









An Economic Analysis of FRDC Investment in Population Dynamics and Stock Assessments – Tropical (Cluster 28)






16 June 2010


Agtrans Research




Background 

The sustainability of natural resources was one of the three programs defined in the FRDCs R&D Plan commencing in 2000. Improving the assessments methods for stocks and improving the management of stocks were key strategies in executing the program. A number of projects in this cluster addressed resource assessment and sustainability within northern Australian waters.  

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 important (e.g. climate variability, river changes, association with habitat and oceanographic conditions) as are the interconnectedness of species, by-product catches and the interactions between different fisheries management regimes. 
 
FRDC do not fund stock assessment or monitoring per se but the improvement of assessment methods, particularly developing novel methods or making them more useful and robust, are important priorities for FRDC. Routine monitoring, assessment and management are generally the responsibility of the various fisheries managers (state or Commonwealth).

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

It is argued that governments intervene in or proactively 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 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. In some cases this is reluctantly provided by industry as they see mainly increased regulatory outcomes causing industry pain, at least in the short term.  

The Cluster 

Projects 
This cluster refers to projects associated with methods of stock assessment in northern fisheries with particular emphasis on fisheries managed by Queensland and the Northern Territory. 

Table 1 presents the details for each of the 12 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

	1997/146

	Developing indicators of recruitment and effective spawner stock levels in north Queensland east coast prawn stocks

	Organisation: Queensland Primary Industries and Fisheries  
Period: Aug 1997 to Mar 2006
Principal Investigator: Clive Turnbull 

	1998/128


	Biological data and model development for management of longfin eel fisheries

	Organisation: Queensland Primary Industries and Fisheries  
Period: Jun 1998 to Jun 2005
Principal Investigator:  Simon Hoyle and Michelle Sellin 

	1998/131



	Stock structure and regional variation in population dynamics of the red throat emperor and other target species of the Queensland Tropical Reef Line Fishery
	Organisation: James Cook University  
Period: Jun 1998 to Jul 2005 
Principal Investigator: Campbell Davies 

	1998/132



	Distribution, abundance and population dynamics of beachworms (Onuphidae) in Queensland/NSW and the impact of commercial and recreational fishing

	Organisation: University of Queensland 
Period: Jun 1998 to Jun 2006
Principal Investigator: Gregory Skileter, Donald Fielde and PhD student Mathew O’Brien  

	1999/120



	Reference point management and the role of catch-per-unit effort in prawn and scallop fisheries

	Organisation: Queensland Primary Industries and Fisheries 
Period: Jul 1999 to Feb 2006
Principal Investigator: Michael O’Neil

	1999/123



	Age validation in tailor (Pomatomus saltatrix)


	Organisation: Queensland Primary Industries and Fisheries 
Period: Jul 1999 to Sep 2004
Principal Investigator: Ian Brown 

	2001/018



	Development of a genetic method to estimate effective spawner numbers in tiger prawn fisheries

	Organisation: Queensland Primary Industries and Fisheries 
Period: Jul 2001 to Mar 2005 
Principal Investigator: Jenny Ovenden 

	2001/077


	Northern Australian sharks and rays: the sustainability of target and bycatch fisheries, Phase 1
	Organisation: Queensland Primary Industries and Fisheries 
Period: Jul 2001 to Jul 2004
Principal Investigator: Neil Gribble 

	2002/064



	Northern Australian sharks and rays: the sustainability of target and bycatch species, Phase 2

	Organisation: CSIRO Marine and Atmospheric Research 
Period: Oct 2002 to Jan 2007
Principal Investigator: John Salini

	1999/125


	Tropical Resource Assessment Program: phase II, model application and validation

	Organisation: Queensland Primary Industries and Fisheries 
Period: Jul 1999 to Oct 2004
Principal Investigator: Neil Gribble 

	2000/142



	Methods for monitoring abundance and habitat for northern Australian mud crab Scylla serrata

	Organisation: NT Department of Regional Development, Primary Industries, Fisheries and Resources 
Period: Dec 2000 to Aug 2005
Principal Investigator: Tracy Hay 

	2001/019



	Exploitation dynamics and biological characteristics of east coast Spanish mackerel harvested by the recreational and commercial sectors

	Organisation: CRC Reef Research Centre 
Period: Aug 2001 to Jan 2004
Principal Investigator: Andrew Tobin 



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

	1997/146
QLD Gulf and Eastern  Prawn Fishery 







	Rationale: Information on the relationship between parent stock and recruitment levels in commercial prawn species was required in order to assess the risk of overfishing and to evaluate the effectiveness of any management intervention.

Objectives:
1. To develop fishery independent sampling procedures that can be used as robust long-term methods for monitoring recruitment levels in the tiger and endeavour prawn fisheries located along the northern Queensland east coast and in Torres Strait.
2. To obtain a series of (fishery dependent) indices of spawner biomass and (fishery independent) indices of recruitment that can be used to generate a long term data series. 
3. To incorporate the indices obtained in objective 2 into a stock - recruitment curve, an index of stock sustainability and an assessment of the risk of recruitment overfishing facing each of the species.

	1998/128
Long Fin  Eel Industry 


	Rationale: Adult eel stock in Queensland and NSW appeared to be declining and the sustainability of glass and adult eel fishing needed addressing. Furthermore, very little was known about glass eel demography and population structure.

Objectives:
1. To estimate population parameters required for a management model. These include survival, density, age structure, growth, age and size at maturity and at recruitment to the adult eel fishery. Estimate their variability among individuals in a range of habitats.
2. To develop a management population dynamics model and use it to investigate management options.
3. To establish baseline data and sustainability indicators for long-term monitoring. 
4. To assess the applicability of the above techniques to other eel fisheries in Australia, in collaboration with NSW. 
5. To distribute developed tools via the Australia and New Zealand Eel Reference Group.

	1998/131
Queensland Tropical Reef Line Fishery


	Rationale: There was very limited information available on the effects of fishing on target species of the reef line fishery. The project was funded to provide information on population dynamics of four reef fish species most likely to be impacted by reef line fishing. This project was to provide priority information for Red Throat Emperor, Maori Wrasse, Barramundi Cod and the common and blue-spot Coral Trout and was expected to directly address immediate and long-term information requirements for the management of fishing on the Great Barrier Reef.

Objectives:
1. To establish regional variation in stock abundance, age, growth and mortality of the Red Throat Emperor (L. miniatus). 
2. To establish stock abundance, age, growth and mortality for Maori Wrasse (C. undulatus) and Barrumundi Cod (C. altivelis). 
3. To establish regional and seasonal variation in reproduction of L. miniatus, C. undulatus, C. altivelis, P. leopardus and P. laevis, including size and age at first maturity, age at sex transition and sex-specific growth characteristics.
4. To develop stock discrimination techniques, based on genetic and otolith microchemistry approaches, for L. miniatus and use them to determine the stock structure of L. miniatus in the Great Barrier Reef Region.

	1998/132
Baitworms 




	Rationale:  The 1998 demand for baitworms exceeded supply and the number of worm gathering licences was frozen. Substantial future pressure for allocation of new worm gathering licences was anticipated and knowledge was required of what might be a sustainable harvest. The recreational beachworm fishery was considered to be substantial but unregulated. There was a need to provide valid estimates of professional and recreational fishing efforts and their relationship to the worm populations in order to more effectively manage worm harvesting in a sustainable manner.

Objectives: 
1. To determine where and why beachworms are located on QLD/NSW surf beaches. 
2. To determine how the various onuphid species that make up the beachworm fishery are distributed relative to each other and in time.
3. To determine if levels of commercial and recreational fishing effort relate to the yield and sustainability of the fishery. 
4. To make recommendations for management of the fishery based on an evaluation of catch and effort data and research of the biology of the worms.

	1999/120
Queensland Prawn and Scallop Fisheries










	Rationale:  Limit and target reference points had been developed as key assessment and management tools for all major fisheries in Queensland. However, methods used to estimate the reference points have generally been ad hoc and based on un-standardised catch and effort data. There was a strong need to test these reference points with regard to the Queensland Trawl Fishery Management Plan (east coast - Moreton Bay) that were based on comparisons of the average logbook catch-per-unit-effort from 1988-96 with the relevant year's catch-per-unit-effort of tiger prawns, eastern king prawns and saucer scallops.  This comparison took no account of changes in effective effort which continually increases due to fishers adopting technological improvements in fishing practices, such as GPS and plotters.  

Objectives:
1. To produce an in-depth description and catalogue of the gear and technological improvements of a representative sample for the a) Torres Strait tiger prawn, b) Queensland eastern king prawn and c) south-east Queensland saucer scallop fisheries for the period 1970 to present.
2. To establish a standardised catch-per-unit effort series of the above fisheries. 
3. To compare present Management Plan reference points with the standardised and unstandardised catch-per-unit effort series. 
4. To investigate and establish robust reference points and response mechanisms through simulation modelling. 
5. To disseminate results to TrawlMAC, the QFMA trawl fishery manager and fishers.

	1999/123
Tailor age and growth


	Rationale: Tailor (Pomatomus saltatrix) has a global distribution, and is heavily fished in New South Wales and Western Australia as well as in Southern Queensland, particularly in the recreational sector. In 1999, there was some concern about a bias in the age estimates and hence the reliability of mortality rate estimates that could have had implications for sustainability of the resource.  Research to improve the reliability of age estimates was considered crucial to producing reliable assessments of the status of the tailor stock.

Objectives: 
1. To validate the age interpretation of tailor otoliths and establish protocols for age and growth determination in this species. 
2. To evaluate available evidence for size segregation of tailor stocks between offshore and inshore waters of southern Queensland.

	2001/018
Tiger Prawn Spawning Numbers 















	Rationale: Stock assessment was recognised as a critical process but also had limitations and often high cost, with stock assessments of the northern prawn fishery costing over $700,000 per year before this project was funded.  By improving methods, it was thought that accuracy of estimates could be increased and there was potential for reducing costs.

Catch and effort data was normally used as a surrogate for biomass present but can be biased due to the aggregation behaviour of both the fishing fleet and target species. The common assumption of a relationship between spawning stock size and subsequent recruitment had never been rigorously tested. This project set out to develop genetic estimates (made from empirical measurements of genetic drift) of spawning stock size that were completely independent of equivalent conventional estimates.

Objectives:
1. To critically evaluate a variety of mathematical methods of calculating NeEstimator (Ne) by conducting comprehensive computer simulations and by analysis of empirical data collected from the Moreton Bay population of tiger prawns.
2. To lay the groundwork for the application of the technology in the NPF. 
3. To produce software for the calculation of Ne, and to make it widely available.
4. To quantify sampling and process error in the estimation of Ne for the Moreton Bay population of tiger prawns by measuring Ne for consecutive years (2001-2002; 2002-2003; 2001-2003).

	2001/077
Sharks and Rays















	Rationale: There was widespread recognition at State and National levels that research was needed to improve the management of northern shark fisheries. The lack of species identification in the catch of NT and Qld was a major concern, as well as the lack of uniformity in reporting shark catch by the various logbook programs. This project was the first Phase of a more comprehensive study and focused on workshopping the issues with stakeholders in each state and short pilot studies in WA, NT and Qld to test methods and gain critical preliminary data.

Objectives: 
1. To workshop stakeholder and management issues and concerns in WA, NT, and Qld for inclusion into the planning process for the full-scale FRDC proposal "Northern Australian sharks and rays: the sustainability of target and bycatch fisheries", for submission Dec 2001.
2. To workshop a new Shark ID manual (Dr John Stevens, FRDC) with shark fishers in WA, NT, and Qld to improve the quality of data recorded in commercial logbooks. 
3. To carry out pilot fishery observer programs in WA, NT, and Qld shark fisheries to (a) establish co-operation with fishers and jointly establish appropriate observer protocols, (b) determine shark catch composition, and (c) determine conversion ratios for shark fin to whole animal.

	2002/064
Sharks and Rays


















	Rationale: This project (Phase 2) followed on from the first Phase of the same project (2001/077). The longer term study also addressed the need for improved information to address local and regional management issues concerning identification of species, current catches and the sustainability of northern shark fisheries across a number of jurisdictions in the north.  

Objectives:
1. To establish long-term collection of catch composition data from target shark fisheries in northern Australia (NT Joint Authority Shark Fishery, NT Coastal Net Fishery, QLD Joint Authority Shark Fishery, QLD N9 Shark Fishery, WA Joint Authority Shark Fishery, WA North Coast Shark Fishery, QLD East Coast Net Fishery), in order to improve stock assessments.
2. To determine the appropriate management scale for the target species of northern Australian shark fisheries, by examining the degree to which stocks are shared across northern Australia and with Indonesia. 
3. To evaluate the effect of gillnet fishing on northern elasmobranchs, by determining bycatch composition (QLD N3 Net Fishery, QLD East Coast Gillnet Fishery, NT Barramundi Fishery, WA Kimberley Gillnet and Barramundi Fishery). 
4. To derive estimates of biological parameters to assess the status of sawfish populations; age structure, reproduction and growth. 
5. To re-evaluate the risk assessment of northern elasmobranchs (undertaken in the EA project), based on the new information collected above.

	1999/125
Queensland Gulf Fisheries




	Rationale:  In 1999 the commercial catch and effort logbooks for Queensland’s Gulf Inshore Fishery Management Plan recorded only common name categories of catch by daily weight (kg/day or kg/hour). Information on true species composition, number caught, and population structure (length frequency) could be gathered only by expensive fishery independent sampling or a more cost-effective observer program. This basic knowledge was critical to any effective management of complex multi-species tropical fisheries and this project endeavoured to involve commercial fishers in the collection and ownership of research data for fishery management. 

Objectives:
1. To evaluate the effectiveness of the Queensland Fisheries Management Authority's new Management Plan for the Gulf Inshore Fishery (1999).
2. To assess the effect of a large reduction and spatial redeployment of fishing effort on the population dynamics of exploited tropical inshore finfish species. 
3. To identify species composition of the Queensland Gulf inshore shark fishery and report on the impact of increased effort on shark stocks in the new N9 fishery.
4. To provide a model for the analysis of management plans as a contribution to development and review process for tropical inshore fisheries.

	2000/142
Mud Crabs 












	Rationale: It had been established that catch and effort models and assessment methods based on catch per unit effort data (CPUE) were inappropriate for assessment of the mud crab fishery due to non-randomness in the spatial pattern of fishing effort and use of traditional length-based models for estimating mortality and growth rates that were considered problematic due to the non-continuous pattern (moult process) of crustacean growth.  Visual assessment techniques were also inappropriate due to the high turbidity of northern Australian tropical estuarine waters. Gaining an improved annual estimate of stock size was considered a high priority due to suspicions of overexploitation. A fishery-independent measure of stock abundance was needed to determine the size of the mud crab resource and therefore its sustainable harvest.

Objectives: 
1. To identify and quantify the area of critical mudcrab habitat in NT and Qld. 
2. To develop and assess methods to estimate the size of northern Australian (NT, Qld) mud crab stocks.

	2001/019
East Coast Spanish Mackerel 






	Rationale: Concerns regarding the population status of east coast Spanish mackerel had been expressed by both commercial and recreational sectors and fisheries biologists and was a high priority for resource managers. This project was funded to refine the then current QPIF long-term monitoring and assessments with more fish age data combined with an extensive description of the exploitation dynamics (the methods and gears used by fishers) of both the recreational and commercial sectors for the major catch regions of the entire east coast where no data were then  available. 

Objectives:
1. To identify the biological characteristics (catch-at-age, catch-at-length and sex ratios) of both recreational and commercial sectors harvesting Spanish mackerel from six distinct regions on Queensland east coast. 
2. To compare the biological characteristics of harvested mackerel between sectors and regions. 
3. To assess effectiveness of current minimum legal size and level of latent effort present in current recreational bag limits. Advice was to be issued to management where applicable.



Project Investment   
The following tables show the annual investment by project for both the FRDC (Table 3) and for researchers and other investors (Table 4). Table 5 provides the total investment by year from both sources.  
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Table 4: Investment by FRDC by Project for Years Ending June 1997 to June 2007 (nominal $)

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

	1997/146
	27,524
	53,379
	0
	52,364
	0
	0
	0
	0
	0
	21,387
	0
	154,654

	1998/128
	0
	62,614
	0
	123,030
	60,416
	46,645
	0
	0
	46,648
	0
	0
	339,353

	1998/131
	0
	0
	89,906
	152,852
	83,631
	20,686
	0
	0
	46,773
	0
	0
	393,848

	1998/132
	0
	0
	17,691
	33,637
	10,453
	8,689
	0
	0
	0
	0
	0
	70,470

	1999/120
	0
	0
	0
	118,253
	86,244
	93,423
	0
	32,340
	0
	29,009
	0
	359,269

	1999/123
	0
	0
	0
	74,742
	68,819
	68,741
	22,939
	0
	6,229
	0
	0
	241,470

	2001/018
	0
	0
	0
	0
	0
	161,283
	91,530
	57,639
	31,602
	0
	0
	342,054

	2001/077
	0
	0
	0
	0
	0
	160,162
	0
	0
	0
	0
	0
	160,162

	2002/064
	0
	0
	0
	0
	0
	0
	295,341
	329,875
	166,265
	98,935
	98,935
	989,351

	1999/125
	0
	0
	0
	37,649
	91,834
	55,234
	0
	18,587
	0
	0
	0
	203,304

	2000/142
	0
	0
	0
	0
	80,949
	267,875
	124,372
	62,077
	0
	41,331
	0
	576,604

	2001/019
	0
	0
	0
	0
	0
	75,088
	72,183
	16,363
	0
	0
	0
	163,634

	Total
	27,524

	115,993
	107,597
	592,527
	482,346

	    957,826
	638,705

	513,550

	297,517

	161,653

	98,935

	3,994,173



Source: FRDC project management database   

Table 5: Investment by Researchers and Others by Project for Years Ending June 1997 to June 2007 (nominal $)

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

	1997/146
	74,748
	144,963
	0
	142,207
	0
	0
	0
	0
	0
	58,082
	0
	420,000

	1998/128
	0
	62,752
	0
	123,301
	60,549
	46,748
	0
	0
	46,751
	0
	0
	340,100

	1998/131
	0
	0
	298,319
	507,182
	277,498
	68,639
	0
	0
	155,199
	0
	0
	1,306,837

	1998/132
	0
	0
	6,020
	12,040
	12,040
	0
	0
	0
	0
	0
	0
	30,100

	1999/120
	0
	0
	0
	222,921
	162,580
	176,114
	60,965
	54,686
	0
	29,009
	0
	677,266

	1999/123
	0
	0
	0
	177,514
	163,447
	163,262
	54,481
	0
	14,794
	0
	0
	573,598

	2001/018
	0
	0
	0
	0
	0
	201,891
	114,575
	72,151
	39,559
	0
	0
	428,176

	2001/077
	0
	0
	0
	0
	0
	92,400
	0
	0
	0
	0
	0
	92,400

	2002/064
	0
	0
	0
	0
	0
	0
	69,431
	77,549
	39,087
	23,258
	23,258
	232,584

	1999/125
	0
	0
	0
	109,260
	266,508
	160,292
	0
	53,941
	0
	0
	0
	590,000

	2000/142
	0
	0
	0
	0
	185,483
	613,798
	284,981
	142,241
	0
	94,704
	0
	1,321,208

	2001/019
	0
	0
	0
	0
	0
	127,194
	122,273
	27,718
	0
	0
	0
	277,185

	Total
	74,748

	207,715
	304,339
	1,294,425
	1,128,106

	1,650,337
	706,706

	428,285

	295,389

	176,044

	23,258

	6,289,354



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


Table 5: Annual Investment in Cluster (nominal $)

	Year ending June
	FRDC
	Researchers and Others  
	Total

	1997
	27,524
	74,748
	102,272

	1998
	115,993
	207,715
	323,708

	1999
	107,597
	304,339
	411,936

	2000
	592,527
	1,294,425
	1,886,952

	2001
	482,346
	1,128,106
	1,610,452

	2002
	957,826
	1,650,337
	2,608,163

	2003
	638,705
	706,706
	1,345,411

	2004
	513,550
	428,285
	941,835

	2005
	297,517
	295,389
	592,906

	2006
	161,653
	176,044
	337,697

	2007
	98,935
	23,258
	122,193

	Total
	3,994,173
	6,289,354
	10,283,527


	 

Outputs 

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

Table 6: Summary of Project Activities and Outputs

	Project 
	Activities/Outputs

	1997/146
QLD Gulf and Eastern  Prawn Fishery 




	· Pre-recruit surveys of prawn populations at over 70 sites were conducted in February of 1998, 1999 and 2000 using the DPI Fisheries Research Group trawler.
· Samples collected just prior to the opening of the north Queensland east coast and Torres Strait prawn trawl season provided fishery independent information on recruitment levels to the fishery. 
· The samples also provided a snapshot of the size distribution of these prawn populations just prior to fishing, allowing estimates of prawn abundances and biomass.
· Various indices of recruitment were developed using the survey data and tested against the commercial harvest data. 
· The exceptionally good catches of tiger prawns in Torres Strait during 1998 were predicted by the survey data using firstly all Torres Strait sites and secondly only those sites within the east of Warrior Reef closure. 
· The survey catch rates for the north Queensland east coast also predicted the small increase in fishery catches and catch rates that occurred in 1999 compared with the 1998 season. 
· Various other combinations of sites and sizes of prawns were tested to see if stronger indices of recruitment strength could be found in the survey data.

	1998/128
Long Fin Eel Industry  







	· Data collected allowed estimates of age structure, growth rates, length at maturity, and density.
· Mark-recapture data was used to estimate growth and survival rates, validate ageing, and estimate density. 
· A tank experiment validated ageing, tagging, and growth rate estimation techniques.
· Preliminary estimates were made of length at maturation, survival and growth rates. 
· Female lengths at maturity are considerably larger than for males.
· A user-friendly eel fishery management model to enable fisheries managers to investigate different management alternatives and their likely effects on trends in yield to the fishery and sustainable production of spawners.
· Preliminary modelling using these data suggested that even moderate levels of fishing can substantially reduce egg production. 
· Permanently protecting a significant proportion of the longfin eel population from fishing pressure is an effective way of ensuring the long-term sustainability of both adult eel and glass eel fisheries. 
· The current management regime appeared capable of providing this protection. 

	1998/131
Queensland Tropical Reef Line Fishery



	· Information was assembled on the major target species of the Reef Line Fishery.
· Information included age, growth and reproduction on the Red Throat Emperor, Maori Wrasse, Barramundi Cod, and common and blue-spot Coral Trout. 
· The project validated that there was only one stock of Red Emperor, rather than two populations as hypothecated beforehand. 
· Population dynamics including spatial variation of Red Throat Emperor within the GBR. 
· Population biology information on Maori Wrasse and Barramundi Cod (growth, longevity and reproduction).

	1998/132
Baitworms


	· Knowledge of the major beachworm sites on the Queensland coast and why they occur there. 
· Knowledge of how both commercial and recreational fishing impacts on the Queensland beachworm populations and the regenerative capacity of the stock. 
· Knowledge of catch magnitude and significance of recreational and commercial fishing pressures. 
· Knowledge of reproductive cycles of relevant worm species and how, when and where populations are recruited onto Queensland beaches. 
· Development of methodology for estimation of populations and the regenerative capacity of the stock.

	1999/120
Queensland Prawn and Scallop Fisheries




	· A total of 344 past and present vessel owner/operators were interviewed and completed a questionnaire quantifying the adoption rates of technologies.
· The Torres Strait fleet used technologies at a faster speed compared to the east coast sectors. 
· In every sector there was increased use of the average vessel size, engine horsepower, gearbox ratios, trawl speed, fuel capacity and consumption, and propeller size, pitch and adoption of propeller nozzles. The speed of trawlers used was fastest in the tiger prawn sectors and lowest in the scallop fishery. 
· Annual changes in average relative fishing power for each sector were calculated as a function of the fishing gear technology parameters estimated in a general linear model and the proportional usage of each technology. 
· The average annual increases in fishing power was applied to logbook catch rate data to determine the likelihood of nominal and standardised catch rates falling below the catch rate reference points as defined in the Queensland Trawl Fishery Management Plan. 

	1999/123
Tailor age and growth





	· Fish were tagged with conventional tags and injected intramuscularly with compounds that became incorporated into the bone structure of the otoliths and which can later be observed (under ultra-violet light) as a fluorescing bands or rings.
· The position of these marker-rings in relation to the pattern of growth checks laid down after the release date enabled determination of whether the assumption of annual origin of the growth checks was correct. 
· Most of the tagged tailor were released into the wild population (for later capture by the fishery), but a number were retained in captivity.
· Data on differential size-structure of nearshore and offshore tailor 'sub-populations' were collected from a variety of sources, including recreational and commercial fishers, charterboat operators, and DPI research and monitoring programmes. 
· With the greater understanding of otolith formation gleaned from the examination of daily rings, a draft protocol for ageing tailor was developed. 
· The protocol was further refined when the results of analysis of otoliths from Sea World and the tagging experiment became available.

	2001/018
Tiger Prawn spawning numbers







	· Freely available genetic analysis software successfully developed called NeEstimator accompanied by help files. By November 2004 there were 188 registered users of NeEstimator. 
· A web site (http://www.dpi.qld.gov.au/fishweb/11629.html) was used to distribute and support the software.  
· Proceedings of consultative workshop held in Brisbane in 2003, attended by fisheries scientists, managers and commercial operators.
· Improvements to the way in which predictions are made about the size of recruitment in the next fishing season. 
· Suggested more emphasis on spatial management rather than controlling effort and catch. 
· The ability to monitor spawning stock levels for tiger prawns through two separate and independent methods - one based on a conventional approach, the other based on the new genetic method.
· Additional information generated from the genetic analyses, for example on the level of migration and mixing into and out of a spatially distinct population of tiger prawns.

	2001/077
Sharks and Rays


	· More accurate identification of species caught, through the correct use of a standardised shark ID manual. 
· A preliminary description of the catch composition and catch rate of sharks in northern Australian fisheries.
· The conversion ratio of shark fin to whole animal for the major shark species caught in WA, NT, and Qld. 
· A FRDC proposal for the full-scale "Northern Australian sharks and rays: the sustainability of target and bycatch fisheries" soundly based on stakeholder consultation and input.

	2002/064
Sharks and Rays

	· Improved information on catch composition and catch rate of sharks in northern Australian fisheries.
· Catch data covered biological data to include over 11,200 sharks and rays.
· A risk assessment of northern elasmobranchs that identified the species that management and research should focus on, due to their level of risk.
· An evaluation of the status of sawfish populations.

	1999/125
Queensland Gulf Fisheries





	· The Gulf of Carpentaria (GOC) inshore net fishermen readily embraced the concept of co-operative fisheries research through the observer program.
· The biological information on target species recorded during 215 observer field days and covering two barramundi fishing seasons made significant contributions to stock assessment modelling exercises underway in Queensland. 
· The observer program identified barramundi as the most dominant target species in the GOC inshore net fishery making up 31% of the total catch numbers recorded. 
· Barramundi stock abundance was measured through two separate stock assessment models showing an underlying albeit slow increasing trend in abundance. 
· Analysis of available information on king salmon (Polydactylus macrochir) representing 12% of the total catch numbers revealed a cyclical trend in stock abundance, reflecting both long term and seasonal variation. 
· During the lifetime of the project quantitative information was recorded on net bycatch within the fishery and was used extensively in drafting a GOC Set Net Bycatch Action Plan by the Queensland Fisheries Service to demonstrate a commitment by industry to sustainability. 

	2000/142
Mud Crabs 


	· Development of a new approach to habitat mapping using remote sensing approaches. 
· Testing of survey techniques to assess abundance of mud crabs and determination of relative productivity of habitats. 
· Aerial photography and satellite imagery methods developed to identify and quantify marine and coastal habitat types as well as mud crab fisheries. 
· Habitat mapping results made available in the form of maps and digital data.
· Estimating mud crab abundance from habitat maps was not successful.

	2001/019
East Coast Spanish Mackerel
 










	· Data collected on the length, sex and age structure of catches as well as information on what fishing gears were used to harvest Spanish mackerel.
· Assembly of data that allowed catch estimates for the recreational and commercial fisheries to be re-calculated with greater certainty than previously available.
· Re-defined the catch characteristics of the commercial fishing sector and provided a regional description of the catch characteristics of both the commercial and recreational fishing sectors. 
· Better design of age- and length-structure sampling protocols. 
· Collected age structured data that provided strong evidence that the fishery is largely supported by years of above-average recruitment that are dispersed with years of poor recruitment, so ensuring improved future interpretations of annual fluctuations in both harvest levels and catch per unit effort (CPUE) indices.
· Landed catches of the recreational fishing sector tend to be more diverse in length and age structure. 
· All sampling information facilitated by the voluntary participation of fishers from recreational and commercial fishing sectors.
· Recent catch data for the recreational and commercial fishing sectors indicates that between 680-850t and 380-720t are landed per annum by each sector respectively.




Outcomes

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

Table 7: Summary of Project Outcomes

	Project
	Outcomes

	1997/146
QLD Gulf and eastern  prawn fishery 

	· Better estimate for prawn stocks.
· Improved assessment of sustainability and regulatory controls.
· Current levels of catch of Tiger and Endeavour prawns have been validated as sustainable.   
· Surveys to minimise risk of overfishing in future have been institutionalised.

	1998/128
Long Fin Eel Industry




	· Quality biological information assembled and used in Environmental Protection and Biological Conservation (EPBC) Act assessments (DEWHA). 
· The major factor affecting abundance was concluded to be environmental, rather than collection by eel farmers. 
· As a result of the development of the management model in this project the current management arrangements have continued in NSW and Queensland with both states continuing to persist with areas closed to eel fishing.

	1998/131
Queensland Tropical 
Reef Line Fishery


	· Information was used in the development of rezoning and decreased quotas, as well as size limit changes in management of the fishery, along with other information from the Reef CRC and James Cook University.
· Explanations based on the information were given to fishers as to why they had to reduce catches/areas. 
· Recreational fishers were restricted to taking Red Emperor greater than 40 cm, rather than 25 cm.
· Some species were managed thereafter as individual species and others were managed in a grouped basket approach.

	1998/132
Baitworms

	· Basic information on baitworms was used to remove uncertainty concerning the sustainability of the resource. 
· Confirmed the precautionary approach being adopted in NSW and Queensland. 

	1999/120
Queensland Prawn and Scallop Fisheries



	· The comparison of data-based (catch-rates) and model-based reference points has provided a basis for Queensland, New South Wales, and AFMA trawl managers, and their relevant committees, to consider sustainable levels of fishing effort, reference points and their response mechanisms.
· The results quantified the trade-offs of various management alternatives in relation to reference points, and will help set target management objectives for fishing eastern king prawns, Torres Strait tiger prawns and saucer scallops. 
· Information assembled was used in Environmental Protection and Biological Conservation (EPBC) Act assessments (DEWHA). 
· The results do not define a final reference point, management strategy or the future status of the stocks, but rather they provide expected outcomes through modelling that may be used by decision makers to help select appropriate reference points to achieve the target objectives.
· Prawn and scallop fisheries management now take changes in effort (effort creep) into account whereas previously there had been no real assessment of effort.  

	1999/123
Tailor age and growth

	· An improved ageing protocol was eventually developed and is it currently being used for tailor and other species.
· Offshore stock were generally older and larger and stock closer to shore were generally younger and smaller. 
· Resulted in more restrictions placed on size limits for recreational fishers. 

	2001/018
Tiger Prawn Spawning Numbers




	· A comprehensive evaluation of a new cost-effective tool for stock assessment methodology.
· Development of a more conservative approach to ecologically sustainable exploitation of fisheries resources; the number of breeding prawns that effectively contribute to stock renewal is much smaller than expected.
· Outcomes from the project were beneficial to fishery managers, fisheries scientists and operators involved in the Northern Prawn Fishery (NPF) and the Queensland trawl fishery.
· Collaboration between state and commonwealth fisheries research agencies and the University of Queensland with potential to apply the new methodology to other heavily exploited and commercially valuable fisheries such as finfish, molluscs and other crustacean species. 
· Improvements to the way in which predictions are made about the size of recruitment in the next fishing season for resource management as well as for harvesting and marketing strategies.
· The outcome was ambivalent in terms of prawn stock estimates where anomalies in genes were not picked up.
· The method developed is being investigated for its relevance to other uses (e.g. the SBT industry).
· The NeEstimator software estimates the effective population sizes (Ne) from allele frequency data; while it is now six years old it is still downloaded world-wide at the rate of once per day; however, there is no information available on its management impact as it largely a research tool. 

	2001/077
Sharks and Rays


	· More accurate assessment of the total numbers of shark caught from logbook records and landed product, whether for meat or for fins.
· Improved estimates of the sustainable exploitation levels of sharks on which to base management decisions.  
· Ensuring management is complementary across the different jurisdictions in northern Australia.  
· Groundwork for a more comprehensive project (Phase 2) 

	2002/064
Sharks and Rays




	· The outcomes from the project were direct and indirect results and involved major changes to both the shark catch reporting and the effort by fishers, largely in the form of a reduction in real or latent effort.
· Most of the outcomes were directed at delivering more detailed fishery information that contributed to improved stock assessments at a geographic scale (WA) or capping effort by consolidating licenses (NT) and declaring sawfish protected species (WA). 
· Shark fisher representative bodies have independently demonstrated long-term commitment to sustainable fishing by developing Codes of Conduct to encourage live release of sawfish where possible (NT).
· The establishment of shark fishery observers in WA, NT and Queensland was successful in terms of the target shark fisheries in each jurisdiction.
· Improved estimates of the sustainable exploitation levels, on which to base management decisions. 
· Integrated cross-jurisdiction management where necessary for shared stocks.
· Improved management of the effect of all northern Australian fishing activities on elasmobranchs.  
· Alignment of the management practices of northern Australian shark fisheries with the National Plan of Action for the Conservation and Management of Sharks.
· Effective management and conservation of northern sawfishes.  
· For fisheries that export their product, recognition within the DEWHA/EPBC assessment guidelines of their actions taken to improve elasmobranch stock assessment and address elasmobranch bycatch issues.

	1999/125
Queensland Gulf Fisheries





	· Information on by catch species assembled whereas previously only information on species taken entered into logbooks, thus allowing multi-species management.
· More accurate data and improved resource assessment for the Gulf of Carpentaria fisheries. 
· Facilitation of the development of the GOC Commercial Fishermen's Association (CFA) Code of Fishing Practice and Draft GOC CFA Environment Management Plan.
· Observer information is now regularly used and there is greater awareness and cooperation by industry. 
· Costs of stock assessment have increased overall but management benefits are higher.  

	2000/142
Mud Crabs




	· Improved knowledge of Australia's mud crab habitat.
· Could not successfully relate habitat maps to abundance data.
· Abundance appeared more closely driven by environmental factors (e.g. river flows).
· Different methods for predicting abundance are now being developed and stock assessment methods are being refined using the environmental relationships.
· The project led to further research on mud crabs, especially in the Northern Territory.   

	2001/019
East Coast Spanish Mackerel





	· Future stock assessments and monitoring exercises can be undertaken with greater certainty and with clearer interpretation than earlier available, particularly that related to interpretations of annual fluctuations in harvest levels.
· Improved data that describes the harvesting selectivity of both the recreational and commercial fishing sectors allowing future monitoring of the status of the resource to be better targeted.
· Improved understanding, confidence and strategy development by resource managers.
· Data from the project were incorporated into the Fisheries Queensland first assessment of the fishery in 2002. The overall catch quota initially set for the fishery was based upon an average catch taken over the previous 10 years. The appropriateness of this fishery quota was then re-assessed bi-yearly until 2008 after which a new performance system was implemented (Brigid Kerrigan, Fisheries Queensland.  
· Fisheries Queensland recently amended fishery management to reduce the recreational bag limit from 10 to 3 mackerel per person. The minimum legal size limit was retained at 75 cm fork length.



The principal outcomes from investment in this cluster can be summarised as: 
· Development of new techniques and technologies that have enhanced understanding of stock changes and population dynamics in fisheries 
· Improved techniques for stock monitoring and assessment through lowering costs and/or 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

	Project
	Benefits

	1997/146
QLD Gulf and Eastern  Prawn Fishery 
	· Encouraged sustainable yields and lowered risk of overfishing.


	1998/128
Long Fin Eel Industry 

	· Made some contribution to a reduced risk of overfishing with regard to the glass eel resource.
· Helped to maintain the integrity of freshwater ecosystems in Queensland and throughout Australia.

	1998/131
Queensland Tropical Reef Line Fishery  (Great Barrier Reef)
	· Reduced risk of overfishing in the medium to long term. 
· Reduced risk of biodiversity loss.    
· Protected tourism to the Great Barrier Reef area since the fishing experience was an important component of attracting tourists. 

	1998/132
Baitworms 
	· Made some contribution to a reduced risk of overuse of baitworms for both recreational and commercial fishing.  

	1999/120
Queensland Prawn and Scallop Fisheries
	· Reduced risk of overfishing with regard to the Queensland prawn and scallop fisheries.
· Reduced risk of overfishing for NSW and Commonwealth managed fisheries. 

	1999/123
Tailor age and growth
	· Reduced risk of overfishing for both commercial and recreational fishing.

	2001/018
Tiger Prawn Spawning Numbers 
	· Innovative method of stock assessment developed and validated but needs further development to deliver actual benefits. 
· Potential benefit to SBT industry if further developed. 
· Use of the NeEstimator model around the world. 

	2001/077
Sharks and Rays
	· Reduced risk of overfishing in the medium to long term.
· Reduced risk of biodiversity loss.
· Changes in northern fishing methods to reduce by catch of sharks. 

	2002/064
Sharks and Rays
	· Reduced risk of overfishing in the medium to long term.
· Reduced risk of biodiversity loss.
· Changes in northern fishing methods to reduce by catch of sharks.
· Coordinated regional approach, crossing jurisdictional boundaries.  

	1999/125
Queensland Gulf Fisheries
	· Reduced risk of overfishing in the medium to long term and higher confidence in a sustainable take.
· Reduced risk of biodiversity loss.

	2000/142
Mud Crabs 
	· Some contribution to the development of methods for mud crab stock assessment and hence a greater chance of sustainable yields being managed in future.   

	2001/019
East Coast Spanish Mackerel
	· Greater likelihood of future sustainability of the east coast Spanish mackerel resource 
 



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 the fishery due to information being used to maintain sustainability     
	4. Reduced likelihood of fisheries degradation 

	6. Potential costs and benefits to fishing communities  

	2. Changes in costs of stock assessment
	5. Lowered risk of damaging habitat, the ecosystem and biodiversity    
	

	3. Potential for growth in aquaculture as wild fisheries become more controlled
	
	



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. ***
3. **
	
	2. *

	Environmental
	
	
	4. **
5. **

	Social
	
	
	6. *


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

Public versus Private Benefits 
Both private and public benefits will arise from the cluster investment. It is likely that most industry benefits will be confined to the wild catch fishing industry, although aquaculture industries are likely to benefit from reduced access by fishers to fisheries. Such an impact assumes that improved stock assessment results in more regulation and this may not always be the case. Furthermore, some aquaculture industries can also be impacted on by wild stock management constraints where they rely on wild broodstock such as black tiger prawns. 

On the basis of the distribution 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 67% of the total benefits.  If the subjective weightings provided in Table 10 are taken into account, then 55% of the total benefits could constitute public benefits to Australia. 

Distribution of Benefits along the Supply Chain 
Any private benefits and costs will initially be captured by the fishers and their employees. However, these costs and benefits will be shared along the supply chain including the industries and consumers. 
 
Benefits to Other Industries
There were no benefits to other industries from the investment in this cluster.

Benefits Overseas
It is unlikely that there will be any significant spillover benefits to overseas interests. Some technology transfer overseas is possible (e.g. the NeEstimator model). 

Additionality and Marginality
The investment in the projects in this cluster (and other stock assessment method development clusters that assist in improved stock assessment) has been a key component of FRDCs total investment and the investment priority would have been high.

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

Table 11: Potential Response to Reduced Public Funding to FRDC

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

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

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



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

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

	Australian Government 

	National Research Priorities
	Rural Research Priorities 

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



The projects contribute to National Research Priority 1 (environmentally sustainable Australia) with some projects aligned with National Priority Three. The investment was strongly associated with Rural Research Priority 3 (Natural Resource Management) and has some implications for Rural Research Priorities 1 and 4, as well as both supporting priorities. 


Quantification of Benefits

Benefits Valued 
The only 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:
· Any benefit to the sustainability of the glass eel, baitworm and mud crab industries
· Avoidance of biodiversity loss and ecosystem degradation 
· Saved losses to tourism from fisheries and ecosystem damage   
· Any changes in stock assessment costs 
· Contributions to development of future stock assessment methods not yet applied  	

State 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 are reassessed.  

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

Table 13: State Probabilities With and Without the Investments

	Fishery
	Without investment 
	With Investment 

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

	East Coast Prawns
	0.4
	0.5
	0.1
	0.3
	0.6
	0.1

	Tropical Reef 
	0.4
	0.5
	0.1
	0.3
	0.6
	0.1

	Prawns and Scallops 
	0.4
	0.5
	0.1
	0.3
	0.6
	0.1

	Tailor
	0.4
	0.5
	0.1
	0.3
	0.6
	0.1

	Tiger Prawns 
	0.4
	0.5
	0.1
	0.3
	0.6
	0.1

	Sharks and Rays 
	0.4
	0.5
	0.1
	0.3
	0.6
	0.1

	Gulf of Carpentaria 
	0.4
	0.5
	0.1
	0.3
	0.6
	0.1

	Spanish Mackerel 
	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). The values were compiled from various sources. The unit value of the recreational catch was assumed the same as for the commercial catch. 

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

	Fishery
	Commercial
	Recreational
	Total ($ m)

	Torres Strait and East Coast Prawns
	2006/07 $11.6 m for Torres Straits (Hohnen et al, 2008); Queensland East Coast prawns $40 m (QPI&F website 2009). 
	Minimal 
	52

	Tropical Reef Fin Fish Fishery 
	Estimated at $40 m for 2007-08 (QPI& F, 2008). 
	56% to 44% of total take in favour of recreational take (QPI&F, 2008)   
	40 x100/44 = 91

	Prawns and Scallops 
	$40 m for Qld east coast prawns plus $11.6 m for Torres Strait prawns (as above) plus $8.8 m for scallops (CRC Reef, 2005).
	Minimal 
	61

	Tailor
	About 200 tonnes per annum (Leigh and O’Neill, 2004) at average price of $7,000  per tonne (Consultant estimate) 
	1,000 tonnes per annum (Leigh and O’Neill, 2004) at average price of $7,000 per tonne (Consultant estimate) 
	8 

	Tiger Prawns 
	17.6% of Northern Prawn fishery of $72 m = $12.8 m (AFMA, 2009) plus 50% of Torres St fishery = $5.8 m plus East Coast Trawl fishery of $100 m of which 86% are prawns. Tiger prawns makeup about $27 m (CRC Reef, 2005) of this value. 
	Minimal 
	46 

	Sharks and Rays 
	NT: $4 m per annum (NT budget papers, 2009).
WA: $1.4 m per annum for 490 tonnes from two northern shark fisheries  (Gaughan and Chidlow, 2003)
QLD: $0.6 m per annum based on 192 tonnes from Gulf of Carpentaria Inshore Finfish Fishery in 2006 (DEWR, 2007a) and value of WA shark fisheries       
	Some gamefishing for sharks but not valued here 
	6

	Gulf of Carpentaria 
	NT barramundi was $5.2 m (NT budget papers, 2009); QLD  Gulf of Carpentaria Inshore Finfish fishery 1,150 tonnes (QPI&F, 2009) at $7,000 per tonne (Consultant estiamte) = $8.1 m 
	Recreational fishery for Barramundi in Queensland and the Northern Territory but not valued here 
	13

	Spanish Mackerel 
	Total commercial value for line fisheries in Queensland catch was $31 m in 2004 of which 20% was Spanish mackerel (QPI&F website); so about $6 m per annum.  Estimated to be $4 m in 2005/06 (DEWR, 2007b)
	About equal to commercial catch (Adapted from DEWR, 2007b)
	8


Source: Various sources as specified in Table  

Timing and Extent of Impact of Collapse
Various assumptions were necessary regarding the extent and timing of impact and potential recovery if a fishery becomes 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 specified 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.  The assumptions are the same for all fisheries, except for the input resources redeployed and the period of recovery. 

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) 

	East Coast Prawns
	2003
	4
	20
	4
	30
	3
	80

	Tropical Reef 
	2003
	4
	20
	4
	60
	4
	80

	Prawns and Scallops 
	2003
	4
	20
	4
	30
	3
	80

	Tailor
	2003
	4
	20
	4
	80
	4
	80

	Tiger Prawns 
	2003
	4
	20
	4
	60
	4
	80

	Sharks and Rays 
	2003
	4
	20
	4
	30
	5
	80

	Gulf of Carpentaria 
	2003
	4
	20
	4
	30
	5
	80

	Spanish Mackerel 
	2003
	4
	20
	4
	60
	4
	80


(a) Adapted from information supplied by FRDC 

Cash flow 
The income stream of fishing benefits for each of the three scenarios without the research investment was estimated and then 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 is then estimated for the “with research” scenario. The expected value is now different as the probabilities of each state have changed. The gain in each year is estimated by subtraction. 

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


Results

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

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

Table 16 shows the sources of benefits, expressed as the PVB and the percentage of total benefits.    

Table 16: Source of Benefits (discount rate 5%, 30 year period)

	Fisheries Benefiting
	PVB
($m)
	% Total 

	East Coast Prawns
	30.93
	23.4

	Tropical Reef 
	31.91
	24.1

	Prawns and Scallops 
	36.29
	27.5

	Tailor
	1.40
	1.1

	Tiger Prawns 
	16.13
	12.2

	Sharks and Rays 
	3.79
	2.9

	Gulf of Carpentaria 
	8.21
	6.2

	Spanish Mackerel 
	3.51
	2.7

	Total
	132.17
	100.0



Tables 17 and 18 show the investment criteria for the different periods of benefits for both the total investment and the FRDC investment.


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

	Years
	0
	5
	10
	20
	30

	Present value of benefits ($m)
	50.67
	94.83
	106.39
	122.36
	132.17

	Present value of costs  ($m)
	31.31
	31.31
	31.31
	31.31
	31.31

	Net present value ($m)
	19.36
	63.52
	75.08
	91.05
	100.86

	Benefit–cost ratio 
	1.6
	3.0
	3.4
	3.9
	4.2

	Internal rate of return (%)
	29.5
	39.1
	39.5
	39.5
	39.5



Table 18: Investment Criteria for FRDC Investment
(discount rate 5%)

	Years
	0
	5
	10
	20
	30

	Present value of benefits ($m)
	19.43
	36.36
	40.80
	46.92
	50.68

	Present value of costs  ($m)
	11.87
	11.87
	11.87
	11.87
	11.87

	Net present value ($m)
	7.56
	24.49
	28.93
	35.05
	38.81

	Benefit–cost ratio 
	1.6
	3.1
	3.4
	4.0
	4.3

	Internal rate of return (%)
	33.0
	42.4
	42.7
	42.8
	42.8



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 19 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 19: Benefits Valued and Rural Research Priorities
 
	Benefit 
	PVB
($m)
	Product-ivity and Adding Value  
	Supply Chain and Markets 
	Natural Resource Manage-ment 
	Climate Variability and Climate Change 
	Biosecurity 

	
	
	% subjective allocation to each priority 

	Sustainability  of fisheries  ($m)
	132.17
	50
	0
	50
	0
	0

	Total ($ m)
	132.17
	66.08
	0
	66.08
	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 20 to 22. 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 20: Sensitivity to Discount Rate 
(Total investment, 30 years)

	Criterion 
	Discount Rate 

	
	0%
	5%
	10%

	Present value of benefits (m$)
	164.58
	132.17
	124.01

	Present value of costs (m$)
	25.23
	31.31
	39.52

	Net present value (m$)
	139.34
	100.86
	84.49

	Benefit-cost ratio
	6.5
	4.2
	3.1



Table 21: Sensitivity to Level of Probability Change of Sustainability Driven by Investment  
(Total investment, 30 years)
 
	Criterion 
	Level of Shift in Probability  

	
	0.05
	0.10  (Base)
	0.20

	Present value of benefits (m$)
	66.08
	132.17
	264.34

	Present value of costs (m$)
	31.31
	31.31
	31.31

	Net present value (m$)
	34.77
	100.86
	233.03

	Benefit cost ratio
	2.1
	4.2
	8.4

	Internal rate of return (%)
	20.4
	39.5
	60.7




Table 22: 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$)
	107.44
	132.17
	156.90

	Present value of costs (m$)
	31.31
	31.31
	31.31

	Net present value (m$)
	76.13
	100.86
	125.19

	Benefit cost ratio
	3.43
	4.22
	5.01

	Internal rate of return (%)
	33.6
	39.5
	44.6



The sensitivity analyses demonstrate that the investment criteria are:
· Somewhat sensitive to the discount rate
· Sensitive to a shift in the probability changes driven by the improved stock assessments
· Not particularly sensitive to the extent of redeployment of resources   
 
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 23). 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 23: 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 24. 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 24: FRDC Key Performance Indicators by Strategic Challenge as per R&D Plan 2005-2010 (a)

	Strategic Challenge 
	KPI

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

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

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

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

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


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




Lessons Learnt for Future Investment

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 would need to be added if the approach was to be used for that purpose.   


Conclusions

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

Both private and public benefits have been identified as arising from the investment. On the basis of the six benefits identified, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up two thirds 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 all 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 12 projects in the cluster were positive with the total investment of $31.3 million (present value terms) estimating to return expected gross benefits of $132 million, yielding a net present value estimate of $101 million and a benefit-cost ratio of over 4 (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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