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Background 

The sustainability of natural resources was the largest of three programs defined in the FRDCs R&D Plan commencing in 2000. Improving the assessment methodology of stocks and improving the management of those stocks was a key strategy in executing the sustainability program. The cluster of project investments under investigation here addressed resource assessment and sustainability across a small number of species in NSW fisheries.  

An estimate of stock size is a fundamental requirement in predicting both a species’ and a fishery's production potential and subsequently in developing ecologically sustainable management practices. Knowledge that underpins stock assessment and sustainability includes understanding taxonomy, age structure and longevity, reproduction, habitats, feeding preferences, history of the fishery, catch rate, and species interactions. Assessment is becoming more and more ecosystem-based with environmental drivers being of importance (e.g. climate variability, river changes, association with habitat and oceanographic conditions), as are the interconnectedness of species, by-product catches and the interactions between different fisheries management regimes. 
 
FRDC do not fund stock assessment or monitoring per se. However, the improvement of assessment methods, particularly developing novel methods or making them more useful and robust, is an important priority for FRDC. Routine monitoring, assessment and management of the relevant NSW fisheries are generally the responsibility of the NSW Department of Primary Industries (now part of the Department of Industry and Investment). 

The rationale for this investment is that wild fisheries need to be managed to avoid the tragedy of the commons. Management to ensure a sustainable catch usually takes the form of input and output controls. Output controls focus on the ‘take’ whereas input controls focus on the catch rate and gear type. Without government control, it is likely that the industry and the public would be worse off through an increased frequency of fisheries collapses, unsustainable resource use and industry becoming unprofitable.  

It is argued that governments manage fisheries in the public good and therefore research to strengthen fisheries management is also a public good. FRDC funding for this cluster of projects therefore has been derived mainly from government funding. In fact, FRDC receives around 65% of its total funding from government. Due to extractive use by industry and a responsibility to ensure resources (fish and habitats) are used sustainably, some money from industry levies has also been invested in this cluster. 

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

Table 1: Summary of Project Details

	Project Number 
	Project Title 
	Other Details

	1998/127: Adult longfinned eels
	Description of the biology and an assessment of the fishery for adult longfinned eels in NSW
	Organisation: Industry & Investment (NSW)
Period: Jun 1998 to Dec 2004
Principal Investigator: Bruce Pease

	1999/128: Sea urchin fisheries
	Research to develop and manage the sea urchin fisheries of NSW and eastern Victoria
	Organisation: Industry & Investment (NSW)
Period: Oct 1999 to Apr 2004
Principal Investigator:  Duncan Worthington

	2001/027:
Eastern sea garfish and river garfish
	Life history, reproductive biology, habitat use and fishery status of eastern sea garfish (Hyporhamphus australis) and river garfish (H. regularis ardelio) in NSW waters
	Organisation: University of Wollongong
Period: Nov 2001 to Dec 2006
Principal Investigator: Ron West

	2002/005:
Mulloway
	Arresting the decline of the commercial and recreational fisheries for mulloway (Argyrosomus japonicus)
	Organisation: Industry & Investment (NSW)
Period: Jun 2002 to Aug 2006
Principal Investigator: Charles Gray



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

Table 2: Description of Project Rationale and Objectives

	Project Number 
	Rationale and Objectives

	1998/127: Adult longfinned eels
	Rationale:
Internationally, the demand and resulting value of glass eels had been increasing, with live glass eels selling for over $15,000 per kilo.  This increase in value internationally resulted from over-fishing of adult and glass eels in Asia, North America and Europe.  This world experience indicated that over-fishing of long-lived freshwater eels can be catastrophic.  Because of the increasing significance of adult eels in the estuarine fisheries of NSW, decreased catches in recent years and the prospect of increased future catches of glass eels for aquaculture, it was thought important to undertake research to increase the understanding of the status of adult eel stocks in NSW.  

Objectives:
1. Compile all available survey data on longfinned eels in NSW to provide a quantitative summary of their distribution and relative abundance in coastal catchments.
2. Compile and cross-check all available historic catch and effort data for the commercial fishery on longfinned eels in NSW from all sources (monthly catch returns, permit logs, and export records) into a database of catch and effort information.
3. Conduct a literature review of fishery-dependent techniques for assessing adult anguillid eel stocks.
4. Describe the size, age, reproductive status and stock structure of the commercial catch of longfinned eels and their populations in representative fished and unfished catchments of NSW.
5. Assess the magnitude of the recreational fishery and the magnitude and cultural significance of the traditional fishery for freshwater eels in NSW.
6. Develop a preliminary fishery dependent model for stock assessment of longfinned eels which incorporates relevant catch, effort, recruitment and growth information.
7. Develop a strategy for monitoring the commercial fishery for longfinned eels and associated impacts related to glass eel harvest in the future.
8. Provide advice to fishery managers on the status of the stocks of longfinned eels in NSW, along with an assessment of the adequacy of existing management restrictions.
9. Provide advice to the Australia - New Zealand Eel Reference Group about the development and implementation of fishery dependent techniques for assessing other anguillid eel stocks of eastern Australia.

	1999/128: Sea urchin fisheries
	Rationale:
With the decline in several other sea urchin fisheries around the world, there existed an opportunity to develop a large and valuable fishery for purple and red sea urchins in NSW.  In addition, there was also interest in the further development of the purple urchin fishery near Mallacoota in eastern Victoria, and the white urchin fishery in Port Phillip Bay.  If these urchin fisheries could be further developed within an appropriate management framework, it could also lead to significant benefits for the abalone fishery, particularly in NSW, because of the interaction between the two species.

Because of the limited development of this fishery, it provided an opportunity to assess stocks of sea urchins prior to any fishery development.  

Objectives:
1. Develop and complete a process for stock assessment of sea urchins in NSW and eastern Victoria.
2. Investigate techniques to enable the reliable harvesting of quality roe from coastal reefs, and determine their impact on associated species.

	2001/027:
Eastern sea garfish and river garfish
	Rationale:
There were major concerns over the status of the garfish species in NSW waters, particularly eastern garfish and river garfish. The commercial fishery for these species was considered to be threatened. While increasing fishing pressure was one possible cause for the declines in catches, another major concern was the impact of coastal development on the habitats of these species, which appeared to have a strong reliance on key estuary and inshore habitats, such as seagrasses. The continued deterioration of these key inshore habitats in NSW was considered to be another significant impact on the commercial catches. Little was known about the biology, life history, or habitat requirements of these two NSW garfish species and no research had been conducted on the fishery itself.
 
Objectives:
1. To provide new information on the biology and life history of garfish species in NSW waters, particularly the two dominant species, eastern sea garfish and river garfish, including:   
a.  reproductive biology,  
b.  time of spawning,    
c. age at maturity,   
d. initial estimates of growth rate, and,    
e. key habitat requirements, particularly the role of seagrasses and other vegetated areas as juvenile nursery areas and as feeding and spawning sites for adults.
2. To provide the research basis for a future stock assessment of eastern sea and river garfish in NSW waters, including:   
a. a validated aging technique,    
b. estimates of size, age structure and reproductive state of landed catches for both species, and, 
c. initial assessment of environmental impacts of the fishery and possible impacts on the fishery.
3. To provide advice to the fishing industry, fishers and NSW Fisheries on the management of the garfish fishery, including recommendations for research and monitoring, to assist in achieving a sustainable fishery in NSW waters.

	2002/005:
Mulloway
	Rationale:
There was a need to synthesise all existing information and to obtain new basic biological and fisheries-related information on mulloway to be able to make informed management decisions concerning the continued sustainable harvesting of the species in NSW waters and elsewhere and to arrest the apparent decline in populations. 

Objectives:
1. Synthesise, write and publish a review of the biology and fisheries of mulloway (and other relevant sciaenid species) in an international scientific journal and provide a layman’s summary that can be given to stakeholders.
2. Reanalyse all existing tagging information on mulloway.
3. Describe the growth and age and reproductive biology of mulloway in NSW and do yield-per-recruit analyses.
4. Determine the length, sex and age compositions of commercial catches of mulloway.
5. Advise the commercial and recreational fishing communities and other interest groups on the biology of mulloway and provide recommendations on ways to stop the apparent decline in populations and future management and assessment strategies for the species.



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 1998 to June 2007 (nominal $)

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

	1998/127
	68,066
	68,066
	130,671
	47,305
	0
	0
	0
	47,247
	0
	0
	361,355

	1999/128
	0
	0
	55,070
	142,698
	88,360
	29,742
	29,742
	0
	0
	0
	345,612

	2001/027
	0
	0
	0
	0
	75,188
	88,366
	89,216
	86,259
	26,913
	561
	366,503

	2002/005
	0
	0
	0
	0
	41,066
	38,828
	41,231
	43,138
	20,533
	20,531
	205,327

	Total
	68,066
	68,066
	185,741
	190.003
	204,614
	156,936
	160,189
	176,644
	47,446
	21,092
	1,278,797


     Source: FRDC project management database  
       

Table 4: Investment by Researchers and Others by Project for Years ending June 1998 to June 2007 (nominal $)

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

	1998/127
	135,078
	135,078
	259,319
	93,878
	0
	0
	0
	93,763
	0
	0
	717,116

	1999/128
	0
	0
	106,687
	276,915
	171,468
	57,716
	57,716
	0
	0
	0
	670,683

	2001/027
	0
	0
	0
	0
	105,450
	123,932
	125,124
	120,976
	37,745
	787
	514,013

	2002/005
	0
	0
	0
	0
	24,600
	23,260
	24,699
	25,841
	12,300
	12,299
	122,999

	Total
	135,078
	135,078
	366,186
	370,793
	301,518
	204,907
	207,539
	240,580
	50,045
	13,086
	2,024,811


    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

	1998
	68,066
	135,078
	203,144

	1999
	68,066
	135,078
	203,144

	2000
	185,741
	366,186
	551,927

	2001
	190,003
	370,793
	560,796

	2002
	204,614
	301,518
	506,132

	2003
	156,936
	204,907
	361,843

	2004
	160,189
	207,539
	367,728

	2005
	176,644
	240,580
	417,224

	2006
	47,446
	50,045
	97,491

	2007
	21,092
	13,086
	34,178

	Total
	1,278,797
	2,024,811
	3,303,608




Outputs

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

Table 6: Summary of Project Activities and Outputs

	Project
	Activities/Outputs

	1998/127: Adult longfinned eels
	· All available information about the distribution and abundance of the two river eel species in NSW was compiled into a single geographic information system (GIS).
· This information was summarised and it was concluded that longfinned eels probably occur in virtually every coastal waterbody in NSW, and that they are known to occur in every aquatic habitat within this region including marine and occasionally hypersaline waters at the mouth of the estuaries to montane streams, freshwater lakes and isolated freshwater impoundments.
· Sex and stage of gonadal development of longfinned eels from a range of catchments and habitats were macroscopically and histologically examined to determine their reproductive biology. A key finding was that most males reach sexual maturity before reaching the marketable size of 58cm or 500g.
· The annual nature of growth rings in otoliths of “yellow eel stage” (fully pigmented, pre-migratory) longfinned eels was validated using a combination of laboratory and field experiments.
· Field tagging studies were used to evaluate the movement patterns of yellow-stage longfinned eels within the coastal catchments of NSW.  The results indicated that the home range of longfinned eels is generally less than approximately 300m.
· Sex ratios, catch per unit of effort (CPUE) and population age and length structure were examined in three zones (fresh water, upper tidal and lower tidal) in three river catchments. Growth rates of longfinned river eels among the three zones and coastal catchments were also examined.
· Genetic samples from 447 glass and adult eels were collected from nine geographically distinct locations throughout NSW, Qld and New Caledonia. Statistical testing indicated moderate but highly significant levels of genetic structuring. The preliminary results indicated that the NSW population of longfinned eels should be managed as a discrete unit, independent of recruitment from spawning stocks in other parts of the extensive geographic range.
· Four different commercial fisheries for longfinned eels (glass eel, small yellow eel, estuarine large yellow eel, and impoundment large yellow eel fisheries) were described and summarised. 
· The nature and cultural significance of the indigenous fishery for eels in NSW was evaluated based on the available literature.
· The magnitude of the indigenous and recreational eel fisheries in NSW were assessed using data from the 2000/01 national recreational survey and relevant tag/recapture data from the current study. Both methods estimated similar values, and it was estimated that the total non-commercial harvest is low compared to commercial harvests, and is probably in the order of 4,000 to 6,000 eels or 6 to 8 tonnes per year (<3% of the annual commercial harvest of large yellow eels).
· Strategies for monitoring longfinned eel stocks in NSW were discussed, and it was concluded that existing commercial catch and effort monitoring programs should be continued. However it was noted that it was not feasible to monitor size and age structure of the fishery. Monitoring of spawning stocks was found to not be technically feasible, however a glass eel recruitment monitoring program would provide useful information about the long-term status of yellow eel stocks, as well as the annual status of glass eel stocks for the glass eel fishery.

	1999/128: Sea urchin fisheries
	· Methods were developed to assess the size of populations of sea urchins and the quality of their roe in NSW, eastern Victoria and Port Phillip Bay. Stratified surveys were developed to estimate the density size-structure and quality of roe for sea urchins in these regions.
· Techniques for improving the quality of roe for marketing were developed.
· Experiments provided information about the potential productivity of the sea urchin populations.
· The report provides information about the effects of reduced densities of sea urchins on other reef species, along with an overview of the market for sea urchin roe.
· A manual describing the sites used in the surveys was developed and is available so the surveys can be repeated in the future.
· The survey estimated a total biomass of about 1000 t of red sea urchins in NSW, and the TAC Setting and Review Committee recommended a TACC of 60 t per year for red sea urchins, that should be spread among regions in proportion to biomass.
· The survey estimated a total biomass of 52,000 t of purple sea urchin in NSW.
· Surveys estimated a total biomass of white sea urchins of about 300 t and purple sea urchins of about 3,000 t for eastern Victoria.
· The survey estimated a total biomass of white sea urchins of about 9,000 t in Port Phillip Bay.
· It was found that reducing the density of purple sea urchins in Barrens habitats improved the yield and colour of their roe.  Changes also resulted in Fringe habitats, however not to the same levels. Changes to the demography of the purple sea urchin were also observed in response to the reductions in density, and the recruitment of juveniles and rate of growth of the remaining sea urchins increased.
· Transplanting purple sea urchins from Barrens to Fringe environments improved the yield and colour of their roe, and the change occurred rapidly, particularly during spring and summer.

	2001/027:
Eastern sea garfish and river garfish
	· Reported commercial catch statistics were analysed and it was found that the fishery for eastern sea garfish has been in serious decline.  Total annual landings had declined from a peak of 280 tonnes during 1992/93 to a historical low of 21 tonnes during 2002/03. A similar decline had been observed in several indices of catch per unit effort (CPUE).
· Reported total commercial landings of river and snub-nosed garfish in NSW had also declined since the late 1990’s, however this appeared to be associated with a decline in the number of active fishers as the CPUE did not show a decline during this period.
· Garfish growth rates were determined using sectioned otoliths to estimate age. As garfish species in NSW had not been aged previously, validated ageing protocols were developed as part of this project.
· Estimates of age produced maximum ages of 4 years for eastern sea garfish and 7 years for river and snub-nosed garfish. Growth was rapid in all 3 species studied with sexual maturity being achieved after only 1 year.
· Eastern sea, river and snub-nosed garfish were examined to describe aspects of their reproductive biology. All three species are multiple batch spawners with prolonged spawning seasons between winter and early summer.
· Estimates of the size and ages of commercial landings were made for each year of the study. 
· Total annual mortality rates were estimated and the results indicated that the annual mortality rates for eastern sea garfish were extremely high, suggesting that they have been greatly over-exploited. Annual mortality rate estimates for river and snub-nosed garfish were considerably less and indicate that the fisheries are fully exploited and require monitoring.
· Preliminary stock assessments were made and suggested that the stock of eastern sea garfish has been in danger of recruitment failure, and that stocks of river and snub-nosed garfish are also heavily exploited.
· The size-selection properties of several mesh sizes used in garfish hauling nets were studied.  The results showed that 25 mm mesh retained large numbers of juveniles, while a 32 mm mesh proved too large. A 28 mm mesh selected fish at around the size of sexual maturity and was recommended as the optimum mesh size.

	2002/005:
Mulloway
	· The study provided the first description and analysis of the age, growth and aspects of the reproductive biology and fisheries of mulloway in NSW.
· The study identified that mulloway are fast growing, and reach sexual maturity at a size of approximately 68 and 51 cm total length (TL) for females and males respectively and at a an age of 2+ to 3+ years.
· Mulloway appear to predominantly spawn in NSW ocean waters between November and March.
· Analyses of the statistics of commercial fisheries of mulloway in NSW showed that reported catches have been declining. However reported fishing effort has also declined and this may be the reason for the observed declines in total landings.
· Sampling data for length and age composition, as well as estimates of total mortality and yield-per-recruit analyses presented results that are indicative of a species that is grossly overfished.




Outcomes

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

Table 7: Summary of Project Outcomes

	Project
	Outcomes

	1998/127: Adult longfinned eels
	· An Eel Distribution database with all available survey data up to the year 2000 was compiled and archived at NSW Fisheries. Also archived were databases containing all available catch and effort data for the commercial yellow eel fisheries in NSW and data on environmental, morphometric, age, gonad condition and sex.
· An international workshop was held at the Fisheries Research Institute to assess fishery independent and fishery dependent strategies for sampling adult eels. The proceedings of the workshop were published in 1999.
· Four journal publications were published on aspects of anaesthesia, reproduction, age, movement and demography of longfinned eels.
· Data from the study was used in the collaborative development of a yield per recruit model for longfinned eel populations by Queensland DPI (FRDC-funded study)
· Bycatch data from the fishery independent eel trapping for this study were used in the Environmental Impact Study for the Estuary General Fishery (NSW Fisheries 2001) and a journal publication on freshwater turtle bycatch in trap fisheries in 2004.
· Advice on the status of longfinned eel stocks and the adequacy of existing management strategies for eel stocks was presented to the Australia-New Zealand Eel Reference Group at a meeting in July 2002, and to the NSW Estuary General Management Committee at a meeting in September 2002.
· Based on this study, a discussion paper was prepared and distributed to all commercial eel fishers in December 2003 with a recommendation to increase the minimum legal size of longfinned eels from 30 cm to 58 cm. This recommendation was accepted and the legal size was changed.
· The knowledge generated in this study has been instrumental in the ongoing management of the species in NSW.
· The species exploitation status is currently “lightly to fully fished”, with the status varying along this spectrum by catchment, but being stable overall. 

	1999/128: Sea urchin fisheries
	· Techniques for improving the quality of roe for marketing are being used by industry.
· Information on the populations has been used in advice for determining an appropriate Total Allowable Catch for one species in NSW, and will continue to be used by fishery managers and commercial fishers.
· The survey method developed will be of potential benefit to several fisheries and it was suggested that the methods developed during this project should be useful in the ongoing management of these fisheries.
· The estimates in the surveys can be combined with estimates of the area of available habitat to calculate the probable biomass of sea urchins, and the estimates of population size can be combined with estimates of the likely productivity to recommend sustainable catches.
· The information can also be used to assess any changes to populations of sea urchins in response to future catches.
· The size of the sea urchin industry is very small, and there is no threat to the population from overfishing. 

	2001/027:
Eastern sea garfish and river garfish
	· The results of the project were well received by industry and NSW DPI fishery management.
· There was an immediate change in the legal mesh size allowed in garfish hauling nets as a direct result of this project (25mm mesh nets no longer allowed; minimum now set at 28 mm). Stock assessments since this time have shown that this appears to have been a beneficial management change.
· The outputs have been used by commercial and recreational fishers, NSW Fisheries, coastal planners and others to assist in stock assessments and the sustainable management of the NSW garfish fishery. 
· The 2007 NSW Fisheries Status Report for the species notes that the exploitation status of Eastern Sea Garfish is ‘overfished’ and the 2009 status report (soon to be released) will report no change in this status since 2007.   There has been good recruitment to the stock, however the majority of the fish are not surviving beyond the first year class.  

	2002/005:
Mulloway
	· Changes in management arrangements for the species were recommended including greater protection to the spawning population and to juveniles in estuaries from capture in the prawn trawl fisheries.  It was acknowledged that implementation of bycatch reduction devices (BRDs) in the estuarine prawn trawl should help with this. However, a significant increase in minimum legal length (MLL) and possible seasonal and spatial closures to fishing were recommended to protect the spawning population.
· At the time the report was completed, the proposed changes in the minimum legal length were being discussed with the commercial and recreational fishing industries. As of January 2010, the changes to the minimum legal length had still not been adopted, and were still being discussed. 
· A species recovery program is planned, but has not yet been drafted, however monitoring of the species has been ongoing.
· The 2007 NSW Fisheries Status report for the species notes that the exploitation status of the species is ‘overfished’ and the 2009 status report (soon to be released) will report no change in this status since 2007. 



The principal outcomes from investment in this cluster can be summarised as: 
· Enhanced understanding of stock changes and population dynamics for a number of species in NSW managed fisheries. 
· Improved techniques for stock monitoring and assessment through increasing accuracy with associated greater confidence in assessments. 
· Improved conservation and management decisions for fisheries.


Benefits 

The following addresses the benefits that have been identified as emanating from the four research projects. 

Eels
International demand for live glass eels had been increasing, and there was also the prospect of increased future catches of glass eels for aquaculture at the time the project was funded, however this increase in the aquaculture industry has not been significant. 

By improving the knowledge on the longfinned eel in NSW, improved stock assessments and management arrangements for the species has been possible. The ultimate benefit of this is improved sustainability of the stock for the commercial wild catch industry for live export, and for aquaculture stocks. These species are also of some minor recreational and cultural value. There is also an intrinsic ecological and biodiversity value from maintaining the eel population.  

Sea Urchins
At the time the project was funded, the sea urchin industry was undeveloped, however there had been a decline in several other sea urchin fisheries around the world. There had been some capital investment in both NSW and Victoria in factories to process sea urchins and their roe.  There was also information at the time to suggest that the NSW sea urchin population did not contain high quality roe, and that this may restrict the development of the fishery unless improvements could be made. 

Understanding the population characteristics of sea urchins and how they affect growth and quality has the potential to provide a number of benefits including:
· Appropriate stock assessments and management of the population in order to ensure any commercial harvest is sustainable in both a commercial and ecological sense.
· Improvements in quality of sea urchin roe, allowing for improved marketability and higher prices.
· Benefits to the abalone industry, due to the interaction between the two species.

At this time, the sea urchin industry has not increased significantly in size, mostly due to issues on the demand and economic size, rather than any concern over the sustainability of the fishery. There is currently no risk to the population from overfishing, however the knowledge generated from this project will be of use in managing the population in the future if there is an increase in demand. Anecdotally, there has also been some benefit to some individual fishers from the knowledge provided on improving the quality of the roe. 

Garfish
At the time the project was funded there were major concerns over the status of the garfish species in NSW waters, particularly eastern garfish. The commercial fishery for the species was considered threatened. For example, there had been a sudden and dramatic drop in the catches of eastern sea garfish in the previous decade, from 280t in 1992/1993 to only 29t in 1999/2000.  The total catch of eastern sea garfish in NSW in 2006/07 was 35 tonnes. 

The status of the species has not recovered since this time, however the research has contributed to the ongoing management of this species, and most likely to avoiding a further decline in the population. It will significantly increase the likelihood of a recovery of the species in the future.

The species is of both commercial and recreational value as it is a sport fish. However the recreational harvest is currently likely to be less than 10 tonnes per annum. Also, there will be benefits to the overall sustainability of the species and the fishery in terms of ecological and biodiversity values.

Mulloway
As with garfish, the commercial catch of mulloway had been declining in the years before the project, and therefore it was thought important to improve the understanding of the species in NSW waters.  The potential benefits are similar to that for garfish, including improved sustainability of the commercial and recreational fishery, as well as biodiversity and ecological values.  

At this stage, there have been few management changes made as a result of this project, however it is likely that there will be in the future.  This will contribute to reducing the probability of a continuing decline in the species, and increasing the probability of a recovery of the species in the future. 

Summary of Benefits
Table 8 summarises the principal benefits and beneficiaries from the 4 projects.

Table 8: Summary of Project Benefits

	Projects 
	Improved stock assessment for target species 
	Fishery (-ies) benefiting



	1998/127: Adult longfinned eels
	√
	Applicable to longfinned eel industry in NSW  

	1999/128: Sea urchin fisheries
	√
	Applicable to sea urchin fisheries of NSW and Victoria, and potentially abalone fisheries

	2001/027:
Eastern sea garfish and river garfish
	√
	Applicable to eastern sea garfish species of NSW (which is a small component of the NSW Ocean Hauling fishery). There is also some small benefit to other garfish industries

	2002/005:
Mulloway
	√
	Applicable to mulloway species of NSW (which is a small component of the Estuary General and Ocean Trap and Line fisheries of NSW)



Associated benefits from some projects included a reduced impact on other species in the same fisheries as these target species, and an improvement in the quality of roe marketed for sea urchins.  

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

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

	Economic
	Environmental
	Social

	1. Potential for reduced catches for industry as a cost, at least in the short term; but potential for enhanced long-term economic benefits from the target fisheries due to information being used to maintain/increase sustainability     
	3. Reduced likelihood of fisheries degradation    

	5. Potential long-term benefits to recreational and cultural fishers from improved sustainability of species and associated fisheries

	2. Potential for growth in aquaculture as wild fisheries become more sustainable, albeit at a lower take in the short term
	4. Lowered risk of damaging habitat, the ecosystem and biodiversity
	.



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

Table 10: Categories of Benefits from the Investment 

	
	Fishing industry
	Spillovers

	
	
	Other industries
	Public

	Economic
	1. ***
2. *
	
	

	Environmental
	
	
	3. **
4. **

	Social
	
	
	5. *


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

Public versus Private Benefits 
Both private and public benefits will arise from the investment. It is likely that most industry benefits will be confined to the fishing industry, although aquaculture industries could benefit from reduced access by fishers to fisheries. Such an impact assumes that improved stock assessment results in restrictive regulation and this may not always be the case. There may also be benefits to aquaculture eel fishers in the longer term, as sustainability of the eel resource allows harvesting of elvers for growing out in aquaculture enterprises to continue. 

On the basis of the 5 benefits listed in Table 10, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up 60% of the total benefits. If the subjective weightings provided in Table 10 are taken into account, then 56% of the total benefits could constitute public benefits to Australia.

Distribution of Benefits Along the Fish Supply Chain 
The private commercial short-term costs and long-term benefits will initially be captured by fishers. 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 no benefits to industries outside the fishing industry from this cluster of investment.

Benefits Overseas
There is limited potential for spillover benefits to overseas interests from the knowledge generated in these four projects.

Additionality and Marginality
The investment in the projects in this cluster has been a key component of FRDCs total investment (high priority).

If FRDC had not received funding from government, the investments would probably not have been made to the same extent as industry would have viewed them as principally government’s responsibility as management was by government. However, it could be argued that some funding would have come from industry and several fisheries are currently moving to cost recovery. Nevertheless, it is likely that only a small proportion of the public benefits identified therefore would have been delivered in the absence of public funding. Further detail is provided in Table 11.

Table 11: Potential Response to Reduced Public Funding to FRDC

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

	2. Would FRDC and state agencies have funded this cluster if only half of public funding of FRDC had been available?
	Yes, but with a lesser total investment (25% -50%) for FRDC but possibly a higher proportion (50-75%) for the NSW  Fisheries management agency. 

	3. Would the cluster have been funded if no public funding for FRDC had been available?
	Not principally by FRDC  



The reluctance by industry to fund projects in this cluster is driven by the mainly increased regulatory outcomes from such investment that causes industry pain, at least in the short term.  

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

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

	Australian Government 

	National Research Priorities
	Rural Research Priorities 

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



The major focus of the stock assessment initiative has been on the first and third National Research Priorities. The investment was strongly associated with Rural Research Priority 3 (Natural Resource Management) and has some implications for Rural Research Priorities 1 and 4. There will be some contribution to the supporting priorities


Quantification of Benefits

Benefits Valued 
The principal benefit valued is the improvement in the sustainability of the species contributed by the investments leading to improved stock assessments and hence improved resource management. This is achieved by assuming a change in the probability of a shift in the sustainability status of each species in NSW affected by the stock assessment development within each project. The benefits to the sea urchin industry are not valued, as the industry is currently very small, and there has been no overexploitation in the past and there is no risk of over-utilisation in the short to medium term. 

Other benefits and costs that have been identified but which have not been valued include:
· Strategic knowledge that could not be directly used in stock assessments 
· Ecosystem benefits including reduction in species endangered and reduced habitat  destruction 
· Benefits to the wider fisheries of which these individual species are a part 
· Improvements in the quality of roe for sea urchins
· Potential expansion of sea urchin fisheries

Status Probabilities 
An assessment is made of the status of each species (in NSW) before the project commenced. For eels, this assessment includes the probability that the species will collapse, remain sustainable, recover, or be underutilised. For garfish and mulloway, the population was already overfished, so the probabilities refer to the probability that the species will recover, or remain unsustainable.

Given the contribution from the projects as defined by the adoption of the research as indicated by its outcomes and benefits, the probabilities of each future state are reassessed.  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 Investments

	Fishery
	Without investment 
	With Investment 

	
	Unsustainable  state
	Sustainable state
	Underutilised
state
	Unsustainable  state
	Sustainable state
	Underutilised
state

	Eels
	0.5
	0.4
	0.1
	0.3
	0.6
	0.1

	Eastern sea garfish
	0.9
	0.1
	0.0
	0.7
	0.3
	0.0

	Mulloway
	0.9
	0.1
	0.0
	0.7
	0.3
	0.0



Fishery Value 
An estimate was made of the latest readily available gross value of the species including both commercial and recreational values (Table 14). Commercial catch values were compiled from various sources.  

Table 14: Gross Values for Affected Fisheries ($m)

	Fishery
	Commercial
	Recreational
	Total 

	Eels
	$372,060 (made up of 54 tonnesa @ $6,890/tb) 
	Minor (<10 tonnes)c (includes indigenous cultural fishing)
	$372,060

	Eastern sea garfish
	Current value is $350,000 (made up of 35 tonnesa @ $10,000/td). The tonnage prior to the decline in the fishery was around 280 tonnes in the early 1990s e. 
	Minor (<10 tonnes in 2007e); assumed that prior to collapse would have been higher to the same degree as commercial ($800,000 (80 tonnes @ $10,000/t)) 
	$450,000 at start of project; $3.6 million prior to decline

	Mulloway
	$440,000 (made up of 44 tonnesa @ $10,000/td).The tonnage prior to the decline in the fishery was around 150 tonnes in the early 1990sg
	$100,000 (100 tonnesf @ $10,000/t); assumed that prior to collapse, would have been higher to the same degree as commercial ($300,000 (300 tonnes @ $10,000t)) 
	$1.44 million at start of project; $4.5 million prior to decline 


a http://www.dpi.nsw.gov.au/fisheries/commercial/catch-statistics#Top-50-commercially-caught-species-(by-weight-in-tonnes)-for-2006-2007 
b The major markets for eels 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).
c NSW DPI 2008a, “Status of Fisheries Resources in NSW, 2006/07 River Eels”.
d Specific price information not found; assumed generic price for finfish used as a proxy.
e NSW DPI 2008b, “Status of Fisheries Resources in NSW, 2006/07 Eastern Sea Garfish”
f NSW DPI 2008c, “Status of Fisheries Resources in NSW, 2006/07 Mulloway”

Timing and Extent of Impact of Collapse
Various assumptions were necessary regarding the extent and timing of impact of a collapse and/or potential recovery due to improved management of the resource. 

The year in which the first impact from the research investment would occur is assumed.  This could be during or at the end of the research, depending on when adoption is assumed.  This is the year when the probability status would change.  

For eels, in the event of a fishery collapse, the first year of the collapse is estimated as is the number of years it takes for the fishery to totally collapse (e.g. 2010 and 4 years to total collapse). The value of total collapse (e.g. 20% of the original value of the fishery) is estimated.   Other assumptions required are the number of years the fishery will remain in the collapsed state and the number of years until recovery is complete. Once recovery is complete, the fishery may not return to its original state and the percentage of the original fishery value after recovery is estimated. As the catch declines, the percentage of displaced catch input resources that can be utilised in other fisheries activities is estimated.  

For garfish and mulloway, it is assumed that the species were already in collapse at the time the research started, and that the current tonnages harvested reflect the tonnage after the collapse. It is assumed that improved resource management then allows the fisheries to recover, at least partly. Assumptions required are the number of years the fishery will remain in the collapsed state and the number of years until recovery is complete. Once recovery is complete, the fishery may not return to its original state and the percentage of the original fishery value after recovery is estimated.  Assumptions are in Table 15.   


Table 15: Assumptions for Timing and Extent of Impact of Fishery Collapse

	Fishery
	Year collapse starts 
	Year of  final collapse (years)  
	Extent of collapse in final collapse state
(% original catch )
	Year recovery start
	Input Resources re-deployed (% original catch inputs)  (a)
	Year of maximum recovery
	Final recovery yield (% original) 

	Eels
	2009/10
	2012/13
	20
	2017/18
	50
	2021/22
	80

	Eastern sea garfish
	Prior to research
	Prior to research
	12.5
	2014/15
	Not applicable
	2023/24
	80

	Mulloway
	Prior to research
	Prior to research
	32
	2014/15
	Not applicable
	2023/24
	80


(a) Not applicable for garfish and mulloway as no redeployment would have likely occurred, due to these being just one species within a wider fishery. 

Cash flow 
For each fishery, 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 investment” case. The expected value was then different as the probabilities of each state had changed. The gain in each year is estimated by subtracting one income stream from the other. 

The expected income stream gains for each year were then estimated for each fishery and are inputted, together with cluster costs, into a discounted cash flow analysis.    


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 (2006/07) 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 benefits, expressed as the PVB and the percentage of total benefits.    


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

	Fisheries Benefiting
	PVB
($m)
	% Total 

	Eels
	0.24
	3.3

	Eastern sea garfish
	3.70
	51.2

	Mulloway
	3.28
	45.5

	Total
	7.22
	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)
	0
	0.04
	0.54
	4.25
	7.22

	Present value of costs  ($m)
	5.81
	5.81
	5.81
	5.81
	5.81

	Net present value ($m)
	-5.81
	-5.77
	-5.27
	-1.56
	1.41

	Benefit–cost ratio 
	0
	0.01
	0.1
	0.7
	1.2

	Internal rate of return (%)
	neg
	neg
	neg
	3.4
	5.9



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

	Years
	0
	5
	10
	20
	30

	Present value of benefits ($m)
	0
	0.02
	0.21
	1.63
	2.77

	Present value of costs  ($m)
	2.20
	2.20
	2.20
	2.20
	2.20

	Net present value ($m)
	-2.20
	-2.19
	-2.00
	-0.57
	0.57

	Benefit–cost ratio 
	0
	0.01 to 1
	0.1 to 1
	0.7 to 1
	1.3 to 1

	Internal rate of return (%)
	neg
	neg
	neg
	3.0
	6.0



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


Figure 1: Annual Cash Flow of Benefits



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)
	Productivity and Adding Value  
	Supply Chain and Markets 
	Natural Resource Management 
	Climate Variability and Climate Change 
	Biosecurity 

	
	
	% subjective allocation to each priority 

	Sustainability  of fisheries  ($m)
	7.22
	50%
	0
	50%
	0
	0

	Total ($m)
	7.22
	3.61
	0
	3.61
	0
	0

	Total (%)
	100
	50
	0
	50
	0
	0



Sensitivity Analyses
Sensitivity analyses were carried out on some variables and results for the total investment are reported in Tables 19 and 20. All sensitivity analyses were performed with benefits taken over the life of the investment plus 30 years from the year of last investment. All other parameters were held at their base values. 


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

	Criterion 
	Discount Rate 

	
	0%
	5%
	10%

	Present value of benefits (m$)
	17.37
	7.22
	3.38

	Present value of costs (m$)
	4.07
	5.81
	8.25

	Net present value (m$)
	13.30
	1.41
	-4.87

	Benefit-cost ratio
	4.3
	1.2
	0.4



Table 20: Sensitivity to Level of Probability Change of Sustainability Driven by Investment  
(Total investment, 30 years)
 
	Criterion 
	Level of Shift in Probability  

	
	Half change assumed 
	 Base
	Double change assumed

	Present value of benefits (m$)
	3.61
	7.22
	14.44

	Present value of costs (m$)
	5.81
	5.81
	5.81

	Net present value (m$)
	-2.20
	1.41
	8.63

	Benefit-cost ratio
	0.6
	1.2
	2.5

	Internal rate of return (%)
	3.0
	5.9
	9.1



The sensitivity analyses demonstrate that the investment criteria are:
· Sensitive to the discount rate
· Moderately sensitive to a shift in the fishery state probability changes driven by the improved stock assessments

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

A confidence rating based on these two factors has been given to the results of the investment analysis (Table 21). The rating categories used are High, Medium and Low, where:
High:		denotes a good coverage of benefits or reasonable confidence in the 			assumptions made 
Medium:	denotes only a reasonable coverage of benefits or some significant 				uncertainties in assumptions made 
Low:	denotes a poor coverage of benefits or many uncertainties in assumptions made 

Table 21: Confidence in Analysis of NSW Population Dynamics Cluster

	Coverage of Benefits
	Confidence in Assumptions

	High
	Medium




Association with FRDC KPIs

The Key Performance Indicators (KPIs) for FRDC fall into five groups as provided in Table 22. The investments analysed in this evaluation have addressed all KPIs in challenge A and B. In particular, significant contributions have been made to KPIs B1 and B2.


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

	Strategic Challenge 
	KPI

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

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

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

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

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


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


Lessons Learnt for Future Investment

The two higher cost of the four projects in this cluster have resulted in little to no benefits at this stage, at least in an economic sense.  This is because the projects were funded at a time when it was anticipated that the targeted industries (longfinned eels and sea urchins) would be growing significantly in a commercial sense. Such growth has not occurred to date, and does not appear likely, at least in the short-term. This demonstrates the inherent risk in funding R&D, where decisions are made (appropriately) to fund research to ensure the sustainability of species that may soon be subject to a large increase in demand, and therefore are at risk of unsustainable harvesting.  It is noted that in the future these projects may have some value if the industries do grow as the scientific knowledge will still be highly relevant. In addition, these projects have produced ecological knowledge that has the potential to be of great value in terms of non-commercial values of species.
   

Conclusions

Investment was made in a total of four projects within the cluster with the FRDC contribution approximating 38% of the total costs involved.  

Both private and public benefits have been identified as arising from the investment. On the basis of the five benefits identified, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up 60% of the total benefits.  The benefits quantified have been valued in an economic framework of an industry loss avoided by moving away from a sustainable fisheries status in the case of eels; and for increasing the probability of species returning to a sustainable status in the case of two other species. To the extent that ecosystem malfunctioning and biodiversity loss may be damaged from overfishing, this approach does not value such public benefits. Hence the investment criteria estimated are probably significant underestimates of the total benefits from improved stock assessments.    

Given the framework used and the assumptions made, the investment criteria estimated for the cluster were positive with the total investment of $5.8 million (present value terms) estimated to return an expected present value of benefits of $7.2 million, yielding an expected net present value estimate of $1.4 million and a benefit-cost ratio of 1.2 to 1 (expressed in 2008/09 $ terms and using a 5% discount rate; benefits estimated over 30 years from final year of investment).  
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