
	0
	78,437
	76,613
	148,048
	129,927
	34,244
	0
	0
	0
	467,269

	2000/223
	34,030
	34,030
	70,102
	36,102
	36,102
	0
	0
	0
	0
	210,366

	2000/224
	0
	98,778
	126,155
	157,546
	0
	79,318
	0
	0
	0
	461,797

	2001/097
	0
	0
	189,155
	153,972
	308,561
	0
	162,922
	0
	0
	814,610

	2001/244
	0
	0
	174,108
	210,808
	303,736
	172,162
	0
	0
	0
	860,814

	2001/245
	0
	0
	64,410
	69,374
	123,857
	64,410
	0
	0
	0
	322,051

	2001/246
	0
	0
	104,251
	91,807
	83,750
	137,193
	0
	52,125
	52,125
	521,251

	2002/251
	0
	0
	0
	63,090
	76,801
	144,376
	31,545
	0
	0
	315,812

	2004/210
	0
	0
	0
	0
	57,792
	61,948
	57,144
	26,824
	85,251
	288,959

	Total
	34,030
	211,245
	804,794
	930,747
	1,120,526
	693,651
	251,611
	78,949
	137,376
	4,262,929


       Source: FRDC project management database  

Table 4: Investment by Researchers and Others by Project for Years ending June 2000 to June 2008 (nominal $)

	Project 
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	Total

	2000/164
	0
	206,987
	202,173
	390,682
	342,863
	90,366
	0
	0
	0
	1,233,071

	2000/223
	29,913
	29,913
	61,621
	31,734
	31,734
	0
	0
	0
	0
	184,915

	2000/224
	0
	56,984
	72,778
	90,887
	0
	45,758
	0
	0
	0
	266,407

	2001/097
	0
	0
	303,352
	246,928
	494,846
	0
	261,281
	0
	0
	1,306,407

	2001/244
	0
	0
	266,428
	322,588
	464,790
	263,450
	0
	0
	0
	1,317,256

	2001/245
	0
	0
	79,953
	86,114
	153,744
	79,953
	0
	0
	0
	399,764

	2001/246
	0
	0
	140,380
	123,624
	112,775
	184,739
	0
	70,190
	70,190
	701,897

	2002/251
	0
	0
	0
	49,498
	60,255
	113,272
	24,749
	0
	0
	247,774

	2004/210
	0
	0
	0
	0
	37,048
	39,712
	36,632
	17,196
	54,650
	185,237

	Total
	29,913
	293,884
	1,126,684
	1,342,056
	1,698,055
	817,249
	322,663
	87,385
	124,840
	5,842,728


		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

	2000
	34,030
	29,913
	63,943

	2001
	211,245
	293,884
	505,129

	2002
	804,794
	1,126,684
	1,931,478

	2003
	930,747
	1,342,056
	2,272,803

	2004
	1,120,526
	1,698,055
	2,818,581

	2005
	693,651
	817,249
	1,510,900

	2006
	251,611
	322,663
	574,274

	2007
	78,949
	87,385
	166,334

	2008
	137,376
	124,840
	262,216

	Total
	4,262,929
	5,842,728
	10,105,657




Outputs 

Of the nine projects included in this cluster:
· Two addressed environmental management 
· Four addressed amoebic gill disease
· One addressed genetics
· One addressed reproductive development
· One involved planning, support and coordination 

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

	Environmental management

	2000/164
Assessing sediment condition
	· The project involved a fully integrated chemical and biological assessment of the sediment conditions associated with fin-fish cage fallowing practices. It included benthic infaunal assessments, physical-chemical assessments, microbiological evaluation and assessment of farm management criteria. 
· The study was completed over two complete farming cycles at two farm sites in Tasmania, and involved multi-disciplinary interpretation of data. The project was conducted in collaboration with the Tasmanian salmonid farming industry. 
· A second component of the project was funded to translate the results to specific farming conditions, and to communicate the outputs of the project in a clear and simple manner. It involved interaction with industry and the Tasmanian Department of Primary Industries and Water (DPIW) to develop the guide and training program and to run trials on-farm.
· The principal outputs included an assessment of the extent to which sediments associated with intensive cage aquaculture can recover and an evaluation of techniques which can be employed by fish farm managers to monitor sediment condition. These outputs can also be extrapolated to other cage aquaculture species and other sources of organic enrichment.
· The project concluded that there is the potential for progressive sediment degeneration if systems are not managed effectively, but that under certain production scenarios sediments recovered within the defined fallowing periods. Nine distinct stages of sediment condition were characterised and several field based techniques were recommended to enable farmers to classify sediment condition.
· The findings of the project suggested that there was the potential for progressive sediment degeneration if systems were not managed effectively.  Under particular production scenarios sediments can recover quite well within defined fallowing periods. The study also showed that changes in stocking levels (feed input and fish biomass) and/or duration of the fallow period can have a major effect on sediment recovery. Lengthening the fallow period led to increased recovery and reduction in stocking density also resulted in marked improvements in the rate and extent of recovery. The study also showed that effects on the benthos are limited to sediments within the farm lease.
· Several of the established monitoring approaches assessed were found to be poor indicators of sediment recovery, although still useful measures of sediment degradation. Semi-quantitative video assessment was determined to be the most effective approach for simple farm-based assessment of sediment condition. It helps farmers to gauge the environmental status of sediments within their lease and make appropriate management decisions. Video cameras are already used to monitor fish feeding behaviour and to qualitatively review sediment conditions. When linked with farm data, the condition of a lease can be reviewed in a management context and informed management actions undertaken. This monitoring method can also be used to predict the likely future sediment classification on the basis of the proposed farming schedule.
· The final report for this project was scientifically complex, and in order to ensure the outputs of this sediment monitoring project were effectively communicated guidelines and management programs were developed. The outputs of this stage of the project were:
· Translation of project outputs into simple language, including a more complete description of the methodology behind the proposed techniques.
· Development of guidelines for site monitoring.
· Publication of a Field Guide and multimedia CD which built on data management formats, sampling systems and equipment available as a result of the project.
· Powerpoint presentations and workshop tuition materials prepared for industry training packages.
· Training workshops held.

	2001/097
System-wide environmental issues
	· The project measured ecological and physical indicators, including measurements of nutrients, to determine the effects of increased nutrients being released into the Huon and D’Entrecasteaux Channel. A process for system-wide monitoring of phytoplankton in a region was developed to ensure the collection, identification and quantification of phytoplankton was consistent between researchers and all industry collaborators. 
· The project also focused on further developing and refining fully coupled 3-D physical and biogeochemical models of the Huon estuary and D’Entrecasteaux Channel that can be used to predict environmental effects of salmonid aquaculture on water and sediment quality, and to assess these effects in the context of other impacts (e.g. catchment loads, marine nutrient sources, natural variability). This earlier model had predicted that the estuary could assimilate a doubling of production, but that a fourfold increase ran a high risk of exceeding the carrying capacity of the system. The industry voluntarily introduced a moratorium on the amount of fish feed added to the estuary because of the predictions from the earlier modelling. However, it was determined that there could be further expansion in the nearby D’Entrecasteaux Channel. Project 2001/097 has continued to confirm and provide further complexity to these findings.   
· The outputs of the project were:
· Development of a new cost-effective monitoring program.
· Adoption of agreed environmental objectives and standards by the salmon industry and Tasmanian regulator (DPIW).
· Fully coupled 3D physical and biogeochemical model of the Huon estuary and D’Entrecasteaux Channel that can be used to predict environmental effects of salmonid aquaculture on water and sediment quality, and to assess these effects in the context of other impacts.
· Baseline environmental data for subregions of the D’Entrecasteaux Channel.
· The model can be adapted and applied to other regions where salmon and tuna are grown.
· New knowledge and understanding of how phytoplankton and zooplankton in these areas respond to increases or changes in nutrient concentrations and other environmental conditions.
· The model allows industry and managers to identify the oceanic and terrestrial nutrient loads as distinct from those from aquaculture. 
· Development of new laboratory-techniques to study biogeochemical processes involved with benthic-pelagic coupling such as oxygen consumption in, and nutrient release from, sediments.
· Mechanism for regular meetings of industry, regulator and research providers.

	Amoebic gill disease 

	2001/244
Host-pathogen interactions – amoebic gill disease
	· Sequential histopathology in both laboratory and field infections was used to identify developmental stages of amoebic gill disease (AGD), in terms of host response and pathogen proliferation and the disease’s strong association with salinity and temperature.
· An AGD case definition was developed to provide consistent and repeatable disease interpretation for future studies.
· A clear relationship between amoebae density and AGD severity was demonstrated.
· It was shown that injection with bacterial DNA motifs can enhance survival in experimentally infected fish.
· It was found that prior exposure to experimental AGD challenge did not provide subsequent protection against re-infection, even after complete recovery from initial infection.
· There was suggestion of some degree of non-specific immune suppression associated with infection by Neoparamoeba sp. 
· A preliminary experiment indicated decreased colonisation of amoebae upon physically damaged gill tissue, and it was demonstrated that gill associated mucus may be necessary for amoebic attachment. 
· New technologies and numerous improvements to existing methods have resulted from the project. For example a centre of expertise in the culture of Neoparamoeba sp was developed, and the retrieval of relatively pure preparations of virulent, host derived Neoparamoeba sp has been standardised. 
· Amoebae culture technologies have been adapted to provide cell factory production systems for Neoparamoeba sp. and enhanced cryopreservation techniques.
· The library of available strains of Neoparamoeba sp. has been significantly expanded, and new species have been described.
· Identification and quantification methods for different cell types were developed to interpret host response to the amoebae.
· In vitro methods for attachment studies of Neoparamoeba sp using gill explants and cell monolayer technologies were developed.

	2001/245 Epidemiology of amoebic gill disease
	· Reservoirs of the amoeba causing AGD in Atlantic salmon in Tasmania were identified. The amoebae were found to be widespread and easily isolated from marine and estuarine sediments and cage netting.
· No apparent relationship was identified between the presence of the amoebae in the environment and AGD prevalence in the cages.
· Computer simulations suggested that once fish in a cage are infected with AGD they become the main source of amoebae and other reservoirs become insignificant.
· A range of research tools including laboratory experiments, field trials, farm data and industry perception were used to review risk factors for AGD outbreaks. The main environmental risk factors identified included high salinity and increased temperature. In vitro growth of the amoeba was affected by increased copper sulphate concentrations, low salinity and low cell densities.
· Effects of farm activities on AGD were evaluated. It was found that movement of cages to a new site after freshwater bathing reduced the impact of AGD on these cages.
· Amoebae were isolated more often from cages on which antifouling paints were used, however it did not seem to affect AGD prevalence in these cages.
· A draft protocol of best husbandry techniques that reflected industry practices and current understanding of the disease was developed.
· Gross gill checks are used by industry to evaluate the need for freshwater bathing and the general gill status of the fish. This method was compared with histological evaluations and it was confirmed that experienced farm personnel can identify gross lesions caused by AGD, and that in general AGD diagnosis based on gross gill score gives more positive results than histological diagnosis. 
· Specialised training in introductory and advanced epidemiology, sampling design, design of field trails and data analysis was provided to researchers, government veterinarians and industry.
· A trial AGD data base was set up however there was no industry interest in pursuing its use.
· A computer model was developed based on data from one farm collected during 2003, however it was not able to be validated using data from the same farm from 2002 and its further development was not pursued within the project.

	2002/251
Vaccine for amoebic gill disease
	· The relative genome size of the cultured Tasmanian isolate, PA027, of Neoparamoeba pemaquidensis was measured, and it was established that the overall research strategy was therefore logistically feasible.
· Methods for the isolation of both total and polyA-RNA from crude gill-isolated and cultured N. Pemaquidensis were successfully developed. 
· A library of up-regulated genes from infective N. Pemaquidensis using suppressive subtractive hybridisation (SSH) was created.
· Bioinformatics analysis of the SSH library was carried out and led to the identification of a number of potential single candidates that may be tested as genetic vaccine antigens for AGD.
· An expression/delivery vector suitable for studies of DNA vaccination of Atlantic salmon has been constructed.
· A full length cDNA library of the genes of N. Pemaquidensis has been constructed in the vector pDNR-LIB, and a library of 1,200 clones are available for immediate use in ELI based vaccine trials.
· Knowledge regarding which genes may be differentially expressed between infective and non-infective N. Pemaquidensis was generated
· Availability of an efficient delivery vector and potential antigen clones for conducting experimental DNA vaccinations of Atlantic salmon for AGD was produced. 

	2004/210
Immuno-modulation
	· A literature review on the use of immunostimulants in marine grow-out was undertaken.
· It was confirmed that injection of bacterial DNA motif six days before AGD challenge can offer significant protection to Atlantic salmon, however there was no effect if the fish were challenged immediately post injection with bacterial DNA.
· It was found that there is potential benefit from the use of immunostimulants, but that their application is limited because their efficiency is directly linked to the timing of an outbreak, which can be unpredictable in the field.
· It was found that the duration of exposure (or number of exposures) to AGD appears to be important for the development of serum antibodies. Mucus antibodies were not detected in Atlantic salmon that survived AGD challenge.
· Microarray experiments and further gene expression studies were carried out, and results suggested that there is a loss of cell-cycle control in AGD lesions. It was also found that immune pathways are affected since the down-stream effects of the initial inflammatory signals were not detectable.  It is possible that this significantly contributes to the extremely high rate of mortality in unmitigated AGD epizootics. 

	Genetics 

	2000/224
Molecular genetic tools
	· Genetic variation was assessed from two archived samples of Atlantic salmon from River Philip, Canada (1971/72), one from Gaden NSW (1997) and seven from the Tasmanian population (1992, 1996 to 2001).
· The 1971/72 samples (wild salmon) were used as a baseline against which to asses genetic drift in the Tasmanian population and other populations (hatchery salmon).  A highly significant loss of alleles was observed in all hatchery produced samples compared to the wild 1971/72 sample. No difference in heterozygosity was observed. Despite this the results show that a sufficiently large breeding population to preserve a genetically healthy population has been maintained in Tasmania.
· A suite of ten highly polymorphic microsatellite loci were developed and were shown to provide over 99% accuracy in unequivocal parentage assignment for progeny from commercial multiple cross spawning.  However, all ten loci were not able to be combined into a single multiplex PCR reaction, and three separate PCR reactions and two genotype visualisation runs are required per individual.
· Genetic variation in the Tasmanian Atlantic salmon population was examined at coding regions of the nuclear genome. Four regions of the major histocompability complex (MHC) immune genes were examined, with results suggesting a possible reduction in genetic variation at these loci in the Tasmanian population. This result required further validation.
· A significant association was observed between phenotype at one of the MHC regions with an individual’s tendency for susceptibility and resistance to AGD in a laboratory AGD challenge trial.  This suggests a genetic influence to AGD resistance could be exploitable through a selective breeding program.

	Maturation  

	2001/246
Control of sexual maturation
	· Initial studies assessed the physiological response of salmon to both ambient and artificial lighting by measuring plasma melatonin levels.  It was found that Atlantic salmon reared in Tasmania do respond to artificial lighting, however due to the elevated ambient intensities the number of lights required on sea cages was considerably greater than in Scotland or Norway.
· Initial commercial trails were conducted using photoperiods to artificially delay the onset of the winter decrease in daylength. The intention was to phase shift reproductive development to a later date.  The experiment was successful and exposure to constant illumination following summer solstice produced an eight week spawning delay in both male and female salmon. 
· The experiment was repeated the following year and it was found that water temperature, size of smolt and time of seawater transfer also have a significant impact, and the delay in maturation was only six weeks for females and two to three weeks for males under unfavourable conditions. 
· Constant artificial illumination was trialled as a method of increasing growth rates as a result of a phase shift in the annual growth cycle. The trial was successful with the lit population having an 18% growth advantage of over the unlit group (equating to a 6 week advance in harvest time and a significant increase in growth).
· For those fish that do still continue through to maturation, it was investigated whether previously mature female Atlantic salmon could be reconditioned using artificial lights. A modified photoperiod regime was used to advance reconditioning and it was found that the oocyte reabsorption rate was significantly increased, as was the quality of flesh colour, skin colour and body wall thickness.
· A thousand individuals were surgically implanted with passive integrated transponders (PIT tags) while still in freshwater to determine the effects of additional dark phase illumination in reducing maturation rates in out of season smolts and to investigate the “gating” mechanism responsible for the decision to mature in adult Atlantic salmon. The trial aimed to investigate whether a critical size exists prior to maturation taking place, and whether the application of a long-day of constant light photoperiod regime from seawater transfer can inhibit maturation.
· The key finding was that a 5 gram difference in size prior to seawater transfer was sufficient to predispose an individual to mature during the production cycle 18 months later. When comparing maturation rates between the treatments a reduction from 31% to 3.5% was achieved.

	Coordination 

	2000/223
Subprogram administration
	· A five year Strategic Plan for the Atlantic Salmon Aquaculture Subprogram (ASAS) was developed in 2001.
· A steering committee comprising key industry representatives, government and researchers was established; the committee met regularly and identified development opportunities, research priorities and funding strategies.
· A communication and technology transfer strategy was developed, with key elements including the Annual Operating Plan, Annual Scientific Conference and Newsletter.
· Three issues of the ASAS newsletter were produced and detailed annual handbooks were produced. Three Scientific Conferences were held with a range of specialist workshops and seminars.
· A publication and communications committee was established, which reviewed over 38 publications, press releases and other media.




Outcomes

Table 7 provides a summary of outcomes by project group. 

Table 7: Summary of Project Outcomes

	Project 
	Outcomes

	Environmental management

	2000/164
Assessing sediment condition
	· The environmental research carried out as part of these projects has been used to underpin the Tasmanian DPIW’s Marine Farming Monitoring Programme. In addition, environmental licence conditions for all existing and new finfish farms are based on this research.
· The models and techniques developed as part of the project have improved the understanding of sediment condition, which in turn can contribute to improved farm management practices.  
· The models and techniques enable the salmon industry to demonstrate its sustainability with detailed environmental information and the means of assessing the level of impact associated with their individual farm conditions, resulting in more effective use of lease areas.  It enables farms to quickly develop assessment programs to support environmentally sustainable development.
· The project has contributed to ensuring that techniques for environmental assessment and data management practices are standardised across all farms, information quality standards are maintained and has also facilitated more general interpretation by government and regulatory agencies.  Such outcomes can lead to increased public confidence in the aquaculture industry.
· The outputs are of value to other aquaculture enterprises in Australia, particularly those in South Australia, and have been used in modelling research relating to southern bluefin tuna in that State. 

	2001/097 System-wide environmental issues
	· Prior to the funding of this project, DPIW and the salmonid farming industry had agreed to adopt an adaptive management approach to regulation and management of system-wide environmental effects of salmon farms in the Huon Estuary and D’Entrecasteaux Channel. The model, monitoring techniques and baseline data developed have been adopted as a significant part of this adaptive management approach. 
· The outputs have also helped to underpin decisions relating to industry expansion and to improve the knowledge of salmonid farmers with regard to the marine environment and interactions with farming.
· Before the project, the only compliance requirement in the regulations associated with monitoring were on sediment redox potential and organic matter content and were quite crude. The new model and monitoring data is important for decisions regarding the future size and location of the industry within the Huon Estuary and D’Entrecasteaux Channel.  
· The project has instigated a mindset change in salmonid farms throughout Tasmania with respect to nutrient management and nutrient levels through raising awareness of the issues. 
· Most other salmonid farming regions throughout Tasmania are interested in having such a model developed for their systems. However, significant additional data collection is required for these regions in order to apply the model effectively.  
· In addition, such models are in demand for other systems not associated with salmon farming. For example, the framework for the Huon Estuary and D’Entrecasteaux Channel is being expanded to the Derwent where it is being used with respect to other non-fishing industries.  

	Amoebic gill disease 

	2001/244
Host-pathogen interactions – amoebic gill disease
	· Improved understanding of host-pathogen interactions, providing a basis from which to develop effective strategies for future control and treatment of the disease.
· Provision of numerous improvements to existing methods and the creation of new technologies. For example, the development of a central library source for Neoparameoba sp ensures uniformity of research findings and outcomes amongst numerous research groups. Also, the enhancement of isolation and purification techniques enabled AGD challenge methods to be fine-tuned to provide reproducible trials.
· Further research priorities identified and funded by FRDC.
· The culture techniques developed during the project have been used for further research on Neoparamoebae sp and the challenge methods developed have been used to test vaccines and investigate risk factors.

	2001/245 Epidemiology of amoebic gill disease
	· Improved capacity in the area of aquaculture, and specifically AGD, epidemiology and identification of knowledge gaps in this area.
· The draft best husbandry protocol for AGD has been updated from subsequent research projects in the Aquafin CRC program. 
· Meetings and discussions were held with the industry throughout the project and these resulted in a better understanding of farm trials, farm data collection and utilisation by researchers. 
· Individual companies in the industry have applied information from the project at a company level. 
· Epidemiology courses and industry workshops will assist with sound interpretation of disease patterns and farm records.
· Industry workshops and pilot surveillance system will ensure future maximisation of benefits from farm records.  

	2002/251
Vaccine for amoebic gill disease
	· The outputs of this project have led to a subsequent trial of a DNA vaccine for AGD in Atlantic salmon (FRDC project 2004/217).  The trial used the modified delivery vector and N. Pemaquidensis cDNA clones generated by this project.
· The cDNA library has the potential to be further utilised in biochemical and molecular studies of N. Pemaquidensis and its pathogenicity.

	2004/210
Immuno-modulation
	· The project contributes to the understanding of the role of inflammation and immune responses in AGD.
· The knowledge produced will contribute to AGD vaccine development.
· New methods have also been developed that can be applied in future salmon health research.
· The up to date review of the use of immunostimulants in finfish growout can be easily used by the aquaculture industry. 

	Genetics 

	2000/224
Molecular genetic tools
	· The molecular markers have been used by a member of the Atlantic salmon industry to pedigree and estimate relatedness of broodstock for the commencement of a selective breeding program.
· The industry selective breeding program has used the outputs of this project for pedigree and selection assistance.
· The study provided evidence that current breeding protocols used by the Tasmanian salmon industry are satisfactory in maintaining genetic diversity, and do not need to be changed. 

	Maturation  

	2001/246
Control of sexual maturation
	· The trials carried out in the project were all successful in demonstrating that maturation can be delayed and growth rates can be improved through a range of simple techniques including artificial lighting and improved selection of smote size for transfer to seawater. 
· The strategies developed from these trials have been incorporated by industry to improve seasonal production. 

	Coordination 

	2000/223
Subprogram administration
	· Increased level of cooperation among research providers and better use of national and international research.
· Increased awareness of the benefits of research and cooperation among Atlantic salmon producers.
· Efficient experimentation due to enhanced coordination and industry involvement in R&D. 




Benefits 

The following addresses the benefits that have been identified as emanating from the nine research projects. The benefits are described by theme area.

Environmental Management 
The models and monitoring system developed in the projects are already being used by the DPIW in their monitoring of the industry and management of future expansion and licensing. In addition, the industry has agreed to a moratorium on increases in the use of fish feed in the Huon Estuary as a result of the modelling.  

The benefits of models and an effective monitoring system, such as those that have been developed by the projects include:
· An understanding of the system in which the farm operates, which underpins the choice of environmental indicators and therefore provides a direct assessment of the environmental state against agreed environmental objectives and targets 
· Models that can be used to interpret monitoring results and for attributing cause where environmental change is detected
· Model predictions provide a basis for the development of management decision rules and for monitoring feedback on the outcomes of past management decisions
· Provides data for testing and refining system understanding and model prediction

Understanding nutrient budgets and carrying capacities can provide early warnings of a phytoplankton bloom and level of threat of the bloom, which allows salmon farmers and other stakeholders in the region to plan and manage accordingly. The understanding and data developed as part of these processes also acts to assure regulators and the public of their awareness of the environmental impact of the industry. It can help to ensure appropriate levels of expansion for the industry due to improved accuracy in public perception of industry impacts.

The increased nutrients in the water, when bio-available, can lead to increases in micro and macro-algae, as well as cyanobacteria (referred to as algae from here on).  This can lead to algal blooms. Not all algae are toxic, and some are harmful only at particular stages of their lifecycle, or when they release toxins as they die. The use of the research outputs by the industry and DPIW in future planning and management of the industry within the Huon and D’Entrecasteaux Channels will lead to a reduced likelihood of such a change in water quality and algal populations. The model will also be of similar value in other Tasmanian estuaries where salmon are farmed, including Macquarie Harbour and the Tamar River, if appropriate data is available for inclusion in the model.

The ways in which algal blooms impact on estuarine ecosystems include the release of toxins, and/or the depletion of dissolved oxygen from the water column as a result of algal decomposition.  This leads to the ecosystem becoming less productive.  Examples of the impacts of algal blooms on estuaries include:
· Decline in fisheries productivity for aquaculture farms (other than salmon). 
· Decline in total fish catch for commercial wild catch fisheries.
· Toxic contamination of shellfish from toxic release from algae, making them unmarketable.
· Toxins from some species of blue-green algae are poisonous to cattle, horses, sheep, pigs and a variety of birds and small animals including snakes and frogs. 
· Toxins can also impact on human health such as gastrointestinal, liver and kidney damage, and irritation of ears, eyes, mouth and throat. 
· Water treatment costs can be significant where the outbreak is in an area used for drinking water supply.
· Due to the potential impact on human health, algal blooms can lead to the closure of popular swimming and boating sites. 
· Tourism can also be affected due to bad odours and visual amenity impacts.
· In addition to the toxins, blooms can affect pH levels and turbidity, resulting in decreased light penetration.
· Estuaries provide habitat, spawning and nursery areas for fish, and habitat and breeding areas for birds and native animals and these can be affected.
· A decline in biodiversity, which has an ‘existence’ value to most parts of society. 

There will also be some productivity benefits for salmon farmers from the research investment. Examples of potential benefits include:
· Avoided release of toxic degradation products from sediment, which can impact on the health and productivity of the salmon.
· Avoided changes in the balance of nitrogen/phosphorus and other micro and macrofauna, which can affect the health and productivity of the salmon.
· Awareness of feed/stocking rate/toxic by-product interactions.

The outcomes will benefit not only the Tasmanian salmon industry, but in generic terms, will potentially contribute some level of benefit to management and regulation in all marine farming areas in Australia. 

Amoebic Gill Disease 
The four AGD projects in the cluster have all contributed to improved understanding and research techniques that have been and are being utilised in ongoing AGD research projects.  Eventually, the body of research on AGD supported by FRDC and others will lead to improved control of the disease through potential developments such as vaccines, novel treatments, and other management controls supported by epidemiology investigations.

AGD is caused by amoebas that invade the fish’s gills, and cause a thickening of filaments. This in turn causes irritation and excess mucous production and is fatal if left untreated.  Currently, the only treatment option is repeated freshwater bathing of the fish which is costly and labour-intensive. The disease is present in a number of salmon growing regions throughout the world, however it is more common in Tasmania than elsewhere. The disease costs the Tasmanian salmon industry approximately 10% of the gross value of production (combination of losses and treatment costs) (Aquafin website). The gross value of the industry in 2006/07 was $272 million (ABARE, 2008). 

There are also indirect benefits to other marine pen aquaculture sectors in terms of methods and knowledge which can be applied to other gill diseases or parasitic diseases, for example, histopathology caused by SBT gill parasites and kingfish gill parasites.

The four projects together have involved a significant number of PhD students and post-doctoral researchers. 

Genetics 
The outputs of the research are being used by the Atlantic salmon selective breeding program which has been developed since the completion of this project. Strategic knowledge has been produced that can be used by the breeding program and other research projects for improving the long-term efficiency of production systems for salmon including disease management, growth rates and food quality and nutrition.  There may also be some environmental benefits from the research, if disease is able to be managed without the use of chemicals. 

Maturation  
The outputs from this research have identified a number of practices that can be adopted to address a range of issues that were limiting the productivity of the industry.  Examples of the benefits delivered by the research outputs that are identified in the final report for the project (Porter, 2006) include:
· Controlled maturation rates, meaning that harvest can occur year-round and there is no longer a “harvest gap” where only frozen fish can be provided rather than fresh product.  Frozen fish has a value approximately 36% lower than fresh product.  Under a situation where spawning can be delayed up to eight weeks, one company was estimated to have saved $2.3 million per annum.
· The use of artificial illumination can increase growth rates and therefore reduce the length of the production cycle, as fish can achieve the 3kg market minimum weight six weeks earlier than in unlit cages.
· Salmon that has reached maturation usually represents a commercial loss to the farmer as the flesh quality and dark skin colouration make them unsaleable.  The research found that selecting appropriately sized smolts from the hatchery can delay maturation so that it does not occur during the production cycle.  Appropriate selection reduced the maturation rate from 31% to 3.5%.  It was estimated that the production value of this practice would be $900,000 per annum for one company alone. 
· The Tasmanian Salmon Growers Association (TSGA) estimated that together, the adoption of the practices identified as part of this project and that have been incorporated into seasonal production are worth between $8 million and $16 million per year. 

The research capacity developed in the project has also been of value to research for other species including Yellow Tail Kingfish and barramundi.

Coordination
The coordination project has resulted in more efficient allocation of research resources and higher and more timely adoption of research outputs through improved industry involvement and communication.  The workshops and public conferences held also help to improve the perception of the industry in terms of its professionalism.

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

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

	Environmental management

	1. Some potential for productivity improvements for salmon farmers where monitoring data is used for adaptive management

2. Avoidance of potential productivity losses for commercial fisheries (both aquaculture and wild catch) due to decline in water quality that could occur without the research

3. Avoidance of other lost income associated with a decline in water quality, such as tourism and recreational fishing

4. Ensuring appropriate levels of expansion for industry due to improved accuracy in public perception of industry impacts
	12. Avoidance of water quality degradation and associated biodiversity losses
	14. Maintenance of a profitable and sustainable salmon farming industry in Tasmania, and associated stability benefits to workers and the community

15. Avoidance of loss of amenity associated with water quality degradation




	Amoebic gill disease 

	5. Reduced loss of industry value due to AGD

6. More efficient future research due to improved research techniques
	
	16. Improved research capacity relating to amoebic gill disease

	Genetics  

	7. Strategic knowledge that can be used by the breeding program and other research projects for improving the long-term efficiency of production systems for salmon including disease management, growth rates and food quality and nutrition
	13. Avoided use of chemicals for disease management 
	

	Maturation

	8. Elimination of harvest gap, allowing sale (and provision to consumers) of fresh fish year round and avoiding discounted pricing for frozen fish

9. Increased growth, resulting in decreasing production cycle by 6 weeks

10. Delayed maturation, avoiding losses due to fish becoming unsaleable due to flesh quality and colouration
	
	17. Improved research capacity (which is also being used for Yellow Tail Kingfish, Barramundi etc.)

	Coordination

	11. More efficient allocation of research resources and higher and more timely adoption of research outputs through improved industry involvement and communication
	
	18. Workshops and public conferences improve the perception of the industry as professional



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


Table 9: Summary of Importance of Benefits by Beneficiary Type 

	
	Fishing industry
	Spillovers

	
	
	Other industries
	Public

	Economic
	1. *
2. ***
3. *
4. **
5. **
6. *
7. *
8. *
9. **
10. *
11. *
	3. * 
	11. * 

	Environmental
	
	
	12. **
13. * 

	Social
	17. *
	
	14. *
15. *
16. *
17. *
18. *  


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

Public versus Private Benefits 
As indicated in Table 9, the majority of the benefits identified are private in nature and accrue to the Tasmanian commercial producers of Atlantic salmon and their input supply and market supply chains. The public benefits include lowered environmental impacts of the industry with regard to biodiversity and water quality.  There are also a number of social benefits listed.

On the basis of the number of benefits listed in Table 9, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up 38% of the total benefits. If the subjective weightings provided in Table 9 are taken into account, then 33% of the total benefits could constitute public benefits to Australia.

Distribution of Benefits Along the Fish Supply Chain 
Some of the benefits assigned to commercial producers of Atlantic salmon will be shared along the input supply and market supply chains, including both domestic and foreign consumers. The Atlantic salmon supply and marketing chain is highly vertically integrated.

Benefits to Other Industries
There may be some spin-off benefits to the tourism industry.

Benefits Overseas
The potential benefits to overseas salmon producers are limited due to the unique environmental conditions in Tasmania. There may be some small potential benefits to foreign consumers of Australian salmon, however it is noted that the export market is relatively small. 
  


Additionality and Marginality
The investment in this cluster was targeted principally towards benefits to farmed salmon producers. The FRDC investment in this subprogram had commenced before these projects were funded. Hence these investments were regarded as high priority by both the FRDC and the salmon industry. In the event that public funding to FRDC were cut by half and assuming an industry contribution was still in place, it is likely that  the production oriented projects in the cluster (health, genetics, reproduction, etc) would have still been funded by FRDC, industry and state agencies, but that the environmental oriented projects would have been somewhat curtailed.  Further, overall the investments made would have been somewhat less well coordinated and the projects would have proceeded but may have started later and taken longer to complete.

A proportion of the public benefit spillovers that have been identified would therefore still have been delivered. 

Further detail is provided in Table 10.

Table 10: Potential Response to Reduced Public Funding to FRDC

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

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

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



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

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

	Australian Government 

	National Research Priorities
	Rural Research Priorities 

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



The investments have addressed principally National Research Priorities 1, 2 and 3, as well as Rural Research Priorities 1 and 3. Supporting priorities 1 and 2 have also been addressed.


Quantification of Benefits

Benefits Valued
Valuation of benefits has been carried out for three of the five research and development areas defined earlier. These were:
· Environmental considerations
· Amoebic gill disease
· Maturation
 
The project in the area of program coordination is viewed as contributing to the success of the other projects and benefits accruing to this project are assumed captured in the three research areas where project benefits are valued. While there may be some short-term benefits to the industry from the genetics projects, the projects are considered to be principally strategic, and have contributed to scientific understanding and to the ongoing industry breeding program, and hence it is difficult to value future benefits. 

Environmental Considerations
The benefits of the use of the model in three salmon farming estuaries are quantified in the current analysis (Huon (includes D’Entecastreaux), Macquarie Harbour, and Tamar River). The benefits of the potential use of the model in the Derwent for purposes not related to salmon farming are also included. The model is starting to be used in that catchment for monitoring and managing nutrient sources other than aquaculture. It is recognised that appropriate data has not yet been collected for the model to be applied in Macquarie Harbour and Tamar River. However, the impact of some overall management and regulation changes are already being experienced in those areas, and it is highly likely data will be collected in the future to allow the model to be fully applied. No additional cost for this data collection is included.

For the purposes of this analysis, a benefit transfer technique is used that quantifies the environmental value of the estuaries used for salmon farming using a willingness to pay technique. There have been few ‘willingness to pay’ studies carried out for coastal estuaries in Australia. However, there are a more significant number of studies that have been carried out on the values of inland and coastal rivers. A study was carried out by Bennett and Morrison (2001) to determine the value of environmental attributes of New South Wales (NSW) rivers.  The study used a non-market valuation technique known as ‘Choice Modelling’ to determine the environmental value of five rivers in NSW, the Bega, Clarence, Georges, Gwydir and Murrumbidgee rivers. For the purposes of this analysis, it is assumed that values associated with the Bega River, which is a southern coastal river system, can be transferred to coastal rivers and estuaries in Tasmania.  Table 12 shows the estimates of values held for the environmental attributes of southern coastal rivers (Bennett and Morrison, 2001).  It shows that households within a catchment, value an attribute change in that catchment more highly than those households outside of the catchment. 


Table 12: Attribute Value Estimates: Southern Coastal Rivers (2001$ terms)

	Attribute
	Value estimate 
($ per within catchment household)
	Value estimate ($ per outside catchment household)

	Value per one percent increase in the length of the river with healthy native vegetation and wetlands
	2.32
	2.61

	Value per unit increase in the number of native fish species present
	7.37
	6.27

	Value per unit of an increase in the number of waterbird and other fauna species present
	0.92
	0.87

	Value of increasing water quality from boatable to fishable across the whole river
	53.16
	30.10

	Value of increasing water quality from fishable to swimmable across the whole river
	50.14
	38.74


 
The state of Tasmania has a population of 493, 341 (ABS, 2008), and an average of 2.5 persons per household (ABS, 2004), which equates to 197,336 households. Given the response rate to the original choice modelling study, it is assumed that 38% of households are willing to pay the assumed value (74,988 households).

Table 13 presents the populations and number of households for the Local Government Areas (LGAs) within which the estuaries with most potential for using the model are located.  The Huon Estuary and D’Entrecasteaux Channel are in the Huon Valley LGA, Macquarie Harbour is in the West Coast LGA, the Tamar River is part of several LGAs including West Tamar, George Town and Launceston, while the Derwent River is defined as relating to the Hobart, Glenorchy, Brighton, Clarence, Kingsborough and Derwent Valley LGAs. The table also presents the number of households that can be assumed willing to pay for water quality improvements within that local government area (applies the 38% response rate), as well as the number of households in the rest of Tasmania who would be willing to pay for water quality improvements in that local government area. The payment is a one-off payment per household, incurred at the time of the restoration effort.  In transferring the benefit, it is assumed that an individual household is willing to pay for the restoration in each catchment separately. Therefore, for example, a household that is not in any of the four catchments, would pay four times.  This is why the sum at the bottom of the far right column in Table 13 is greater than the total number of households in Tasmania. 


Table 13: Households Willing to Pay for Water Quality Benefit for Specific Estuaries in Tasmania

	Local Government Area
	Population
	Total Households
	No. of Households in Catchment (LGA) willing to pay1
	No. of Households in rest of Tasmania willing to pay2 

	Huon Valley
	14,628
	5,851
	2,223
	72,765

	

	West Coast
	5,148
	2,059
	782
	74,206

	

	West Tamar
	21,833
	
	
	

	George Town
	6,740
	
	
	

	Launceston
	64,931
	
	
	

	Tamar River total
	93,504
	37,402
	14,213
	60,775

	

	Brighton
	14,791
	
	
	

	Derwent Valley
	9,770
	
	
	

	Clarence
	51,713
	
	
	

	Glenorchy
	44,250
	
	
	

	Hobart
	49,720
	
	
	

	Kingborough
	32,228
	
	
	

	Derwent River Total
	202,472
	80,989
	30,776
	44,212

	
	
	
	
	

	TOTAL
	
	
	47,994
	251,958


1 38% of total households
2 Total households willing to pay in Tasmania (74,988) less those willing to pay in that individual local government area

Environmental impact ‘With’ and ‘Without’ the Research
The willingness to pay values above refer to a situation where a river system is being ‘restored’. However, the benefit of the research being measured is avoided future degradation. For the purposes of this analysis, it is assumed that the values apply to ‘avoided degradation’ as well as ‘restoration’.  The values in Table 12 above have been converted to 2008/09 dollar terms for the purposes of the analysis. 

Without the research, it is likely that the salmon farming industry would have continued to expand in estuaries in Tasmania due to continuing demand for the high quality product produced. It is assumed that without this research, the Tasmanian government (in particular, the DPIW) would have to have made a decision regarding the extent and location of any expansion of the industry.  The absence of scientific data to make this decision could have resulted in the upper-limit on the industries expansion being set at such a level that the system would experience a significant shift in the N/P balance and result in increases in algae production at certain times of year, and algal blooms. It is possible that the system could have eventually become eutrophic (high nutrient load) as there is already evidence that the system has moved from an oligotrophic (low nutrient load) to a mesotrophic (medium nutrient load) system. In addition, the level of production may not have been too high overall, but could have been allowed to expand in potential ‘nutrient hotspots’.   

For the estuaries where salmon farming occurs (Huon, Macquarie Harbour, Tamar) the potential impact of such an eventuality, in the terms of the attributes measured in the willingness to pay study, is that one native fish species and one other fauna species would have become locally extinct in the estuaries considered here, and that 90% of the river degrades from swimmable to fishable, and a 60% of the river degrades further from fishable to boatable. Therefore the potential value of the impact for those within the catchments is equal to: 
17,218 * (1*9.23 + 1*1.158 + 0.90*62.77 + 0.60*66.55) = $1,838,872 

The potential value of the impact for those within the State of Tasmania is equal to:
207,746 * (1*7.85 + 1*1.09 + 0.90*48.50 + 0.60*37.68) = $15,621,405

Note that the values used in these equations differ from those in Table 12 due to the conversion to 2009 dollar terms. 

It is assumed that the probability of such expansion and subsequent degradation occurring within the next ten years without the research was significant at 80%. It should be recognised that there is also the possibility that DPIW could have also set the limit for future expansion very low, at a level well below the sustainable threshold that could have unnecessarily limited the growth of the industry. The potential economic losses to Australia of that scenario have not been valued.     

The research outputs are being used by DPIW and the industry to monitor the environmental impact of the industry to ensure the industry remains sustainable and limits its impact on water quality and biodiversity. The research is also being used to scientifically determine the sustainable threshold of farmed salmon production in Tasmania in order that the risk of significant impacts on water quality and biodiversity can be minimised, particularly relating to algal blooms.  It is assumed that with the research, the probability of the impact assumed occurring is reduced from 80% to 20%.  It is assumed that the impact would have started to occur in 2010/11, which is three years after the completion of the research. Running of the model to test various scenarios may be undertaken on a user pays basis, however for the purposes of this analysis it is not assumed that there is any additional costs to government or industry of monitoring or running the model. This is because some form of monitoring (although less effective) would still have been undertaken without the research, which would have had associated costs. 

In regards to the Derwent River, the model is being used in that catchment to monitor and potentially manage nutrients from various sources, though not salmon farming. The same potential water quality impacts are assumed, however it is assumed that with the research, the probability of the impact assumed occurring is reduced from 80% to 60%.  It is assumed that the impact would have started to occur in 2010/11, which is three years after the completion of the research.

Potential Production Losses
The health and productivity of farmed salmon can be highly dependent on the water quality in which they are being farmed. An algal bloom outbreak throughout a significant part of an estuary may result in salmon production being shut down for limited periods of time. It is assumed that if the impact described above were to occur, that the industry could lose the equivalent of six weeks production each year.  

The net profit before income tax for the largest salmon farmer in the Huon Valley was $28.2 million in 2006/07 (includes farming and added value operations).  This producer makes up about 70% of Tasmania’s salmon production, and therefore it is assumed that profits from salmon farming and processing for the entire valley are approximately $40.3 million. Therefore, the six lost weeks of production per annum would equate to $4.6 million per annum in lost profits.  It is assumed that this loss would have started in the year 2010/11, and would have continued indefinitely.  The ‘without research’ probability of this magnitude of loss is the same as for the environmental impact, at 80%.  With the research, this probability is reduced to 20%. 

Amoebic gill disease
The four projects in the cluster that address AGD are fairly strategic in nature, and have mostly resulted in new knowledge, increased understanding and refined research techniques.  In addition, they are only a sub-set of the total research effort that FRDC has funded, and continues to fund, relating to the disease. 

The approach taken to quantifying the benefits of the research is therefore fairly general in nature.  It is assumed that the overall package of AGD research funded by FRDC will at some point in the future reduce the net impact of the disease on the industry. Currently, the impact of the disease is said to reduce the value of the industry by 10% (Aquafin website). The average value of the industry over the three years from 2004/05 to 2006/07 was almost $209 million.  Therefore, the lost value over this period was an average of $23.2 million per annum.  It is assumed that the overall package of FRDC-funded research will eventually result in a breakthrough that reduces this impact by half, from 10% to 5%, resulting in an annual average loss of only $11 million.   

A brief search of the FRDC project management system shows that since 1998, approximately $5 million of FRDC funds has spent on projects relating to AGD, with the four projects in this cluster making up $1.8 million, which equates to 36% of the total research to date.  It should be noted that the $5 million may be a slight underestimate as some relevant projects may have been missed in the project search.  Further, significant future research will be required to be funded by FRDC or others. It is assumed that the additional research required will be double that that has been carried out to date, resulting in a total investment of $15 million. Based on this assumption, it is assumed that 12% of the benefits from the breakthrough assumed can be attributed to the four projects in this cluster.  It is further assumed that the breakthrough occurs and results in industry benefits in 2012/13, which is five years after the completion of the projects in this cluster.

It is assumed that the probability of the research being successful in completing this outcome in this timeframe is 50%.

Maturation
As described in the benefits section above, the practices developed as part of this project have been adopted and have affected industry productivity in a number of ways.  One estimate by the TSGA is that together these benefits are worth between $8 million and $16 million per year to the industry.  For the purposes of this analysis, it is conservatively assumed that the lower bound of this range ($8 million) is an accurate reflection of the likely benefit. It is further recognised however, that much of the outputs from the research were the result of trials that were themselves based on research and other studies carried out overseas, and therefore, it is likely that some aspects of these practices may have been adopted by the Tasmanian industry at some time, even without these trials.  Therefore it is assumed that 75% of these benefits would have been captured by the industry even without the research project. 


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

Table 14: Summary of Assumptions

	Variable
	Assumption
	Source

	Environmental considerations

	Total number of households in Local Government Areas abutting Huon Valley,  Macquarie Harbour and Tamar River
	17,218
	Derived from Table 13

	Total number of households in rest of Tasmania willing to pay for improved water quality in those regions  
	207,746
	Derived from Table 13

	Total number of households in Local Government Areas abutting Derwent River
	30,776
	Derived from Table 13

	Total number of households in rest of Tasmania willing to pay for improved water quality in Derwent River  
	44,212
	Derived from Table 13

	Number of native fish species that would have become locally extinct
	1
	Consultant estimate

	Number of other native fauna species that would have become locally extinct
	1
	Consultant estimate

	Proportion of estuaries that would have shifted its water quality status from swimmable to fishable
	90%
	Consultant estimate

	Proportion of estuaries where water quality status would have shifted further, from fishable to boatable
	60%
	Consultant estimate

	Willingness to pay values in 2008/09 $ terms (per household)
	Within catchment
	Within State
	

		Value per unit increase in 	the number of native fish	species present
	$9.23
	$7.85
	Derived from Bennett and Morrison (2001)

		Value per unit of an increase 	in the number of waterbird 	and other fauna species 	present
	$1.15
	$1.09
	Derived from Bennett and Morrison (2001)

		Value of increasing water 	quality from boatable to 	fishable across the whole 	river
	$62.77
	$48.50
	Derived from Bennett and Morrison (2001)

		Value of increasing water 	quality from fishable to 	swimmable across the whole 	river
	$66.55
	$37.68
	Derived from Bennett and Morrison (2001)

	Annual profit for salmon farming and processing enterprises in Tasmania
	$40.3 million
	Adapted from Tassal Pty Ltd Annual Report

	Number of weeks per annum for which profits lost due to environmental degradation
	6 weeks per annum
	Consultant estimate

	Loss of profit per annum
	$4.6 million
	Derived from above

	Probability of above impacts (environmental and profit) occurring without research for all four areas
	80%
	Consultant estimate

	Probability of above impacts (environmental and profit) occurring with research for Huon, Macquarie Harbour and Tamar
	20%
	Consultant estimate

	Probability of above impacts (environmental and profit) occurring with research for Derwent
	60%
	Consultant estimate

	Year of first benefits
	2010/11
	Consultant estimate

	Amoebic Gill Disease

	Average annual value of industry 
	$209 million
	ABARE, 2008

	Annual impact of AGD without research
	10% of industry value
	Aquafin CRC

	Value of AGD impact without research
	$23.2 million per annum
	Derived

	Annual impact of AGD with research
	5% of industry value
	Agtrans assumption

	Value of AGD impact with research
	$11 million per annum
	Derived

	Proportion of benefit attributable to four projects in cluster
	12%
	Agtrans estimate, after consideration of previous FRDC expenditure

	Probability of success
	50%
	Agtrans estimate

	First year of benefits
	2012/13
	Agtrans estimate

	Maturation

	Annual net benefit from practice changes
	$8 million
	

	Attribution to this project
	25%
	Agtrans 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)

	Theme
	Component
	PVB
($m)
	% Total 

	Environment
	Water quality 
	10.70
	11.7

	
	Production disruption
	39.57
	43.2

	AGD
	Reduced disease impact
	9.10
	9.9

	Maturation
	Improved productivity
	32.28
	35.2

	Total
	
	91.66
	100.0



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)
	0
	27.63
	47.30
	74.79
	91.66

	Present Value of Costs ($m)
	13.34
	13.34
	13.34
	13.34
	13.34

	Net Present Value ($m)
	-13.34
	14.29
	33.96
	61.44
	78.32

	Benefit-Cost Ratio
	0
	2.1
	3.5
	5.6
	6.9

	Internal Rate of Return (%)
	negative
	14.9
	19.6
	21.3
	21.5



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

	Years
	0
	5
	10
	20
	30

	Present Value of Benefits ($m)
	0
	11.64
	19.92
	31.50
	38.61

	Present Value of Costs ($m)
	5.53
	5.53
	5.53
	5.53
	5.53

	Net Present Value ($m)
	-5.53
	6.11
	14.40
	25.97
	33.08

	Benefit-Cost Ratio
	0 
	2.1
	3.6
	5.7
	7.0 to 1

	Internal Rate of Return (%)
	negative
	15.1
	19.9
	21.5
	21.7



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


Figure 1: 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
 
	Theme
	Benefits Component
	PVB
($m)
	Product-ivity and Adding Value  
	Supply Chain and Markets 
	Natural Resource Manage-ment 
	Climate Variability and Climate Change 
	Bio-security 

	
	
	
	% subjective allocation to each priority 

	Environment
	Water quality 
	10.70
	
	
	100%
	
	

	
	Production disruption
	39.57
	50%
	
	50%
	
	

	AGD
	Reduced disease impact
	9.10
	100%
	
	
	
	

	Maturation
	Improved productivity
	32.28
	100%
	
	
	
	

	Total
	$m
	91.66
	61.17
	
	30.49
	
	

	
	%
	100
	66.7
	
	33.3
	
	



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


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

	Criterion
	Discount rate

	
	0%
	5% 
	10%

	Present Value of Benefits ($m)
	168.95
	91.66
	59.13

	Present Value of Costs ($m)
	10.09
	13.34
	17.50

	Net Present Value ($m)
	158.86
	78.32
	41.63

	Benefit-Cost Ratio
	16.7
	6.9
	3.4



As there were four different benefits valued, the results of any sensitivity analyses on the assumptions for any one benefit would have not been particularly meaningful. Sensitivity analyses were restricted therefore to the two principal benefits (production benefits from the environment theme, and the maturation benefits). The sensitivity analyses were performed for 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 Tables 20 and 21. 

Table 20: Sensitivity of Investment Criteria to Period of Time for Which Profits are Foregone
(Total investment, 30 years)

	Criterion
	Period of Time

	
	1 week (Low)
	6 weeks (Base)
	12 weeks (High)

	Present Value of Benefits ($m)
	58.68
	91.66
	131.23

	Present Value of Costs ($m)
	13.34
	13.34
	13.34

	Net Present Value ($m)
	45.34
	78.32
	117.89

	Benefit-Cost Ratio
	4.4
	6.9
	9.8

	Internal Rate of Return (%)
	17.8
	21.5
	24.7



Table 21: Sensitivity of Investment Criteria to Annual Net Benefit Due To Practice Changes
(Total investment, 30 years)

	Criterion
	Annual Net Benefit

	
	$2 million (Low)
	$8 million (Base)
	$12 million (High)

	Present Value of Benefits ($m)
	67.45
	91.66
	107.80

	Present Value of Costs ($m)
	13.34
	13.34
	13.34

	Net Present Value ($m)
	54.11
	78.32
	94.46

	Benefit-Cost Ratio
	5.1
	6.9
	8.1

	Internal Rate of Return (%)
	18.2
	21.5
	23.4



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 Salmon Subprogram

	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 analyses in this evaluation have addressed KPIs in challenges C, D and E. In particular, contributions have been made to KPIs in D2, and E2. However, the majority of the benefits in terms of improved productivity of salmon industry through changed practices and disease management do not seem to be currently represented in any of the KPIs.   

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 many projects were started under previous R&D plans


Lessons Learnt for Future Investment

Three points are noted:
The results demonstrate the importance of identifying and addressing high priority issues for the industry and utilising existing research from overseas that can be adapted to Australian situations. For example, the trials on the use of artificial lighting and manipulating maturation periods successfully identified simple practices to address key issues affecting industry productivity.
It should be noted that strategic research outputs have not been valued in the current analysis but are critical in ensuring future benefits continue to be delivered. The strategic investments not valued should be noted, and their investment costs recorded, so that future analyses can attribute benefits to them. 
Win-win situations for addressing environment and productivity issues in aquaculture have been demonstrated, a similar situation to that observed in research and development success for agriculture. 


Conclusions

The majority of the benefits identified are private in nature and accrue to the Tasmanian commercial producers of Atlantic salmon and their input supply and market supply chains. The public benefits include lowered environmental impacts of the industry with regard to biodiversity and water quality.  There were also a number of social benefits identified. Investment was made in a total of nine projects within the cluster with the FRDC contribution approximating 42% of the total costs involved.  The investments were divided into five themes and benefits were valued in three of these themes. 

The three themes where benefits were valued were environmental considerations, amoebic gill disease and maturation. The highest level of benefits was apparent in the environmental considerations theme.

The investments were regarded as a high priority by both the FRDC and the aquaculture industry. In the event that public funding to FRDC were cut by half and assuming an industry contribution was still in place, it is likely that the production oriented projects in the cluster (health, genetics, reproduction, etc) would have still been funded by FRDC, industry and state agencies, but that the environmental oriented projects would have been somewhat curtailed. Further, it is estimated that whilst selected investment would have gone ahead as planned, overall projects may have been somewhat less well coordinated and some projects would have started later and taken longer to complete.

Overall, the investment criteria estimated for the 9 projects in the cluster were positive with a net present value estimated at $78 m and a benefit-cost ratio of 7 to 1 (using a discount rate of 5%, with benefits measured over 30 years from the final year of investment). 

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