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Background 

Protecting and managing fish habitats and stocks is an essential part of fisheries management, but at times over exploitation can still occur. Enhancing habitats and stocks through managing change in physical habitats or biological stocks is an additional strategy that can be applied to both wild catch and recreational fisheries. 

Captive breeding in hatcheries and release of juvenile fish stock has been and is being increasingly used to re-establish populations of wild fish stocks for both commercial and recreational purposes, as well as for restoring marine ecosystem health purposes.    

The projects funded in this cluster fall predominantly into two groups:
1. The efficiency of restocking protocols (e.g. rearing and survival) in freshwater with regard to survival and bolstering stocks to ensure rewarding angling and species conservation (Projects 1998/221; 2000/180; 2003/034). The State and Commonwealth governments have developed a national recreational fishing policy which recognises the rights of access of recreational fishers as well as the need to conserve and manage fish resources (http://www.daff.gov.au/brs/fisheries-marine/info/resource-management).
2. Improving the stock of wild fisheries for commercial wild catch sustainability or for ecosystem health reasons (1998/219; 1999/222; 2000/179; 2002/048). 

Two other projects in this cluster focused on cost reduction in wild catch fisheries (2004/248) and improving aquacultural systems dependent on catching wild species (1999/119). 


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

	1998/219


	Enhancement of populations of abalone in NSW using hatchery-produced seed
	Research Organisation: Department of Primary Industries, NSW 
Period: May 1999 to Mar 2004
Principal Investigator:  Mike Heasman

	1998/221


	Impoundment stocking strategies for eastern and northern Australia

	Research Organisation: Queensland Primary Industries and Fisheries 
Period: Jun 1998 to Jun 2005
Principal Investigator: Michael Hutchinson  

	1999/119


	Sustainable Penaeus monodon (tiger prawn) populations for broodstock supply
	Research Organisation: Queensland Primary Industries and Fisheries 
Period: Jul 1999 to Oct 2003
Principal Investigator: Neil Gribble   

	1999/222



	Developing techniques for enhancing prawn fisheries, with a focus on brown tiger prawns (Penaeus esculentus) in Exmouth Gulf
	Research Organisation: Marine and Atmospheric Research, CSIRO 
Period: Jun 2000 to Nov 2003
Principal Investigator: Neil Loneragan   

	2000/179


	Habitat restoration and management: a trial of an investment-based approach
	Research Organisation: WBM Oceanics Australia 
Period: Jul 2000 to May 2004
Principal Investigator:  Robert Tilbury 

	2000/180


	Restocking of the Blackwood River 
Estuary with black bream (Acanthopagrus butcheri)
	Research Organisation: Challenger TAFE
Period: Dec 2000 to Nov 2006
Principal Investigator:  Greg Jenkins 

	2002/048


	Enhancement of saucer scallops (Amusium balloti) in Western Australia
	Research Organisation: West Coast Scallops 
Period: Jul 2002 to Jul 2006
Principal Investigator:  Rick Scoones

	2003/034



	An ecological approach to re-establishing Australian freshwater cod populations: an application to trout cod in the Murrumbidgee catchment
	Research Organisation: Environment ACT
Period: Jul 2003 to Nov 2006
Principal Investigator:  Mark Lintermans 

	2004/248


	Double refuge pot retrieval system


	Research Organisation: RL and MA Alexander
Period: Jul 2004 to Jan 2006 
Principal Investigator:  Robert Alexander 




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

	1998/219
Seeding abalone to aid re-establishment






	Rationale: A variety of labour intensive techniques were being used to help re-establish populations of abalone on depleted areas of reef in NSW.  The deployment of seed produced from wild abalone provided a potentially significantly more powerful technique to rapidly enhance populations of abalone on depleted reefs over a large-scale. 

Objectives: 
1. To produce seed from wild, blacklip abalone at a range of sizes and ages throughout the year.
2. To develop techniques to enable the successful deployment of seed to coastal reefs in NSW.
3. To develop techniques to maximise the settlement, survival and growth of seed on coastal reefs in NSW. 
4. To complete large-scale deployment of fluorochrome-marked seed to depleted coastal reefs in NSW.

	1998/221
Impoundment stocking strategies
	Rationale: It was recognised that almost no research has been conducted on developing strategies to maximise survival of stocked fry. To achieve maximum productivity at minimum cost freshwater fish stocking groups require reliable information that will assist them improve stocking procedures.   The proposed project was a first step to develop efficient stocking protocols.

Objectives:
1. To determine optimal stocking size and release strategies to maximise the survival of four fish species (golden perch, silver perch, Australian bass and barramundi) in stocked impoundments.	 
2. To identify differences between impoundments that may influence the survival and growth of fish stocks.	 
3. To verify use of scale pattern analysis as a reliable means of identifying up to three fish stocks.	 
4. To ensure adequate replication of stocking strategies for barramundi, golden perch and silver perch.

	1999/119
Tiger prawn broodstock supply














	Rationale: The P. monodon prawn farming industry was dependent at the time of funding on wild caught broodstock.  Pressures were building for the known wild stocks to supply an expanding local and international aquaculture market, yet little is known of the size and sustainability of currently sourced Queensland stocks of this species. There was a need to establish the size of the resource to maintain the existing industry and further establish a regular and sustainable supply of broodstock to ensure national expansion. 

Objectives:
1. To collate fisheries information currently available on P. monodon across northern Australia from grey literature, fisheries databases, research projects and from indigenous communities.	 
2. To define the distribution of adult P. monodon stocks and habitats.
3. To define the distribution of juvenile P. monodon stocks and habitats
4. To determine seasonal patterns in P. monodon population dynamics (abundance, population structure).	 
5. To identify P. monodon biology (recruitment, movement, growth and reproduction) in Queensland.	 
6. To examine alternative capture techniques and the associated stress testing of caught broodstock, in particular for inshore and shallow water habitats which may contain useable quantities of currently unexploited broodstock.
7. To conduct economic cost/benefit analyses of various fishing patterns, capture techniques and handling protocols.

	1999/222
Enhancing brown tiger prawns







 

	Rationale: Prawn fisheries throughout Australia are intensively fished and some have shown signs of overfishing. The enhancement of Australian penaeid prawn fisheries has the potential to be a useful management tool to increase fishery yields, rebuild over-exploited stocks, and reduce fluctuations in catch due to variable recruitment.  

Objectives: 
1. To minimise the costs of producing large numbers of juvenile prawns through research on techniques to intensively grow larvae to juvenile prawns (1 g), and developing methods of harvest, transport and release.
2. To maximise the possibility of the success of releasing juvenile prawns in the environment by surveying the critical nursery habitats of brown tiger prawns in Exmouth Gulf (including the juvenile prawns and their predators).
3. To ensure that the cost and success of prawn enhancement can be rigorously evaluated by developing release protocols and monitoring strategies, and by refining the bioeconomic model developed in Stage 1.  To minimise the risks of large changes in the genetic composition of the tiger prawn stocks and introducing disease to the wild population.

	2000/179
Habitat management

	Rationale: A 1998 review of fisheries habitat research in Australia found that more action was needed to rehabilitate degraded habitats, of which coastal wetlands were particularly important. There was a need to trial the protection, restoration and/or enhancement of nursery habitats for juvenile school sharks as part of a strategy to improve recruitment to the fishery and contribute to restoring stocks.

Objectives:
1. To develop an appropriate monitoring methodology for assessing the progress of fisheries habitat restoration within the trial wetland area (Black Swamp).	
2. To describe the nature of fish communities, sediments and benthic flora present at and adjacent to the site prior to reflooding.	
3. To assess changes in fish communities, sediments and benthic flora within and adjacent to the trial area in the years following reflooding.
4. To assess the effectiveness of the restoration of fish habitat in Corner Inlet and the likely benefits to commercial and recreational fisheries.
5. To assess the effectiveness of the investment-based approach as a management tool for the restoration of fisheries habitats.

	2000/180
Restocking with black bream














	Rationale: There was an urgent need to rehabilitate the stock of black bream in the Blackwood River Estuary and enable the stock subsequently to be sustained at a higher level than present. This was addressed by culturing black bream, restocking the estuary to confirm that released black bream survive in the estuary and make a significant contribution to the fishable stock.

Objectives:
1. To obtain baseline data on crucial biological parameters and catch statistics of black bream in the Blackwood River Estuary.
2. To obtain mature sized black bream from the Blackwood River Estuary to be used as brood stock for culturing juveniles on site.
3. To identify and determine the extent of habitats important to black bream in the Blackwood River Estuary.	 
4. To compare the densities of black bream in important habitats within the Blackwood River Estuary with those in similar habitats within other systems	 
5. To introduce cultured juveniles into the Blackwood River Estuary, all of which will be tagged.	 
6. To estimate the proportion of released black bream, which represent a known year class, amongst the total number of that age class and thereby estimate the extent to which restocking has enhanced the population.	 
7. To obtain data on the biological parameters and catch statistics of black bream in the Blackwood River Estuary following restocking.	 
8. To evaluate the success of the restocking program by comparing biological parameters and catch statistics prior to and after restocking.	 
9. To provide advice that can be used by management to develop plans to sustain the enhanced stock of black bream in the Blackwood River Estuary. 
10. To compare the growth rates of restocked and "wild" fish during the first three and a half years of their life.	 
11. To estimate the proportion of restocked fish amongst all fish of a corresponding age.	 
12. To determine whether the length and age at maturity and age at maturity and the age at the minimum legal length of hatchery reared black bream are the same as those for the "wild" stock.	 
13. To estimate the average cost to produce each fish that will survive to the minimum legal length and thus be available for exploitation.

	2002/048
Enhancing saucer scallops





	Rationale: The Western Australian scallop fisheries are, as with most wild scallop fisheries, highly variable with regard to annual production, that variability being mainly due to environmental factors.  Needs were identified to determine the optimum size of spat release and to develop transport procedures to take very large numbers of scallops from hatcheries to reseeding sites and to develop and translate hatchery technology to a fully commercial scale.

Objectives:
1. To determine the methods, age and timing of Amusium balloti spat deployment required to produce commercial recoveries of meat from scallop spat reseeding of natural grounds.     

	2003/034
Re-establishing freshwater cod 







	Rationale: Factors and stocking strategies that can enhance the chances of fingerling stockings being successful were only just starting to be investigated in Australia. There was identified a need to explore the idea of re-establishing adult cod populations through seeding with fewer but much larger individuals (not fingerlings). 

Objectives: 
1. To compare population responses in sub-adult Trout Cod that are stocked at this developmental stage with those originally stocked into the wild as fingerlings.
2. To compare population responses of sub-adult Trout Cod in large verses small river habitats.	 
3. To apply and further develop innovative underwater video camera technology as a tool for investigating habitat use in freshwater environments.

	2004/248
Octopus pot retrieval system 





	Rationale: Technology and work practices of the Octopus industry were still being established. The Double Refuge Octopus Pot Retrieval System was identified as potentially contributing to the commercial viability and ecological sustainability of the industry.

Objectives: 
1. To develop an efficient and workable Refuge Octopus Pot Retrieval System designed for smaller craft (i.e. 7m) that mechanically pulls the octopus pots from the water and places the pots on a rack allowing for quick and efficient retrieval of octopuses from pots by the operator, and then mechanically guides the pots to the water.



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.    
[image: Description: cover for peter]
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Table 3: Investment by FRDC by Project for Years Ending June 1999 to June 2007 (nominal $)

	Project
	1999
	2000
	2001
	2002
	2003
	2004
	2005 
	2006
	2007
	Total

	1998/219
	95,767
	208,074
	108,976
	0
	0
	35,769
	35,770
	0
	0
	484,356

	1998/221
	156,177
	133,443
	69,003
	151,379
	41,188
	0
	0
	0
	38,135
	589,325

	1999/119
	0
	86,275
	106,203
	141,699
	18,895
	1,115
	0
	0
	0
	354,187

	1999/222
	0
	212,009
	270,890
	82,597
	0
	47,126
	0
	0
	0
	612,622

	2000/179
	0
	0
	43,030
	65,730
	0
	24,746
	0
	0
	0
	133,506

	2000/180
	0
	0
	37,020
	115,248
	80,603
	0
	57,037
	0
	35,905
	325,813

	2002/048
	0
	0
	0
	250,000
	250,000
	11,704
	251,994
	94,070
	0
	857,768

	2003/034
	0
	0
	0
	0
	0
	129,784
	164,368
	91,996
	79,905
	466,053

	2004/248
	0
	0
	0
	0
	0
	0
	17,099
	1,900
	0
	18,999

	Total
	251,944
	639,801
	635,122
	806,653
	390,686
	250,244
	526,268
	187,966
	153,945
	3,842,629


Source: FRDC project management database   

Table 4: Investment by Researchers and Others by Project for Years Ending June 1999 to June 2007 (nominal $)

	Project 
	1999
	2000
	2001
	2002
	2003
	2004
	2005 
	2006
	2007
	Total

	1998/219
	260,761
	280,873
	290,197
	0
	0
	0
	0
	0
	0
	831,831

	1998/221
	107,329
	91,706
	47,421
	104,032
	28,306
	0
	0
	0
	26,207
	405,000

	1999/119
	0
	270,437
	332,904
	444,169
	59,228
	3,495
	0
	0
	0
	1,110,234

	1999/222
	0
	690,914
	882,801
	269,175
	0
	153,578
	0
	0
	0
	1,996,469

	2000/179
	0
	0
	67,838
	103,625
	0
	39,013
	0
	0
	0
	210,475

	2000/180
	0
	0
	46,156
	143,689
	100,494
	0
	71,113
	0
	44,766
	406,217

	2002/048
	0
	0
	0
	158,061
	158,061
	7,400
	159,322
	59,475
	0
	542,320

	2003/034
	0
	0
	0
	0
	0
	127,780
	161,830
	90,576
	78,671
	458,858

	2004/248
	0
	0
	0
	0
	0
	0
	6,409
	0
	0
	6,409

	Total
	271,799
	1,410,403
	1,564,274
	1,222,751
	346,089
	392,696
	460,105
	150,051
	149,644
	5,967,813


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

Table 5: Total Annual Investment in Cluster (nominal $)

	Year ending June
	FRDC
	Researchers and 
Others 
	Total

	1999
	251,944
	271,799
	523,743

	2000
	639,801
	1,410,403
	2,050,204

	2001
	635,122
	1,564,274
	2,199,396

	2002
	806,653
	1,222,751
	2,029,404

	2003
	390,686
	346,089
	736,775

	2004
	250,244
	392,696
	642,940

	2005
	526,268
	460,105
	986,373

	2006
	187,966
	150,051
	338,017

	2007
	153,945
	149,644
	303,589

	Total
	3,842,629
	5,967,813
	9,810,442


	 

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

	1998/219
Seeding abalone








	· Identification of potentially cost-effective methods for enhancement of abalone fisheries using hatchery produced seed stock was achieved. 
· Methods of releasing hatchery produced larvae and juveniles to natural reefs were developed, and the effectiveness of these methods to deliver competent larvae and fit juveniles to these reefs was tested.
· In excess of 24 million larvae and about one million juvenile abalone were released to 57 sites within six locations along the NSW coast. The survival and growth of released larvae and juveniles were monitored for periods up to 30 months.
· An important recommendation arising from these results, in conjunction with published age and density dependent mortality data for wild abalone, was that post-larvae, pre-settled onto small rocks, should be seeded over large areas of juvenile habitat at low densities of 10-100/m2 for best effect.
· Cost benefit modelling results strongly suggested that button size juveniles and week old post-larvae offered best prospects of cost-effective seeding.

	1998/221
Impoundment stocking strategies 






	· By using micro-tagging technology, the project compared the relative stocking success of three size classes (20–30 mm, 35–45 mm and 50–65 mm) of Australian bass, barramundi, golden perch and silver perch over three years.
· Also compared were three release strategies: deep water release, shallow water release and release into floating artificial cover. 
· Results indicated that for all species the 50–65 mm size class had the highest relative survival rate, although recapture rates varied between years and dams. 
· In general, when the purchase price of fingerlings is taken into consideration the 50–65 mm size class was the most cost effective to stock. However, if there are few predators present then 35–45 mm and even 20–30 mm fish can become the most cost effective to stock. In the majority of cases survival of the 20–30 mm size class of all species was poor and not cost effective.
· There was variation in the relative success of the different release strategies but shallow water releases appear suitable for all four species but it is recommended fish be released in at least three large batches into different locations around the dam to spread the risk of predation.
· The presence of specific predator species and dam levels were also important factors to take into account.  
· A key finding of the study was that reliance on classification rates of reference sets of scales is not always a sufficient predictor for estimating correct classification rates of scales from recaptured fish.

	1999/119
Tiger prawn broodstock supply 




	· The major output of the project was to document the underlying variability in the abundance of Black Tiger prawn stock and hence in the supply of broodstock to the aquaculture industry. 
· Collation of fisheries information currently available on P. monodon across northern Australia from grey literature, fisheries databases, research projects, and from indigenous communities. 
· The commercial logbooks, broodstock collector logbooks and research trawl catch and effort information indicated that the major concentrations of black tiger populations in Queensland are in high-rainfall regions, adjacent to tropical mangrove coasts. The implication is that better management of the currently harvested populations is a more practical option than exploring for new "undiscovered" areas along the East Coast.
· The high-rainfall coastal wetlands are the juvenile habitat of black tiger prawn and conservation of these habitats is a vital requirement for the longer-term sustainability of the stock and the industry.
· A main summer spawning was documented but no reliable second spawning was identified in the Queensland populations. 
· The black tiger growth curve was found to be typical of penaeids, with the female attaining an ultimate size larger than the male. Growth appears to continue for longer for this species than most prawns; up to 2.7 years for females and 1.4 years for males. The implication is that it is not imperative to open these protected areas to sustain the supply of broodstock to aquaculture. 
· The routine capture of black tiger prawn by non-trawl apparatus is currently not economically (nor environmentally) viable in Queensland. The broodstock collection fishery as a whole appears to be viable and profitable. 

	1999/222
Enhancing brown tiger prawns 




	· This project has successfully developed new approaches for the production of juvenile prawns at high densities (> 2,000 prawns.m-3) at both experimental and semi-commercial scales in Exmouth Gulf.
· Surveys of benthic habitats and juvenile prawns and their predators, combined with information from fishery independent surveys, identified seagrass beds in the southern and south-eastern Exmouth Gulf as the best potential release sites for juvenile prawns. 
· Eight reliable microsatellite markers have now been developed for P. esculentus and tested to determine their effectiveness for identifying releases (“domesticated”) from wild prawns.  Results showed that these eight loci alone would not enable reliable discrimination between released and wild prawns unless the identity of the released-stock’s fathers could be determined. This could be achieved in a cost-effective manner if the fathers’ genotypes could be deduced by genotyping a single mixed batch of larvae from each spawning, given the maternal genotypes. 
· The approach and costs from the new production system were incorporated in the bio-economic model to provide a more realistic assessment of the potential economic benefits of enhancement. 
· The results from the bio-economic model show that enhancement is only “profitable” about 50% of the time (excluding capital costs and depreciation), but highlighted that little is known of the values for density-dependent mortality and mortality due to harvest, transport and immediately after release.
· The results from the study have been presented to the Kailis Board, national and international conferences and published in scientific publications.  The strategy of the study was recognised as best practise and resulted in an invited paper to the 2nd International Symposium on Stock Enhancement and Sea Ranching in Kobe Japan (2002).

	2000/179
Habitat management 




	· This project was to assess the impact of fisheries habitat impact from re-flooding of a previously drained wetland (Black Swamp). Baseline sampling of fish communities, sediments and benthic flora at and adjacent to the sites commenced in 2001.
· Restoration of the tidal flow to Black Swamp was to have been completed in early 2002, however, difficulties in obtaining agreement/permission from all affected landowners prevented this from occurring and it appeared unlikely that restoration would commence in the foreseeable future.
· Despite the delay in re-flooding, the baseline sampling continued on a quarterly basis until November 2002 on the understanding that re-flooding of the Swamp was imminent. With the delay in re-flooding, there was uncertainty as to the applicability of the baseline data given the delay (likely to be 12-18 months) between its collection and the reimplementation of the monitoring program; sampling was then suspended. 
· However, it was considered that the existing data might, in itself, provide useful information on the utilisation of mangrove habitat in southern Australia.
· Species richness and total abundances found in the current study were notably low with only two species of fish caught in any number, and accounted for 77% of total abundances. These results challenge the paradigm that all mangrove forests represent important fish habitats. 
· The study also highlighted the importance of tidal inundation in mangroves to the utilisation of fish in these habitats.
· There are presently insufficient data to draw conclusions on the processes controlling fish-habitat associations in Australian estuaries, and the scale at which these processes are operating. 
· It was concluded that there was a need to further investigate the dynamics of fish-habitat associations in temperate estuarine environments, and the importance of habitat in regulating fish stocks.

	2000/180
Restocking with black bream 




	· Baseline data on habitats, densities, and crucial biological parameters and catch statistics of black bream in the Blackwood River Estuary were assembled.	 
· Mature sized black bream from the Blackwood River Estuary were caught and used as brood stock for culturing juveniles on site. 
· Cultured juveniles were tagged and released into the Blackwood River Estuary and later surveyed. 
· Biological parameters (e.g. growth rates) and catch statistics of black bream following restocking were assembled; hatchery reared and wild stock were compared.
· Information on the cost to produce each fish to the minimum legal lengths was assembled.
· Advice was assembled for developing plans to implement an enhancement strategy and ensure the enhanced stock is sustained.  
· Catch statistics were not available for wild catches prior to the restocking. However, there was only one commercial fisherman operating in the Estuary who had ceased fishing for black bream at the time of restocking due to the low numbers of fish in the river.
· The planning for the development of the enhancement strategy took place by way of a Blackwood River Workshop in 2003.  

	2002/048
Enhancing saucer scallops



	· The project was successful in improving procedures for rearing Amusium balloti in hatcheries and developing methods of transport and deployment that delivered viable juvenile scallops to the seabed.  
· While appreciable numbers of hatchery-reared juvenile scallops were released, it was not possible to demonstrate their survival rates, or to distinguish between hatchery-produced scallops and wild scallops.  
· The objective of demonstrating survival of adequate numbers of scallops to support a commercial scallop reseeding operation was not fully demonstrated, although this apparent failure may have been attributable to the project team’s inability to distinguish between hatchery-reared and wild-spawned scallops.
· Experience gained in the hatchery and in the field during the project has facilitated the production of a list of further research needs, if reseeding is to be pursued further in Amusium balloti.

	2003/034
Re-establishing freshwater cod


	· Information on population responses in sub-adult Trout Cod that are stocked at a more mature developmental stage with those originally stocked into the wild as fingerlings.
· Information on population responses of sub-adult Trout Cod in large versus small river habitats.
· Development of underwater video camera technology as a tool for investigating habitat use in freshwater environments.
· The first two information outputs above were delivered however the third output on the video camera technology was severely restricted due to poor visibility particularly through catchment degradation following the 2003 Bush Fire.
· An additional output was that differential movement in small wild fish as opposed to stocked sub adults was shown.
· Predations impacts on sub adult stocked fish were shown to be extreme. 

	2004/248
Octopus pot retrieval system 




	· Development and communication of an efficient and workable Refuge Octopus Pot Retrieval System that mechanically pulls the octopus pots from the water, places the pots on a rack allowing for quick and efficient retrieval of octopuses from pots by operator and then mechanically guides the pots to the water.
· The design of the retrieval system has been made available to operators in the octopus industry.  
· An article was published in the Prowest Western Australia’s Professional Fishing Industry Magazine and the Western Fisheries WA’s Journal of Fishing and the Aquatic Environment.




Outcomes

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

Table 7: Summary of Project Outcomes

	Project
	Outcomes

	1998/219
Seeding abalone










	· Prior to this project no previous attempts had been made to enhance depleted blacklip populations in NSW with hatchery produced seed.  Attempts elsewhere in Australia had been limited to settlement stage larvae or advanced 1 to 2 year old farmed juveniles in the range 30 to 50 mm.  
· The new protocols and methods have been applied in practice by NSW Fisheries during the follow up FRDC Project 2001/033. 
· A potentially more cost effective and/or complementary method could be to co-exploit and/or selectively cull the highly competitive species the black or purple sea urchin Centrostephanus rodgersii. This option has not been pursued possibly for political reasons, namely perceived likely opposition from green groups. 
· Results of improved seeding technology developed in the follow up FRDC project 2001/033 have achieved estimated marketable yield rates of 1% using 10mm juveniles. Economic modelling suggests that a 1% yield approximates break even cost effectiveness. 
· Minor improvements to these seeding techniques recently developed in NZ have been reported as generating yields up to 15%. Such yields if achievable with blacklip abalone in NSW and elsewhere in Australia would be extraordinarily cost effective. 
· Until recently global attempts to cost effectively enhance abalone populations have been unsuccessful. Methods developed during FRDC projects 1998/219 and 2001/033, unlike other projects over the past 40 years, addressed the twin issues of maximising yields through  optimising methods of release and minimising costs of seed production through improved hatchery and nursery technologies. 

The project outputs have been used in other projects and by the abalone aquaculture industry: 
· The year-round controlled temperature conditioning and spawning of captive broodstock provided impetus for funding and guidance for practical implementation of a complementary R&D project (FRDC 2000/204) to refine and improve this technology in relation to blacklip and greenlip abalone. 
· The controlled breeding technology is in turn providing a number of important flow-on benefits to the abalone aquaculture industry in southern Australia. 
· Another important benefit for abalone farmers has been the development of technology that will enable greatly improved nursery production systems at much lower initial capital costs.
· These improved techniques could be of major benefit to practical implementation of breeding programs to improve growth and survival of farmed and ranched abalone. It is estimated that improved hatchery techniques will reduce mass seed production costs from 5-10 cents per mm to 1-2 cents (This estimate is based on $1 million hatchery/nursery facility  with an annual operating cost of $500,000 generating 10 million 10mm seed per annum) 
· A comprehensive manual for intensive year round hatchery production of blacklip abalone (ISBN 978 0 7347 1867 9) was published in Nov 2007 as an output of FRDC project 2001/033.

	1998/221
Impoundment stocking strategies














	· The project affirmed that bass, and golden and silver perch were best stocked at 50 mm sizes; hence there was greater confidence in the existing strategy rather than changing to lower cost smaller fish releases.
· The major impact of the project has been on barramundi release where stocking policies changed as a result of the project to larger release sizes of 50 mm. 
· As an example of impact, the catch rate of barramundi in Awoonga Dam increased eight fold when releases of fish greater than 50 mm were made (Michael Hutchison, per comm., 2009). Catch rates in Tinaroo Dam also improved with an increase in size release.   
· It is fairly standard now for barramundi, bass, and golden and silver perch to be released at larger than 50 mm across Queensland. 
· Some stocking groups are experimenting with even larger barramundi (e.g. 300mm) probably stimulated by the project.
· Stocking groups are now cautious about stocking during low water levels.  A new proposal plans to investigate further the interaction between water level, stocking density and survival to improve on existing advice and optimise quality of fisheries. 
· There are over 70 stocked waters in Queensland. All stocking groups received a stocking manual produced by this project.  
· District advisors are aware of better results from stocking 50mm plus fish and advise stocking groups accordingly.  Adoption has been at most, if not all, sites in Queensland.
· NSW Fisheries have shown some resistance to stocking larger sized bass, golden and silver perch and seem to be persisting with 30 mm fish. 

	1999/119
Tiger prawn broodstock supply 



	· The outputs from the project have been provided to industry and management for inclusion in negotiations for the Queensland East Coast trawl management plan and amendments, for consideration in the GBRMPA rezoning of the northern region and the current zoning of the Marine Representative Areas, and for inclusion in Environment Australia assessments for sustainability of the East Coast Prawn Trawl Fishery.
· The project indicated that the aquaculture industry needed to work closely with the trawl fishery to utilise the catch as live product before it becomes frozen product and that maximum benefit is gained from every broodstock prawn received by prawn hatcheries.
· As the farmed prawn industry has closed the reproductive cycle so prawns can be bred without wild caught broodstock, pressure from the farmed prawn industry has eased. However, domestication is still not perfect and the industry is still dependent on wild catch to some extent. 
· There has been no impact on wild catch fishery.  

	1999/222
Enhancing brown tiger prawns 












	· The project had the potential to lead to a management tool to increase fishery yields, rebuild over-exploited stocks, and reduce fluctuations in catch due to variable recruitment. 
· The new production technology could have lead to a 3 phase approach to the production of prawns: hatchery, nursery and grow-out.
· However, the enhancement of the fishery has not proceeded largely due to the cost of production of juvenile prawns and the capital investment required to start release of two to four million juvenile prawns.  In addition, production was more difficult in the winter months, when it would have been most desirable to release prawns, in order to not to coincide the release with the natural recruitment process (Mervi Kangas, pers.comm., 2009).
· The rigorous assessment of costs and benefits provided the basis for the industry decision to stop further research and development on stock enhancement that would have required a significant investment of capital (Neil Loneragan, pers. comm., 2009).
· Further, since 2003 the Exmouth Gulf prawn fishery has improved without any enhancement of stocks.
· An unanticipated benefit has been the identification and initial monitoring of sites for release and the finding that sea grass abundance was positively correlated with tiger prawn stock levels (Mervi Kangas, pers. comm., 2009).  
· An additional benefit has been that the raceway systems developed to produce prawns at high densities have been used for the culture of other species (e.g. Moreton Bay bugs). 

	2000/179
Habitat management 


	· Due to the lack of wetland rehabilitation, it was not possible to assess the impact of the reflooding.
· Hence, the investment-based approach as a management tool for the restoration of fisheries habitats was not demonstrated. 
· Implications for the sustainability of the Southern Shark Fishery or benefits to other fauna were therefore not assessed. 

	2000/180
Restocking with black bream 




















	· The recreational value of the estuary has increased as approximately two thirds of the legal size black bream currently in the estuary were clearly identified (via chemical otolith marks) as those restocked in 2002 and 2003, the total number of black bream available to the recreational fishery is approximately 3 fold more than if no restocking was undertaken. 
· The cost of rearing and release is less than the value of the additional recreational fish generated. 
· The single remaining commercial Blackwood fisherman has recommenced fishing for black bream in the riverine section of the estuary, after giving it up for several years prior to the restocking due to declining catches. He is now catching commercial quantities of bream again, two thirds of them being of restocked origin. 
· The restocked fish are all now mature and quantities of juvenile bream are again being observed in the Blackwood after an absence of many years (pers. comm. Trevor Price – Commercial Blackwood fisherman), providing evidence that the restocked fish are spawning and contributing to juvenile recruitment.
· This project has also clearly demonstrated how severely depleted the black bream stocks were prior to this FRDC project. Restocking of black bream has been a resounding success and a proven management method for fisheries managers.
· However, the enhancement strategy developed has not been adopted in the Blackwood River Estuary and therefore juveniles are still not reared and released regularly.
· WA Department of Fisheries research officers have not supported the implementation of an enhancement strategy in the Blackwood River Estuary for the past 8 years. This has rested on an argument of a lack of understanding of genetic consequences and biological data.
· In May 2009, funding was granted from the Minister of Fisheries, against the advice of his research officers, to study both the genetics and the biology of restocked and wild fish in the Blackwood River Estuary in more detail. 
· Preliminary indications are that the genetic compositions of the restocked and wild Blackwood black bream did not differ significantly from each other. Conversely, wild and restocked samples differed significantly from other black bream samples from a range of other Western Australian water bodies. 
· Hence, the benefits have therefore yet to be realised fully via on-going restocking activities in Western Australia. WA Department of Fisheries officers are now, on instruction by the Fisheries Minister, developing a restocking guideline for estuarine/marine finfish which may see restocking being viewed as a responsible fisheries management tool into the future.
· At a time when there is a well publicised decline in many recreational fish stocks in WA, without the Blackwood study there would now be little government or public interest or drive for the restocking of estuarine or marine fish. The FRDC Blackwood project has been instrumental in putting restocking on the fisheries management agenda in WA. 
· The project results were reported at the Third International Symposium on Stock Enhancement and Sea Ranching that was held in Seattle in 2006 and the presentation voted in the top two presentations at the Symposium. 

	2002/048
Enhancing saucer scallops
 

	· Enhancement of the fishery was not pursued as there was insufficient confidence in the results as to whether new scallops had developed from the hatchery releases. 
· Also it was not known whether survival of hatchery reared scallops was at the expense of wild spawned scallops.
· A subsequent project in Queensland has been able to chemically tag hatchery reared scallops. 

	2003/034
Re-establishing freshwater cod 











	· Major potential benefits were envisaged for recreational fishers in the long-term following the re-establishment of cod fisheries. 
· The project demonstrated that significant post release mortality of sub adult stocked fish was due to the lack of predator education of hatchery raised fish (Sharon Lane, pers.comm., 2009). 
· The predation on uneducated sub adult fish was at such a level that stocking efforts of the species or other cod species would be severely compromised.  
· As such many of the anticipated outcomes and benefits were undelivered.
· The project has indicated that the grow-out of fish for recreational and conservation stocking requires predator education to be successful. 
· The project has led to a MDBA funded project in Queensland (DPI Fisheries) investigating the survival of predator educated hatchery reared recreational fish (Murray Cod, Golden perch, Bass and Barramundi) being undertaken by Mike Hutchinson. 

	2004/248
Octopus pot retrieval system
	· The mechanised system is currently being used by the developer in a small 7m boat and has reduced operating costs for the same catch.
· The process has not been patented.
· Three enquiries regarding the system have been received, one from WA and two from NSW.



Some of these projects (e.g. 1999/222 and 2000/180) and other FRDC enhancement projects have achieved international recognition for Australia, FRDC and the researchers, through presentations at the 2nd and 3rd International Symposia on Stock Enhancement and Sea Ranching (ISSESR) (Seattle, September 2006).  Five Australian researchers (Neil Loneragan, Greg Jenkins, Matt Taylor, Caleb Gardner and Greg Skilleter) are now on the International Scientific Committee for the 4th ISSESR, planned for Shanghai in April 2011. 


Benefits 

Table 8 summarises the principal benefits from each of the projects.

Table 8: Summary of Project Benefits

	Project
	Benefits

	1998/219
Seeding abalone


	· Potential benefits from reseeding reef areas but not yet captured due to cost-effectiveness.
· Contribution to cost reduction benefits in nursery systems for farmed abalone (in conjunction with other FRDC projects such as 2001/033).

	1998/221
Impoundment stocking strategies
	· Increased value of most Queensland recreational fisheries.

	1999/119
Tiger prawn broodstock supply
	· Limited benefits to the farmed prawn industry as the farmed prawn industry is less dependent on wild catching of juveniles.
· Some benefits derived from project input to the GBRMPA rezoning of the northern region and the current zoning of the Marine Representative Areas, allowing continued access to the fishery. 

	1999/222
Enhancing brown tiger prawns 
	· Some spillover benefits from the raceway system developed to produce prawns at high densities to the culture of other species (e.g. Moreton Bay bugs).
· Some spillover benefits to Exmouth Gulf prawn fishery 

	2000/179
Habitat management
	· No benefits of significance are likely from this investment 

	2000/180
Restocking with black bream
	· Availability of black bream in the fishery is now 3 times the previous availability so recreational fishers have benefited.
· Renewal of economic activity of one commercial fisher.

	2002/048
Enhancing saucer scallops 
	· No benefits of significance are likely from this investment.   

	2003/034
Re-establishing freshwater cod 
	· No benefits of significance are likely from this investment.   

	2004/248
Octopus pot retrieval system 
	· Operational cost reduction for one commercial octopus fishing business. 



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

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

	Economic
	Environmental
	Social

	1. Reduced costs of catching octopus 
	5. Restoration of ecosystem health for some inland fisheries
	6. Enhanced value of recreational fisheries (barramundi in Queensland and black bream in WA )

	2. Reduced costs of production of farmed abalone and farmed Moreton Bay bugs 
	
	7. Maintenance of access to GBRMPA recreational fishery

	3. Renewal of commercial black bream fishing 
	
	8. Improved research capacity

	4. Maintenance of access to GBRMPA fishery 
	
	



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. *
3. *
4. *
	
	

	Environmental 
	
	
	5. *

	Social
	6. **
7. *
8. *
	
	6. **
7. *
8. *



Public versus Private Benefits 
Both private and public benefits will arise from the cluster investment. On the basis of the seven benefits listed in Table 10, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up 36% of the total benefits.  If the subjective weightings provided in Table 10 are taken into account, then 38% of the total benefits could constitute public benefits to Australia. 

Distribution of Benefits Along the Fish Supply Chain 
The cost reduction, maintaining commercial access, and renewing economic viability benefits will be captured by commercial fishers and aquaculture industries in the first instance but will ultimately be shared along the supply chain. The benefits from the enhanced fisheries and access maintenance will be captured by recreational fishers. 

Benefits to Other Industries
It is likely that most industry benefits will be confined to the fishing industry.

Benefits Overseas
Few benefits are likely to accrue to overseas interests. 

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



Table 11: Potential Response to Reduced Public Funding to FRDC

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

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

	3. Would the cluster have been funded if no public funding for FRDC had been available?
	Yes, but with minimal funding (25-50%).  



Match with National Priorities 
The Australian Government’s national and rural R&D priorities are reproduced in Table 12 (updated in May 2007 and current as of July 2009 (http://www.daff.gov.au/agriculture-food/innovation/priorities)).
 
Table 12: National and Rural R&D Research Priorities 2007-08

	Australian Government 

	National Research Priorities
	Rural Research Priorities 

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



The projects contribute to the National Research Priority 1 (an environmentally sustainable Australia) and 3 (Frontier technologies). The investments contributed to Rural Research Priorities 1, and 3 as well as Innovation skills and Technology.  


Quantification of Benefits

Benefits Valued 
Five benefits emanating from the cluster investment are valued in the following economic analysis. These are:
· the reduced costs of octopus catching. 
· the gain to profits in black bream commercial fishing. 
· the gain from enhanced recreational fisheries in Queensland. 
· the gain in Western Australia from improved recreational fishing. 
· the cost reduction in nursery activities to the farmed abalone industry. 

Benefits identified earlier but not valued include:
· the potential value of the increased knowledge from monitoring of the relationship between sea grass and prawn stocks in the Exmouth Gulf prawn fishery. 
· the spillover benefit to cultural systems in other aquaculture production systems from the project in the Exmouth Gulf prawn fishery.
· the potential ecosystem health benefits from freshwater fisheries in Queensland and the Blackwood River in Western Australia.
· the maintenance of access for commercial and recreational fishers to the GBRMPA fishery    

Reduced Costs of Octopus Catching 
For the operator using the system, the saving over 25 lines per day (500 double refuge pots) is about 8 minutes per line, or about 3.33 hours per day (per person) and about $30 per day in fuel.  Assuming 100 fishing days per year and two labour units each valued at $50 per hour, this is saving compared to the previous system of about $363 per day or $36,300 per annum.  
 
Renewal of Commercial Black Bream Fishing    
This benefit was captured by a single operator with one boat. The commercial catch was about 875 kg black bream per annum (WA Department of Fisheries, 2004) valued at about $8 per kg (Recfish West, 2004). This gave a reinstated benefit of about $7,000 per annum. 
 
Improved Recreational Fisheries
Queensland  
There are 70 stocked waters for recreational fishing in Queensland and it is assumed that 15% of these waters would benefit from the strategy change.  This estimate is based on information supplied by Fisheries Queensland (Daniel Smith, pers.comm., 2009) on the Recreational Fishing Enhancement Program and the Stocked Impoundment Permit Scheme. It is assumed that the strategy change results in insignificant levels of additional costs. It is assumed that 25% of the change in stocking policy would have occurred in the situation without the FRDC project.  

Rolfe and Prayaga (2007) have estimated through contingent valuation the value of the recreational fishing experience for a 20% increase in catch rates across three Queensland freshwater dams (Bjelke-Petersen, Boondooma and Fairbairn). These values varied across the three dams (from $0.12 m to $0.39 m per annum). The average annual gain per stocked water that has benefited is taken to be the average gain for the three dams, that is, $0.24 m per annum.


Western Australia
An estimate of the number of recreational fisher days associated with the Blackwood River Fishery is 16,500 days per annum (WA Department of Fisheries, 2004).  The Queensland study reported above determined the willingness to pay for fishers per day for a 20% improvement in catch rate for the Bjelke Petersen dam was about $19. Hence, assuming this benefit could be transferred to Western Australia, the recreational value improvement for the Blackwood River is estimated at $0.31m per annum. 

Reduced Costs for Abalone Farms   
The cost of production of farmed abalone up to the farm gate is assumed to be around $27.6 per kg (2001 $ terms) (Weston et al, 2001), equivalent to about $34.4 per kg in 2008/09 terms.  It is assumed that this project, along with other projects on settlement and spawning, has contributed to a 30% decrease in the farm gate cost of production. The contribution of this project to this cost reduction has been estimated at 10%. It is assumed that 90% of the industry has benefited from the reduced costs. 

Summary of Assumptions
A summary of the key assumptions made is shown in Table 13.

Table 13: Summary of Assumptions

	Variable
	Assumption
	Source

	Reduced Costs of Octopus Catching  

	Fishing time saved per fishing day  
	3.33 hours per person per day  for two people 
	Bob Alexander (2009)

	Fuel saved per fishing day 
	$30 per day
	Bob Alexander (2009)

	Labour value  
	$50 per hour 
	Bob Alexander (2009)

	Fishing days per annum 
	100
	Bob Alexander (2209)

	Cost savings per annum 
	$(333 + 30) x100 = $36,300
	Bob Alexander (2009)

	Year of first benefit 
	2005/06 
	Consultant estimate  

	Renewal of Commercial Black Bream Fishing    

	Annual catch 
	875 kg  per annum
	WA Fisheries (2004)

	Commercial value of black bream  
	$8 per kg
	Recfishwest (2004) 

	Year of first benefit 
	2006/07 
	Consultant estimate 

	Improved Recreational Fisheries 

	Queensland  

	Assumed number of stocked waters in Queensland 
	70
	Mike Hutchinson (2009)

	Assumed number benefiting 
	15% of stocked waters 
	Based on information supplied by Daniel Smith (2009)

	Enhancement of fishing experience  
	20%
	Consultant estimate   

	Value of a 20% increase in recreational fishing experience in three large Queensland  dams 
	Average of $0.24 m per annum per stocked water
	Rolfe and Prayaga (2007)

	Extent of benefits occurring without the FRDC project 
	25%  
	Consultant estimate  

	Year of first benefit 
	2006/07
	Consultant estimate  

	Western Australia 

	Number of fisher days per annum 
	16,500
	WA Fisheries (2004)

	Value of a 20% increase in recreational fishing experience 
	$19 per day based on Bjelke Peterson dam in Queensland 
	Rolfe and Prayaga (2007)

	Year of first benefit 
	2006/07
	Consultant estimate  

	Reduced Costs for Abalone Farms 

	Cost of production for abalone production 
	$34.4 per kg  at farm gate 
	Weston et al  (2001) converted to 2008/09 $ terms 

	Reduction in cost of production due to improved spawning, settlement and growth  
	30% 
	Discussions with Justin Fromm  

	Proportion of industry benefiting 
	90% 
	Discussions with Justin Fromm  

	Attribution to project in this cluster  
	10%
	Consultant estimate  

	Year of first benefit 
	2005/06
	Consultant estimate  




Results

All past costs and benefits were expressed in 2008/09 dollar terms using the CPI. All benefits after 2008/09 were expressed in 2008/09 dollar terms. All costs and benefits were discounted to 2008/09 using a discount rate of 5%. The base run used the best estimates of each variable, notwithstanding a high level of uncertainty for many of the estimates.  Investment criteria were estimated for both total investment and for the FRDC investment alone. All analyses ran for the length of the investment period plus 30 years from the last year of investment (2006/07).

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 14 shows the sources of benefits, expressed as the PVB and the percentage of total benefits.    


Table 14: Source of Benefits (discount rate 5%, 30 year period)

	Benefit
	PVB
($ m)
	% Total 

	Reduced cost of  octopus catching 
	0.70
	1.4

	Renewal of black bream fishing (commercial) 
	0.13
	0.3

	Improved recreational fisheries Queensland 
	34.12
	69.9

	Improved recreational fishery WA 
	5.66
	11.6

	Reduced farmed abalone production costs 
	8.22
	16.8

	Total
	48.83
	100.0



Tables 15 and 16 show the investment criteria for the different periods of benefits for both the total investment and the FRDC investment.

Table 15: Investment Criteria for Total Investment
(discount rate 5%)

	Years
	0
	5
	10
	20
	30

	Present value of benefits ($m)
	3.49
	16.25
	26,26
	40.23
	48.82

	Present value of costs  ($m)
	17.07
	17.07
	17.07
	17.07
	17.07

	Net present value ($m)
	-13.59
	-0.82
	9.18
	23.16
	31.74

	Benefit–cost ratio 
	0.2
	1.0
	1.5
	2.4
	2.9

	Internal rate of return (%)
	negative
	4.3
	9.8
	12.5
	13.1



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

	Years
	0
	5
	10
	20
	30

	Present value of benefits ($m)
	1.35
	6.30
	10.18
	15.60
	18.93

	Present value of costs  ($m)
	6.52
	6.52
	6.52
	6.52
	6.52

	Net present value ($m)
	-5.17
	-0.22
	3.66
	9.08
	12.41

	Benefit–cost ratio 
	0.2
	1.0
	1.6
	2.49
	2.9

	Internal rate of return (%)
	negative 
	4.5
	10.2
	12.9
	13.4



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



Figure 1: Annual Cash Flow of Benefits

[image: ]


Table 17 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. Also, the recreational fishing benefits do not directly address any of these priorities, but they have been included within the productivity and adding value category.  

Table 17: 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 

	Octopus costs  
	0.70
	100
	0
	0
	0
	0

	Black bream (com)   
	0.13
	100
	0
	0
	0
	0

	Rec. fishing (Q) 
	34.12
	100
	0
	0
	0
	0

	Rec. fishing (WA)
	5.66
	100
	0
	0
	0
	0

	Abalone costs
	8.22
	100
	0
	0
	0
	0

	Total ($m)
	48.83
	48.83
	0
	0
	0
	0

	Total (%)
	100
	100
	0
	0
	0
	0



Sensitivity Analyses
Sensitivity analyses were carried out on some variables and results for the total investment are reported in Tables 18 and 19. 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 18 shows that the investment criteria are sensitive to the discount rate.  

Table 18: Sensitivity to Discount Rate  
(Total investment, 30 years)

	Criterion 
	Discount Rate 

	
	0%
	 5% (Base)
	10%

	Present value of benefits (m$)
	83.38
	48.82
	34.36

	Present value of costs (m$)
	12.00
	17.07
	24.09

	Net present value (m$)
	71.38
	31.74
	10.27

	Benefit-cost ratio
	7.0
	2.9
	1.4



It is apparent from Table 14 that the major component of the benefits is generated from the improvements to fishing experience in Queensland stocked waters. Without the benefits from this project, the cluster as a whole would have produced a benefit-cost ratio of less than 1. Table 19 shows the sensitivity of the investment criteria to the value of the enhanced fishing experience in Queensland stocked waters. 

Table 19: Sensitivity to Benefit from Stocked Waters in Queensland   
(Total investment, 30 years)
 
	Criterion 
	Value of enhancement of fishing experience   

	
	$0.12 m
	$0.24 m per stocked water per annum (Base) 
	$0.48 m

	Present value of benefits (m$)
	31.76
	48.82
	82.93

	Present value of costs (m$)
	17.07
	17.07
	17.07

	Net present value (m$)
	14.68
	31.74
	65.86

	Benefit-cost ratio
	1.9
	2.9
	4.9

	Internal rate of return (%)
	9.4
	13.1
	18.3



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 Marketing Cluster
   
	Coverage of Benefits
	Confidence in Assumptions

	High
	Medium




Association with FRDC KPIs

The Key Performance Indicators (KPIs) for FRDC fall into five groups as provided in Table 21. The investments analysed in this evaluation have addressed KPIs 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 number 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 most projects were started under previous R&D plans 


Lessons Learnt for Future Investment

Lessons learnt from this analysis include:
· Enhancement of wild catch fisheries appears technically feasible but faces economic constraints due to the cost of rearing and release compared to the benefits from the enhancement. On the other hand enhancement successes have been obtained from the projects in this cluster for recreational fisheries where the impacts are more amenable to measure and where fish abundance is valued more highly.
· In attempting to develop low cost rearing and release systems (e.g. for prawns and reef abalone), improvements were developed that have had some applications and benefits to aquaculture industries.
· It was apparent that the government’s rural R&D priorities do not accommodate social benefits such as improved recreational experiences for fishers. The implication of this is that this area of research investment should be given a low priority by FRDC or that national RD&E priorities should be changed to provide some focus on social benefits.
· FRDC’s KPIs as reported in Table 21 do not encompass improvement in recreational fishing experiences. 


Conclusions

Investment was made in a total of nine projects within the cluster with the FRDC contribution approximating 39% of the total nominal dollar costs involved.

On the basis of the seven benefits identified, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up 36% of the total benefits.  If the subjective weightings for each benefit type are taken into account, then 38% of the total benefits could constitute public benefits to Australia. 

The principal benefit valued from this cluster investment was the improved recreational experiences for fishers caused by successful restocking policies. Of the benefits valued, recreational fishing benefits made up over 80% of the total benefits. Other benefits were associated with spillover cost reductions to aquaculture and some cost reductions to wild catch fisheries.

Overall, the investment criteria estimated for the total investment of $17 million (present value of costs) in the cluster were positive, with a net present value estimated at over $30 million and a benefit-cost ratio of just under 3 to 1, both estimated using a discount rate of 5% (benefits estimated over 30 years from the final year of investment). 
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