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Background 

The sustainability of natural resources was the most important of the three programs defined in the FRDCs R&D Plan commencing in 2000. Improving methods of stock assessment was a key strategy in executing the sustainability program. The cluster of project investments under investigation here addressed resource assessment and sustainability across a range of Commonwealth fisheries.  

An estimate of stock size is a fundamental requirement in predicting 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), 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 Commonwealth fisheries are generally the responsibility of the Australian Fisheries Management Authority (AFMA). 

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 and reduced industry profitability.  

It is argued that governments intervene to 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 29 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

	1995/048


	Cephalopod beak identification and biomass estimation techniques: tools for dietary studies of southern Australian finfishes

	Organisation:  Museum of Victoria
Period: Jul 1995 to Jun 2005
Principal Investigator: Chung Chen Lu

	1996/140


	Evaluation of selectivity in the south-east fishery to determine its sustainable aggregate yield

	Organisation:  CSIRO, Marine and Atmospheric Research 
Period:  Jul 1997 to Jun 2005
Principal Investigator: Nic Bax

	1996/280

	Baseline studies on the ecology of scavengers (mainly sea-lice) on the continental shelf and slope off eastern Australia
	Organisation:  Australian Museum 
Period: Aug 1996 to Sep 2004
Principal Investigator: Jim Lowry

	1997/111



	Catch-at-age, age at first spawning, historical changes in growth, and natural mortality of SBT: an integrated study of key uncertainties in population biology and dynamics of SBT, based on direct estimates of age from otoliths
	Organisation:  CSIRO, Marine and Atmospheric Research 
Period: Dec 1997 to Apr 2004 
Principal Investigator: John Gunn

	1999/103


	Saw shark and elephant fish assessment and bycatch evaluation in the southern shark fishery

	Organisation:  Department of Primary Industries, Victoria
Period: Jul 1999 to Jun 2006
Principal Investigator: Terence Walker 

	1999/104


	An integrated analysis of the growth rates of southern bluefin tuna for use in estimating the catch at age matrix in the stock assessment

	Organisation:  CSIRO, Marine and Atmospheric Research 
Period: May 2000 to Nov 2003 
Principal Investigator: Tom Polacheck

	1999/106


	Size at first maturity and recruitment into egg production of southern bluefin tuna

	Organisation:  CSIRO, Marine and Atmospheric Research 
Period: Sep 1999 to Jun 2003 
Principal Investigator: Tim Davis 

	1999/107


	Development of an operating model for evaluation of harvest strategies for the Eastern Tuna and Billfish Fishery

	Organisation:  CSIRO, Marine and Atmospheric Research 
Period: Sep 1999 to Jan 2004 
Principal Investigator: Robert Campbell 

	1999/109



	Migration and habitat preferences of bigeye tuna (Thunnus obesus) on the east coast of Australia - A project using archival and conventional tags to determine key uncertainties in the species' stock structure, movement dynamics and CPUE trends
	Organisation:  CSIRO, Marine and Atmospheric Research 
Period: Sep 1999 to May 2005 
Principal Investigator: John Gunn

	1999/112


	Arrow squid in southern Australian waters - supplying management needs through biological investigations

	Organisation:  University of Tasmania  
Period: Jul 1999 to May 2004 
Principal Investigator: George Jackson

	2000/100


	Age and growth of bigeye tuna, Thunnus obesus, from the eastern and western AFZ

	Organisation:  CSIRO, Marine and Atmospheric Research 
Period: Oct 2000 to Dec 2003 
Principal Investigator: Tim Davis

	2000/101


	Development of harvest strategies for selected SEF species

	Organisation:  CSIRO, Marine and Atmospheric Research 
Period: Oct 2000 to Mar 2004 
Principal Investigator: Tony Smith 

	2000/109


	Stock assessment and management strategy evaluation for sub-Antarctic fisheries

	Organisation:  CSIRO, Marine and Atmospheric Research 
Period: Oct 2000 to May 2004 
Principal Investigator: Geoff Tuck

	2001/002



	A new approach to assessment in the NPF: spatial models in a management strategy environment that includes uncertainty

	Organisation:  CSIRO, Marine and Atmospheric Research 
Period: Jul 2001 to May 2005 
Principal Investigator: Catherine Dichmont

	2001/004


	Stock structure and spatial dynamics of the warehou: a pilot study

	Organisation:  Department of Primary Industries, Victoria
Period: Jul 2001 to Nov 2003
Principal Investigator: Sonia Talman

	2001/005


	Stock assessment for south east and southern shark fishery

	Organisation:  CSIRO, Marine and Atmospheric Research 
Period: Jul 2001 to Aug 2005 
Principal Investigator: Tony Smith 

	2001/014


	Age and growth of broadbill swordfish (Xiphias gladius) from Australian waters

	Organisation:  CSIRO, Marine and Atmospheric Research 
Period: Jul 2001 to Nov 2004 
Principal Investigator: Jock Young

	2002/014



	Developing a new method of evaluating catch rates of spatially mobile and aggregating prawn resources

	Organisation:  CSIRO, Marine and Atmospheric Research 
Period: Oct 2002 to Mar 2007 
Principal Investigator: Catherine Dichmont

	2002/015



	Estimation of mortality rates from tagging data for pelagic fisheries: analysis and experimental design

	Organisation:  CSIRO, Marine and Atmospheric Research 
Period: Oct 2002 to Apr 2006 
Principal Investigator: Tom Polacheck

	2002/028



	Trophic dynamics of the eastern shelf and slope of the South East Fishery: impacts of and on the fishery

	Organisation:  CSIRO, Marine and Atmospheric Research 
Period: Apr 2002 to Sep 2006 
Principal Investigator: Catherine Bulman

	2002/061


	Development and evaluation of egg-based stock assessment methods for blue mackerel (Scomber australasicus) in southern Australia
	Organisation:  South Australian Research and Development Institute
Period:  Jul 2002 to May 2008
Principal Investigator: Tim Ward

	2002/101


	Designing, implementing and assessing an integrated monitoring program for the NPF


	Organisation:  CSIRO, Marine and Atmospheric Research 
Period: Nov 2002 to Nov 2004 
Principal Investigator: Catherine Dichmont 

	2003/003


	Spawning and reproductive characteristics of Bight redfish and deepwater flathead in the Great Australian Bight trawl fishery

	Organisation:  Department of Primary Industries, Victoria
Period: Jul 2003 to June 2006
Principal Investigator: Lauren Brown 

	2003/017


	Juvenile scallop trashing rates and bed dynamics: testing the management rules for scallops in Bass Strait

	Organisation:  University of Tasmania  
Period: Jul 2003 to May 2007 
Principal Investigator: Malcolm Haddon

	2003/045


	Stock discrimination of blue-eye trevalla (Hyperglyphe antarctica) from Australian shelf waters and offshore seamounts and New Zealand
	Organisation:  Department of Primary Industries, Victoria
Period: Aug 2003 to Apr 2006
Principal Investigator: Jeremy Hindel 

	2003/075


	Designing, implementing and assessing an integrated monitoring program for the NPF: developing an application to stock assessment
	Organisation:  CSIRO, Marine and Atmospheric Research 
Period: Aug 2003 to Sep 2005 
Principal Investigator: Yimin Ye

	2004/099



	An integrated monitoring program for the Northern Prawn Fishery: assessing the design and developing techniques to incorporate survey results into fishery assessment
	Organisation:  CSIRO, Marine and Atmospheric Research 
Period: Dec 2004 to Feb 2006 
Principal Investigator: Yimin Ye

	2005/077



	Assessment of the implications of interactions between fur seals and sea lions and the southern rock lobster and gillnet sector of the Southern and Eastern Scalefish and Shark Fishery (SESSF) in South Australia
	Organisation:  South Australian Research and Development Institute
Period:  Jul 2005 to Oct 2007
Principal Investigator: Simon Goldsworthy

	2006/076


	Management zones from small pelagic fish species stock structure in southern Australian waters

	Organisation:  CSIRO, Marine and Atmospheric Research 
Period: Oct 2006 to Jun 2008 
Principal Investigator: Catherine Bulman 



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

	1995/048
Cephalopod beaks in marine
diets 









	Rationale: Squid, octopus and cuttlefish (cephalopods) are known to be an important food source for many marine animals. The hard beaks (chitinous mandibles) of these preys are frequently encountered in predator stomachs. The beaks can be used to identify the prey species and to calculate prey size and biomass consumed. Unlike the northern hemisphere there had been no such tools available for cephalopods in the Southern Hemisphere. This deficiency was in spite of the high profile of cephalopds in the diets of many valuable and heavily exploited commercial fishes.

Objectives: 
1. To produce a diagnostic illustrated key for identification of cephalopod beaks in the diets of marine vertebrates from southern Australian waters.
2. To analyse relationships between beak morphometrics and whole animal attributes, in order to develop back-calculation formulae for estimation of prey size and biomass.

	1996/140
Age and gear types in the South east fishery










	Rationale: Fisheries assessments are typically performed species by species, and gear by gear. However, fishing gears catch a variety of commercial and by-catch species and different industry sectors compete for some of the same species. Multi-species assessments hold out the promise of injecting some of the reality of a fishery into the vacuum of single species assessments, but such multi-species assessments are data hungry.

Objectives:
1. To determine size (age) at capture for the main commercial species in the SEF that would maximise their biologic and economic yield, especially for the quota species.
2. To determine selectivity of the major fisheries in the SEF, taking account of the mix of gear types and the areas fished. 
3. To evaluate success of alternative gear mixes (type and configuration) in maximising overall biologic and economic yield for selected fisheries.
4. To identify fisheries that contain mixes of gear types and species that lead to a grossly undesirable selectivity of some species, and that could profit from the development of specialised selective techniques. 
5. To help to coordinate and present results at SEFAG workshop to assess the potential of adapting selectivity of the SEF to promote sustainability and economic returns.

	1996/280
Scavenger species 








	Rationale: Little was known about scavenging invertebrates in Australian waters. Crustacean scavengers are also an important pest of commercial trap and long line fisheries. 

Objectives:
1. To document the species of scavengers in eastern Australian marine waters.
2. To describe patterns in the structure of the scavenging guilds (groups of species all making their living in the same way) in eastern Australian waters.
3. To relate these patterns to variables such as depth, temperature, latitude and sediment type. 
4. To assess the effects of disturbance caused by trawling on the structure of the scavenging guilds.

	1997/111
SBT fisheries 
age data















	Rationale: The stock assessment process for southern bluefin tuna (SBT) was recognised as having significant uncertainties as two different interpretations of data and assumptions resulted in two diametrically opposed positions represented by CITES and the Japanese. 

Objectives:
1. To estimate and compare the age composition of catches in each of the major SBT fisheries; the three major Japanese fisheries in the Southern Ocean, the Indonesian fishery on the spawning grounds, the Australian surface and longline fisheries in the AFZ, the New Zealand troll and longline fisheries and Taiwanese fishery in the Indian Ocean.
2. To compare growth rates of fish collected from each fishery.
3. To develop an age-length key for the population. 
4. To estimate from otoliths collected on the spawning grounds the age at first spawning for SBT.
5. Using otoliths from fish spawned in each of the four decades in which the SBT fishery has operated, to examine the hypothesis that growth rates have changed in response to population size and or environmental conditions.
6. To use otolith-based age data to estimate the natural mortality rate for mature age SBT.

	1999/103
Saw sharks and elephant fish










	Rationale: Catches of these two species in the SSF had been declining. With the fishery changing to catch quota management and with the need to ensure that the non-target species were harvested sustainably, it was necessary to provide basic data and assessments. One concern was that lower valued gummy sharks and school sharks might be discarded at sea for high grading.

Objectives: 
1. To determine population parameters required for fishery stock assessment of the non-target species common saw shark, southern saw shark and elephant fish.
2. To provide a stock assessment of each of these three non-target species in Bass Strait.
3. To provide data for assessment of bycatch, discards and damaged shark in the Southern Shark Fishery.

	1999/104
SBT growth






 











	Rationale: The uncertainty in the SBT catch at age matrix had been identified as one of the main sources of unaccounted uncertainty in the SBT stock assessments.  The model used for estimating SBT growth rates has been identified as a likely factor contributing to the apparent inconsistencies in the data.  New input data needed to be incorporated into the models. 

Objectives: 
1. To develop an integrated method for modelling SBT growth that combines growth increment data from tagging experiments, length measurements and direct aging estimates from otoliths, length frequency modal information and otolith growth increments.
2. Using this integrated method, to develop models for the historical changes in SBT growth that can be used to estimate the expected length of SBT at age and associated variance for the entire period of the commercial fishery.
3. To produce appropriate estimates of growth rate parameters for direct input into length based assessment models
4. To develop a set of alternative hypotheses for the factors underlying changes in SBT growth that are consistent with the observed growth data.
5. Based on these alternative hypotheses, to develop models for changes in the length at age that can be used in SBT stock projections.

	1999/106
SBT Reproduction









	Rationale: An earlier study in the early 1990s had provided some information of the reproductive dynamics of SBT. However, information and understanding was limited regarding SBT spawning dynamics in order to determine annual egg production as a function of fish length.   This information could then be used in stock assessments to provide a measure of total egg production, which would replace the current spawning stock biomass as the “stock” variable in stock-recruit modelling. 

Objectives:
1. To determine the mean size at first maturity of SBT on the spawning grounds.	 
2. To determine the relationship between spawning frequency and size.
3. To determine the relationship between batch fecundity and size. 
4. To model the recruitment dynamics of population egg production.

	1999/107
Swordfish and bigeye tuna








	Rationale: Catches of bigeye tuna and broadbill swordfish were increasing and this increase was expected to continue. Concerns were raised about over-exploitation. There was a need to identify and evaluate appropriate performance indicators and harvest strategies to allow for the controlled and sustainable development of the fishery. 

Objectives: 
1. To develop an operating model of the Eastern Tuna and Billfish Fishery (ET&BF) to be used in the evaluation of various harvest strategies for this fishery, in particular for broadbill swordfish and bigeye tuna.	 
2. To assist Eastern Tuna Management Advisory Committee (MAC) and Eastern Tuna Fisheries Advisory Group (FAG) quantify the management objectives for the ET&BF by means of a range of performance measures.	 
3. To provide Eastern Tuna MAC and AFMA with an evaluation of the trade-offs associated with a range of harvest strategies for broadbill swordfish and bigeye tuna within the ET&BF.

	1999/109
Bigeye tuna fisheries






 









	Rationale: A rapidly increasing effort on bigeye tuna had initiated concern about the sustainability of the resources in a number of fisheries. Stock structure and their linkages as well as seasonal movements through the Pacific were considered to be incompletely understood. 

Objectives: 
1. To determine the seasonal and long-term migration patterns of bigeye on the east coast of Australia and determine links between populations on the east coast and those of the broader Western Pacific Ocean.
2. To determine the links between the rapidly expanding bigeye fisheries in SE Queensland/Nth NSW and those of the Coral Sea.
3.  In collaboration with the South Pacific Commission, Oceanic Fisheries Program, to examine the patterns and extent of movement of bigeye throughout the Western Pacific Ocean (WPO) and determine the structure of bigeye stocks throughout this region.
4. To determine the habitat preferences (depth, water temperature, oxygen concentrations) of bigeye and examine temporal and spatial variability of these parameters.
5. To examine the hypothesis that seasonal variability in Catch per Unit Effort (CPUE) of bigeye on the east coast of Australia reflects changes in catchability rather than availability (i.e. that at times when bigeye are not being caught by longliners they are feeding and living at greater depths than those currently fished by longliners, rather than having migrated out of the area).
6. Using strontium chloride injections and conventional tags, to mark 200-500 bigeye for subsequent use in validation of age estimates based on otolith banding patterns.

	1999/112
Arrow squid




 

	Rationale: AFMA had commenced discussions on squid management issues as squid were becoming increasingly important as a fishery target. However, at that time there was scarce biological information on which to base sound scientific management decisions.

Objectives: 
1. To undertake extensive statolith age studies to determine validated age, growth rates and life spans of arrow squid throughout the fishing region both spatially and temporally.
2. To assess rates and timing of maturity, and the effect that the maturation process has on muscle growth and body condition of arrow squid.
3. To identify squid stocks using genetic tools to determine if there is a single or multiple stocks and whether the Australian stock is separated from the New Zealand stock.

	2000/100
Bigeye tuna in east and west coast longline fisheries




	Rationale: Although bigeye was an important catch species in the eastern and western AFZ, little was known about its biology in order to improve stock assessments. It was possible that bigeye tuna may live significantly longer than previously thought so creating uncertainty regarding using a length-at–age model.

Objectives:
1. To determine the age structure of bigeye tuna caught in both the east and west coast longline fisheries.
2. To determine the mean age at first maturity of bigeye tuna from the Cairns region.
3. To investigate sexual differentiation in growth rates of bigeye tuna.
4. To investigate regional variation in growth rates.
5. To further validate age estimates based on strontium chloride marking.

	2000/101
South east fisheries operating model

















	Rationale: An earlier FRDC project (1998/102) had already identified several areas where there was considerable uncertainty in information used for making decisions on the balance between long-term resource sustainability and the maximisation of economic gains. The previous project focussed on ‘generic’ data-poor species and there was a need to evaluate harvest strategies for particular species and different gear types. 

Objectives: 
1. To extend the general SEF operating model for evaluating harvest strategies and performance indicators to deal with fisheries subject to exploitation using multiple gear-types / fleets.
2. To develop a user interface for the software used to conduct stock assessments and evaluate harvest strategies in the SEF, and to improve the presentation for non-experts (non-quantitative biologists, managers and industry) who may wish to use the software.
3. To parameterise the general operating model using the actual data for redfish, pink ling, tiger flathead, and spotted warehou and hence select robust assessment methods and harvest strategies for these species. 
4. To evaluate the costs and benefits associated with different data acquisition strategies for these species (with particular reference to fishery-independent survey techniques).
5. To develop the modelling software in a manner that lends itself to tailoring (by CSIRO and other agencies) to suit other Commonwealth or State fisheries.

	2000/109
Patagonian toothfish






	Rationale: An earlier project (1997/122) had developed a stock assessment model There was a need to continue the stock assessment and management strategy evaluation process for a further two years in order to enhance understanding of the dynamics of the Patagonian toothfish population surrounding Macquarie Island. 

Objectives: 
1. To provide the SAFAG with updated information on the current status of Patagonian toothfish around Macquarie Island, including development of extended stock assessment models that link the current tag-based models to age-structured and spatially structured population models, and to commercial catch and effort data.
2. To develop long-term management strategies for the Macquarie Island Patagonian toothfish fishery.
3. To participate in the stock assessments for Heard and McDonald Islands Patagonian toothfish and icefish conducted through CCAMLR, and assist in providing effective communication between the CCAMLR and AFMA assessment processes.

	2001/002
Northern prawn fishery 








	Rationale: Two earlier FRDC projects (1995/014 and 1998/109) had attempted stock assessments for the Northern Prawn Fishery and showed that some stocks were much more depleted than the single-stock model would suggest.  There was a need to clarify the areas most affected and why they were performing so poorly.  

Objectives: 
1. To develop a new multi-stock multi-species operating model for the Northern Prawn Fishery.
2. Using the model from (1), to develop alternative Management Targets and Reference Points appropriate for species-group, single-area management that nevertheless explicitly accounts for variability and uncertainty.
3. To evaluate the performance of management strategies that relate to these new management targets and indicators.
4. To communicate the advantages and disadvantages of the alternative options (model, target, and strategy) to Industry and the NORMAC.

	2001/004
Blue and Spotted Warehou 




	Rationale: Conflicting stock status was evident for the blue and spotted warehou, with evidence suggesting that the blue warehou (but not the spotted warehou) could be in decline. For management purposes both species were considered one stock. The lack of information on stock structure and spatial dynamics for each species needed addressing.

Objectives: 
1. To determine a suitable approach for assessing stock structure in blue and spotted warehou.	 
2. To evaluate the use of otolith microchemistry as a means of examining migration in blue and spotted warehou.

	2001/005
Stock assessment for finfish and shark species


 

	Rationale: Support, such as modelling, outside of the formal assessment process is often required to meet fishery management’s requirements. Lack of modelling support was identified as a key threat in the SharkFag budget proposal for 2001/02.

Objectives:
1. To develop and improve quantitative stock assessment methods for finfish and shark species.	 
2. To provide new or updated quantitative assessments for SEF quota species based on SEFAG priorities.	 
3. To provide new or updated quantitative assessments for Southern Shark Fishery species based on SharkFAG priorities.

	2001/014
Broadbill swordfish 













	Rationale: The swordfish fishery had expanded rapidly in the past few years off eastern Australia, off Western Australia, as well as in New Zealand waters. The sustainability of current takes was being questioned, especially since it was suspected that a single stock may support all three regions. Population parameters from which accurate stock assessment could be made were not available. 

Objectives: 
1. To collect sufficient samples from at least five age classes of broadbill swordfish so that a validation study can be completed. 
2. To collect spine samples for known-sex fish from a representative sample of the size range of the fishery.
3. To determine whether the cycle of increment deposition at the margin of the anal fin spine is annual thus providing a validation that bands are laid down annually.
4. Dependent on successful validation, to provide a sex-separated estimate of mean size-at-age for the east coast swordfish population.

	2002/014
Banana and tiger prawns









	Rationale: The spatial extent of the NPF had changed over time and effort was concentrated on relatively small hotspots. Little information was therefore provided on the areas no longer fished (including inshore areas that generally have been closed to fishing).  However, stock assessment estimates for banana and tiger prawns needed to take into account the abundance of prawns in all areas, including those not fished. 

Objectives: 
1. To quantify the movement of banana and tiger prawns between the inshore and offshore waters of the Gulf of Carpentaria. 
2. To quantify the within-year temporal dynamics of recruitment for banana and tiger prawns and of spawning for tiger prawns in terms of location, size and relative density of prawns.
3. To establish the relationship between catchability and biomass for banana and tiger prawns.
4. To determine an at-sea predictor-of-prawn catch and use this information to provide advice to management.
5. To revise the models for stock assessments of banana and tiger prawns using the new information on relationships between catch rates and biomass and provide improved assessments of the status of banana and tiger prawns in the NPF.

	2002/015
Mortality rate in tuna stocks










	Rationale: Data from conventional tagging experiments had been and were becoming increasingly important for providing estimates of mortality rates in the stock assessment of large pelagic fishery resources. However, a comprehensive framework for the analysis and design of tagging experiments in the pelagic fishery context did not exist.

Objectives: 
1. To provide a robust estimation framework for estimating mortality rates for tuna stocks from conventional tag recapture data including associated confidence intervals.
2. To apply the estimation framework to tag recapture data for southern bluefin tuna.
3. To utilise the estimation framework to provide guidance in the design of future tagging experiments - in particular to examine the trade-offs between the number of tags released, levels of observer coverage and spatial/temporal distribution of tags.

	2002/028
Models of the South east fishery 









	Rationale: At this time there had been a change in focus of fisheries management towards ecosystem-based management. A need was recognised for the strategic assessment of the ecological impacts of fishing, including assessing trophic impacts. Also, impacts from all uses of the marine environment needed to be considered. Addressing these needs required synthesis of current data and improved understanding of the SEF ecosystem, particularly with regard to impacts of and on the fishery. 

Objectives:
1. To develop circulation and trophic models to describe the past and present structure and dynamics of the food web on the eastern shelf and slope of the South East Fishery, the impacts of variability in primary production on catches, and to predict future changes in response to recovery of marine mammals and major reductions in discarding.
2. To provide a quantitative assessment of food web related risks, in support of strategic assessment of the fishery under the Environmental Protection and Biodiversity Conservation Act.
3. To contribute to a regional ecosystem model for use in the National Oceans Office’s Regional Marine Plan for the South East, including detailed scoping and preliminary trophodynamic models for the Eastern Bass Strait Shelf.
4. To identify key gaps in knowledge and priorities for future research.

	2002/061
Blue mackerel in SE Australia















	Rationale: Stock assessment methods needed to be developed for blue mackerel for a range of economic, ecological, social and legislative/administrative reasons.  Up until 2002, the development of such fisheries had been impeded by the absence of the information required to establish appropriate Total Allowable Catches (TACs).  

Objectives:
1. To synthesise information available on the fisheries for blue mackerel in southern Australia. 
2. To describe the stock structure of blue mackerel in south-eastern Australia.
3. To estimate the number, size, frequency and total weight of blue mackerel taken by recreational (charter, gamefish and trailer boat) fishers of the New South Wales coast.
4. To describe the spatial and temporal patterns of age and growth and compare the age structure of commercial catches and fishery independent samples of blue mackerel taken from throughout southern Australia.
5. To compare the spatial and temporal patterns of age commercial and recreational catches samples of blue mackerel taken from NSW.
6. To describe reproductive biology, especially spawning fractions and batch fecundity, of blue mackerel in South-eastern Australia.
7. To establish methods and criteria for identifying and staging the eggs and larvae of blue mackerel.	 
8. To estimate the distribution and abundance of eggs and larvae of small pelagic species in south eastern Australia (Scomber australasicus, Trachurus spp., Sardinops sagax, Engraulis australis, Etrumeus teres). 
9. To develop and evaluate methods for estimating the spawning biomass of blue mackerel in southern Australia.	 
10. To evaluate potential harvest strategies for blue mackerel in southern Australia and provide preliminary estimates of the potential yields for each zone of the Commonwealth fishery.

	2002/101
Prawn species in the Gulf of Carpentaria





	Rationale: An international review of the NPF tiger prawn assessment agreed with the conclusions of a 2001 assessment that tiger prawn levels were critically low, especially for brown tiger prawns. It highlighted the critical need for an independent monitoring program given the confounding and complexities of the catch rate data used as the sole index of abundance in the NPF assessments. 

Objectives: 
1. To determine the final design and analyses for two surveys in the Gulf of Carpentaria.
2. To undertake a survey in September to determine whether there has been a spatial contraction of the tiger prawn resource.
3. To undertake a survey in January/February that will provide a recruitment index of the main commercial prawn species in the Gulf of Carpentaria.
4. To determine the appropriate scale and frequency of future surveys.      
5. To spatially map the distribution of the main prawn species in the Gulf of Carpentaria.  

	2003/003
Bight redfish and deepwater flathead





	Rationale: Bight redfish (Centroberyx gerrardi) and deepwater flathead (Neoplatycephalus conatus) were the two principle commercial species captured along the continental shelf of the Commonwealth managed Great Australian Bight Trawl Fishery. Current assessments, based on available data, indicated that Bight redfish fishing mortality was rising and likely to reduce the biomass to below the trigger biological reference point. 

Objectives: 
1. To determine maturity ogives (against length/age) and sex ratios of spawning Bight redfish and deepwater flathead.
2. To describe gonad maturation cycles and determine the relationship between egg production (fecundity) and length/age in female Bight redfish and deepwater flathead.	 
3. To conduct per recruit analysis to identify harvest strategies which allow optimum Bight redfish and deepwater flathead egg production (and therefore recruitment).	 
4. To provide Industry, GABMAC and stock assessment scientists with information on GABTF species biology.

	2003/017
Scallop fisheries 





















	Rationale: The scallop fisheries in Central Bass Strait and in Tasmanian waters were both moving to area based management schemes in which only part of the available fishing grounds would be opened to fishing each year. Three major needs were to determine whether area based management would succeed in permitting a sustainable scallop fishery to operate, to formalise and refine the management rule relating to the assumed destruction of juvenile scallops when a bed is fished, and to examine the actual extent of fishing and its impact on benthic communities.

Objectives: 
1. To determine, using VMS, the relative fishing intensity and extent of scallop dredging in both the Bass Strait Central scallop fishery and the Tasmanian scallop fishery, in the areas opened to fishing in 2003 and 2004.	 
2. To determine the relative impact of fishing on different size classes of scallops on those beds open to fishing, especially the rate of survival of undersized scallops.	 
3. To determine whether a relationship exists between juvenile settlement success in different areas and the relative fishing intensity, as defined by VMS data, experienced by those different areas.	 
4. To determine the major by-catch species taken with commercial scallop dredging gear on the main scallop beds fished in Bass Strait (including Tasmanian, Central Bass Strait and, if possible, Victorian scallop beds).
5. To study the effects of scallop dredging on benthic fauna by comparing closed areas and areas open to fishing in a before and after sampling design.	 
6. To generate management options aimed at optimising the use of area based management strategies for scallop fisheries.

	2003/045
Stock relationships between blue-eye trevalla caught in 8 regions
















	Rationale: Blue-eye trevalla is taken in large quantities by the trawl and non-trawl sectors in south eastern coastal waters and around offshore seamounts.  Despite the high value of this species in the trawl and non-trawl fisheries, there was limited information on the stock structure and appropriate management units.

Objectives:
1. To use otolith microchemistry and shape analyses to assess the stock relationships between blue-eye trevalla caught in 8 regions (east, west and south Tasmania, west Victoria/South Australia, east Victoria and East Coast Deep Water, Queensland/NSW shelf waters and the west coast of New Zealand).  
2. To a) validate the results from otolith microchemistry and shape analyses, and b) better assess stock structure of blue-eye trevalla in the regions identified in objective 1, using mitochondrial DNA analyses.
3. To determine a suitable approach for assessing stock structure in blue-eye trevalla in south-east Australia, and make recommendations on the most appropriate methods for future work (including sample size and spatial/temporal sampling), to better understand the stock structure of blue-eye trevalla in the SEF and ECDW fisheries.
4. To utilise the results from all analyses  in the assessment and management of blue-eye trevalla via meetings of the relevant stakeholder groups including SETMAC, SENTMAC, AFMA and the blue-eye working group.

	2003/075
Gulf of Carpentaria prawns I










	Rationale: A 2002 assessment had concluded that brown tiger prawn levels were too low but has also emphasised the critical need for an independent monitoring program given the confounding and complexities of the catch rate data used as the sole index of abundance in the NPF assessments. There was a need to provide an updated design for the NPF that would work in the long-term to provide indices of abundance to key species and enhance a difficult-to-use commercial catch rate series.  

Objectives: 
1. To determine the final design and analyses for two surveys in the Gulf of Carpentaria.
2. To undertake a survey in August 2003 to provide biomass and spawning indices of the main commercial prawn species in the Gulf of Carpentaria.
3. To undertake a survey in January/February 2004 that will provide a recruitment index of the main commercial prawn species in the Gulf of Carpentaria.
4. To determine the appropriate scale and frequency of future surveys.
5. To spatially map the distribution of the main prawn and by-product species in the Gulf of Carpentaria.

	2004/099
Gulf of Carpentaria prawns II













	Rationale: The NPF had been through a period of over-exploitation of the tiger prawn resource, particularly the brown tiger stocks, but after substantial reduction in fishing effort, the results of the 2003 tiger prawn stock assessment suggested that stocks may be recovering. However, there was still great uncertainty in the status of the fishery. While four surveys had been carried out, further surveys were required. 

Objectives: 
1. To refine the design and analyses for two trawl surveys in the Gulf of Carpentaria.
2. To undertake a survey in August 2004 to provide biomass and spawning indices of the main commercial prawn species in the Gulf of Carpentaria.	 
3. To undertake a survey in January/February 2005 to provide a recruitment index of the main commercial prawn species in the Gulf of Carpentaria. 
4. To determine the appropriate scale and frequency of future surveys. 
5. To spatially map the distribution of the main prawn and by-product species in the Gulf of Carpentaria. 
6. To develop methods that can incorporate survey information effectively into stock assessment.

	2005/077 
SA Rock lobster and Commonwealth shark fisheries






	Rationale: In both the SA rock lobster and southern shark fisheries, there were considerable, policy and research requirements relating to fishery interactions with fur seals and sea lions that needed to be undertaken. Methods for assessing, monitoring and mitigating the interactions of pinnipeds with lobster and gillnet fisheries were needed urgently.

Objectives: 
1. To synthesise and review the PIRSA and AFMA fishery logbooks for the SA Rock Lobster and Commonwealth shark fisheries for reportings of interactions with seals. 
2. To undertake a desktop risk assessment of seal-fishery interactions in the SA Rock lobster and Commonwealth shark fisheries, based on distribution of catch and effort in proximity to seal populations. 
3. To review the management responses related to the extent of protected species interactions with similar species and fisheries on a global scale.
4. To develop a proposal for a comprehensive study to assess the level and nature of interactions between seals and the SA Rock Lobster and Commonwealth shark fisheries, including the development of guidelines for measuring the performance of systems for monitoring, assessing and mitigating interactions between the fisheries and seals.

	2006/076
Small pelagic species stock structures

	Rationale: The status of the Small Pelagics Fishery (SPF) was uncertain and management was facing a number of challenges for managing the target species. In particular, there was a need to ensure that the spatial structure of the management arrangements matched the ecology of the species taken. 

Objectives: 
1. To undertake a review of the global literature on the subject of small pelagic species stock structures and delineations. The review should focus on available scientific knowledge and current understanding from similar species or general knowledge of the spatial structure of physical and biological processes in this area to suggest an appropriate spatial structure for immediate management.
2. To consolidate and review existing information on small pelagic fish species. Derive from this information, one or a range of reasonable interpretations or hypotheses for the spatial stock structuring of small pelagic species in the Commonwealth Small Pelagics Fishery off southern Australia.
3. To develop from the above interpretations/hypotheses a suite of potential and appropriate interim spatial management zones and measures, recognising the alternative hypotheses and the likely need for precaution.
4. From these hypotheses, to generate recommendations regarding sampling design and appropriate analytical techniques to use in a future study to resolve the key uncertainties for future management.



Project Investment   
[bookmark: _GoBack][image: Description: cover for peter]



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 1996 to June 2008 (nominal $)

	Project
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004 
	2005
	2006
	2007
	2008
	Total

	1995/048
	18,213
	
18,850
	
10,244
	
5,122
	0
	
0
	0
	0
	0
	4,207
	0
	
0
	
0
	56,636

	1996/140
	0
	79,188
	12,109
	0
	0
	0
	0
	0
	0
	12,110
	0
	0
	0
	103,407

	1996/280
	0
	32,212
	0
	0
	0
	0
	0
	0
	0
	20,000
	0
	0
	0
	52,212

	1997/111
	0
	0
	93,827
	95,914
	10,798
	0
	0
	0
	0
	0
	0
	0
	0
	200,539

	1999/103
	0
	0
	0
	47,499
	47,500
	47,499
	0
	0
	0
	23,750
	23,750
	0
	0
	189,998

	1999/104
	0
	0
	0
	0
	38,198
	37,749
	38,417
	32,707
	19,208.48
	0
	0
	0
	0
	166,279

	1999/106
	0
	0
	0
	0
	52,409
	29,029
	29,029
	18,820
	17,110
	0
	0
	0
	0
	146,397

	1999/107
	0
	0
	0
	9,889
	52,049
	58,230
	21,274
	42,549
	
	0
	0
	0
	0
	183,991

	1999/109
	0
	0
	0
	0
	283,661
	12,534
	25,068
	82,246
	24,122
	0
	0
	0
	0
	427,631

	1999/112
	0
	0
	0
	0
	19,040
	46,117
	68,155
	13,693
	30,070
	0
	0
	0
	0
	177,075

	2000/100
	0
	0
	0
	0
	0
	69,774
	70,456
	56,766
	19,135
	0
	0
	0
	0
	216,131

	2000/101
	0
	0
	0
	0
	0
	35,114
	93,180
	0
	0
	0
	0
	0
	0
	128.294

	2000/109
	0
	0
	0
	0
	0
	29,366
	41,641
	0
	31,849
	0
	0
	0
	0
	102,856

	2001/002
	0
	0
	0
	0
	0
	0
	120,468
	62,079
	60,807
	60,838
	0
	0
	0
	304,192

	2001/004
	0
	0
	0
	0
	0
	0
	79,712
	19,693
	11,045
	0
	0
	0
	0
	110,450

	2001/005
	0
	0
	0
	0
	0
	0
	126,926
	130,502
	126,343
	187,397
	63,462
	0
	0
	634,630

	2001/014
	0
	0
	0
	0
	0
	0
	87,185
	72,264
	77,016
	26,718
	0
	0
	0
	267,183

	2002/014
	0
	0
	0
	0
	0
	0
	0
	183,067
	179,378
	211,921
	0
	166,547
	0
	740,913

	2002/015
	0
	0
	0
	0
	0
	0
	0
	91,202
	52,047
	17,906
	17,906
	0
	0
	179,061

	2002/028
	0
	0
	0
	0
	0
	0
	40,287
	57,150
	63,710
	0
	40,288
	0
	0
	201,435

	2002/061
	0
	0
	0
	0
	0
	0
	0
	385,097
	147,382
	313,795
	0
	180,784
	95,784
	1,122,842

	2002/101
	0
	0
	0
	0
	0
	0
	0
	293,439
	173,074
	0
	0
	0
	0
	466,513

	2003/003
	0
	0
	0
	0
	0
	0
	0
	0
	52,678
	28,299
	8,998
	0
	0
	89,975

	2003/017
	0
	0
	0
	0
	0
	0
	0
	0
	234,399
	106,079
	20,000
	40,053
	0
	400,531

	2003/045
	0
	0
	0
	0
	0
	0
	0
	0
	215,229
	0
	53,808
	0
	0
	269,037

	2003/075
	0
	0
	0
	0
	0
	0
	0
	0
	456,064
	57,008
	57,008
	0
	0
	570,080

	2004/099
	0
	0
	0
	0
	0
	0
	0
	0
	0
	453,492
	113,373
	0
	0
	566,865

	2005/077
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	17,999
	0
	2000
	19,999

	2006/076
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	76,169
	30,100
	106,269

	Total
	18,213
	130,250
	116,180
	158,424
	503,655
	365,412
	841,798
	1,545,274
	1,990,666
	1,523,520
	416,592
	409,103
	184,661
	8,203,748


Source: FRDC project management database   








Table 4: Investment by Researchers and Others by Project for Years Ending June 1996 to June 2008 (nominal $)

	Project
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	Total

	1995/048
	12,638
	13,080
	7,108
	3,554
	0
	0
	0
	0
	0
	2,919
	0
	0
	0
	39,300

	1996/140
	0
	37,475
	5,730
	0
	0
	0
	0
	0
	0
	5,731
	0
	0
	0
	48,936

	1996/280
	0
	37,565
	0
	0
	0
	0
	0
	0
	0
	23,323
	0
	0
	0
	60,888

	1997/111
	0
	0
	90,467
	91,809
	27,715
	0
	0
	0
	0
	0
	0
	0
	0
	209,901

	1999/103
	0
	0
	0
	116,999
	117,001
	116,999
	0
	0
	58,501
	58,501
	0
	0
	0
	468,000

	1999/104
	0
	0
	0
	0
	35,976
	35,553
	36,183
	30,805
	18,091
	0
	0
	0
	0
	158,608

	1999/106
	0
	0
	0
	0
	31,346
	17,362
	17,362
	11,256
	10,233
	0
	0
	0
	0
	87,560

	1999/107
	0
	0
	0
	2,150
	11,316
	12,659
	4,625
	9,250
	0
	0
	0
	0
	0
	40,000

	1999/109
	0
	0
	0
	0
	483,003
	21,342
	42,684
	140,044
	41,074
	0
	0
	0
	0
	728,148

	1999/112
	0
	0
	0
	0
	5,578
	13,511
	19,967
	4,012
	8,809
	0
	0
	0
	0
	51,877

	2000/100
	0
	0
	0
	0
	
	63,523
	64,144
	51,681
	17,421
	0
	0
	0
	0
	196,769

	2000/101
	0
	0
	0
	0
	0
	18,900
	38,820
	20,968
	0
	0
	0
	0
	0
	78,688

	2000/109
	0
	0
	0
	0
	0
	11,212
	15,898
	0
	12,160
	0
	0
	0
	0
	39,270

	2001/002
	0
	0
	0
	0
	0
	0
	107,362
	55,325
	54,191
	54,219
	0
	0
	0
	271,097

	2001/004
	0
	0
	0
	0
	0
	0
	32,477
	8,023
	4,500
	0
	0
	0
	0
	45,000

	2001/005
	0
	0
	0
	0
	0
	0
	101,256
	104,109
	100,791
	149,498
	50,627
	0
	0
	506,282

	2001/014
	0
	0
	0
	0
	0
	0
	49,438
	43,245
	43,672
	15,150
	0
	0
	0
	151,506

	2002/014
	0
	0
	0
	0
	0
	0
	0
	93,392
	91,510
	108,112
	0
	84,965
	0
	377,980

	2002/015
	0
	0
	0
	0
	0
	0
	0
	103,748
	59,207
	20,369
	0
	0
	0
	203,694

	2002/028
	0
	0
	0
	0
	0
	0
	56,034
	79,489
	88,613
	0
	56,036
	0
	0
	280,172

	2002/061
	0
	0
	0
	0
	0
	0
	0
	693,681
	265,481
	565,244
	0
	325,649
	172,537
	2,022,592

	2002/101
	0
	0
	0
	0
	0
	0
	0
	228,315
	134,663
	0
	0
	0
	0
	362,978

	2003/003
	0
	0
	0
	0
	0
	0
	0
	0
	18,384
	9,876
	3,140
	0
	0
	31,400

	2003/017
	0
	0
	0
	0
	0
	0
	0
	0
	169,648
	76,776
	14,475
	28,989
	0
	289,888

	2003/045
	0
	0
	0
	0
	0
	0
	0
	0
	80,350
	0
	20,088
	0
	0
	100,438

	2003/075
	0
	0
	0
	0
	0
	0
	0
	0
	477,600
	59,700
	59,700
	0
	0
	597.000

	2004/099
	0
	0
	0
	0
	0
	0
	0
	0
	0
	84,830
	0
	0
	0
	84,830

	2005/077
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	42,381
	0
	4,709
	47,090

	2006/076
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	76,169
	30,100
	106,269

	Total
	12,638
	88,119
	103,306
	214,512
	711,935
	311,062
	586,251
	1,677,344
	1,696,400
	1,217,282
	342,283
	515,771
	207,346
	7,684,251




Source: FRDC project management database; applicant and other investment based on project proposals.   
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Table 5: Total Annual Investment in Cluster (nominal $)

	Year ending June
	FRDC
	Researchers 
and Others  
	Total

	1996
	18,213
	12,638
	30,851

	1997
	130,250
	88,119
	218,369

	1998
	116,180
	103,306
	219,486

	1999
	158,424
	214,512
	372,936

	2000
	503,655
	711,935
	1,215,590

	2001
	365,412
	311,062
	676,474

	2002
	841,798
	586,251
	1,428,049

	2003
	1,545,274
	1,677,344
	3,222,618

	2004
	1,990,666
	1,696,400
	3,687,066

	2005
	1,523,520
	1,217,282
	2,740,802

	2006
	416,592
	342,283
	758,875

	2007
	409,103
	515,771
	924,874

	2008
	184,661
	207,346
	392,007

	Total
	8,203,748
	7,684,251
	15,887,999


	 

Outputs 

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

Table 6: Summary of Project Activities and Outputs

	Project Number 
	Activities /Outputs

	1995/048
Cephalopod beaks in marine
diets 




	· A key of cephalopod beaks of 75 southern Australian species was developed from an analysis of 1,596 specimens.
· Statistical analysis of the data then allowed the description of the relationship between beak measurements and the size and weight of animals, providing formulae to back calculate prey size and biomass. 
· Most complete beaks can be easily identified to the order level and a key is provided for this. Further keys are provided to allow identification to genus/species level within each of the four orders.

	1996/140
Age and gear types in the South east fishery




	· Biological data were collected for 22 species in the South East Fishery. 
· Selectivity was estimated directly for 14 SEF species. 
· A length/girth relationship was used to indirectly estimate selection curves for a further 13 species. 
· Single species, multi-species, multi-species/multi-gear, and multi-species multi-area models were developed for the shelf fisheries off southern NSW and eastern Victoria. 
· Alternate mixes of gear, mesh size and area were tested and combinations that increased yield identified.

	1996/280
Scavenger species 



	· Baited traps at different locations and different depths were set off the east coast of Australia.
· 283 invertebrate scavenger species were collected and approximately 800,000 individuals. 
· Nearly 70% of the species were new to science. 
· Species richness seemed to be higher on the continental shelf and slope of eastern Australia than in other places studied in the world. 

	1997/111
SBT fisheries 
age data




	· The new data on age composition of the Indonesian fishery catch can be used as a significant indicator of the status and potential rebuilding of the spawning stock. 
· The new data on age composition of the Taiwanese catch has provided improvements in the catch-at-age matrices used in the stock assessments.
· The natural mortality estimates have been used in redefining the age-based natural mortality within stock assessments.

	1999/103
Saw sharks and elephant fish








 



	· This project investigated the fisheries population biology of two sawshark and one elephant fish species and evaluated target catch, by-product catch, by-catch and damaged shark in the shark gillnet and shark hook sectors of the Gillnet Hook and Trap Fishery (GHATF).
· The gillnet selectivity parameters, von Bertalanffy growth parameters, and reproductive parameters for each of common sawshark, southern sawshark, and elephant fish were determined and applied for stock assessment undertaken through SharkRAG during 2004. 
· New methods for estimating the values of reproductive parameters were developed and applied to new and available data on school shark reproduction. 
· Descriptions of the structure and function of some of the reproductive structures of the elephant fish were also made.
· Catches were evaluated using previous data and data recorded during 1998–2001 on commercial vessels as part of the present study.

	1999/104
SBT growth 






	· A new growth model was developed and new methods of estimation were devised. 
· All available data on SBT growth were assembled and analysed using the new methods, and estimates of the growth of SBT were produced for fish born in each of the 10-year periods between 1960 and 2000.
· Results showed there have been marked changes in the growth of juvenile SBT born over the last 40 years. SBT from the 1980’s grew considerably faster than those from the 1960’s. 
· The changes appear to be consistent with a population response to reduced numbers of fish as a result of the large catches taken from the SBT stock. However, environmental factors (for example, changes in temperature) cannot be excluded. 

	1999/106
SBT Reproduction












	· The mean size at maturity of SBT on the spawning grounds was not estimated explicitly as it was integrated in the “average availability” of length class on the spawning grounds. This term has the most profound effect on population egg production of all the parameters in the egg production model. 
· The relationship between spawning frequency and size was determined from the histology data. 
· The relationship between batch fecundity and size was determined indirectly after it was found that direct fecundity estimates were (naturally) so highly variable that it would not be possible to ever obtain a sufficient number of estimates to give the precision required in an egg production model. 
· The egg production model was developed and uses numbers at length from a stock assessment to estimate the relative average duration a fish of a given length spends on the spawning ground (duration) and to generate a time series of total relative egg production. 

	1999/107
Swordfish and bigeye tuna














	· The Management Strategy Evaluation (MSE) approach was identified by the Fisheries Assessment Group for the ETBF as the most appropriate method for evaluating a range of candidate harvest strategies for the ETBF. This method allows evaluation of harvest strategies across a range of plausible stock and fishery scenarios based on the comparison of a range of performance measures, allowing trade-offs among management objectives.
· Of the three principal target species in the long-line sector of the ETBF, broadbill swordfish was identified as the species most likely to possess a regional stock structure within the south-west Pacific and, consequently, the species most amenable to local management. 
· The operating model for swordfish was an age-, length- and area-structured population dynamics model which assumes a single stock of swordfish within the SW Pacific. 
· As the condition of the stock at the end of 2001 remained unknown, a range of assumed levels of depletion (i.e. the reduction in the initial biomass level due to removals up until the year 2001) ranging between 15% and 50% were considered. 
· Sensitivity of the results to alternative biological scenarios and assumed depletions were then considered. 
· Consideration of a range of fixed future effort harvest scenarios for the Australian long-line fleet allowed a range of candidate initial TAE levels to be evaluated for the fishery. 
· A range of economic and conservation based performance indicators - which included the rewards in the form of catches, the stability of these rewards and the risk to the stock - were identified for the ETBF and calculated for each harvest strategy over a 20 year projection period. 
· The results indicated that large increases in effort would generally result in a poor conservation outcome, and illustrated the trade-offs between the achievement of both the economic and conservation objectives for the fishery.
· Examination of various fixed effort scenarios showed that as future effort was increased, the conservation objectives performed increasingly more poorly at higher assumed 2001 depletion levels. 
· While the high (50%) depletion scenario may be considered unlikely, there may also be a high level of risk associated with the assumption that the depletion in 2001 was only 15%, since this assumption may not be seen as being precautionary.
· Unlike the MSE approach adopted for swordfish, which assessed the performance of the ETBF based on input effort strategies, for bigeye and yellowfin tuna direct estimates of the sustainable catch of each species in the ETBF region were obtained. 
· The results for bigeye tuna under all scenarios indicated that there is little, if any, scope for increasing catches of bigeye tuna above their present levels either in the ETBF or elsewhere in the Pacific Ocean.

	1999/109
Bigeye tuna fisheries 





	· This study investigated the movement patterns and behaviour of bigeye tuna tagged with conventional and archival tags off the north eastern coast of Australia.
· Tuna were tagged during four tagging operations carried out between October 1999 and October 2001.
· Calculated position estimates suggest that for the large part, bigeye tuna remained within the area of release for the entire time at liberty.
· High variability in the diurnal and seasonal patterns of the relationship between bigeye behaviour and catch trends reflect the high individual variability observed in the behaviour of bigeye. Such variability suggested that those factors influencing the relative catchability of bigeye are complex.

	1999/112
Arrow squid









	· Assessment of the genetic structure of arrow squid across southern Australia demonstrating that all squid are a single species with limited population structuring.
· While this study indicated that there was considerable genetic mixing across all sites investigated, there was some suggestion of population sub-structuring on the Australian east coast.
· Determination that N. gouldi is a multiple spawner and that fuel from reproduction comes from food rather than at the expense of body condition.
· Produced information on spatial and temporal patterns in growth, maturity and reproduction over 2 years and found pronounced variability in spatial and temporal size and age.
· Determined the reproductive strategies and gonad investment over time and space and found marked differences between female and male strategies.
· Described the temporal patterns in growth and the number of cohorts present on fishing grounds at Portland over the course of a year.
· Documented how investment in gonad and body tissues changes over time and differs between male and females.
· Identified the cost of reproduction at a cellular level by muscle fibre dynamics and found that maturation results in minimal change to the muscle fibre structure in N. gouldi.

	2000/100
Bigeye tuna in east and west coast longline fisheries






	· Improved understanding of a number of the key biological parameters for one of Australia’s most valuable pelagic fish species.
· The determination that growth rates of bigeye differ in the eastern Indian and western Pacific Oceans, suggesting the existence of separate stocks within the Australian region.
· The longevity of bigeye is at least 15 years, significantly higher than the 8-10 years previously thought.
· Overall, young fish aged five or less dominated the catch in the AFZ.
· The estimation of the size and age at 50% maturity of bigeye in the north-western Coral Sea.

	2000/101
South east fisheries operating model






	· A new operating model (multi-gear-type (multi-fleet) and multi-region population dynamics model) was developed based on an earlier model. 
· The study ultimately failed to achieve its objectives due to technical difficulties that precluded the ability to evaluate candidate harvest strategies.
· However, attempts to address these difficulties led to a thorough examination of two questions which will need to be addressed if future work along these lines is to be attempted and which have a bearing on how future stock assessments are conducted; these were (a) how to handle multiple fleets and consequently gear competition, and (b) how to parameterize a model in terms of the depletion in the first year of the population projection.

	2000/109
Patagonian toothfish











	· The assessment model based on the tagging experiment estimated that pre-tagging available biomass in Aurora Trough was between 3 and 5 thousand tonnes and in the Northern Valleys region between 30 and 45 thousand tonnes. 
· The Northern Valleys region showed a dramatic decline in available abundance between its first (1996/97) and second (1997/98) seasons. This reduction in available biomass is greater than can be explained by the fishery catches even in the absence of recruitment. 
· For Aurora Trough, estimated available abundance declined over the first three seasons of tagging (to 1997/98), but has since shown an increasing trend. This increase corresponds well to the beginning of catch restrictions for commercial fishing in the Aurora Trough region (a 40t research quota only was allowed).
· Hypotheses that potentially explain the dynamics of the Macquarie Island region, and in particular the Northern Valleys, include (i) that the population is composed of a small resident population, but that most fish are part of a broader transient population, and (ii) that the fish have remained in the area but their availability fluctuates greatly over space and time (due to dispersion in the water column, moving to untrawlable ground or escaping detection).

	2001/002
Northern prawn fishery 






	· A framework was developed that explicitly models the harvest strategies (assessment, decision rules to set effort and season) being applied within the NPF.
· Performance measures were developed by which to assess different harvest strategies.
· Recommendations were made on the scale and model complexity needed to best manage the fishery. 
· A series of different harvest strategies and sensitivity tests were reported that highlighted key research directions and strengths and weaknesses of the then present assessment and management approach.

	2001/004
Blue and Spotted Warehou 



	· Four methods of stock discrimination were used to assess the stock structure of both species in south-eastern Australia.  
· The primary focus of the project was stock structuring between east and west of Bass Strait so all four techniques were used to analyse fish from these regions. 
· The study found that, for blue warehou, there were significant differences in all four parameters: morphology, mtDNA, otolith shape and otolith microchemistry between fish taken from east and west of Bass Strait. 
· These results clearly indicated two separate stocks of blue warehou in the south-east region. The same four parameters did not differ for spotted warehou from east and west Bass Strait, indicating a single stock.
· There are, therefore, several lines of evidence that support a two-stock hypothesis for blue warehou and a single-stock hypothesis for spotted warehou in south-eastern Australian, although the relationship between Tasmania and Bass Strait is not clear.

	2001/005
Stock assessment for finfish and shark species










	· Blue grenadier: The results of the 2004 assessment for the blue grenadier are less optimistic than that conducted in 2003. Results from a risk analysis indicate that for all scenarios, there is a very high probability that the spawning biomass will reduce below 40% of the reference spawning biomass over the next 5 years due to the effects of poor recent recruitment.
· Blue warehou: The projections suggest that increased catches to the east of Bass Strait are sustainable while the implications of different levels of future catch for the stock to the west of Bass Strait are highly uncertain.
· Gummy shark: The populations of gummy shark in Bass Strait and off South Australia are both estimated to be currently slightly above the proxy for the level at which maximum sustainable yield (MSY) would be achieved.
· Jackass morwong: The projection results presented would indicate that, given the assumptions in the base-case scenario, current removals from the eastern areas are perhaps sustainable.
· Pink Ling:  Simple deterministic projections to 2020 using the current selectivity pattern for raw CPUE showed that a catch of 1600 t (current catch levels) is not sustainable, while the results for standardised CPUE showed that this catch is sustainable. Both assessments showed that a catch of 1,200 t was sustainable, while 2,000 t was not.
· Sawshark and Elephant fish: The results of the assessments suggest that both sawshark and elephant fish are depleted to below 40% of the 1950 pup production.
· Tiger flathead: The assessment confirmed that recent catch levels in excess of 3,000 t, if maintained, would drive the stock down towards the limit level over time.

	2001/014
Broadbill swordfish 




	· The fin rays of 1,589 swordfish, consisting of 1064 females and 447 males from eastern Australian waters were examined to determine age.
· There was no significant difference in mean length at age between males and females up to age 9. After this time females grew significantly faster and lived longer than males. 
· The resulting growth curves fell within a range of growth curves established for swordfish from fisheries elsewhere in the world except for that determined for swordfish from the Mediterranean Sea. 
· Age length keys were developed and retrospectively estimations made of the age distribution of the swordfish catch by the eastern fishery between 1997 and 2001. The catch at age showed a decline in the age of the catch from predominantly 4 to 6 year old fish to 2 to 4 year olds over the study period. 
· Spatial differences were also noted in the age structure of the catch with significantly younger fish caught in inshore waters over the Australian winter.
· The studies demonstrated that the Australian swordfish catch was dominated by immature females. 

	2002/014
Banana and tiger prawns



	· Three fishing regions of the Gulf of Carpentaria were sampled for total weight and number of prawns during the project. 
· Modelling or spatial and temporal distribution of three prawn species was carried out. 
· An examination was made of the relationship between spawning stock size and recruitment to the next generation of adults.
· There seemed to be no relationship between rainfall or salinity and the inshore/offshore dispersion of banana prawns.  
· There was neither a clear positive or negative relationship between catchability and abundance within any stock of banana prawns.

	2002/015
Mortality rate in tuna stocks



	· A comprehensive modelling framework was developed that integrated tag-recapture data and catch-at-age data that can then be used to provide rigorous estimates of mortality rates and abundance. 
· Demonstrated how issues of reporting rates, tag shedding and (unsystematic) incomplete mixing can be dealt with in the general framework. 
· The modelling framework was used to evaluate relative trade-offs in dedicating resources to various experimental design components (e.g. releasing more tags versus improving the catch-at-age data and/or increasing the level of observer coverage).
· The modelling framework was applied to SBT data from past experiments conducted in the 1990s and catch-at-age data from the corresponding time period to provide estimates of juvenile mortality rates (natural and fishing) and abundance at age 1. 

	2002/028
Models of the South east fishery 


	· This report built on earlier work and provided a comprehensive ecosystem assessment of the South East Fishery. 
· The report describes the functional groups, processes and habitats in the South East Fishery, together with their interactions and linkages.
· The trophic model developed will allow understanding of the dynamics of the ecosystem underlying the fishery.

	2002/061
Blue mackerel in SE Australia






	· Seventy-five fish from three Australian locations (Qld, SA and WA) and one NZ location were examined with regard to genetics and parasite assemblages.
· Results showed significant genetic heterogeneity among fish from WA, Qld and NZ. 
· Parasite analysis identified several taxa that are suitable biological tags and enabled discrimination of fish from the four locations.
· Results suggested that there are several stocks of S. australasicus in Australian waters. 
· A total of 4,025 eggs and 938 larvae of S. australasicus were collected from 2,386 plankton samples collected during 12 research surveys between southern Queensland and the western Great Australian Bight during 2001-2006. 
· The location of spawning off southern Australia appears to vary between years. 
· Established that the DEPM technique is suitable for stock assessment of blue mackerel, and identified several additional technical developments that should be undertaken before the technique is used for routine stock assessment in the SPF. 

	2002/101
Prawn species in the Gulf of Carpentaria





	· Two recruitment index surveys were undertaken in August 2002 and then January 2003.
· A regional Recruitment Index can be produced for the common banana prawn, brown and grooved tiger prawns and the endeavour prawn. 
· A Spawning-Index survey was completed in August 2002 and a useful relative index of abundance for much of the old and new fishing grounds was produced.
· The results of this survey were also used to evaluate the new spatial fishing power model (not part of this project). 
· The Spawning index, if repeated to become a yearly series, can be used as an relative index of abundance in the fishing power or stock assessment models, keep track of the spatial extent of the resource rather than the fishery (as logbook data would only produce), and provide for a good spatial distribution map for tiger and endeavour prawns.

	2003/003
Bight redfish and deepwater flathead



	· The present project was undertaken to produce more scientifically defensible maturity and fecundity relationships.
· Gonad maturation in Bight redfish and deepwater flathead was investigated by applying macroscopic staging (gross anatomy) and histological staging (microscopic) techniques.  
· The evidence from gonadosomatic index data, macroscopic staging and histological analyses suggests that in the Great Australian Bight both species are multiple spawners with asynchronous oocyte development.
· Size-at-maturity ogives, which indicate the proportion of fish in mature condition for a given length, were determined through both histological and macroscopic staging of gonads sampled during the 2000-02 and 2003-04 spawning periods. 

	2003/017
Scallop fisheries 







	· This project aimed to explore alternative spatial management strategies that would provide the best outcomes for the fishery.
· Also, a study was made of exactly how extensive dredging activities are along the coast, and what other benthic organisms (by-catch) are impacted when dredging of a scallop bed occurs.
·  In this study, growth was found to vary with location and density.
· These spatial variations observed in the growth of scallops could potentially be used to advantage in the spatial management system where most of the fishery is closed, and only small areas are open. 
· By identifying age classes in the size frequencies of scallops it was possible to determine that successful settlement was widespread in 1999, with other more localised but significant settlements occurring in 2000 and 2001. 
· Results of this study, however, found that while commercial fishing of scallop beds did not remove or wipe out all scallops present (not even the undersize scallops), subsequent recruitment to those beds which were fished was not observed. As such, the mechanisms leading to successful recruitment within a given area are unknown and are most likely to be complex.
· Scallop beds found to reoccur in the same places they had occurred previously, despite their complete absence in earlier surveys. This indicated that dredging (sufficient to cause collapses of the fishery during the 1980s and 1990s) was not sufficient to damage the benthic habitat to an unrecoverable state.
· It is clear that a “most closed, little open” management strategy, where an array of possible scallop beds are fished in a rotational manner, provides the best opportunity for recruitment within areas, and a subsequent fishery each year. 

	2003/045
Stock relationships between blue-eye trevalla caught in 8 regions




	· The study used 4 different approaches (otolith shape analysis, otolith elemental microchemistry, otolith stable isotope analysis, mitochondrial DNA) to compare which method best delineated subpopulations of blue-eye sampled from 6 regions of the South East Fishery (SEF: NSW, east Victoria, east, south and west Tasmania, and South Australia), the East Coast Deep Water region, and New Zealand – 8 regions in total.
· Samples of fish were collected opportunistically from commercial landings in each of these regions. 
· The results provided compelling evidence that future stock assessments for this species should focus on using otolith microchemistry rather than genetics or shape analyses. Specifically, the otolith microchemistry should include both stable isotope analyses of oxygen and also elemental analyses. 
· Furthermore, otolith microchemical analyses may be the most appropriate method of examining stock structure for a variety of other species caught in Australia’s SEF.

	2003/075
Gulf of Carpentaria prawns I







	· The original sampling frame used in 2002 was modified for the two surveys either to reflect the area that can feasibly be trawled, or to improve on the original design. 
· A Spawning-Index survey was completed in August 2003 in order to produce an index of abundance for much of the old and new fishing grounds in Mornington, Vanderlins and Groote Eylandt. 
· The results of this survey were also used to evaluate the new spatial fishing power model (not part of this project). 
· From this result, it is clear that the Spawning Index, if repeated to become a yearly series, can be used as a relative index of abundance for tiger and endeavour prawns in the fishing power model.
· A large recruitment-Index Survey was undertaken and a regional Recruitment Index was produced for the five commercial species. 
· The data from the two surveys undertaken here confirm this close relationship between mean catch rates and the variance in catch rates.
· The relative distribution of species between regions seen in the survey catches was reflected later during the commercial fishing season. 

	2004/099
Gulf of Carpentaria prawns II











	· Two surveys were undertaken during the 2004/05 financial year using the same sampling frame as in the previous year.
· A Spawning-Index survey was completed and the results of this survey were also used to evaluate the new spatial fishing power model. 
· Using the spawning survey abundance indices, together with commercial catch and effort data, a technique has been developed to estimate annual recruitment, as well as availability and catchability coefficients.
· A Recruitment-Index Survey was carried out and a regional Recruitment Index was produced for the five commercial species. 
· There were important differences in species composition, distribution and abundance between the regions, and these differences changed between the 2002/03, 2003/04 and 2004/05 surveys.
· Many aspects of the survey reflect anecdotal relative distribution of prawn species between the regions supported by historical studies and the industry even though the survey needs to be repeated before these are fully substantiated. 
· The Recruitment Index needs to be undertaken annually. Its value seriously declines if there is a break in the series or a major change in the timing of the survey. The stock and recruitment relationship in the NPF tiger prawn stock assessment is based on estimated recruitment and calculated stock sizes.
· Using commercial catch and effort data, together with the survey abundance indices, an integrated method has been developed to estimate annual recruitment, availability and catchability coefficients for the grooved tiger prawns (P. semisulcatus) in the northern Groote area. 
· The method requires further refinement and testing for other regions and species, although preliminary outcomes are promising.

	2005/077 
SA Rock lobster and Commonwealth shark fisheries







	· A review of the PIRSA and AFMA fishery logbooks identified the major constraint to the assessment of by-catch risk to seal subpopulations was the absence of quantitative data on by-catch rates in both the gillnet sector SESSF and SARLF. 
· Population viability analysis (PVA) on Australian sea lion subpopulations reinforced the recent listing of the ASL as a threatened species, by confirming that large numbers of subpopulations with low pup production are vulnerable to extinction.  In contrast, the risk to New Zealand fur seals subpopulations is very low.
· By combining PVA outcomes with by-catch scenarios based on interaction probabilities, this study identified the sea lion subpopulations, regions and marine fishing areas (MFAs) most at-risk from seal by-catch.  
· The potential additive and interactive impacts posed by combined by-catch could be significant, especially for ASL. 
· Results from this study suggest the two fisheries investigated lend themselves to different mitigation approaches to addressing seal by-catch issues. 

	2006/076
Small pelagic species stock structures





	· This project has reviewed literature and existing data sets of small pelagic species including redbait, jack mackerel, yellowtail scad, blue mackerel, and Peruvian mackerel. 
· This information suggested that, for at least 4 of the 5 species, there are likely to be two major subpopulations, one on the eastern seaboard of Australia including East Tasmania and another to the west of Tasmania across the GAB and the Western Australia region.
· There is uncertainty as to where the boundary might be placed, however the oceanography of southern Australia supports a separation between east and west with Tasmania and Bass Strait being a significant barrier to continuous distribution for several species, and is the suggested site for such a boundary.
· The report considered this boundary was not absolute and hence there is likely to be genetic flow from one population to the other, the rate of which is dependent on climatic and oceanographic conditions.




Outcomes

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

Table 7: Summary of Project Outcomes 

	Project Number 
	Outcomes

	1995/048
Cephalopod beaks in marine
diets 


	· The principal application of the key/guide will be the identification of gut contents of species which eat cephalopods. 
· A method is now available to identify samples taken from predators along with the formulae required to calculate prey size and biomass.
· This can assist in stock assessment and understanding the interaction between marine species. 

	1996/140
Age and gear types in the South east fishery
	· Preliminary results were presented at a workshop on reducing discards in the SEF and have been widely used by assessment groups and AFMA.

	1996/280
Scavenger species 

	· The knowledge generated is of scientific interest and has contributed to the understanding of the typology, ecology and spatial distribution of scavenger species off the east coast of Australia. 
· However, there are limited implications at this time for fisheries management. 

	1997/111
SBT fisheries 
age data




	· The results of the project were presented at the CCSBT Scientific Meeting in Taiwan.
· The finding that significant catches of 2-4 year old SBT are taken by the Taiwanese fleet in the western Indian Ocean during summer, at a time when the same cohorts also aggregate in coastal waters of southern Australia is the first significant evidence that the SBT stock may not be fully mixed at this age. This has very significant implications for the interpretation of conventional tagging data and estimates of fishing mortality rates derived from these data. 
· Similarly, the interpretation of fishery independent estimates of recruitment in the Great Australian Bight also needs to be reviewed in light of these data. 
· Both Japan and Australia have recently developed conventional and archival tagging programs designed to examine the extent of mixing between these two areas. 
· The real benefit of this work will lie in the ultimate time series of direct age data rather than in a single year's worth of age data.
· The time series of direct age data will also play an important role in updating growth curves for SBT in the future. The CCSBT has recognised the importance of working towards an assessment based on direct age information. 

	1999/103
Saw sharks and elephant fish

	· As the data sets for common sawshark, southern sawshark, and elephant fish off southern Australia were previously limited, stock assessment which followed this study would not have been possible, had the present project not been undertaken. 

	1999/104
SBT growth 






	· The results from this project provided estimates of average growth and variability in growth that could be used directly within SBT stock assessments. 
· Preliminary estimates of growth using the methods developed in this project were provided to the CCSBT Scientific Committee in 2001 and the results were adopted for use in the stock assessments conducted in 2001. 
· The results from this project have continued to be used in SBT stock assessments and in the evaluation of management procedures that the CCSBT has undertaken. 

	1999/106
SBT Reproduction



	· This investment provided new information on the spawning dynamics of SBT and this has enabled refinement of previous estimates of spawning parameters and investigation of size/age and fisheries related trends in these parameters. 
· The increased understanding of spawning dynamics has allowed the determination of size related changes in the key parameters needed to develop an egg production model for SBT. 
· An egg production model has been developed that uses information on spawning derived from histology, information on the temporal distribution of SBT by depth on the spawning ground, and information on numbers at length from a stock assessment. 
· The resulting population egg production provides a greatly improved indicator of spawning stock biomass for use in stock assessment and prediction, in turn yielding improved predictions. 

	1999/107
Swordfish and bigeye tuna







	· This project provided the main source of quantitative advice to AFMA, Eastern Tuna MAC and other stakeholder groups to assist in the evaluation of appropriate harvest strategies for the Eastern Tuna and Billfish Fishery. 
· The project results played a major role in assisting AFMA determine an initial Total Allowable Effort (TAE) for the long-line sector of the ETBF. 
· The results also assisted AFMA identify and evaluate appropriate performance indicators and decision rules for the future adjustment of this TAE.  
· Both of these outcomes were required for implementation of the new management plan for this fishery in 2004. 
· The advice was conveyed to AFMA and other stakeholder groups through two ETBF Effort Setting workshops held in December 2002 and March 2003. The decision of the AFMA Board to set a preliminary TAE of 13.5 million hooks was announced on 2 June 2003.
· The methodologies developed by this project have also been used to assist AFMA and other stakeholder groups determine initial Total Allowance Catches for the principal target species in the Southern and Western Tuna and Billfish Fishery. 
· Finally, the outcomes of this project have been conveyed to a number of scientific and fishery forums, and provide the basis for further work on evaluating harvest strategies for the tuna and billfish resources throughout the Pacific and Indian Oceans.

	1999/109
Bigeye tuna fisheries 






	· The study has demonstrated that bigeye tuna are in general, highly residential animals, suggesting only low levels of dispersal and mixing between populations both within ET&BF and with populations outside the ET&BF across the larger Pacific Ocean.
· Integration of data on the habitat preferences of bigeye tuna into CPUE models has highlighted the vulnerability of these models to variability in these parameters. 
· The study provided essential data for the development and testing of models of a more robust nature, enabling more accurate and objective analyses of bigeye CPUE trends. 
· Confirmation of hypotheses put forward on the limited movement of bigeye tuna within the Coral Sea is an important consideration for the sustainable management of this species and the limited data this study provides on movements within the ET&BF are also important for the management of this species within Australian waters. 

	1999/112
Arrow squid 



	· Contributed valuable biological information on the arrow squid on which stock assessment and management decisions could be based.
· Further studies are needed to delineate the degree of stock segregation within the Australian/New Zealand region in order to successfully manage the arrow squid fishery in these waters.

	2000/100
Bigeye tuna in east and west coast longline fisheries


	· The most recent assessments of bigeye at the Standing Committee for Tuna and Billfish and the IOTC highlight uncertainties in input parameters, but suggest that stocks in the Central and Western Pacific Ocean and Indian Ocean, are respectively fully- and over-exploited. 
· The information has contributed to improved age-based stock assessments of bigeye tuna. 
· The reduction in uncertainty for key stock assessment inputs provided by this project has increased confidence in estimates of stock status. The expectation is that increased confidence in assessment outputs will flow on to increased likelihood of management action to conserve and rebuild stocks.

	2000/101
South east fisheries operating model


	· The direct benefits of this research potentially were to come from identification of the performance indicators and harvest strategies which, if used, should lead to improved management of the SEF, and from identifying the factors most likely to detrimentally impact on the ability to achieve management objectives. 
· However, due to the project not being completed due to technical difficulties, these benefits were not captured.

	2000/109
Patagonian toothfish



	· The assessment of stock status of Patagonian toothfish at Macquarie Island continues to be based on the methodologies presented in this report. 
· The assessment outputs are a critical input to the management and TAC setting process for this fishery. 
· The results from the Management Strategy Evaluation are being used by SAFAG, industry and management to help manage the fishery in accordance with agreed sustainability objectives. 
· The results of the project have increased fishers’ and managers’ awareness of the utility of setting and evaluating appropriate management strategies for fisheries. 
· In addition, the application of assessment methodologies developed under this project to CCAMLR fisheries have complemented and enhanced existing CCAMLR assessment procedures.

	2001/002
Northern prawn fishery 


	· The ecologically sustainable resource base has been protected through the use of scientific resource assessments, mitigation strategies, addition of sustainability indicators and performance measures into the Northern Prawn Fishery.
· The economic efficiency of the Northern Prawn Fishery has been improved compared to what might have been the case without the project.

	2001/004
Blue and Spotted Warehou 


	· The results of this study have been incorporated into the assessment models for blue and spotted warehou in order to improve the efficacy and acceptance of the stock assessments for both species. 
· The results have allowed managers of the Southern and Eastern Scalefish and Shark Fishery to assess the suitability of current management arrangements, particularly for blue warehou which is currently managed as a single stock.
· The benefits will primarily be in better, less uncertain assessments.  

	2001/005
Stock assessment for finfish and shark species 


	· The study provided the latest quantitative assessments for five of the key non-shark quota species and three of the major shark species for the South East and Southern Shark fisheries. 
· Typical assessment results provide indications of current stock status, in addition to risk assessments that allow an evaluation of future impacts under different catch strategies and biological scenarios. 
· These assessment outputs were a critical component of the management and TAC setting process for these fisheries. 
· The results from these studies are being used by SEFAG, industry and management to help manage the fishery in accordance with agreed sustainability objectives.

	2001/014
Broadbill swordfish 



	· The project confirmed that marginal increment analysis of the anal fin spines of swordfish can be used to validate the age classes that have so far largely been assumed. 
· This led to age classes being validated and the provision of sex-based mean length-at-age for the validated age classes. 
· This information has been used determine stock productivity, growth, mortality and recruitment, all of which are necessary for age-based stock assessment models.
· Recent legislation by the United States to limit entry by long-line fishers to spawning grounds in the western Atlantic Ocean to limit the impact of fishing on small swordfish, has resulted in a dramatic rebuilding of swordfish stocks in the region. A similar approach may be necessary for the Australian region to ensure a sustainable future for the swordfish fishery.

	2002/014
Banana and tiger prawns


	· The Northern Prawn Fishery will be the main beneficiary of this research. 
· Most of the results have been used as input into a later FRDC project 2004/024.
· The project therefore has made a significant contribution to stock assessments for banana and tiger prawns, which will then allow managers to make more informed decisions regarding future management options. 
· The improved understanding of the extent of inshore spawning has implications for assessing the potential value of closing these shallow waters and will enable the development of more accurate estimates of spawning stock to use in stock assessment models of prawns in the NPF.

	2002/015
Mortality rate in tuna stocks




	· The results of this research have already been of direct benefit to the CCSBT Scientific Committee and have been integral in the review of the current conventional tagging program and in developing recommendations for improving the program. 
· The methods developed here also provide a robust and improved basis for maximising the information that can be derived from tagging experiments – in particular the integration of tag-recapture data with observer and catch data for estimating mortality rates and population sizes. 
· The evaluation of relative tradeoffs can be useful in providing guidance on the appropriate distribution of resources among different design components of a tagging experiment, and can potentially improve the efficiency and cost effectiveness of future experiments.

	2002/028
Models of the South east fishery 


	· The information contained in the report will support DEH’s planning and management of the South East Marine Region.
· The model developed can be used in testing how components of the ecosystem might respond to changes or pressures in the marine environment, thus having implications for management of the fishery (e.g. removing a food source or a predator).
· The model also has the potential to meet some of the objectives of fishery assessments under the Environment Protection and Biodiversity Conservation (EPBC) Act.
· The report identifies a lack of quantitative information contributing to uncertainty in food web descriptions, and some poorly described trophic flows. This has assisted in identifying priorities for further research.

	2002/061
Blue mackerel in SE Australia





	· Information provided to AFMA and the state management agencies has facilitated the ecologically sustainable development and sound management of blue mackerel resources, and provides a basis for making improved allocation decisions. 
· Delivery of the first stock assessment model for a small pelagic species managed in this fishery. 
· Egg production methods can provide conservative estimates of spawning biomass within a few years of implementation and facilitate the precautionary development of fisheries for other small pelagic species.
· Potential for preliminary estimates of other pelagic species on the East Coast from the egg collection output of the original Blue Mackerel project. 
· The successful evaluation of DEPM application to Blue Mackerel has enabled the harvest strategy for the SPF to utilise stock assessment based on the DEPM technique in appropriate tiers of the management arrangements for the fishery.
· The SPF Harvest Strategy has adopted many of the features of the harvest strategy for the South Australian Sardine Fishery and drew heavily on the findings of the present study and the concurrent evaluation of the application of the DEPM to redbait off Tasmania (FRDC Project 2004/039). 
· Beneficiaries of this work include AFMA, NSW Fisheries, PIRSA, DPIWE Tasmania, Fisheries WA, Fisheries Victoria, Environment Australia, State and Commonwealth commercial fishers, recreational fishers, including charter, game and trailer boat fishers.

	2002/101
Prawn species in the Gulf of Carpentaria

	· The major outcome of this project is a long term monitoring program on target and by-product species in the NPF that will provide an independent index of abundance for assessments and management. 
· The potential reduction in uncertainty will benefit both fishery managers and the prawn industry in the Gulf of Carpentaria.

	2003/003
Bight redfish and deepwater flathead



	· The project filled some of the important information gaps identified during assessment workshops for Bight redfish and deepwater flathead.
· Improved stock assessments, which incorporate the latest biological parameters (size-at-maturity, fecundity and sex ratio), has lead to the setting of accurate Bight redfish and deepwater flathead TACs.
· Gear regulations have been proposed that include minimum mesh sizes and T90 extensions, which along with reducing discard species, allow small deepwater flathead to escape capture, and thereby increasing reproductive capacity of the flathead population. 
· This information was provided to Great Australian Bight Fisheries Assessment Group (GABFAG) as part of formal and informal reporting arrangements.  It was also distributed to the public via media releases.
· The main and most direct beneficiaries of this research will be the Great Australian Bight Trawl Fishery. 

	2003/017
Scallop fisheries



	· The results of the project have assisted in developing a more collaborative approach to scallop management in Bass Strait. 
· Options for spatial management have been identified.
· An earlier confusion over shell height and shell width was corrected and the Legal Minimum Size of scallops in Tasmania and the Commonwealth was increased from 80 mm to 90mm maximum diameter. This led to a greatly improved product.
· The Tasmanian fishery has moved from being a competitive and potentially wasteful operation into a more cooperative arrangement involving a high degree of self management.
· Industry now conduct pre-season surveys to determine the optimum opening date, in terms of scallop condition, irrespective of the official opening date. By agreement, nobody goes fishing until the scallops are in a condition that provides for better profits.
· By increasing internal cooperation fished scallop beds are utilized more effectively by intensively fishing to an Industry determined pattern leading to less wastage and greater overall profits.
· A follow project 2005/027 should also be attributed benefit from this outcome.  

	2003/045
Stock relationships between blue-eye trevalla caught in 8 regions



	· The project has given a preliminary assessment of the population structure and has given some confidence to the SlopeRAG in its approach of treating stocks of blue-eye trevalla as a single management unit.
· There remain concerns, however, that although there may be a single spawning stock, local populations of blue-eye trevalla may still be vulnerable to depletion. This project has deliberately used methods that will address the spawning stock issue, but its findings also point the way to address this remaining issue.
· The information produced has helped progress the assessment of this difficult species and, together with other developments, have assisted in raising the standard of the assessment. Such improvements in the quality of assessments, which represent greater certainty in stock status, translate into higher TACs for a given stock level.

	2003/075
Gulf of Carpentaria prawns I
	· The major outcome of these surveys is the continuation of a long term monitoring program on target and by-product species in the NPF that will provide an independent index of abundance for assessments and management. 
· The potential reduction in uncertainty will benefit both fishery managers and the prawn industry in the Gulf of Carpentaria.

	2004/099
Gulf of Carpentaria prawns II


	· The major outcome of these surveys is the continuation and refinement of a long term monitoring program on target and by-product species in the NPF that will provide an independent index of abundance for assessments and management. 
· The potential reduction in uncertainty regarding the stock status of brown and grooved tiger prawns will benefit both fishery managers and the prawn industry in the Gulf of Carpentaria.
· The series of projects funded by FRDC has been a cornerstone of the stock rebuilding program for tiger prawns in the fishery. 

	2005/077 
SA Rock lobster and Commonwealth shark fisheries






	· This report provides a comprehensive appraisal of the risk posed by by-catch to subpopulations of Australian sea lions and New Zealand fur seals, by the SA rock lobster and gillnet sector SESSF fisheries.
· The study has identified the research required to ensure that SA rock lobster and the gillnet sector SESSF fisheries are managed according to ESD principles, and that interactions with seals are measured, assessed and mitigated. 
· The target audiences for this project are SA rock lobster and southern shark fishers, AFMA, PIRSA, Commonwealth DEH and SA DEH, Australian and international fisheries and pinniped scientists. 
· Adoption of these recommendations has lead to the development and adoption by industry and management of mitigation options to reduce seal by-catch. This will ensure that outstanding ESD recommendations detailed in fishery ESD assessments and the mitigation of the key threatening process identified in the Australian sea lion Draft Recovery Plan are addressed, leading to the recovery and potential future delisting of the species.
· Building on this project, FRDC has funded Project 2007/041 that will provide advice on the spatial management options to reduce the impact on the Australian sea lion.  

	2006/076
Small pelagic species stock structures






	· The study provided little or no evidence to support a view that the existing management zones reflect stock delineation for Small Pelagic Fishery (SPF) species. 
· There were some current boundaries that are likely to ‘split’ unit stocks of one or more SPF species. 
· While there is little direct evidence for stock delineation of redbait, there is good evidence to reject a single stock hypothesis for jack mackerel, blue mackerel and yellowtail scad. 
· Stock structure information for jack mackerel, blue mackerel and yellowtail scad and surveys for all SPF species supported a hypothesis of separation of stocks for these species along a longitudinal (i.e. east-west) boundary. 
· For SPF species other than redbait it seems appropriate to consider east and west populations as separate for management purposes. 
· While there is no evidence to support further splitting of eastern populations of SPF species, there is some evidence for blue mackerel having two western populations.
· The study has provided information on which to base a review of management approaches in the fishery. 
· The impact on management has been significant in that the AFMA Board has amended the internal zones of the fishery under its proposed management plan for the SPF plan.



The principal outcomes from investment in this cluster can be summarised as: 
· Enhanced understanding of stock changes and population dynamics in a range of Commonwealth (and State) 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 

Table 8 provides a summary of benefits for each of the projects. 
 
Table 8: Summary of Project Benefits

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



	1995/048: Cephalopod beaks in marine diets 
	√
	Applicable to all finfish species – no specific fishery  

	1996/140: Age and gear types in the South east fishery

	√
	SESS fishery including Trawl sector, Gillnet and Hook sector (G&HS) and GAB Trawl sector 

	1996/280: Scavenger species 

	No specific benefits captured 
	None specified at this stage 

	1997/111: SBT fisheries age data
	√
	Southern Bluefin Tuna fishery 

	1999/103: Saw sharks and elephant fish
	√
	SESS fishery including Trawl sector, Gillnet and Hook sector, and GAB Trawl sector 

	1999/104: SBT growth 
	√
	Southern Bluefin Tuna fishery

	1999/106: SBT Reproduction
	√
	Southern Bluefin Tuna fishery

	1999/107: Swordfish and bigeye tuna

	√
	Eastern Tuna and Billfish Fishery: Long-line and Minor Line
Western Tuna and Billfish Fishery: Long-line and Minor Line

	1999/109: Bigeye tuna fisheries

	√
	Eastern Tuna and Billfish Fishery: Long-line and Minor Line
Western Tuna and Billfish Fishery: Long-line and Minor Line

	1999/112: Arrow squid 
	√
	Southern Squid Fishery 

	2000/100: Bigeye tuna in east and west coast long-line fisheries
	√
	Eastern Tuna and Billfish Fishery: Long-line and Minor Line
Western Tuna and Billfish Fishery: Long-line and Minor Line

	2000/101: South east fisheries operating model
	No benefits captured 
	Nil

	2000/109: Patagonian toothfish
	√
	Antarctic Fisheries 

	2001/002: Northern prawn fishery 
	√
	Northern Prawn Fishery 

	2001/004: Blue and Spotted Warehou 
	√
	SESS fishery including Trawl sector

	2001/005: Stock assessment for finfish and shark species 
	√
	SESS fishery including Trawl sector, Gillnet and Hook sector, and GAB Trawl sector

	2001/014: Broadbill swordfish 


	√
	Eastern Tuna and Billfish Fishery: Long-line and Minor Line
Western Tuna and Billfish Fishery: Long-line and Minor Line

	2002/014: Banana and tiger prawns
	√
	Northern Prawn Fishery

	2002/015: Mortality rate in tuna stocks

	√
	Eastern Tuna and Billfish Fishery: Long-line and Minor Line
Western Tuna and Billfish Fishery: Long-line and Minor Line 

	2002/028: Models of the South east fishery
	√
	SESS fishery including Trawl sector, Gillnet and Hook sector, and GAB Trawl sector

	2002/061: Blue mackerel in SE Australia
	√
	Small Pelagic Fishery

	2002/101: Prawn species in the Gulf of Carpentaria
	√
	Northern Prawn Fishery

	2003/003: Bight redfish and deepwater flathead
	√
	SESS fishery including GAB Trawl sector 

	2003/017: Scallop fisheries
	√
	Bass Strait Scallop Fishery 

	2003/045: Stock relationships between blue-eye trevalla caught in 8 regions
	√
	SESS fishery including Trawl sector

	2003/075: Gulf of Carpentaria prawns I
	√
	Northern Prawn Fishery 

	2004/099: Gulf of Carpentaria prawns II
	√
	Northern Prawn Fishery 

	2005/077: SA Rock lobster and Commonwealth shark fisheries
	√
	SESS fishery including Gillnet and Hook sector 

	2006/076: Small pelagic species stock structures
	√
	Small Pelagic Fishery 



Associated benefits from some projects included a reduced impact on non-target species, and hence improved biodiversity, from by-catch reduction (e.g. Projects 1999/103 and 2005/077). Benefits are also likely to be captured by some of the state managed fisheries from the knowledge generated by Commonwealth stock assessments. 



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

	6. Potential short-term costs and longer-term benefits to fishing communities  

	2. Economic benefits to state managed fisheries similar to above 
	5. Lowered risk of damaging habitat, the ecosystem and biodiversity
	

	3. Potential for growth in aquaculture as wild fisheries become more sustainable, albeit at a lower take in the short term
	
	



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

Table 10: Summary of Importance of Benefits by Beneficiary Type 

	
	Fishing industry
	Spillovers

	
	
	Other industries
	Public

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

	Environmental
	
	
	4. **
5. **

	Social
	
	
	6. *


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

Public versus Private Benefits 
Both private and public benefits will arise from the investment. On the basis of the six benefits listed in Table 10, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up 50% of the total benefits. If the subjective weightings provided in Table 10 are taken into account, then public benefits still make up 50% of the total benefits. 
  
Distribution of Benefits Along the Fish Supply Chain 
Any private benefits and costs will initially be captured by the fishers and their employees. However, these costs and benefits will ultimately be shared along the input supply and marketing chain including seafood consumers. 
 
Benefits to Other Industries
The benefits will be confined to the fishing industry.

Benefits Overseas
There may be spillover benefits to overseas interests from the bluefin tuna knowledge generated.

Additionality and Marginality
The investment in the projects in this cluster (and other stock assessment clusters) has been a key component of FRDCs total investment.

However, if FRDC had not received funding from government, the investments would probably not have been made as industry would have viewed them as government’s responsibility as management was by government. Only a small proportion of the public benefits identified therefore would have been delivered. 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 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 Commonwealth Fisheries management agency 

	3. Would the cluster have been funded if no public funding for FRDC had been available?
	Not 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 National Research Priority (Environmentally sustainable Australia) with some projects aligned with National Priority 3 (Frontier technologies). The investment was strongly associated with Rural Research Priority 3 (Natural resource management) and has significant implications for Rural Research Priorities 1 and 4. There was also some contribution to the two supporting priorities. 


Quantification of Benefits

Benefits Valued 
The benefit valued is the improvement in the sustainability of the fishery contributed by the stock assessment investments. This is achieved by assuming a shift in the sustainability status of each fishery affected by the stock assessment development within each project. 

The benefits that have been identified but which have not been valued include:
· Strategic knowledge that could not be directly used in stock assessments 
· Spillover economic benefits to State managed fisheries 
· Ecosystem benefits including reduction in species endangered and reduced habitat  destruction 

Status Probabilities 
An assessment is made of the status of each fishery before the project commenced. This assessment includes the probabilities that the fishery will collapse, remain sustainable or be underutilised. 

Given the contribution from the project as defined by the adoption of the research as indicated by its outcomes and benefits, the probabilities of each future state of each fishery 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 

	
	Unsustain-able  state
	Sustain-able state
	Under-utilised
state
	Unsustain-able  state
	Sustain-able state
	Under-utilised
state

	SESS - G&HS 
	0.4
	0.5
	0.1
	0.3
	0.6
	0.1

	SESS - Trawl 
	0.4
	0.5
	0.1
	0.3
	0.6
	0.1

	SESS - GAB Trawl
	0.4
	0.5
	0.1
	0.3
	0.6
	0.1

	Eastern Tuna and Billfish 
	0.5
	0.4
	0.1
	0.4
	0.5
	0.1

	Western Tuna and Billfish  
	0.5
	0.4
	0.1
	0.4
	0.5
	0.1

	Southern Bluefin Tuna 
	0.5
	0.4
	0.1
	0.4
	0.5
	0.1

	Small Pelagic 
	0.2
	0.7
	0.1
	0.1
	0.8
	0.1

	Northern Prawns 
	0.5
	0.4
	0.1
	0.4
	0.5
	0.1

	Bass Strait Scallops 
	0.8
	0.2
	0.0
	0.5
	0.5
	0

	Antarctic 
	0.4
	0.5
	0.1
	0.3
	0.6
	0.1

	Southern Squid 
	0.4
	0.5
	0.1
	0.3
	0.6
	0.1



Fishery Value 
An estimate was made of the latest readily available gross value of the fishery including both commercial and recreational values (Table 14); recreational values were considered minor for these Commonwealth fisheries. Commercial catch values were compiled from various sources.  


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

	Fishery
	Commercial
	Recreational
	Total (m $)

	SESS - G&HS 
	$28 m  in 2007/08 (a)
	Minor 
	28

	SESS - Trawl 
	$46 m in 2007/08 (a)
	Minor 
	46

	SESS – GAB Trawl
	$13 m in 2007/08 (a) 
	Minor 
	13

	Eastern Tuna and Billfish
	$32 m in 2007/08 (a)
	Minor
	32

	Western Tuna and Billfish  
	$1.7 m in 2007/08 (a)
	Minor 
	1.7

	Southern Bluefin Tuna 
	$45 m in 2007/08 (a)
	Minor  
	45

	Small Pelagic 
	Estimated at 3,050 tonnes in 2007/08 (d) with value of $5,000 per tonne 
	Minor  
	15

	Northern Prawn 
	$74 m in 2007/08 (a) 
	Minor 
	74 

	Bass Strait Scallops 
	$0.19 m in 2005/06; 0 in 2006/07 and 2007/08 (a)
	Minor 
	0.2

	Antarctic 
	Estimated at 223 tonnes in 2007/08 and valued at  $10,000 per tonne (c)
	Nil 
	2

	Southern Squid 
	$1 m in 2006/07 (b)
	Minor 
	1


Sources:
(a) ABARE (2009)
(b) ABARE (2008)
(c) Based on Tuck and Lamb (2000) and AFMA (2005)
(d) Tonnage based on AFMA (2009) and value estimated by Consultant
 
Timing and Extent of Impact of Collapse
Various assumptions were necessary regarding the extent and timing of impact and potential recovery if a fishery became unsustainable and fishing investment is withdrawn. 

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.  

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. 2006 and 4 years to total collapse). The extent 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.  Assumptions are in Table 15.   



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

	Fishery
	Year collapse starts 
	Period  from year of first to final collapse (years)  
	Extent of collapse in final collapse state
(% original catch )
	Length  of final collapse  period 
(years)
	Input Resources re-deployed (% original catch inputs)  (a)
	Period of recovery 
(years) (a)
	Final recovery yield (% original) 

	SESS - G&HS 
	2003
	4
	40
	4
	30
	5
	80

	SESS- Trawl 
	2003
	4
	40
	4
	50
	5
	80

	SESS - GAB Trawl
	2003
	4
	40
	4
	50
	5
	80

	Eastern Tuna and Billfish 
	2003
	4
	40
	4
	40
	7
	80

	Western Tuna and Billfish  
	2003
	4
	40
	4
	40
	7
	80

	Southern Bluefin Tuna 
	2003
	4
	40
	4
	40
	7
	80

	Small Pelagic 
	2003
	4
	40
	4
	30
	5
	80

	Northern Prawns 
	2003
	4
	40
	4
	40
	5
	80

	Bass Strait Scallops 
	2003
	4
	80
	4
	30
	7
	80

	Antarctic 
	2003
	4
	40
	4
	40
	5
	80

	Southern Squid 
	2003
	4
	40
	4
	50
	5
	80


(a) Adapted from information supplied by FRDC 

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 scenario”. The expected value was then different as the probabilities of each state have changed. The gain in each year is estimated by subtracting one income stream from the other. 

The expected income stream gains for each year were then estimated for each fishery and were 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 (2007/08) to the final year of benefits assumed. 

The present value of benefits (PVB) from each source of benefits was estimated separately and then summed to provide an estimate of the total value of benefits.  Table 15 shows the sources of 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 

	SESS - G&HS 
	14.6
	12.6

	SESS - Trawl 
	17.2
	14.8

	SESS - GAB Trawl
	4.9
	4.2

	Eastern Tuna and Billfish 
	15.0
	12.9

	Western Tuna and Billfish  
	0.8
	0.7

	Small Pelagic 
	7.8
	6.8

	Northern Prawns 
	33.2
	28.6

	Southern Bluefin Tuna 
	20.7
	17.9

	Bass Strait Scallops 
	0.4
	0.3

	SubAntarctic 
	0.9
	0.8

	Southern Squid 
	0.4
	0.3

	Total 
	115.9
	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)
	47.84
	80.02
	91.22
	106.49
	115.86

	Present value of costs  ($m)
	24.89
	24.89
	24.89
	24.89
	24.89

	Net present value ($m)
	22.95
	55.14
	66.34
	81.60
	90.97

	Benefit–cost ratio 
	1.9
	3.2
	3.7
	4.3
	4.7

	Internal rate of return (%)
	27.6
	34.2
	34.7
	34.8
	34.8



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

	Years
	0
	5
	10
	20
	30

	Present value of benefits ($m)
	24.66
	41.26
	47.03
	54.90
	59.73

	Present value of costs  ($m)
	12.80
	12.80
	12.80
	12.80
	12.80

	Net present value ($m)
	11.86
	28.45
	34.23
	42.10
	46.93

	Benefit–cost ratio 
	1.9
	3.2
	3.7
	4.3
	4.7

	Internal rate of return (%)
	28.0
	34.6
	35.1
	35.2
	35.2



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

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

	
	
	% subjective allocation to each priority 

	Sustainability  of fisheries  
	115.86
	50
	0
	50
	0
	0

	Total ($m)
	115.86
	57.93
	0
	57.93
	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 to 21. 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$)
	153.32
	115.86
	104.32

	Present value of costs (m$)
	18.69
	24.89
	33.10

	Net present value (m$)
	134.63
	90.97
	71.22

	Benefit-cost ratio
	8.2
	4.7
	3.2






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

	Present value of benefits (m$)
	58.20
	115.86

	Present value of costs (m$)
	24.89
	24.89

	Net present value (m$)
	33.31
	90.97

	Benefit-cost ratio
	2.3
	4.7

	Internal rate of return (%)
	18.2
	34.8



Table 21: Sensitivity to Proportion of Resources Redeployed in Other Fisheries
(Total investment, 30 years)
 
	Criterion 
	Extent of Redeployment of Input Resources 

	
	10 percentage points higher 
	Base (30%-80%)
	10 percentage points lower  

	Present value of benefits (m$)
	96.35
	115.86
	135.37

	Present value of costs (m$)
	24.89
	24.89
	24.89

	Net present value (m$)
	71.46
	90.97
	110.49

	Benefit-cost ratio
	3.9
	4.7
	5.4

	Internal rate of return (%)
	30.0
	34.8
	39.1



The sensitivity analyses demonstrate that the investment criteria are:
· Not particularly sensitive to the discount rate (Table 19).
· Moderately sensitive to a shift in the fishery state probability changes driven by the improved stock assessments (Table 20).
· Not particularly sensitive to the extent of redeployment of resources (Table 21).   
 
Confidence Rating  
The results produced are highly dependent on the assumptions made, many of which are uncertain.  There are two factors that warrant recognition.  The first factor is the coverage of benefits.  Where there are multiple types of benefits it is often not possible to quantify all the benefits that may be linked to the investment.  The second factor involves uncertainty regarding the assumptions made, including the linkage between the research and the assumed outcomes 

A confidence rating based on these two factors has been given to the results of the investment analysis (Table 22). The rating categories used are High, Medium and Low, where:
High:		denotes a good coverage of benefits or reasonable confidence in the 			assumptions made 
Medium:	denotes only a reasonable coverage of benefits or some significant 				uncertainties in assumptions made 
Low:	denotes a poor coverage of benefits or many uncertainties in assumptions made 

Table 22: Confidence in Analysis of MPA Cluster

	Coverage of Benefits
	Confidence in Assumptions

	Medium
	Medium




Association with FRDC KPIs

The Key Performance Indicators (KPIs) for FRDC fall into five groups as provided in Table 23. 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 23: FRDC Key Performance Indicators by Strategic Challenge as per R&D Plan 2005-2010 (a)

	Strategic Challenge 
	KPI

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

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

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

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

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


            (a) Note that most projects were started under previous R&D Plans


Lessons Learnt for Future Investment

Lessons learnt from this analysis include:
· There was little integrated information available on the current processes, accuracies and costs of existing stock assessments to provide a baseline for measuring improvements. A standardised process for assembling such information could be helpful to FRDC in assessing proposals for improving stock assessments in future.  
· The approach developed for this historical evaluation could be used by FRDC for ex ante assessments of proposals aiming to improve stock assessments. An additional variable on the probability of success of the proposed project would need to be added if the approach was to be used for that purpose. 

  
Conclusions

Investment was made in a total of 29 projects within the cluster with the FRDC contribution approximating 51 % of the total costs involved.  

Both private and public benefits have been identified as arising from the investment. On the basis of the six benefits identified, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up half of the total benefits.
If the subjective weightings are taken into account, then public benefits still make up 50% of the total benefits. 

The benefits quantified have been valued in an economic framework of avoiding an industry loss from moving away from a sustainable fisheries status. 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 29 projects in the cluster were positive with the total investment of $25 million (present value terms) estimating to return expected gross benefits of $116 million, yielding a expected net present value estimate of $91 million and a benefit-cost ratio of 4.7 (expressed in 2008/09 $ terms and using a 5% discount rate; benefits estimated over 30 years from the final year of investment).  
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