






An Economic Analysis of FRDC Investment in Impacts of Environmental and Other Factors on Fishing (Cluster 8)








Background 

[bookmark: _GoBack]The fishing industry is often impacted on by both marine and terrestrial activities. The projects in this cluster are focused on understanding issues and finding solutions to a range of environmental factors that negatively and positively impact on the industry. This includes the impact of sediment, freshwater flows, acid sulfate soils, floodgates and dams on fish breeding and fish health.

Research in this area is important for improving the understanding of these issues in order to develop appropriate management solutions to reduce the impact of land-based activities and structures on fish populations. This improved knowledge has the potential to improve the understanding and relationships between potentially conflicting interest groups, such as farmers and fishers.  


The Cluster 
    
Projects 
Table 1 presents the details for each of the 11 projects included in this cluster. The projects in this cluster were those projects with final reports completed in the period from 1 July 2003 to 30 June 2008. This met the criteria for population definition in the guidelines for evaluation as communicated by the Council of Rural Research and Development Corporation Chairs. 

Table 1: Summary of Project Details

	Project Number 
	Project Title 
	Other Details

	1996/285
	Identification of environmental factors, with particular reference to acid sulfate soil runoff, causing production losses in Sydney rock oysters
	Organisation: University of New South Wales 
Period: Jan 1997 to Dec 2004
Principal Investigator: Jesmond Sammut

	1998/215
	Coastal floodplain management in eastern Australia: barriers to fish and invertebrate recruitment in acid sulphate soil catchments
	Organisation: NSW Department of Primary Industries
Period: Jul 1999 to Oct 2004
Principal Investigator: Bob Creese

	1999/217
	Stable isotope tracing of the contribution of seagrass production to subtropical fisheries species occurring outside seagrass areas
	Organisation: Griffith University
Period: Jul 1999 to Jul 2003
Principal Investigator: Rod Connolly

	2000/159
	The importance to commercial and recreational fish species of the various habitats found in the near-shore marine waters and estuaries of south-western Australia
	Organisation: Murdoch University
Period: Sep 2000 to Oct 2004
Principal Investigator: Ian Potter

	2000/163
	The toxicity and sub-lethal effects of persistent pesticides on juvenile prawns and a common inter-tidal seagrass species
	Organisation: University of Adelaide
Period: Sep 2000 to Nov 2006
Principal Investigator: Brian Williams

	2000/166
	Towards an assessment of natural and human use impacts on the marine environment of the Abrolhos Islands - Phase 1: Data consolidation and scoping
	Organisation: Department of Fisheries WA
Period: Jan 2000 to Mar 2004
Principal Investigator: Chris Chubb

	2000/186
	Assessment of the impacts of hydro-electric dams on eel stocks in Tasmania and an evaluation and assessment of mitigation strategies
	Organisation: University of Tasmania
Period: May 2001 to Aug 2004
Principal Investigator: Phil Boxall

	2001/022
	Environmental flows for subtropical estuaries: understanding the freshwater needs of estuaries for sustainable fisheries production and assessing the impacts of water regulation
	Organisation: Department of Employment, Economic Development and Innovation, Queensland
Period: Jul 2001 to Jul 2007
Principal Investigator: Ian Halliday

	2001/023
	Spatial arrangement of estuarine and coastal habitats and the implications for fisheries production and diversity
	Organisation: University of Queensland
Period: Jan 2002 to Mar 2008
Principal Investigator: Gregory Skilleter

	2001/036
	Assessment of the importance of different near-shore marine habitats to important fishery species in Victoria using standardised survey methods, and in temperate and sub-tropical Australia using stable isotope analysis
	Organisation: Department of Primary Industries, Vic
Period: Nov 2001 to Aug 2005
Principal Investigator: Gregory Jenkins

	2005/081
	Assessment of information needs for freshwater flows into Australian estuaries
	Organisation: CRC for Coastal Zone Estuary and Waterway Management
Period: Nov 2005 to Jul 2006
Principal Investigator: David Scheltinga




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

Table 2: Description of Project Rationale and Objectives

	Project Number 
	Rationale and Objectives

	1996/285
Rock Oyster
Mortalities 
	Rationale: There were concerns from farmers of Sydney rock oysters in Queensland and NSW regarding unexplained oyster mortalities and significant downturns in production due to unknown factors. A study of estuarine acidification and its role in fish kills, habitat degradation and outbreaks of epizootic ulcerative syndrome (EUS) in estuarine fish had showed that the occurrence and duration of acidification events may be a potential threat to sessile organisms such as oysters.  A study was proposed therefore to test for putative associations between acidified water and oyster health and productivity problems.

Objectives:
1. To identify associations between water quality conditions (with particular reference to acidified water and toxic metals), other environmental factors and reduced growth rates and disease outbreaks/mortalities in oysters at selected sites on the Hastings and Tweed Rivers.
2. To identify specific environment and management related risk factors for reduced growth rates at selected sites.
3. To identify environmental and management risk factors for specific diseases with particular reference to QX disease on the Tweed River.
4. To effectively communicate the findings of this study to the oyster industry and relevant agencies.

	1998/215
Floodgate
Guidelines
	Rationale: There has been a degradation of fish habitats in coastal floodplains due to floodgates and other tidal barriers that have been installed. Changes to guidelines regarding the use of such barriers could have lead to improvements of water quality and allowed the passage of fish and invertebrates into stable faunal communities above the structures. However, such guidelines needed to be developed in an integrated manner with consideration of the impact on landholders and their current management practices.

Objectives:
1. To develop guidelines for floodgate / tidal barrier specifications and management based on: (a) The relationship between recruitment of migratory and non-migratory fish and invertebrate species and the opening size, and the frequency and timing, of the opening of tidal barriers. (b) The impacts of changed hydrological conditions on watertable and water flows in associated agricultural land.
2. To assess the behaviour of catadromous fish to the tidal flows through openings in barriers and the behavioural response of recruiting juveniles to low level (chronic) concentrations of acid sulphate soil drainage water.
3. To develop and implement an extension program on the outcomes of the project, and to communicate the above guidelines to agricultural industry groups, local government and other agencies with interests in management of land and water resources in coastal floodplains using demonstration study areas and supporting literature.

	1999/217
Seagrass and fisheries sustainability
	Rationale: Recent research and reviews had raised a number of questions as to whether seagrass production is the major source of primary production sustaining a number of fisheries. It was proposed therefore to conduct a research project in Moreton Bay and Hervey Bay.

Objectives:
1. Determine the ultimate source of primary (plant) production sustaining fisheries production of several key species of fish and crustaceans in subtropical Australian waters.
2. Quantify the contribution of seagrass meadows to fisheries species found outside seagrass areas, either elsewhere in estuaries or offshore.
3. Ensure that information about the relative importance of seagrass to production in different fisheries is taken to fisheries and other coastal managers to influence future management decisions.

	2000/159
Coastal and estuarine fish habitats 
	Rationale: A number of gaps in knowledge and data with respect to the habitats which are used extensively by commercial and recreational fish species during one or more stages in their life cycles were identified. It was seen as a priority to fill these gaps because of the increasing effects of coastal developments on coastal and estuarine waters of Australia. 

Objectives:
1. Define quantitatively the range of habitat types found in near-shore marine and estuarine waters in south-western Australia.
2. Determine the compositions of the benthic macroinvertebrate faunas at sites representing the different habitat types and ascertain the extent to which such data help refine the criteria for defining the different habitat types.
3. Determine the compositions of the fish faunas in representative examples of the different habitat types, and thereby determine which habitats are "preferred" by each of the main commercial and recreational fish species.
4. Develop a suite of characteristics which can thus be used to predict which fish species will be found in each of the different types of habitat.
5. Determine, for a moderately sheltered and a moderately exposed coastal habitat, and a habitat in the Swan Estuary, the abundance, biomass and size composition of the main components of the diets of fish species and of the potential prey of those species in the benthos and water column. These data will be used to determine the most important prey for each of the abundant fish species and to construct a preliminary food web.
6. Collate the key components of the data collected by this study in a form that will enable fisheries and environmental managers to ensure that those areas of the coast that provide crucial habitats for important fish species are protected from deleterious anthropogenic activities.

	2000/163
Water pollution and organic chemicals 
	Rationale: Four of eight fishing industry sectors had identified pollution as a priority for improvement. In addition the toxicity of agricultural chemicals has been demonstrated on fish species indigenous to the Northern Hemisphere, but no study had looked at the toxicity of persistent agricultural chemicals to species found in Australia.  A multi-stage project was funded in order to allow the fishing industry to understand the current situation with respect to water pollution by organic chemicals, and the impacts they may be having on specific ecosystem components. 

Objectives:
1. The identity and concentration of insecticides in water samples taken seasonally from inshore nursery areas in Spencer Gulf, and also downstream from point sources such as creeks, will be determined throughout the duration of the project.
2. The levels of adsorbed residual insecticides and herbicides adsorbed onto the <200 mesh fraction of top-soil, sampled from selected farms adjacent to recognised marine nursery areas, will be determined.
3. To develop a GIS database identifying the land units adjoining Spencer Gulf likely to contribute wind borne soil to Gulf waters, together with point sources such as creeks and other discharge points that have the potential to contribute pollutants into recognised nursery habitats.
4. The toxic and sub-lethal effects on juvenile prawns of the common persistent insecticides used in broad-scale agriculture and in local government pest-control programs will be determined. Other juveniles, such as blue crabs and an indicator scalefish, may be tested if time and availability of test organisms allows.
5. The toxic and sublethal effects of a major persistent herbicide used in broad-scale agriculture on Zostera, a common inter-tidal seagrass species, will be determined.
6. Having determined what organic pesticide pollutants are in the seawater and in conjunction with the toxicology data and the residue levels in soil, to then establish the probable mechanisms for their appearance in seawater and to recommend ways of mitigating the impacts. The objective here is to prepare and implement an extension program which communicates effectively the results and recommendations of the project to local coastcare groups, local government and appropriate agricultural industry groups and other stakeholders.

	2000/166
Impacts on the Abrolhos marine habitats 
	Rationale: A management plan for the Houtman Abrolhos system was developed, however there was a lack of understanding of the physical impacts of current human activity on the Abrolhos marine habitats.

Objectives:
1. To collate existing research information relating to human use impacts and natural perturbations in Abrolhos marine habitats to provide a detailed overview of the status of current knowledge about the marine ecosystem of the Abrolhos Islands.
2. To conduct limited field work to determine the spatial and temporal distribution of commercial fishing and recreational activities and provide general descriptions/ground truthing of habitat/community types at the Abrolhos as baseline/background data for presentation at a workshop.
3. To conduct a scientific workshop including community representatives and technical experts to determine the objectives and formulate a dedicated research programme to provide quantitative monitoring data for use in the sustainable management of the Abrolhos Islands Fish Habitat Protection Area.

	2000/186
Impacts on eel resources 
	Rationale: The sustainability of the eel resource in Tasmania and other existing (and potentially new) commercial eel fisheries in hydro-impounded catchments depends on the implementation of appropriate and effective mitigation strategies specific to upstream and downstream migrations of the eels.  Research was required into the effectiveness and appropriateness of some techniques that had been trialled overseas, but not yet tried in Australia.

Objectives:
1. To assess the impacts of hydro-electric dams on eel migrations and eel population structure in Tasmania’s lakes and rivers and to assess the impact of past elver restocking practices in hydro-impounded catchments on eel populations within those catchments.
2. To assess the direct impacts of hydro-electric dams and associated operations (turbine intakes and water management practices) on adult ‘silver’ eel survival rates during their downstream spawning migrations.
3. To evaluate various management tools (ladders / bypasses and passage; netting / trapping and translocation) to mitigate impacts and provide recommendations for implementation.
4. To review the management of barriers to eel migration, including overseas experience.

	2001/022
Waterflows and downstream fisheries health 
	Rationale: Water reforms and state legislation were increasingly requiring water to be allocated to maintain downstream ecosystem health, one aspect of which was estuarine and coastal fisheries production. However, information on the role of freshwater in maintaining the productivity of commercial and recreational fisheries to assist with such decision making was lacking. 

Objectives:
1. To develop a logical framework for investigating (i) the role of freshwater flow, and (ii) the effects of modified flows, on estuarine fisheries production.
2. To review the current knowledge of the relationship between freshwater flows and estuarine fisheries production.
3. To correlate historical flow and fisheries production data of subtropical Queensland estuaries.
4. To develop procedures for assessing the changes in estuarine fisheries production that result from water abstraction and regulation.
5. To develop and communicate guidelines on environmental flows for estuarine fisheries to water managers, water users, the fishing industry and the general community.

	2001/023
Spatial and temporal use of habitats 
	Rationale: The role of habitats such as mangroves, seagrasses, and saltmarshes are recognised as critically important nursery habitats for a number of commercial and recreational fish species. However, the way species move between such habitats and times at which they use them was less well understood. 

Objectives:
1. Develop appropriate methods for determining relationships between the spatial arrangement of estuarine habitats (habitat mosaics) and their biota including fish, crustaceans and molluscs and more sedentary epibenthos (eg comparing the fauna of isolated seagrass with that of seagrass close to mangroves).
2. Document patterns of abundance and diversity of fish and decapods in different habitat mosaics from degraded and relatively undisturbed areas of estuarine embayments, in two latitudinally separated areas (Moreton Bay) and taking into account position within an embayment (eg western side versus eastern side versus southern side).
3. Increase understanding of fisheries-habitat links using a combination of standardised survey methods in Queensland and make comparisons with the results obtained in Victoria using the same methods and gear types.
4. Identify the relative importance of different near-shore habitats for key fish and decapod species from recruitment to older life-history stages and compare these results with those obtained for similar species and trophic groups in Victoria.

	2001/036
Near-shore fisheries- habitat linkages
	Rationale: The role of habitats such as mangroves, seagrasses, and saltmarshes are recognised as critically important nursery habitats for a number of commercial and recreational fish species. However, the way species move between such habitats and times at which they use them was less well understood.

Objectives:
1. To increase understanding of fisheries/habitat links using a combination of standardised survey methods in Victoria and Queensland, and isotope analyses across southern Australia and Queensland.
2. To identify the importance of different near-shore habitats for important fish species from recruitment to older-life stages, for individual habitats at broad scales and habitat mosaics at finer scales.
3. To improve the quality of data derived from isotope analyses by including a greater range of potential sources of primary production.
4. To understand the transfer of primary production from important habitats to food chains of fish that occur outside that habitat, and also the sources of primary production for fish inhabiting habitat mosaics.
5. To integrate existing near shore habitat data-sets with detailed descriptions of fish/habitat associations in a spatial information system (GIS) that can be accessed by a variety of user groups.

	2005/081
Impact of freshwater flows on estuaries: research priorities 
	Rationale: Even though there is already a significant body of research on the effects of flows on freshwater ecosystems and estuaries, many of these don’t focus on estuarine production. FRDC together with Land and Water Australia requested an assessment of the priority research topics on the effects of freshwater flows into Australian estuaries. 

Objectives:
1. Create a logical framework showing the potential links between freshwater inflows and ecological responses.
2. Assess current knowledge about each of these links in Australian estuaries.
3. Identify the critical links where further R&D would provide maximum benefit.
4. Collate available information on current decision-making processes/frameworks for environmental flow management.



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
	2009
	Total

	1996/285
	 163,331 
	
	11,505 
	 
	 
	10,356 
	
	
	
	
	 185,192 

	1998/215
	 91,316 
	 197,290 
	 157,673 
	103,400 
	51,700 
	
	
	
	
	
	 601,379 

	1999/217
	 47,760 
	13,527 
	 
	21,170 
	7,643 
	
	
	
	
	
	 90,100 

	2000/159
	 68,295 
	 118,144 
	  46,657 
	
	
	 44,591 
	
	
	
	
	 277,687 

	2000/163
	
	32,361 
	 47,690 
	
	
	  15,330 
	
	  28,094 
	
	
	 123,475 

	2000/166
	
	 59,227 
	 71,949 
	  6,361 
	  6,361 
	
	
	
	
	
	143,898 

	2000/186
	
	 71,363 
	35,682 
	70,671 
	  69,978 
	  34,990 
	
	
	
	
	282,684 

	2001/022
	
	
	 166,835 
	  80,934 
	  86,026 
	 86,732 
	 26,035 
	 80,489 
	
	8,538
	 535,589 

	2001/023
	
	
	  82,890 
	 104,816 
	106,069 
	 37,786 
	
	
	  82,890 
	
	 414,451 

	2001/036
	
	
	 179,137 
	 133,325 
	 130,489 
	 55,369 
	55,369 
	
	
	
	 553,689 

	2005/081
	
	
	
	
	
	
	 40,000 
	
	
	
	 40,000 

	Total
	370,702 
	 491,912 
	800,018 
	 520,677 
	 458,266 
	 285,154 
	 121,404 
	108,583 
	82,890 
	8,538
	3,248,143 


	Source: FRDC project management database  
Note: Total for year ending June 2000 for 1996/285 includes total investment from 1996/97 to 1999/2000; the annual figures for each of these years are included in the cash flow of investment and have been estimated in real terms in the spreadsheet used in the cost benefit analysis.       

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
	2009
	Total

	1996/285
	1,165,181 
	
	  82,075 
	
	
	 73,875 
	
	
	
	
	1,321,131 

	1998/215
	 159,861 
	 345,382 
	 276,027 
	181,015 
	 90,508 
	
	
	
	
	
	1,052,792 

	1999/217
	33,872 
	  9,594 
	
	  15,014 
	 5,421 
	
	
	
	
	
	 63,900 

	2000/159
	  82,499 
	 142,715 
	  56,361 
	
	
	 53,865 
	
	
	
	
	335,440 

	2000/163
	
	  42,192 
	 62,178 
	
	
	 19,987 
	
	  36,629 
	
	
	160,986 

	2000/166
	
	 46,353 
	56,310 
	   4,978 
	  4,978 
	
	
	
	
	
	 112,619 

	2000/186
	
	 83,497 
	 41,749 
	  82,687 
	 81,876 
	 40,939 
	
	
	
	
	 330,749 

	2001/022
	
	
	 511,966 
	 248,362 
	 263,988 
	266,154 
	 79,894 
	 246,996 
	
	26,199
	1,643,559 

	2001/023
	
	
	63,178 
	 79,890 
	80,845 
	 28,800 
	
	
	63,178 
	
	  315,891 

	2001/036
	
	
	 140,868 
	 104,843 
	102,613 
	 43,541 
	 43,541 
	
	
	
	   435,405 

	2005/081
	
	
	
	
	
	
	
	
	
	
	

	Total
	1,441,412 
	 669,733 
	1,290,712 
	 716,789 
	 630,228 
	 527,161 
	 123,434 
	 283,625 
	 63,178 
	26,199
	 5,772,472 


Source: FRDC project management database; applicant and other investment based on project proposals
Note: Total for year ending June 2000 for 1996/285 includes total investment from 1996/97 to 1999/2000; the annual figures for each of these year

Table 5: Annual Investment in Cluster (nominal $)

	Year ending June
	FRDC
	Researchers and Others
	Total

	2000
	370,702
	1,441,412
	1,812,114

	2001
	491,912
	669,733
	1,161,645

	2002
	800,018
	1,290,712
	2,090,730

	2003
	520,677
	716,789
	1,237,466

	2004
	458,266
	630,228
	1,088,494

	2005
	285,154
	527,161
	812,315

	2006
	121,404
	123,434
	244,838

	2007
	108,583
	283,625
	392,208

	2008
	82,890
	63,178
	146,068

	2009
	8,538
	26,199
	34,737

	Total
	3,248,143
	5,772,472
	9,020,615




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

	1996/285
Rock Oyster
Mortalities 
	· Confirmation that estuarine acidification, associated with drainage of acid sulphate soils, reduces growth rates and survival in Sydney rock oysters leading to significant production losses.
· Oyster growth rates were lower at acid-impacted leases than at pH-neutral leases. Negative growth was also recorded at acid-impacted leases due to the loss of recent shell growth and shell dissolution.
· Mortality rates at acid-impacted sites were also significantly greater than at pH-neutral sites, particularly in juvenile oysters.
· There was no significant difference in the condition index of surviving oysters at acid-impacted and pH-neutral sites due to the ability of oysters to remain closed during acidic conditions. However under chronic exposure shell perforation eventually exposes the soft tissue, and also, oysters exposed to gradual changes in pH do not demonstrate avoidance reaction.
· The presence of iron precipitates in drainage waters can accumulate on the gills and lead to oysters being unsaleable due to the red stain.
· The presence of aluminium in acidic water caused more severe lesions than in oysters exposed to acid without any aluminium.
· Demonstration that acidification is not a factor in outbreaks of QX disease.
· Investigations of unexplained production losses, unrelated to acidification, in Limeburners Creek on the Hastings River indicate the possibility of a microcell disease. Further work is required to investigate the possible role of an infective agent, its pathogenesis and environmental risk factors.

	1998/215
Floodgate
Guidelines
	· A new set of guidelines was developed entitled ‘Restoring the balance: Guidelines for managing floodgate and drainage systems on coastal floodplains’.
· An improved understanding of the effectiveness of floodgate management in improving fish passage and water quality has been developed.
· An improved understanding of the impact of chronic acid sulphate run-off on juvenile fish and prawn migration was developed.
· An appreciation was developed of the need to address habitat rehabilitation in order to restore coastal nursery areas. 
· The effectiveness of two management options for floodgated drainage systems on the movement of juvenile fish and invertebrates on water quality was examined.  It was found that the numbers and biomass of estuarine fish differed significantly and consistently between drainage systems with and without floodgates. 
· An increase in the opening frequency of floodgates resulted in a significant increase in the number and diversity of marine species, however the installation of mini-sluicegate of vertical lift-gates did not improve fish passage.
· Five different types of tidal floodgates were examined and all let some fish through, however designs could be improved.
· Floodgates should be opened frequently and regularly, and consideration be given to the spawning and recruitment times of the major commercial fish species, particularly during the critical low-rainfall winter period.
· The opening of the floodgates resulted in significant improvements in water quality with respect to phosphorus, phosphate and aluminium, but did not lower concentrations of total nitrogen in floodgated systems.
· Opening of floodgates resulted in significant improvements in habitat quality including the disappearance of waterlilies, grasses and rushes.
· Laboratory experiments using Australian bass, snapper, yellowfin bream and school prawns show that juveniles of all species avoided acidified water. This may seriously affect migration patterns in areas with acid sulphate run-off.
· A Communication Strategy was jointly developed and delivered by NSW Agriculture and NSW Fisheries, and this continued beyond the duration of the research work. 

	1999/217
Seagrass and fisheries sustainability
	· Previous weaknesses in isotope analysis were overcome in the project through the development of a mixing model capable of including numerous autotrophs and their spatial variance, which provided a quantitative platform from which to determine likely contributions.
· The project demonstrated that in subtropical Australian estuaries and bays, fish and crustaceans caught over shallow mudflats are much more likely to obtain substantial nutrition from seagrass meadows and in situ production of microalgae, than they are from mangrove forests. 
· It was also found that mudflats lacking conspicuous vegetation provide habitat for certain key fish and crustacean species, and also play an important trophic role.

	2000/159
Coastal and estuarine fish habitats 
	· Six main habitat types were identified on the lower west coast of Australia on the basis of differences in the values of seven enduring environmental characteristics. Data for these characteristics were used to develop a quantitative method for enabling any site along the coastline to be assigned to its appropriate habitat type.
· Fish at two representative sites of each of the six habitat types were sampled seasonally for two years using two different seine nets. This data enabled prediction with confidence of the fish species likely to occupy the earlier defined six habitat types.
· The habitat types in the study can also be used to predict the ways in which a wide range of biota are spatially distributed in near-shore waters.

	2000/163
Water pollution and organic chemicals 
	· It was found that juvenile prawns and whiting are effective indicators of the potential impact of organophosphorus insecticides, but their effectiveness is limited by their availability for testing.
· The entry of chlorpyrifos into inshore marine environments may pose a threat to both Western King Prawn and king George Whiting juvenile populations in South Australia.
· More research is needed to fully ascertain the effects of organophosphorus pesticides on marine organisms in southern Australia.
· There were found to be significant concentrations of 2,4D-like-herbicides in most of the soil samples surveyed in this study, however conclusions regarding their impact on seagrasses are not conclusive. 
· The proposed development of a database of sources of pollutants was not progressed due to the sensitivity of property owners over responsibility for persistent herbicides.

	2000/166
Impacts on the Abrolhos marine habitats 
	· Data from a range of sources and existing research was collated and a report was produced that summarised existing information and current levels of human use.  
· The marine environment and natural impacts (e.g. winds, swells) were described. The impacts of the current commercial and recreational activities for the Abrolhos were also described including rock lobster fishery, saucer scallop fishery, finfish (various species),  aquaculture of pearl oyster, visiting family and friends of rock lobster fishers, people onboard private vessels, charter boat customers, and exploration for drilling petroleum.
· Some of the methods of data collection included interviews with stakeholders (fishers and recreators), extraction of information from logbooks and aerial surveys (rock lobster fishery only).
· Issues for consideration for each of the users (commercial and recreational) were identified.
· A public forum presenting the results of the data collection was held in Geraldton in July 2001.
· A two-day workshop was held following the forum and attended by invited representatives from professional fishing and recreational groups together with research and management experts.  The earlier data collection and public forum informed the workshop.
· The workshop resulted in a strategic research and development plan to ensure a sound basis for the management of sustainable multiple use of the Abrolhols Islands’ resources. 
· An assessment of the impact of fishing and associated activities on the marine environment was produced.

	2000/186
Impacts on eel resources 
	· It was found that past elver transfer practices in assisting upstream passage of eels have been effective in enhancing upstream populations.
· Downstream migration was found to be poor, and it was found that between 45% and 100% of downstream migrants were killed or injured when entrained in turbines. 
· There is a requirement for site-specific research to investigate the various responsive behavioural patterns of downstream migrating eels in order to develop and test downstream migrating strategies. 
· Each hydroelectric dam in Tasmania has specific characteristics which meant that it will not be possible to develop a single broad-range solution. 
· The study provided valuable information on the age structure of eel communities in dams, namely that there were mostly older eels and few juveniles.

	2001/022
Waterflows and downstream fisheries health 
	· Conceptual models of the life-cycle of selected fishery species were developed and how and when freshwater flows might affect these species life-cycles was super-imposed on to the life-cycles. A generic framework that could be applied to any Australian estuary was formalised.
· Commercial catches of fishery species in the Fitzroy River and Port Curtis estuaries of central Queensland were analysed as a case study. It was found that Barramundi and banana prawns were significantly influenced by summer flow and rainfall, and that barramundi catches were also significantly and positively correlated to flows lagged by three and four years, suggesting a recruitment effect.
· Recreational catches of summer whiting in central Queensland were positively influenced by summer freshwater flows two years previous.
· The age-structure of a number of species were analysed to determine if strong and weak year-classes persisted through time and were correlated with freshwater flow. It was found that year-class strength of barramundi and king threadfin was positively correlated with freshwater flow in spring and summer.
· It was found that barramundi growth rates varied significantly with freshwater flow, being faster at higher flow rates, which may be due to increased food available when flows deliver nutrients to the estuary.  It was also found that freshwater flows significantly increase the growth rates of juvenile banana prawns.

	2001/023
Spatial and temporal use of habitats 
	· Detailed surveys of the numbers and types of fish and crustaceans using different habitats were undertaken in Moreton Bay (southeast Queensland) over a 12 month period. The survey techniques used were consistent with a separate study being undertaken in Victoria at the same time (Project 2001/036 also funded by FRDC).
· There was also an investigation of whether the spatial arrangement of different habitats affected their value to nekton in Moreton Bay, including issues such as whether the proximity between seagrass and mangroves affected the value of the seagrass and whether the type of habitat linking mangroves to subtidal areas changed the values of the mangroves to nekton.
· It was found that Moreton Bay supports a rich and abundant assemblage of nekton using the shallow water habitats, and that similar numbers of species and individuals were sampled in western Moreton Bay and eastern Moreton Bay. These numbers were far greater than those recorded in Victoria.
· It was found that different communities of nekton used the mangroves and nearly intertidal seagrass with little overlap between the two habitats on either side of Moreton Bay.
· The first accurate maps showing the position of each of the major estuarine habitats across the gradient from shallow subtidal to terrestrial zones were developed. 
· The distance and connectivity between seagrass and mangroves was an important factor in determining catches in a number of species, and also had a marked effect on the numbers and types of fish and shrimp using the seagrass.
· The presence or absence of mangroves in the intertidal zone may be a critical feature in maintaining patterns of increased biodiversity and biomass of fish assemblages in other near-shore habitats. 

	2001/036
Near-shore fisheries- habitat linkages
	· A basic survey of fish use of intertidal habitats was undertaken. It was found that mangrove habitats in temperate Australian waters support a richer juvenile fish assemblage than adjacent mudflats.
· A combination of experimental and survey methods was used to determine whether fish use of mangrove habitat varied between the mudflats, the edge of the forest and the interior of the forest.
· It was determined that differences in the number and types of fish among these zones suggest that the number of fish species may increase where habitat becomes patchy, as this creates relatively more habitat ‘edge’ however this could also have a negative effect on abundances and number of species of resident mangrove fishes.
· It was found that the numbers and variety of fish in seagrasses and mangroves went up or down with the distance between these habitats. 
· Stable isotope studies were undertaken to better understand the structure of the coastal food webs, and the source of production through the food chain. It was found that across southern Australia the base for nutritional support of a fishery species depends strongly on the regions from which the fish was caught, and sulphur isotopes are a useful method of elucidating the most important source from a pool. 

	2005/081
Impact of freshwater flows on estuaries: research priorities 
	· A literature review and some interviews were undertaken, and resulted in a proposed conceptual framework comprising the sequential effects of freshwater inflows on the estuarine abiotic environment, the biotic environment and estuarine environmental values. 
· Prior to the workshop a wide range of knowledge needs were identified, and at the workshop these were reduced to 52 knowledge needs (19 high priority, 14 medium priority and 19 low priority).
· The high priority needs were then further prioritised by examining their benefit to the needs of managers, as well as their scientific or technical merit and benefit. 
· The priorities were endorsed by a wide diversity of researchers, managers and policy analysts at the workshop. 
· A report was produced that outlined general issues surrounding flows and estuaries, and included the prioritised knowledge needs.




Outcomes

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

Table 7: Summary of Project Outcomes

	Project
	Outcomes

	1996/285
Rock Oyster
Mortalities 
	· The findings raised awareness of the environmental and economic impacts of estuarine acidification, and have influenced environmental decision making at local and state government levels.
· The oyster industry is now recognised as an important stakeholder in the management of acid sulphate soils and their impact.
· Reactive and proactive strategies to manage acidification now consider the impacts on the oyster industry, where as previously they were not considered.
· The industry is now represented on key management and advisory committees responsible for management of acid sulphate soils.
· The research has enabled oyster farmers to minimise stock losses through improved risk and stock management in parts of the estuary impacted by acidification.
· The study has provided a basis for more accurate diagnosis of acid-related oyster mortalities and important baseline information for environmental impact assessment in coastal development.
· The project led to a subsequent project (1998/215) on floodgate management being funded by FRDC. 
· The research outcomes have been used in countries other than Australia, for example ACIAR has used the research outputs in Vietnam, Thailand and Indonesia. 
· The research (together with 1998/215) has led to a significantly improved understanding of the way in which floodgates and water releases should be managed.
· There has been ongoing extension with respect to the changed construction of drains, and leaky drains have been developed in order to allow acid to be diluted, so that no great environmental sludge occurs, as it is this type of influx that would be harmful to oysters and seagrass.

	1998/215
Floodgate
Guidelines
	· The findings will be used to restore degraded fish habitats and enhance access to them by fish, thereby improving fisheries in affected areas.
· There have been specific implications for management of floodgates in those catchments studied, however the findings are also generally applicable to acid sulfate soil catchments throughout NSW and Queensland.
· The guidelines were launched in January 2004 and at least 1,500 copies have been distributed. 

	1999/217
Seagrass and fisheries sustainability
	· The management implications of the findings could be that removal of seagrass or mudflats (e.g. by dredging) will disrupt trophic pathways. This should affect the relative importance coastal managers place on different estuarine habitats.
· The results for Moreton Bay were presented directly to fish habitat managers and the results from the Port Curtis area were presented at the State of Port Curtis conference. 
· The research was largely strategic in nature and the results have not been directly applied for management purposes. However it did clarify the role of seagrass when valuing habitats for some species, and broke down some myths regarding food webs.
· The scientific methods developed have been used in some subsequent isotope studies and resulted in improvements of the scientific rigour of such work. The new methods have been presented at scientific conferences.

	2000/159
Coastal and estuarine fish habitats 
	· The outputs from the study can be used by fisheries managers and scientists on the lower west coast of Australia to:
· Identify the habitat type of any site along that coastline.
· Predict the compositions of the fish and invertebrate faunas that are likely to be associated with any site along that coastline.
· Develop more appropriate plans for ensuring that habitats containing the most diverse fauna and/or are important for key commercial or recreational fish species, are conserved.
· Develop scientific hypotheses regarding spatial differences in the distribution of near-shore fauna and their biotic interrelationships e.g. predator prey relationships.
· The technique has been used in the Swan River area to validate priority area maps for habitat reconstruction to return the habitats to the natural state.
· The technique is also useful for identifying problems in particular geographic areas and habitat types through sampling of species, and testing to see whether actual species sampled matches the species that would be expected. This can provide an indication of whether there is a potential problem affecting the biodiversity of the area. South East WA is the only area to which this has been applied and ground-truthed.

	2000/163
Water pollution and organic chemicals 
	· Fishers in the Spencer Gulf (including whiting, prawn and blue crab fishers) may potentially benefit from the research through further research that might identify methods for mitigating impacts of agricultural chemicals on the fisheries. However, no further research has been conducted at this stage and there are no other outcomes from the study.  

	2000/166
Impacts on the Abrolhos marine habitats 
	· The study validated that there was no environmental impact from the shacks on the Abroholos Islands, or from pot-based fishing. The study did not look at trawlers.
· This has contributed to providing reassurance that the Department of Fisheries can continue to manage the Abrohlos Islands, rather than the Department of Environment. 
· It contributed to securing tenure for fishermen for their shacks.
· It also contributed to extending the tenure of fishing leases.
· The environmental management plan has been implemented.

	2000/186
Impacts on eel resources 
	· The study provided positive affirmation that the past practices for elver transfer have been successful in assisting upstream passage, and support that this should continue in order to contribute to the future sustainability of upstream eel populations.
· There was also heightened awareness regarding the risk of injury or mortality faced by migrants on their journey downstream.
· The study demonstrated that the existing technology that had been invested in to aid eel migration was of some value, but that more action may be required.
· Subsequent changes that are adopted will also have some implications for other native fish species.

	2001/022
Waterflows and downstream fisheries health 
	· The information generated will have implications for water and fisheries management. For example, during extended low flow decades the size of estuarine fish populations are probably reduced as a consequence of successive years of low recruitment, and the populations would therefore be at greater risk from fishing pressure, water abstraction and other anthropogenic impacts.
· The findings will be of use in developing monitoring programs for water resource plans with respect to measuring estuarine health and also providing a framework for assessing the need for freshwater to flow to estuaries in areas outside the present study region.
· The protocol developed in 2001/022 for sampling the age-structure of the commercial sector of the barramundi fishery has been adopted by the Long Term Monitoring Program of Queensland Fisheries as the standard sampling protocol for barramundi on the east coast of Queensland. This allows more samples to be collected for a smaller cost than fishery independent netting (the previous protocol). 
· While there was some previous knowledge on the influence of freshwater flows on estuaries, this had mostly been based on assumptions and little data was available.
· This project developed novel techniques to back date recruitment and compare it with flow events (included age pulses and signatures).
· The project results can be used for ecosystem based fisheries management that considers links and life cycles from the estuary to marine environments.
· Improved information can also be provided therefore on the economic value of environmental flows for fisheries.
· The information has been used by Queensland water resource managers to assess the downstream risks of proposed upstream water development scenarios. This results in estuarine fisheries values being explicitly considered by water resource managers. At this stage this has only been undertaken for the Fitzroy River (which was the first water resource plan to be reviewed in Queensland). However, it has set a new benchmark for water resource planning and assessment and is likely to be used in other catchments. 
· A similar study is currently being undertaken for the Gulf of Carpentaria (FRDC project 2007/002) which aims to determine the role of flow impacts in supporting estuarine finfish fisheries in northern Australia (Qld and NT) using the techniques developed in 2001/022.
· The eWater CRC is funding a follow up project to 2001/022 that provides estuarine fisheries-flow models to a national “Ecological Response Model” that permits assessment of likely impacts of water resource development. It will also develop a fisheries stock assessment based model for barramundi that incorporates river flow variability upon recruitment and growth, using the data and equations from 2001/022.
· Similar research ahs been undertaken in NSW which used the conceptual framework developed in 2001/022. 

	2001/023
Spatial and temporal use of habitats 
	· The outputs of the project were provided to the Queensland State Government (EPA) at the time when the statutory review of the Moreton Bay Zoning Plan was being undertaken. It was used by both the industry and government in submissions. The fishers used it to argue to keep some areas open, however they were unsuccessful in having the zones changed.
· The Burnett Mary Regional Group for NRM has used the information in the development of plans for implementation of the methods and approaches for the assessment of fisheries resources in the Hervey Bay Region.
· Overall, while the information provided was of ecological interest, it has had little management application at this stage as the scale was too small. 

	2001/036
Near-shore fisheries- habitat linkages
	· The outputs from the study can be used to set a baseline of data against which disturbance effects can be assessed in the future.
· The data and information can be used when decisions are being made regarding the preservation of nursery habitats.
· The data and information may also be used in marine park designs.
· At this stage, the outputs of the study have not been used for management purposes.

	2005/081
Impact of freshwater flows on estuaries: research priorities 
	· Initial agreement among key stakeholders in the research community on research priorities relevant to environmental flows and estuaries.
· Potentially improved coordination of research agendas of relevant bodies and research groups for each state and territory.
· Enhanced informal networks within the research and management communities and also across these two groups.
· An improved strategic position for Australian research into estuarine flows resulting in greater likelihood that future research will benefit both the fishing industry and Australian community. 
· The project was followed by the funding by the National Land and Water Resources Audit of an Audit report on Estuaries. 




Benefits 

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

Table 8: Summary of Project Benefits

	Project
	Benefits

	1996/285
Rock Oyster
Mortalities 
	· Changes to floodgates and drains has resulted in the reduced influence of acid on oysters and seagrasses, and therefore reduced losses of oysters and reduction in quality of oysters due to such events.
· The inclusion of the oyster industry in decision making associated with the management of acid sulphate soils has resulted in improved relationships between various stakeholders in the community.

	1998/215
Floodgate
Guidelines
	· Changes to floodgates and drains has resulted in the reduced influence of acid on a range of species including oysters, prawns and commercial fish species, and therefore reduced losses and quality of these species due to such events.
· The restoration of degraded fish habitats through improved control of acid sulfate impacts will have biodiversity implications.

	1999/217
Seagrass and fisheries sustainability
	· The benefits are largely strategic in nature, with some scientific benefits through the use of the methods in other projects.
· There are potential biodiversity and sustainability benefits if the outputs are used in the future for influencing marine zoning or restrictions on dredging due to improved understanding of the importance of different habitats to different species (e.g. mangroves, mudflats, seagrass beds).
· The potential value is through general biodiversity benefit, affecting existence value, recreational fishing and commercial fishing if nursery areas are retained/protected etc.

	2000/159
Coastal and estuarine fish habitats 
	· The potential outcome is improved planning for restoration and identifying priority areas where the greatest divergence from expected biodiversity exists; and in confirming and identifying problems.
· The benefits will therefore be improved sustainability, resulting in benefits to biodiversity, and recreational and commercial fishing industries. 

	2000/163
Water pollution and organic chemicals 
	· There have been no benefits from this research at this stage, however there may be some potential future benefit to fishery health if further research on mitigating impacts of agricultural chemicals on fisheries is conducted in the future.

	2000/166
Impacts on the Abrolhos marine habitats 
	· The impact is a contribution to a reduced likelihood that the fisheries surrounding the Abrolhos Islands will be shut down or the catch reduced due to perceptions of unsustainability due to a lack of data and information on the actual impact. 

	2000/186
Impacts on eel resources 
	· The benefit is the improved commercial and biological sustainability of the inland eel fishery in Tasmania. 

	2001/022
Waterflows and downstream fisheries health 
	· A contribution to the improved commercial and biological sustainability of estuary dependent fisheries in Queensland. 

	2001/023
Spatial and temporal use of habitats 
	· To date there have been no significant benefits from the use. However if used, potential benefits may be an improved likelihood of sustainable fishing in a region, without compromising environmental impact. 

	2001/036
Near-shore fisheries- habitat linkages
	· There are no benefits from this research at this stage, as the outputs of the research have not yet been used in a management context. However, if used in the future, there may be some potential future biodiversity and industry benefits related to appropriate identification of preservation areas and marine park zones.

	2005/081
Impact of freshwater flows on estuaries: research priorities 
	· Benefits include more informed priority setting and coordination of research agendas, potentially resulting in more efficient use of research resources. 



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

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

	1. Reduced impact of acid sulphate soils on NSW and other fisheries
	5. Improved sustainability of native eel fishery in Tasmania
	7. More efficient use of research resources through improved priority setting and coordination

	2. Reduced likelihood of fishing activity around the Abrolhos Islands being inappropriately curtailed
	6. Improved biological sustainability of estuary dependent fisheries in Queensland
	

	3. Improved commercial sustainability of native inland eel fishery in Tasmania 
	
	

	4. Improved commercial sustainability of estuary dependent fisheries in Queensland
	
	



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


Table 10: Summary of Importance of Benefits by Beneficiary Type 

	
	Fishing industry
	Spillovers

	
	
	Other industries
	Public

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

	Environmental
	5. *
	
	5. *
6. **

	Social
	7. *
	
	7. * 


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

Public versus Private Benefits 
The benefits from this cluster are both public and private in nature. The public benefits include improved allocation of research resources, as well as the potential improved sustainability of a number of fisheries. Private benefits also relate to that improved sustainability through allowing commercial fisheries to remain sustainable.  Other private benefits include a reduction in the likelihood of inappropriately curtailing a fishery, and a reduction in the impact of acid sulphate soils on fisheries.

On the basis of the distribution of the eight benefits listed in Table 10, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up 33% of the total benefits.  If the subjective weightings provided in Table 10 are taken into account, then the proportion of total benefits that could constitute public benefits to Australia remains the same, at 33%.

Distribution of Benefits Along the Fish Supply Chain 
Any private benefits and costs will initially be captured by the fishers and their employees. However, these costs and benefits will be shared along the input supply and marketing chain including seafood consumers. 

Benefits to Other Industries
There will be some positive and negative impacts on the management practices of other primary industries, particularly those farming in coastal zones where sediment and run-off may impact on fisheries (e.g. sugarcane farming). 

Benefits Overseas
There will be no or limited benefits to overseas fishing industries from the projects in this cluster. The principal potential benefit may be through overseas researchers using some of the scientific techniques developed though this project.
  
Additionality and Marginality
If FRDC had not received funding from government, some of the investments would probably not have been made as industry could have viewed them as government’s responsibility as the perception was likely to be that many of the benefits were likely to be environmental (or public) in nature. Only a smaller proportion of the public benefits than in Table 12 therefore would have been delivered..

Table 12: 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 (50% -75%) 

	3. Would the cluster have been funded if no public funding for FRDC had been available?
	Unlikely to be funded by FRDC  (25%-50%)



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 research in this cluster contributes to national research priorities 1 and 3, and rural research priorities 1 and 3. Both supporting priorities were also addressed.



Quantification of Benefits

Benefits Valued
There are four benefits from the cluster quantified in this analysis. These include:
· Commercial sustainability of Tasmanian inland eel industry
· Reduced impact of acid sulphate soils on NSW and other fisheries
· Reduced likelihood of Abrohlos islands commercial fishing value being curtailed artificially
· Improved commercial sustainability of Queensland estuary dependent fisheries

The benefits not valued are the biological value of eels in Tasmania, and of the Queensland estuary dependent fisheries. 

Tasmanian Eels
The Tasmanian short-finned eel fishery is a native inland commercial and recreational fishery.  The commercial fishery has an annual catch of approximately 45 tonnes, spread across 12 commercial fishing licences (Tasmanian Inland Fisheries Service, 2006).  The major markets for the catch are as frozen product to Europe and live product to Asia.  There is some value added product (mainly smoke) sold to the local domestic market. The average price for wild caught eel was estimated to be $5.50 per kg, or $5,520/tonne in 2001/02 (beach value), which would equate to approximately $6,890 in 2008/09 dollar terms (derived from Australian Aquaculture portal). Therefore the value of the Tasmanian freshwater eel industry is estimated to be $310,050 per annum. Recreational and biodiversity values would be in addition to this.

The outputs of this research have helped in developing strategies to maintain a sustainable population of inland eels for commercial and recreational purposes, through ensuring measures are in place to effectively manage age structures of the eel population in inland lakes and rivers where dam walls and other structures can cause problems.

It is assumed that without the research, there was a probability that the eel population could collapse so that the commercial industry could not continue at all. The probability of this occurring is assumed to decrease from 0.5 to 0.4 as a result of this research. This decrease takes account of the fact that there would be other research and management factors also contributing to the sustainability of the fishery that might decrease this probability even further. The first year of benefits is assumed to be 2004/05, following the completion of the project, and it is assumed that it took five years for the full benefit to be realised. 

It is noted that there would also be some biodiversity benefits through maintaining a sustainable population, as the eel fishery is a native fishery.  The benefits to recreation and biodiversity are not valued here. 

Acid sulphate soils
The consequences of acid leaching from acid sulphate soils into coastal waterways are significant. There are impacts on a number of industries and communities, not just fishing.  Examples of the impacts of acid sulphate soils on fisheries include fish kills, fish disease, mass mortalities of microscopic organisms, increased light penetration, loss of acid-sensitive crustaceans and destruction of fish eggs (NSW DPI, 2005a). Longer term impacts include habitat degradation, reduced resources for aquatic food, reduced ability of fish to migrate, reduced recruitment of fish, changes to communities of water plants and weed invasion by acid-tolerant plants.  Non-fish impacts include damage to infrastructure such as bridges (NSW DECC, 2008).  Floodgates and other mechanisms for management coastal floodplain drainage systems are managed by local government authorities, landholders, drainage unions, industry groups and community groups. Benefits from improving the management of floodgates during non-flood periods include enhanced water quality, improved fish passage and habitat, improved agricultural production and acid sulphate soil management (NSW DPI, 2005b).

For the purposes of this analysis, the impact of acid sulphate soils on NSW Fisheries is assumed to be $2.2 million per annum (OzCoasts website, undated). Further, as acid sulphate soils also impact on fisheries in other states of Australia, particularly Queensland, it is assumed that there is at least another $2.2 million impact per annum on other fisheries throughout Australia due to acid sulphate soils.  It is assumed that the research funded in this cluster, and the development of the “Restoring the balance guidelines for managing floodgates and drainage systems” have contributed to a reduction in the impact of acid sulphate soils on fisheries.  It is assumed that in NSW, this impact has been reduced by 25%, and throughout the rest of Australia, by 10%.  The first year of impact was assumed to be 2005/06 (the guidelines were released in 2004), and it is assumed that it will take ten years from that date for the full reduction in impact to be realised, due to gradual adoption and use of the guidelines.   

Abrolhos Islands
The average annual value of the catch of commercial fisheries in the Abrolhos Islands area is assumed to be $43.3 million.  This is mostly made up of the western rock lobster ($40 million), with the remainder from scallops and finfish (Webster et al, 2002).  There is also a pearl aquaculture industry, and recreational charter fishing industries operating in the region.  

Prior to this study, there was little information or data available on the impact of fishing and other activities on the Abrolhos Islands and associated reefs.  The islands are a part of an “A” Class Reserve for the purposes of conservation of flora and fauna, tourism and for purposes associated with the fishing industry. The islands are listed in the Register of the National Estate under the Australian Heritage Act 1975 and were gazetted as Western Australia’s first Fish Habitat Protection Area under the Fish Resources Management Act 1994.

It is assumed that without this project, there was a probability that the commercial fishery would have been severely curtailed due to perceptions that the commercial fishing and associated activities in the area (e.g. living on islands) was having a negative impact on the biodiversity in the area. Any such decision however would have been based on perceptions rather than actual data. This study provided significant evidence that fisheries related activities are having little impact on the sustainability of the region, and that it is appropriate for such activities to continue.  

For the purposes of this analysis, it is assumed that prior to the study, the fishery was in danger of being severely limited in terms of available catch, and that the value of the fishery could have been reduced to just 20% of the current value. The probability of this occurring prior to the research was assumed to be 20%, and this study has reduced that probability to 15%.  It is noted that if the fishery had been reduced in this way, that 50% of the resources (boats, gear, staff) being utilised could have been redeployed to other fisheries. It is assumed that the first year of impact was in 2005/06. 

Environmental Flows
The research has demonstrated the values of environmental flows to a number of Queensland estuary and inshore fisheries (including prawns, crabs and some finfish).  The understanding of the interactions between such flows, their timing and volume, and spawning and growth of a number of species has been greatly improved. The use of this information has been used to varying degrees for understanding the sustainability of a number of fisheries, and in the future will contribute to stock assessments. 

For the purposes of this analysis, this contribution is valued by assuming there is an improvement in the sustainability of the fisheries due to the use of the knowledge generated in this research project. This is achieved by assuming a shift in the sustainability status of the fisheries affected by the project. The six fisheries considered to have received some benefit from the research include the East Coast trawl fishery (in particular the east coast banana prawn fishery), the Queensland mud crab fishery and the east coast inshore net fishery. The total value of these fisheries is equal to $123.4 million per annum (Queensland Primary Industries and Fisheries, 2007). 

An assessment is made of the status of the fisheries before the project commenced. This assessment includes the probabilities that the fisheries will collapse, remain sustainable or be underutilised. Given the contribution from the project as defined by the adoption of the research as indicated by its outcomes and benefits, the probabilities of each future state are reassessed. The assumed shift in probability is quite small, in recognition that this project is just one part of a wider research and management effort associated with these fisheries. 

The estimates of the state probabilities with and without the research investment are shown in Table 13.


Table 13: State Probabilities With and Without the Investment

	State of Fishery
	Probability

	Without Investment

	Unsustainable state 
	0.4

	Sustainable State
	0.5

	Underutilised state
	0.1

	With Investment

	Unsustainable state
	0.35

	Sustainable state
	0.55

	Underutilised state
	0.1



Various assumptions were necessary regarding the extent and timing of impact and potential recovery if the fisheries became unsustainable and fishing investment is withdrawn. The year in which the first impact from the research investment would occur is assumed to be 2009/10, which is three years following the completion of research, and allows for some adoption of the investment outputs.  This is the year when the probability status would change.  

In the event of a fishery collapse, the first year of the collapse is estimated to be 2009/10, and it is further assumed that it would take four years for the fishery to totally collapse. The extent of total collapse is estimated as being 20% of the original value of the fishery.   It is then assumed that the fishery will remain in a collapsed state for 4 years, and take three years until the recovery is complete. Once recovery is complete, the fishery may not return to its original state and it is assumed therefore that only 80% of the original fishery value is available after recovery.  As the catch declines, the percentage of displaced catch input resources that can be utilised in other fisheries activities is estimated as 30%.  

To estimate the benefits, the income stream of fishing benefits for each of the three scenarios without the research investment was estimated. An expected value was estimated for each income stream by applying the probabilities producing an expected income stream without the research. The income stream for each scenario was then estimated also for the “with research scenario”. The expected value was then different as the probabilities of each state have changed. The gain in each year is estimated by subtracting one income stream from the other. 


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

Table 14: Summary of Assumptions

	Variable
	Assumption
	Source

	Eels

	Average wild commercial catch
	45 tonnes
	Inland Fisheries Service Tasmania, 2006

	Average price for wild catch eel
	$6,890/tonne
	Derived from Australian Aquaculture Portal

	Total annual value of industry
	$310,050
	Derived

	Potential reduction in catch if no intervention 
	100%
	Consultant estimate

	Probability of reduction occurring without research
	50%
	Consultant estimate

	Probability of reduction occurring with research
	40%
	Consultant estimate

	First year of benefits
	2004/05
	Consultant estimate

	Number of years to full benefit
	5 years
	Consultant estimate

	Acid Sulfate Soils

	Annual cost of Acid Sulfate Soils to NSW fisheries
	$2,200,000
	OzCoasts, undated

	Annual cost of Acid Sulfate Soils to Queensland and other fisheries
	$2,200,000
	Consultant estimate

	Reduction in impact in NSW due to research
	25%
	Consultant estimate

	Reduction in impact in Queensland and other fisheries due to research
	10%
	Consultant estimate

	First year of impact
	2005/06
	Consultant estimate

	Number of years to full benefit
	10 years
	Consultant estimate

	Abrolhos Islands

	Average value of wild commercial catch
	$43.3 million
	Webster et al, 2002

	Potential catch reduction due to perception of negative impacts on the environment, due to lack of information
	80%
	Consultant estimate

	Probability without research
	20%
	Consultant estimate

	Probability with research
	15%
	Consultant estimate

	Proportion of catch relevant
	100%
	Consultant estimate

	Proportion of resources redeployed
	50%
	Consultant estimate

	Year of first impact
	2005/06
	Consultant estimate

	Environmental Flows

	Average annual value of catch
	$123.4 million
	Queensland Primary Industries and Fisheries, 2007

	Year of start of collapse
	2010
	Consultant estimate

	Time to complete collapse
	4 years
	Consultant estimate

	Number of years of collapse
	4 years
	Consultant estimate

	Number of years to recovery
	3 years
	Consultant estimate

	Extent of recovery
	80% of original catch
	Consultant estimate

	Proportion of resources redeployed
	30%
	Consultant estimate

	Probabilities of collapse with and without research
	See Table 13
	




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 (2008/09) 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 

	Eels
	0.58
	1.0

	Acid Sulphate Soils
	11.61
	20.7

	Abrolhos Islands
	17.05
	30.4

	Environmental Flows
	26.89
	47.9

	Total
	56.13
	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)
	4.64
	21.00
	36.76
	48.76
	56.13

	Present Value of Costs ($m)
	15.38
	15.38
	15.38
	15.38
	15.38

	Net Present Value ($m)
	-10.74
	5.62
	21.38
	33.38
	40.74

	Benefit-Cost Ratio
	0.3 
	1.4
	2.4
	3.2
	3.6

	Internal Rate of Return (%)
	neg
	8.5
	13.3
	14.5
	14.8



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

	Years
	0
	5
	10
	20
	30

	Present Value of Benefits ($m)
	1.65
	7.46
	13.06
	17.32
	19.94

	Present Value of Costs ($m)
	5.34
	5.34
	5.34
	5.34
	5.34

	Net Present Value ($m)
	-3.69
	2.12
	7.72
	11.98
	14.60

	Benefit-Cost Ratio
	0.3 
	1.4
	2.4
	3.2
	3.7

	Internal Rate of Return (%)
	neg
	9.1
	14.0
	15.2
	15.5



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 

	Eels
	0.58
	100
	0
	0
	0
	0

	Acid Sulphate Soils
	11.61
	50
	0
	50
	0
	0

	Abrolhos Islands
	17.05
	100
	0
	0
	0
	0

	Environmental Flows
	26.89
	50
	0
	50
	0
	0

	Total ($m)
	56.13
	36.88
	0
	19.25
	0
	0

	Total (%)
	100
	65.7
	0
	34.3
	0
	0



Sensitivity Analyses
Table 19 shows the sensitivity of the investment criteria to the discount rate (for total investment, over the life of the investment plus 30 years from the year of last investment). 

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

	Criterion
	Discount rate

	
	0%
	5% 
	10%

	Present Value of Benefits ($m)
	97.24
	56.13
	38.36

	Present Value of Costs ($m)
	10.94
	15.38
	21.56

	Net Present Value ($m)
	86.30
	40.74
	16.80

	Benefit-Cost Ratio
	8.9
	3.6
	1.8



As demonstrated in Table 15, no single benefit dominates the investment criteria, with the largest percentage being the Queensland estuary benefit with 48% of the benefits, followed by the Abrolhos Islands with 30%. Because of this, changes to a single criterion are unlikely to greatly influence the results, and therefore no further sensitivity analyses are undertaken. 

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 20). 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 20: Confidence in Analysis of Environmental Impact Cluster

	Coverage of Benefits
	Confidence in Assumptions

	High
	Low




Association with FRDC KPIs

The Key Performance Indicators (KPIs) for FRDC fall into five groups as provided in Table 21. The projects in this cluster are associated with Challenge and KPI A2 and A3.

Table 21: 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 several projects were started under previous R&D plans


Lessons Learnt for Future Investment

The results demonstrate that the size of the return to investment is significantly influenced by the size of the industry being targeted (e.g. eels in Tasmania only a very small industry). However, it is in situations like this where environmental and biodiversity benefits can be important in ensuring an appropriate return to investment is achieved, especially where a species is threatened, as was the case with the short-finned eel in Tasmania. 


Conclusions

Investment was made in a total of eleven projects within the cluster with the FRDC contribution approximating 36% of the total costs involved.  

Both private and public benefits have been identified as arising from the investment. On the basis of the eight benefits identified, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up about one third of the total benefits.  Four private industry benefits have been quantified, however as the public benefits have not been quantified the investment criteria estimated are probably an underestimate of the total benefits from the cluster.    

Given the framework used and the assumptions made, the investment criteria estimated for the cluster were positive with the total investment of $15 million (present value terms) estimated to return an expected present value of benefits of $56 million, yielding an expected net present value estimate of $41 million and a benefit-cost ratio of 3.6 to 1 (expressed in 2008/09 $ terms and using a 5% discount rate, and with benefits estimated over 30 years from the final year of investment).  
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