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1 INTRODUCTION 

Ecologically sustainable development (ESD) principles are the basis of fisheries and aquatic resource management in South Australia. Within the South Australian Fisheries Management Act 2007, ESD is described as “the use, conservation, development and enhancement of the aquatic resources of the State in a way, and at a rate, that will enable people and communities to provide for their economic, social and physical well-being”. 

The Fisheries and Aquaculture Division of Primary Industries and Regions South Australia (PIRSA) is responsible for fisheries management under the Act and must: 

· sustain the potential of aquatic resources of the State to meet the reasonably foreseeable needs of future generations; 

· safeguard the life-supporting capacity of the aquatic resources of the State; and

· avoid, remedy or mitigate adverse effects of activities on the aquatic resources of the State.

Similar ESD based management objectives are now the foundation of Australian fisheries and environmental management legislation across jurisdictions, including the Australian Government’s overarching Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act).  They also underpin key international fisheries treaties and related agreements.  These include the United Nations Convention on the Law of the Sea (UNCLOS), and the Food and Agriculture Organisation (FAO) Code of Conduct for Responsible Fisheries.

Achieving strong ESD outcomes for commercial fisheries is a complex balancing act.  It requires careful integration of immediate, medium, and long term resource use priorities with the full range of environmental, economic and social considerations facing business and communities.  South Australia’s commercial and recreational fisheries are part of the state’s identity and important both economically and culturally. The commercial wild catch fishing sector has an annual production value of around $220 million and it is estimated that 328,000 South Australians enjoy recreational fishing each year (Henry and Lyle 2003).  The viability of these activities relies on healthy and productive ecosystems, supported by an efficient regulatory and business framework.  
1.1 Fishery Management Plans and ESD Reporting
The Fisheries Management Act 2007 has been in place since 1 December 2007.  Since then, the Fisheries Council of South Australia has been established and is the peak advisory body to the Minister. The primary functions of the Fisheries Council are to prepare fisheries management plans under the Fisheries Management Act 2007, to promote the co-management of fisheries and to advise the Minister on key aspects of fisheries and aquatic resource management.  

Under the Act, the preparation of fishery management plans on behalf of the Minister is a key responsibility of the Fisheries Council.  Management plans are a significant instrument, guiding decisions on annual catch or effort levels, the allocation of access rights, and establishing the tenure of valuable commercial licences.  

The Minister has directed the Fisheries Council to prepare management plans for the Abalone Fishery, Blue Crab Fishery and Recreational Charter Boat Fishery in the first instance.  Management plans for other commercial and recreational fisheries will follow on a priority basis.  A management plan for the Lake Eyre Basin commercial and recreational fisheries is also being prepared.  PIRSA Fisheries and Aquaculture is leading the preparation of draft management plans on behalf of the Fisheries Council, and in close collaboration with industry associations and other key stakeholders.
Fishery management plans under the new Act must include a risk assessment of the impacts or potential impacts of the fishery on relevant ecosystems.  This risk assessment is used to inform the development of ESD based management strategies. The broad process is outlined in Figure 1 below. 
ESD RISK ASSESSMENT
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Figure 1. Process for preparing a fishery management plan.
The Act specifies that management plans may remain in force for up to 10 years from commencement.  For developmental fisheries they may remain in force for up to 3 years.   To ensure that management plans remain relevant, efficient, and focussed on the legislative and policy objectives of the day, the Fisheries Council must conduct a detailed review of the operation of a management plan, including a review of the ESD risk assessment for that fishery, after the plan has been in force for five years.

1.2 The ESD Risk Assessment and Reporting Process
To efficiently meet its ESD accountabilities under both state and commonwealth legislation, PIRSA Fisheries and Aquaculture has adopted the National ESD Reporting Framework for Fisheries
. This approach has been extensively used to analyse and report on the ESD performance of commercial fisheries, and has the potential to drive substantial performance improvements.  When applied appropriately the national framework will:   

· substantially improve knowledge about the environmental, economic, and social issues relevant to the ESD performance of a fishery;  

· enable consistent and comprehensive analysis and reporting of the current and strategic operating environment for fisheries (this may also usefully inform industry strategic and business planning initiatives);

· engage industry, key fishery stakeholders, managers and scientists in a proven, transparent, and clearly defined collaborative process to understand and improve fisheries management performance; and

· improve the efficiency and quality of performance reporting against a range of public and private sector accountabilities (such as the EPBC Act Strategic Assessment process, or industry business planning initiatives). 

In mid May 2009, PIRSA arranged the first of several ESD risk assessment workshops with key fishery stakeholders, engaging an independent facilitator to run the workshop process.  These workshops built on earlier scoping work by fisheries managers and industry to identify the majority of management issues facing each fishery. The process is outlined below:

1. Generic ESD component trees were modified through an iterative process with stakeholders into a set of trees specific to each fishery.  This process was used to identify all of the issues relevant to ESD performance of a fishery.

2. A risk assessment of the identified issues (or components) was completed based on the likelihood and consequence of events that may undermine or alternatively contribute to ESD objectives.  This was an iterative process involving managers, scientists, industry, and key stakeholders.  

3. Risks were then prioritised according to their severity.  For higher level risks a detailed analysis of the issue, associated risks, and preferred risk management strategies was completed.  For low risk issues, the reasons for assigning low risk and/or priority were recorded. 

4. For higher level risks a full ESD performance report in the context of fishery specific management objectives was prepared.  This includes operational objectives, indicators, data required, performance measures, and preferred management responses.  

5. A detailed fishery specific background report was also prepared to guide the identification of issues, risks and management strategies.  This report includes the history of the fishery and its management, the areas of operation and their biological and physical characteristics, target species and by-product and bycatch species, and other relevant information. 

2 BACKGROUND

2.1 Lake Eyre Basin overview  
Geography     

The Lake Eyre Basin region covers a vast area of central Australia (around 1.2 million square kilometres).  Lake Eyre is the lowest point of the basin and sits around 15 metres below sea level.  The natural environment is unique, and relatively undisturbed, particularly in comparison to arid land drainage systems elsewhere in the world.  Principal human activities include pastoralism, tourism, mining, petroleum exploration and production.  The basin includes large areas of South Australia, Queensland, the Northern Territory, and a small part of western New South Wales. 
[image: image2.emf]

Fisheries

Recreational fishing is the primary fishing activity undertaken in the South Australian area of the Lake Eyre Basin.  It is a popular activity for residents and visitors, occurring in the major river systems, waterholes, wetlands and  ephemeral lakes. Rod and line fishing for Lake Eyre Basin Golden Perch (also known as Callop and Yellow Belly) (Maquaria species), and other finfish; and fishing with traps and pots for Yabbies (Cherax destructor), both for bait and consumption, predominate. Freshwater shrimp are often caught and used as bait. Small quantities of several endemic small fish species such as Desert Rainbowfish (Melanotaenia splendida tatei) are also collected by hobbyists for retention in aquariums.    

Commercial fishing occurs in two ephemeral lake systems (Lake Hope and Red Lake) located within the Mulka Station pastoral property
.  There is one non transferable commercial licence with strict operating conditions.  The only retained species is Lake Eyre Basin Golden Perch.  These are transported to Adelaide by road and sold on the domestic market. 
Overarching governance framework

Whole of basin Natural Resource Management (NRM) for the region is enabled through the Lake Eyre Basin Inter-governmental Agreement (LEBA).  This brings together the Australian, Queensland, South Australian and Northern Territory Governments to improve ESD outcomes for the Lake Eyre Basin river systems.  The Agreement was signed in October 2000 (the Northern Territory signed in 2004), and has been enacted in State and Commonwealth legislation. It covers the Cooper Creek system (including the Thomson and Barcoo Rivers); the Georgina and Diamantina River systems within Queensland and South Australia, ending at Lake Eyre; and the Northern Territory portion of the Basin. 

The Agreement provides for the sustainable management of water and related natural resources associated with cross-border river systems with a focus on management of cross border and downstream impacts on environmental, economic, and social values. It specifically recognises the need for a precautionary approach in the face of limited scientific knowledge of the natural systems and ecological processes within the Basin.  It also values community and local knowledge, and the need to engage communities to ensure more effective and efficient basin wide NRM.    

The Lake Eyre Basin Ministerial Forum is the principal decision making body operating under the agreement and is advised by a Scientific Advisory Panel (SAP – whose Chair also sits on the Ministerial Forum to advise on scientific matters).  The Forum also has a Community Advisory Committee (CAC), including community advisory facilitators, to enable information flow between the Forum and Basin communities.  
Across the basin there are various state and territory agencies engaged in collaborative NRM across key natural asset classes.  These include Desert Channels Queensland; Rangelands Integrated NRM Group for South Australia; the Land-care Council of the Northern Territory; and Western Catchment Management Authority for New South Wales.  

2.2 Relevant Conservation Areas

Coongie Lakes Ramsar area

The Coongie Lakes Wetlands are situated in the far North East of South Australia and are part of the Cooper Creek drainage system.  They are recognised for their national and international environmental significance, primarily through the Ramsar Convention.  Known formally as the Convention on Wetlands of International Importance Especially as Waterfowl Habitat, the Ramsar convention relies on member nations committing to Wise Use of the areas.  The convention permits multiple use of Ramsar sites for human benefit where such use is consistent with maintaining the natural properties of these unique ecosystems.  

Australia’s state and territory governments have primary responsibility for ensuring that Ramsar sites are appropriately managed. The Australian Government, as a contracting party to the Treaty, has overall responsibility for ensuring no action is taken, either within the listed area, or in association with it, that may alter the special ecological values which qualified the site as being of international importance.

The Coongie Lakes National Park is one of 65 listed Ramsar wetlands within Australia.  It is a single use site and oil and gas exploration and pastoral activities are not permitted.  The area is characterised by a mosaic of channels, waterholes, lakes, internal deltas, shallow flood out plains and interdune corridors and swamps. Whilst the main Coongie Lakes contain water most of the time, the large expanse of interconnected ephemeral wetlands fill at times of flood.  They then become unique and valuable habitat for a diverse range of wildlife including vast numbers of native birds, fish, reptiles and frogs (DEHA, 1999). 

Waterbird diversity in this area is very high with 74 waterbird species and 11 other wetland dependant species recorded for the area. Fish species present in the area are representative of, and unique to the Lake Eyre Basin, with 12 native fish species recorded, two of which are endemic.  The area is recognised as a deeply spiritual site for Yandruwandha, Yawarrawarrka, Ngamini and Dieri traditional owners (DEHA, 1999). 
Innamincka Regional Reserve 

Situated in the far north east of South Australia, the Innamincka Regional Reserve was proclaimed in 1988.  It covers over 1.3 million hectares ranging from expanses of gibber rises to the Coongie Lakes wetlands.  The regional reserve classification allows for concurrent activities of livestock grazing, petroleum exploration and extraction, and managed recreation use.   

2.3 Lake Eyre Basin Commercial Fishery 
PIRSA Fisheries and Aquaculture has authorised one commercial fishing venture for Lake Eyre Basin Golden Perch in the lower Cooper Creek area.  The fishery takes place on the pastoral holding of Mulka Station.  Under a Miscellaneous Fishery Licence the licence holder is permitted to take Lake Eyre Basin Golden Perch from Lake Hope and Red Lake, which are located within the boundaries of the station.   
Location of the fishery

Mulka Station is a large pastoral property South West of Innamincka and approximately mid way between the regional centres of Innamincka and Marree.  Lake Hope is a broad relatively shallow lake with a figure eight shape.  It is approximately 12km long and 5km wide at its widest point and situated on the Southern side of the Cooper Creek in sand dune country.   
Lake Hope dries completely during extended drought periods (Aquasearch, 1994).   Under suitable conditions the Mulka fishery also occurs in nearby Red Lake, which in geographic and biophysical terms, is very similar to Lake Hope (G. Overton pers. comm.).  Both lakes are ephemeral systems that connect to the Cooper Creek during periods of high flow and disconnect completely once water levels start to recede.  

As for other Lake Eyre Basin ephemeral waterbodies, Lake Hope and Red Lake are filled as a result of large scale flooding in the Basin, usually as a result of heavy monsoonal rains in the headwaters of the Cooper system.  During these large floods various fish species and other aquatic fauna are transported and disperse from the main channels and deep waterholes on the primary Cooper system into ephemeral lakes and other aquatic habitat.  On average these lakes remain filled for up to 4 years following major flood events.  Water remains largely fresh for the first three or so years and deteriorates after that to the point where fish health deteriorates and then large scale fish kills occur.  This may occur rapidly once water quality begins to deteriorate substantially (Aquasearch, 1994).   
Once the lakes have disconnected from the main Cooper Creek system commercial fishing is permitted, largely on the basis that these fish will not reproduce, and will not survive once the lakes dry completely.  

Access to the fishery 

The Mulka Station commercial licence is the only South Australian commercial fishing entitlement that authorises commercial fishing for Lake Eyre Basin Golden Perch.  Fishing must be undertaken by the licence holder and the licence is not transferable. 

Fishing methods

The fishery uses monofilament gill nets usually of 50 metre length and a 1.5 metre drop.  Mesh size is 125mm.  Between 1 and 25 nets are set per day with a soak time of around 24 hours.  The fishers use a 5 metre aluminium dingy powered by an outboard motor to set their nets and retrieve catch (Ye, 2002).   
Once caught the fish are trucked whole (not cleaned) in large ice bins to Adelaide where they are cleaned for sale on the domestic market.   

Retained species

Lake Eyre Basin Golden Perch are the only species that are allowed to be retained and sold under the Mulka Station commercial licence.
Non-retained species 

Six by-catch species were reported as caught in the commercial fishery during monitoring between February and May 2002, including Bony Herring (Nematalosa erebi), Goldfish (Carassius auratus), Silver Perch (Bidyanus bidyanus), Barcoo Grunter  (Scortum barcoo), Spangled Perch (Leiopotherapon unicolor) and Cooper Creek Catfish (Neosiluroides cooperensis) (Ye, 2002).   These species were also recorded as bycatch for the 1992-1994 fishing period.  Welch’s Grunter (Bidyanus welchi) was also a consistent bycatch for the commercial fishery between 1992 and 1994, accounting for around 25% of the total catch (Aquasearch, 1994).  

Market information

The economic performance of the Mulka fishery depends to a large extent on maintaining high product quality, with catch volumes marketed to maintain a reasonable demand for the product and not collapse prices.  Where these variables can be managed the fishery has the potential to yield substantial profits on the rare occasions that it is active.  

2.4 Lake Eyre Basin Recreational Fishery
Recreational fishing is a popular activity for visitors and residents alike. Lake Eyre Basin Golden Perch, Grunters, and various Catfish species being the preferred catch.  Yabbies are also actively targeted using a range of traps and nets, and may be caught in large numbers.  Most fishing occurs in permanent and semi permanent waterholes of the major basin rivers.  After flooding the range of potential locations expands significantly.  The boom-bust nature of aquatic ecosystems in the region means that at times recreational fishing can be highly productive.  

Access to the fishery 

Recreational fishers in the Lake Eyre Basin region of South Australia may fish state wide without a recreational fishing licence.  They are subject to region and species specific input and output based management controls (Appendix 4).
Under the National Parks and Wildlife Act 1972 there are regulations that restrict recreational access to significant sites within national parks.  The following conditions apply:
· Motorised boats are allowed along Cooper Creek in Innamincka Regional Reserve provided the motor is less than ten horsepower and speed is kept below ten knots
· All boats must be registered and a licence is required
· Motorboats are not permitted in Coongie Lakes National Park
· Nets are prohibited in all waters of the Cooper Creek and the reserve
· Fishing is not permitted in Coongie Lakes National Park
Additional registered sites for access for Aboriginal Traditional people may require observance and/or additional management under the Aboriginal Heritage Act 1988 due to their vulnerability and sensitivity.

Fishing methods

Bait fishing for Lake Eyre Basin Golden Perch is the primary form of angling in the region.  Yabbies and shrimps, often locally caught, are the preferred bait type.  Lure fishing is less popular largely because of the turbidity of the waters.  Recreational fishers in the Lake Eyre Basin region are restricted to using a maximum of two per person of any combination of fishing rod and/or handline, and may use additional fishing devices detailed below.  
Table 1. Permitted recreational fishing equipment (in addition to rod and line).
	Group
	Device
	Number Permitted

	A
	Hand Net
	1

	A
	Shrimp Trap
	1

	B
	Yabbie Pot
	3

	B
	Hoop Net
	3

	B
	Drop Net
	3


Recreational fishers may use a maximum number of two kinds of devices from group A and one kind from group B.  For example, one hand net, one shrimp trap, and three yabbie pots.  A more detailed description of these devices, and their permitted use is provided in Appendix 4.  

Catch composition
Lake Eyre Basin Golden Perch are the preferred target species throughout the Lake Eyre Basin although other species are regularly caught and retained by anglers, particularly Cooper Creek Catfish, and various Grunter species (Wager and Unmack, 2000).  The 2000-01 SA recreational fishing survey provided some information about retained species composition, as did the more recent 2007-08 survey. Retained and non retained species reported for the 2000-01 survey are summarised below.  
Table 2. Recreational catch details Region 30 * for the 2000/01 NRIFS
	Species
	Harvest Numbers
	Released Numbers

	 
	Dams
	Rivers
	Dams
	Rivers

	Bony Bream
	0
	0
	0
	251

	European carp
	1242
	0
	0
	0

	Catfish 
	0
	0
	65
	1084

	Murray Cod
	0
	0
	640
	0

	Finfish (un-identified)
	0
	1713
	0
	0

	FW shrimps
	0
	18095
	0
	0

	Lake Eyre Basin Golden Perch
	318
	1542
	1241
	0

	Redfin Perch
	0
	0
	140
	0

	Yabbies
	8447
	24410
	10329
	0

	
	
	
	
	

	* Source: SA 2000-01 recreational fishing survey.  Region 30 covers inland Northern SA, including nthn Flinders Ranges, inland Eyre Peninsula, Lake Eyre catchment area.

	The survey only reported catch and effort from SA residents only.  No records of interstate residents fishing this area
	

	The 2007/08 survey results will provide additional details about catch locations


For the 2007/08 recreational fishing survey there was a substantial reduction in both effort and catch for key freshwater species compared to the 2000/01 estimates.  For Lake Eyre Basin Golden Perch the majority of fish were caught in the Murray River, with approximately 2% of the LEB Lake Eyre Basin Golden Perch caught in inland South Australian waters coming from the Lake Eyre Basin region.  Total catch of Lake Eyre Basin Golden Perch by South Australian residents for all inland waters was estimated at around 91,000 fish.  Of these around 51,000 were reported to be released (Jones, 2009).  

2.5 Summary of Management Arrangements and Objectives

History of the fishery 

Table 3 below provides a chronology of key events in the establishment and recent management of the Mulka Station commercial fishery.  
Table 3. Management chronology for the Mulka Station commercial fishery
	Mulka Station Commercial Fishery - Chronology of Management 

	November 1991
	Application made for a commercial Miscellaneous licence to fish Lake Hope

	1991
	Preliminary management consultation with relevant SA stakeholders – South Australian Fishing Industry Council, South Australian Recreational Fishing Advisory Council, Conservation Council of SA,  Adelaide University Zoology Dept.

	March 1992
	Minister grants Miscellaneous Fishery licence to take Golden Perch from Mulka Station March 1992 – 31 October 1993. Licence is issued on an experimental basis subject to the following licence and pre-licence conditions:

· 
Where a registered boat that is endorsed on this licence is being used pursuant to this licence no more than two persons who are acting as an agent of the licence holder may be on board the boat.
· 
Fishing activity must not be conducted from a registered boat that is endorsed on this licence by any person other than the holder of this licence.
· The fishing activity is only permitted in waters of the Cooper Creek system flowing over Mulka Station, as defined by Pastoral Lease 2399 (Mulka) and Pastoral Lease 2447 (Lake Hope).
· The waters have dried sufficiently to separate them from the rest of the system

· The waters have deteriorated in quality to the point where the fish in them would most likely perish within the following twelve months

· Nets and other equipment used to take fish had not been used in any other river system or waters

· Recreational fishing of such waters is not directly or indirectly discouraged

· The fish taken are properly handled to maintain hygiene and proper product quality standards

· Prior approval has been obtained from the Pastoral board

· Access arrangements are subject to review and variation at any time

Exempted from relevant requirements for a public tender to be called

	1992-1994
	Commercial Fishing undertaken at Lake Hope

	April 1993
	Licence holder requests approval from PIRSA Fisheries and Aquaculture to also harvest Welch’s grunter.  Denied due to lack of adequate scientific knowledge of fish species in the waterways

	June 1993
	South Australian Research Development Institute (SARDI) Aquatic Scientists conduct biological survey of fish stocks in the Cooper Creek  system and make an assessment of the biological aspects of the licence and pre-licence conditions 

	13 November 1994
	Aquasearch SA report commissioned by licence holder and provided to PIRSA – An investigation of a fish kill and catch history of the Mulka fishery, North-East Desert Region, South Australia

	1999
	Regulations on recreational catch were introduced to the Cooper Creek  system

	March 2000
	Release of Coongie Lakes Ramsar Management Plan

	July 2000
	Transfer of fishing licence to family member

	2001-2002
	Fishing undertaken at Lake Hope with approval from the Pastoral board and under the licence conditions and agreed code of conduct.

	2001-2002
	SARDI Aquatic Sciences (Ye) undertake fishery dependant research and analysis of the Lake Hope and Red Lake fisheries

	November 2001
	PIRSA Inland Fisheries Manager visits Mulka Station

	July 2009
	PIRSA hosts Lake Eyre Basin   ESD risk assessment stakeholder workshop in Adelaide (draft ESD risk assessment report completed in November  2009)

	June 2010/11
	Draft Lake Eyre Basin fisheries management plan prepared.

	June 2011
	New management arrangements developmed as part of the Lake Eyre Basin Management Plan.


Source:  J. McPhail - PIRSA Fisheries and Aquaculture
Legislation

The Fisheries Management Act 2007 provides the broad statutory framework for the conservation and management of South Australia’s aquatic resources. In the administration of the Act, the Minister for Agriculture, Food and Fisheries must pursue the following objectives (as outlined in Section 7 of the Act):


(1)
An object of this Act is to protect, manage, use and develop the aquatic resources of the State in a manner that is consistent with ecologically sustainable development and, to that end, the following principles apply:


(a)
proper conservation and management measures are to be implemented to protect the aquatic resources of the State from over-exploitation and ensure that those resources are not endangered;


(b)
access to the aquatic resources of the State is to be allocated between users of the resources in a manner that achieves optimum utilisation and equitable distribution of those resources to the benefit of the community;


(c)
aquatic habitats are to be protected and conserved, and aquatic ecosystems and genetic diversity are to be maintained and enhanced;


(d)
recreational fishing and commercial fishing activities are to be fostered for the benefit of the whole community;


(e)
the participation of users of the aquatic resources of the State, and of the community more generally, in the management of fisheries is to be encouraged.


(2)
The principle set out in subsection (1)(a) has priority over the other principles.


(3)
A further object of this Act is that the aquatic resources of the State are to be managed in an efficient and cost effective manner and targets set for the recovery of management costs.


(4)
The Minister, the Director, the Council, the ERD Court and other persons or bodies involved in the administration of this Act, and any other person or body required to consider the operation or application of this Act (whether acting under this Act or another Act), must—


(a)
act consistently with, and seek to further the objects of, this Act; and


(b)
insofar as this Act applies to the Adelaide Dolphin Sanctuary, seek to further the objects and objectives of the Adelaide Dolphin Sanctuary Act 2005; and


(c)
insofar as this Act applies to the River Murray, seek to further the objects of the River Murray Act 2003 and the Objectives for a Healthy River Murray under that Act; and


(d)
insofar as this Act applies to areas within a marine park, seek to further the objects of the Marine Parks Act 2007.


(5)
For the purposes of subsection (1), ecologically sustainable development comprises the use, conservation, development and enhancement of the aquatic resources of the State in a way, and at a rate, that will enable people and communities to provide for their economic, social and physical well-being while—


(a)
sustaining the potential of aquatic resources of the State to meet the reasonably foreseeable needs of future generations; and


(b)
safeguarding the life-supporting capacity of the aquatic resources of the State; and


(c)
avoiding, remedying or mitigating adverse effects of activities on the aquatic resources of the State,

(taking into account the principle that if there are threats of serious or irreversible damage to the aquatic resources of the State, lack of full scientific certainty should not be used as a reason for postponing measures to prevent such damage).
The regulations that govern management of the commercial and recreational fisheries in South Australia’s Lake Eyre Basin region are the Fisheries Management (Miscellaneous Fishery) Regulations 2000 and the Fisheries Management (General) Regulations 2007, there are also a number of commercial fishery licence conditions for the Mulka Station.  
Management Arrangements

Commercial fishery 

The Mulka Station commercial fishery is subject to formal licence conditions, and a range of cooperative arrangements imposed by PIRSA Fisheries and Aquaculture.   Licence conditions require:  

· No more than two persons who are acting as an agent of the licence holder may be on board a registered boat that is endorsed on the licence 

· Fishing activity must not be conducted from a registered boat that is endorsed on this licence by any person other than the holder of this licence.

· The fishing activity is only permitted in waters of the Cooper Creek system flowing over Mulka Station, as defined by Pastoral Lease 2399 (Mulka) and Pastoral Lease 2447 (Lake Hope).

· Only Lake Eyre Drainage Lake Eyre Basin Golden Perch, Macquaria sp. B. may be taken by the licence holder. 

· The waters have dried sufficiently to separate them from the rest of the system

· The waters have deteriorated in quality to the point where the fish in them would most likely perish within the following twelve months

· Nets and other equipment used to take fish had not been used in any other river system or waters

· Recreational fishing of such waters is not directly or indirectly discouraged

· The fish taken are properly handled to maintain hygiene and proper product quality standards

· Prior approval has been obtained from the Pastoral board

· Access arrangements are subject to review and variation at any time

There has been strong cooperation on a range of administrative, research and management issues between the licence holder and PIRSA Fisheries and Aquaculture since the fishery’s inception.   

Recreational Fishery

The recreational fisheries throughout the Lake Eyre Basin are managed under a broad range of input and output based management controls.  These include restrictions on the type and amount of specific fishing gears, and species specific bag and size limits.  The details are provided in Appendix 4.  A risk based recreational fisheries compliance program is also in place
.  
Catch and effort reporting 

For the commercial fishery catch and effort data has been collected through compulsory monthly catch and effort returns and various fishery dependant research and monitoring activities.  The fishers have also kept detailed field records of relevant catch and effort information as well as environment related field observations (Aquasearch, 1994).

Additional information about selectivity of the gear used, bycatch, fish health, target species biology, including catch at age information, and reproductive status, has been collected and analysed by Aquasearch (1994), and Ye (2002). 
For the recreational fishery the available information is largely limited to that collected during the 2000-01 and recent 2007-08 recreational fishing surveys.  Both surveys collected information from residents only, whereas total catch and effort from the region is likely to be substantially higher as a result of the large numbers of inter-state tourists that also go fishing in the area (K. Jones, pers. comm.).  
2.6 Biology of Species

Biology of Target Species

Lake Eyre Basin Golden Perch
The Lake Eyre Basin Golden Perch (Maquaria species) is recognised as a separate species to the Murray Darling Golden Perch (M. ambigua ambigua), although this sub species has not yet been scientifically described.  They are endemic to the Lake Eyre Basin region and generally similar in overall appearance to the Murray Darling species.    
Lake Eyre Basin Golden Perch are the largest fish species found in the basin reaching up to 600mm total length and a maximum recorded weight of 6 kilograms.  They are widespread and abundant throughout the Cooper Creek, Diamantina, and Georgina river systems.  Under flood conditions they also disperse widely to suitable habitat, including wetlands and ephemeral lakes.    

Lake Eyre Basin Golden Perch are known to spawn during a flood at temperatures over 23°C (73°F), and are highly fecund, typically producing between 100,000 and 1,000,000 pelagic eggs depending upon the size of the female.   Newly hatched larvae are around 3.2mm in length.  Total length at age one is between 100 and 300 mm (Wager and Unmack, 2000). 

Results from the ARIDFLO project (DWLBC, 2004) provide further information about the life history characteristics of Lake Eyre Basin Golden Perch, including adaptations leading to increased productivity during flood events.  They are able to spawn successively within a season in response to increased flow events, and generally spawn with rising water at a range of flood sizes.   Lake Eyre Basin Golden Perch can also breed over a longer season than those of the Murray Darling system, and have higher initial growth rates, and a lesser age of first maturity (males at 2 years old, and females 3 years old versus 3 and 4 years respectively for the Murray Darling species).  These adaptations provide the Lake Eyre species with a reproductive advantage in the context of highly variable flow regimes and more pronounced boom and bust scenarios experience in the Lake Eyre Basin region versus those of the Murray Darling (DEWLBC, 2004).   

Cooper Creek Catfish 

Cooper Creek Catfish (Neosiluroides cooperensis) are also considered a target species for recreational anglers in the region.  One of the few relatively large angling species available, they grow to 600 millimetres total length, and are considered good eating.  They are the only known species of their genus and their relationship to other Catfish genera is not known (Wager and Unmack, 2000).  

They are found in the larger and more permanent waterholes of the Cooper Creek system where they are relatively widespread and commonly encountered, although not abundant (Wager and Unmack, 2000).  Cooper Creek Catfish are known to have the largest egg size and smallest number of eggs per unit of length of any fish species found in the Lake Eyre Basin region, with a 450mm female estimated to contain around 1,000 eggs.   
Their low productivity, restricted distribution, and susceptibility to fishing techniques suggest they are inherently vulnerable to fishing pressure.  
Yabbies 

The common Blue Claw Yabby (Cherax destructor) is a popular target for recreational anglers in the Lake Eyre Basin region, particularly when Lake Eyre Basin Golden Perch fishing is less productive.  They have prominent front claws, a short smooth rostrum (forward projecting spine between the eyes), and are generally pale brown or tan to dark brown in colour.  
Yabbies are vigorous burrowers and are a very resilient species.  They can tolerate poor water quality and long periods of drought during which they burrow deeply to find moist soil and stay dormant for up to 5 years.  They feed opportunistically on decaying plant and animal matter (detritus) and are opportunistically carnivorous as well as cannibalistic.  Yabbies are most active during the warmer months.   
Yabbies are widely distributed being found through central and western NSW, south western Queensland, most of Victoria, and throughout South Australia.   They are common in the Lake Eyre Basin region inhabiting freshwater creeks, rivers, lakes, farm dams, swamps, floodplains and channels. They prefer to occupy turbid shallow water that is slow flowing or still.  In South Australia they are most abundant on the declining phase of a flood. 

Reproduction generally peaks between December and February, although Yabbies may spawn throughout the year.  During the first two years of life, they moult several times reaching a length of approximately 10 cm.  In their third year they moult twice and reach a length of about 13 cm.  Under very favourable conditions they may grow to around 28 cm total length. 
2.7 Major Environments

Bio-physical environment


The largest river systems in the Lake Eyre Basin are the Cooper Creek and Georgina and Diamantina rivers.  The main rivers west of Lake Eyre, with significantly smaller catchments, are the Neales and Macumba Rivers.  Desert rivers in the Northern Territory (i.e. Todd and Finke) run into the Simpson Desert.  The Frome River enters Lake Eyre from the southern part of the basin.   

The major rivers start in higher rainfall areas in the north and east of the region and then follow a generally south westerly direction through more arid areas of Queensland into South Australia. Lake Eyre Basin rivers are described as  ephemeral, with highly variable and seasonal stream-flows. Permanent waterholes along these rivers provide critical refuge habitat for aquatic biota and also act as the replenishment source for vast areas of the basin after large scale flooding events.  The Catchment geography for the major rivers changes significantly as they flow south, comprising:   

· Upper catchments where flows are more restricted to defined channels and slightly faster (with flows spreading beyond channels in large rainfall events)

· The channel country of the mid and lower catchments of the region where there are vast meandering channels and seasonally connected waterholes 
· The lower catchment in South Australia where intermittent flows drain into the lake systems of north-eastern part of South Australia (DEWHA, 2008).   
The Great Artesian Basin lies beneath the Lake Eyre Basin and its extensive underground aquifers provide water for the numerous natural springs and manmade artesian bores throughout the area.  Rainfall falling on the Great Dividing Range replenishes these aquifers however it can take tens of thousands to millions of years for this water to make its way through the various rock layers into the aquifers.  Water from the aquifers makes its way to the surface through bores drilled through into the aquifer, or via geological faults where it appears at the surface as natural springs.  

As one of the world's last unregulated wild river systems the Lake Eyre Basin is an area of very high conservation significance.  It supports wetlands such as the Ramsar listed Coongie Lakes, grasslands (Astrebla Downs National Park) and unique desert landscapes (i.e. Simpson Desert National Park).  These areas contain unique and at times rare and endangered species of plants and animals.  The areas of mound springs also support many rare, highly specialised endemic species.  

Table 4. Summary of landscape and human communities for the major Lake Eyre Basin river systems
	
	Cooper Creek
	Georgina/Diamantina
	Desert Rivers
	Western Rivers
	Lake Frome Region

	Landscape
	Desert Uplands,
Mitchell Grass Downs,
Channel Country,
Acacia scrubland, spinifex,
stony tablelands,
gibber plains and Strzelecki desert.
	Mitchell Grass Downs,
dissected residuals,
Channel Country,
Acacia scrubland,
spinifex,
gibber plains,
and Simpson desert
	Sandplains,
dunes,
spinifex,
acacia shrublands.
	Sandplains,
acacia shrub,
dissected residuals, Gibber and
stony plains.
	Stony Plains,
Sand dunes,
mallee woodlands,
mulga shrublands

	Major rivers
	Thomson,
Barcoo,
Strzelecki Creek and
Cooper's Creek.
	Georgina River, Diamantina River, Eyre Creek, Warburton Creek.
	Hay River,
Plenty River,
Todd River,
Finke River.
	Macumba River,
Peake Creek,
Neales.
	Lake Frome,
Lake Callabonna,
Lake Blanche,
Frome River.

	Main Settlements
	Longreach,
Barcaldine,
Blackall,
Aramac,
Windorah,
Innamincka,
Muttaburra.
	Winton, Alpurrurulam, Boulia, Bedourie, Camooweal, Birdsville.
	Alice Springs, Hermannsberg Mission.
	Oodnadatta, Coober Pedy, William Creek.
	Marree,
Leigh Creek,
Orroroo,
Lyndhurst

	Major land use/industry
	Sheep/cattle in the north, cattle elsewhere.
Extensive petroleum deposits in the south.
Tourism.
Protected areas.
	Sheep/cattle in far north -east, cattle elsewhere.
Extensive base metals and opals in north, petroleum in the South.
Tourism.
Protected areas.
	Cattle,
some horticulture around Alice Springs.
Tourism.
Protected areas.
Aboriginal lands.
	Cattle, Opals,
uranium,
copper,
gold, and silver.
Tourism.
Protected areas.
Aboriginal lands.
	Cattle in the north,
cattle/sheep in the south. Cropping in the south.
Coal at Leigh Creek.
Tourism.
Protected areas.


Source: http://www.lebmf.gov.au/basin/drainage.html

Primary environmental influences on ecosystem structure and function within the Lake Eyre Basin are summarised below:  

Hydrology - the pattern of water flows and drought periods across the Basin, with the most pronounced environmental influences and impacts arising from the very large floods and the extreme droughts that are a feature of the region.  Dramatic productivity booms in response to high flow events are contrasted with localised extinction of species as water recedes and habitats disconnect and dry.  At the extreme end of drought some species may be completely reliant on a very small number of refuge waterholes.  
Seasons - there are dramatic seasonal differences in water flows and water temperatures across the Basin.  These in turn have major impacts on species productivity, predator-prey relationships across species assemblages, and water quality.  The dynamic nature of these key variables can result in a broad range of constantly changing scenarios and outcomes for aquatic ecosystem health.   

Geomorphology - the landscape of the Lake Eyre Basin is generally flat with the characteristics of rivers and other water-bodies heavily influenced by high flow events.  Water-bodies comprise deeper refuge waterholes, primary and secondary channels, floodplains and lakes.  Each of these habitat types is essential to the maintenance of ecological integrity.    

Salinity - this is more influential in the lower reaches of the Lake Eyre Basin rivers.  At higher concentrations salinity may have a dramatic impact on the diversity and abundance of biota.  Where salinity is high, species composition changes across assemblages to reflect highly salt tolerant organisms.  Algae species show the greatest tolerances to salinity with most algal species groups having salt tolerant species (Costelloe et al, 2004). 

Table 5 below links key elements of the hydrological cycle with ecological characteristics and responses for Lake Eyre Basin native fish species.  
Table 5. Hydrology and ecological responses for Lake Eyre Basin fish species 
	River Flow Status
	Ecological Characteristics - Lake Eyre Basin Fish Species 

	Prior to Flood
	Larger species in large refuge waterholes, along with most other species.  Bony Bream, Desert Rainbowfish and Spangled Grunter in smaller waterholes.  Gobies and Hardyheads in very shallow waterholes.  At salinity around seawater levels Hardyheads and Gobies predominate.  Low oxygen may lead to fish disease.  

	Large Regional Flood
	Extensive breeding occurs.  Fish migration along rivers, channels and across floodplains.  Highly mobile species like juvenile Lake Eyre Basin Golden Perch and Bony Herring may disperse over hundreds of kilometres.  Shallow floodplains provide food and shelter for young fish.  Green (algal blooms) and Black water (low oxygen) conditions may be toxic to some fish larvae.  May be large fish kills.  

	Receding flows
	Fish move toward more permanent waters.  Some species like Hyrtl’s Tandan and Silver Catfish are known to move upstream when flows recede.  Poorer water quality can trigger large disease events.  
 

	End of flows/disconnection
	When flows stop waterholes may have been invaded by new fish species looking for refuges and juvenile fish after flood related breeding events.  Subsequent bio-physical changes and predation  within waterholes will determine survival or not of newly resident species.  Disconnected waterholes will develop different fish assemblages over time as some species dominate.   

	Regional level flows
	Some successful breeding for species that respond to flows ( Lake Eyre Basin Golden Perch, Barcoo Grunter, Hyrtl’s Catfish).  Active migration of species like juvenile Lake Eyre Basin Golden Perch, Spangled Grunter and Desert Rainbowfish. New flows help maintain water quality and prevent increasing salinity and dominance of salt tolerant species.  

	Local level flows
	May be some limited breeding subject to size of flows.  New flows may help maintain water quality and prevent increasing salinity and dominance of salt tolerant species.  Unlikely to be large changes to species mix within waterholes.    

	Localised rainfall event
	New flows may help maintain water quality and prevent increasing salinity and dominance of salt tolerant species.  May be some movement of fish out of waterholes which is likely to result in fish becoming stranded.    

	Extreme drought
	If the refuge waterholes are big enough they will retain most Lake Eyre Basin fish species.  Breeding triggered by seasonal changes rather than large flow events still occurs in many species.  High risks of local extinctions of some species and risks of in-breeding.  Smaller salt tolerant species (Gobies and Hardyheads) may survive in shallow pools.  Low oxygen may lead to fish diseases and associated mortality. 

Extreme droughts have widespread and long lasting impacts on the aquatic biota with impacts worse in the lower reaches of Basin rivers.  Large refuge waterholes are critical for the short and long term survival of aquatic animals. 


Source: Adapted from ARIDFLO community report (DWLBC, 2004).  
Socio-Economic Environment

The Lake Eyre Basin supports diverse communities facing a common challenge of living in a harsh and remote environment.  Many residents have limited access to the facilities and resources available in major population centres.  Strong community relationships and high levels of self reliance are hallmarks of these more remote Lake Eyre Basin communities.  

Traditional owners within the region have an extensive and rich history of co-existence with the natural systems of the basin and continue to rely heavily on the environmental health of the area for their own wellbeing.  The Yandruwandha Yawarrawarrka, Dieri, Arabunna, Wangkangurru/Yarluyandi Aboriginal people have varying levels of connection to areas within the basin that have been maintained for tens of thousands of years (Anon, SA DEHA, 1999).  Measham et al (2009) have described major human activities for the basin as follows: 
· Pastoralism, primarily sheep and cattle grazing, is now a defining feature of the basin and is the predominant land use.  In general grazing practice is low intensity, with low stocking rates and very little pasture modification or use of pesticides.  Stations range from less than 10,000 hectares to one of over 3 million hectares.  Whilst generally well managed, pastoralist activities nonetheless have the potential to increase the pressure on the landscape, particularly in more sensitive areas such as refuge waterholes in periods of drought. 

· Mining is the single most valuable contributor to the Gross Domestic Product of the Basin.  The oil and gas reserves around Eromanga and Moomba constitute Australia’s largest onshore energy reserves.  Exploratory activity to develop geothermal energy production in the Cooper Basin is also expanding as interest in cleaner energy sources increases.  

· Tourism is an increasingly important activity sustaining Basin communities and is a key contributor to regional economies.  Eco-tourism and heritage and culturally focussed “outback” tourism are increasingly popular.  Recent visitor estimates for key tourism areas within and adjacent to the Basin for 2001 were in excess of 2 million people.     

2.8 Research Strategy

Recent / Current Research

There is limited scientific knowledge about the natural systems within the Lake Eyre Basin, including the commercial and recreational fisheries in the region.     For the South Australian region, there has been limited research attention more broadly due to the area’s remoteness and the low level of industry and development in the region (McNeil et al, 2008).  

Earlier research targeted to freshwater fish and aquatic ecology in the region has been undertaken, principally by Glover and Sims who described many of the Lake Eyre Basin fish species during the mid-twentieth century (Glover and Sim, 1978; Glover, 1982).  Fishes of the Lake Eyre Catchment of Central Australia (Wager and Unmack, 2000) is also a key reference text.  More recently there have been a range of projects focused on understanding the nature of fish species and other aquatic biota, their ecological requirements, and the links to hydrology and other key environmental variables (table 6 below).  
Commercial fishing

The Mulka Station commercial fishery operates in a unique and environmentally important area.  For such a small fishery, it has been relatively well studied through a combination of initiatives by the licence holder, PIRSA Fisheries and Aquaculture, and SARDI Aquatic Scientist’s.  SARDI have provided an analysis of the licence conditions and operation of the fishery against biologically focused fisheries management objectives, and South Australian consulting firm Aquasearch completed a detailed report reviewing circumstances surrounding a large naturally occurring fish kill in Lake Hope, and characterizing the operation of the fishery for the period October 1991 to March 1994 (Aquasearch, 1994).  In 2002 SARDI completed a scientific analysis of key sustainability aspects of the fishery (Ye, 2002).  

Recreational fishing

South Australia has completed two comprehensive surveys of recreational fishing catch and effort in recent years.  The 2000-2001 survey was conducted as part of a broader National Recreational and Indigenous Fishing Survey (NRIFS) (Henry and Lyle, 2003), and a refined version of the earlier national survey was conducted for SA recreational fisheries (and some other states and territories) in 2007-08 (K. Jones  pers. comm.).  These surveys have significantly improved the knowledge base in relation to the spatial extent of fishing, participation rates and angler demographics, and species specific catch and effort.   

Broader environmental research

There has been a succession of larger scale research projects over recent years to improve knowledge and understanding of the nature and dynamics of aquatic species and ecosystems in the Lake Eyre Basin. These have generally been linked effectively with each successive initiative building on earlier projects. Key projects are outlined below.

Table 6. Key aquatic ecology and hydrology related research projects
	Project description & year/s
	Project objectives and comments

	Coongie Lakes and Goyder Lagoon SA - various projects to understand Ecological response to flooding.  1980’s and 1990’s. 
	Developing knowledge about how aquatic biota respond to flooding events, more focused on individual species or species groups rather than ecological relationships and processes.

	NHT funded Wetlands, Fish and Habitat surveys in QLD rivers 
	Focus on water quality monitoring and testing.  

	NHT funded QLD Western Streams water quality monitoring.  2001.
	Focus on water quality monitoring and testing. 

	Dry/Wet Project in Coongie Lakes area run by the University of Adelaide over 1988-92.
	Relationships between hydrology and ecological responses of major aquatic species/groups

	Dryland Refugia Project.  CRC for Freshwater Ecology - now e-water CRC.  2001. 
	Sampled Cooper Creek, Warrego River and the Border Rivers over three years to determine the importance of waterholes as refugia for aquatic organisms in dryland river catchments.



	ARIDFLO 2004.  Major project funded by NHT and key Lake Eyre Basin NRM agencies.  
	Extensive river surveys and data analysis to understand relationships between hydrology and aquatic biota.  Included substantial community engagement.  

	Lake Eyre Basin Rivers Assessment (LEBRA) process commenced 2002. 
	Ongoing monitoring program investigating the environmental health of rivers, floodplains, overflow channels, lakes and wetlands in the area of the Lake Eyre Basin Agreement. 

	Climatic variability, fish and the role of refuge waterholes in the Neales River Catchment 
	Understanding and managing critical refugia in the arid lands of central northern Australia

	Recovery of the Lake Eyre Basin Fisheries Following Drought: 2008/09 Fish Survey Report
	To assess the recovery of fish populations from the drought.

	Gambusia control in spring wetlands
	The project investigated methods of gambusia removal and control at Edgbaston to conserve the populations of endemic fish species.


Source:  Adapted from ARIDFLO community report, 2004 and SA NRM Board Aridlands website. 

Proposed Future Research 

The Lake Eyre Basin rivers assessment project is the principal river health monitoring program, and is augmented with smaller scale monitoring projects.  A recent example is Preliminary Fish Surveys for the Lake Eyre Basin Rivers Assessment: Testing the Fish Trajectory Model in South Australia (McNeil et al, 2008).  For the commercial fishery periodic analysis of catch and effort data and broader environmental data arising from the fishing operations is likely under a future management plan for the fishery.  For recreational fisheries a continuation of the recent state-wide recreational fishing survey is likely to be the basis for consideration of future recreational fishery management strategies for South Australia, including the Lake Eyre Basin fisheries.
3 METHODOLOGY

The current series of PIRSA ESD performance reports have been prepared to ensure that South Australian fisheries management is both effective and efficient in the context of achieving ESD outcomes.  In addition to meeting the statutory requirements of the Fisheries Management Act 2007, and national environmental legislation, this approach will also provide the fishing industry, key stakeholders, and the broader community with an ongoing opportunity to contribute to, and influence, fisheries management outcomes.  The ESD reports will also provide the basis for development of statutory fisheries management plans required under the Fisheries Management Act 2007.  

The issue identification, risk assessment, and reporting process described below is based on the National ESD Framework How To Guide (see www.fisheries-esd.com), as well as the Department of Fisheries Western Australia ESD performance reports pioneered by Dr Rick Fletcher and other WA Fisheries staff. 

3.1 Scope

This ESD report describes the contribution of South Australia’s Lake Eyre Basin fisheries to Ecologically Sustainable Development (ESD), as defined by  South Australian Fisheries legislation and policy. The report is based on preliminary scoping and issue identification work by PIRSA Fisheries and Aquaculture staff, a range of Lake Eyre Basin stakeholders, and government agencies from South Australia and other relevant jurisdictions.  This initial scoping was then refined and validated through a broader stakeholder workshop in Adelaide on 9 July 2009.   

The scope of this Lake Eyre Basin ESD risk assessment process and the subsequent report is contained to existing commercial and recreational fishing activities carried out in the South Australian part of the basin.  The process did not substantively address the risks associated with aquarium collection of aquatic biota, either at a commercial or hobby level.  Where aquarium fish, or other exotic species, are used to support commercial or recreational fishing, or are in some way linked to these fishing activities, they have been included.   
The assessment process examined an extensive range of issues, risks and opportunities identified by stakeholders during related meetings and workshops, and through a review of relevant literature and other information.  The identification of issues was informed by the generic ESD component tree approach.  Each component tree was then tailored to the specific issues identified for Lake Eyre Basin fisheries.  

Each major component tree reflects the primary components of ESD, and the ESD report assesses the performance of the fishery for each of the relevant ecological, economic, social and governance issues facing the fishery. The process also identifies where additional (or reduced) management or research attention is needed, and identifies strategies and performance criteria to achieve management objectives to the required standard.  
In November 2008, South Australian Government approval was granted to implement formal Native Title agreements for the Yandruwandah Yawarrawarrka (YY) Native Title claim group resident in SA’s Lake Eyre Basin region.  The subsequent Indigenous Land Use Agreement (ILUA) provides the legal framework for the management of traditional fishing activities by the YY people in the area covered by the ILUA.  

3.2 Overview
The process used to complete the Lake Eyre Basin fisheries ESD report is detailed below: 

1. A set of “Generic ESD Component Trees” were modified through an iterative process with stakeholders into a set of trees specific to the fishery.  This process identified the issues relevant to ESD performance of the fishery.  

2. A risk assessment of the identified issues (or components) was completed based on the likelihood and consequence of identified events that may undermine or alternatively contribute to ESD objectives.  This was an iterative process involving managers, scientists, industry and key stakeholders.  

3. Risks were then prioritised according to their severity.  For higher level risks - where an increase in management or research attention was considered necessary - a detailed analysis of the issue, associated risks, and preferred risk management strategies was completed.  For low risk issues, the reasons for assigning low risk and/or priority were recorded. 

4. For higher level risks a more detailed ESD performance report was prepared (Section 4 of this report).  This was completed in the context of specific management objectives and includes operational objectives, indicators and performance measures.  

5. A background report providing context and necessary supporting information about the fishery was also prepared to guide the identification of issues, risks and management strategies.  This report includes the history of the fishery and its management, the areas of operation and their biological and physical characteristics, target species and by-product and bycatch species, and other relevant information. 
Figure 3. Summary of the ESD reporting framework processes 
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Source: ESD Reporting How To Guide (Fletcher et al, 2002).
3.3 Issue Identification (component trees)

The Lake Eyre Basin fisheries ESD reporting component trees are a refined version of the generic trees used in the National ESD Reporting Framework.  They are based on extensive consideration and refinement during the development of the approach.  The trees were designed to cover all of the conceivable issues facing fisheries that would need to be considered during the workshop process.  

The generic component trees have been used as the starting point to ensure thorough, consistent, and rigorous identification and evaluation of ESD issues across all of the South Australian fisheries being assessed.  When developing each of the major fishery specific component trees, each primary component is broken down into more specific sub-components for which operational objectives can then be developed.  Fishery specific component trees developed after expert and stakeholder consideration during the risk assessment workshop then provide a more realistic and practical illustration of the issues facing a particular South Australian fishery.  
For example, the generic component tree identifying general ecosystems and effects is reproduced below.
  [image: image4.emf]

3.4 Risk Assessment and Prioritisation of Issues
Once the fishery specific component trees were developed and reviewed by stakeholders, the focus moved to the assessment and prioritisation of risks and opportunities facing the fishery. These have been considered in the context of the specific management objectives for each fishery being assessed.  The higher level management objectives and desired ESD outcomes are those described in the Fisheries Management Act 2007.  Risks and opportunities are also evaluated against more detailed fishery specific objectives - such as those articulated in the fishery’s management plan. 

The risk assessment of issues identified for the Lake Eyre Basin fisheries has been done on the basis of existing management.  Hence the risk assessment conducted during the July 2009 stakeholder workshop considered the residual risk after the existing risk treatments were taken into account.  For example, PIRSA’s current compliance program for recreational fishing in the SA Lake Eyre Basin region is itself based on a separate compliance risk assessment process.  This process identifies compliance risks in the context of the fishery’s management objectives, and then develops and applies strategies to mitigate those risks.  The ESD assessment and reporting process works across the full suite of fishery ESD objectives in a similar way.  

Risk assessment applied under the national ESD framework has been designed to be consistent with the Australian Standard AS/NZS 4360:1999 for Risk Management. Subject matter experts and key fishery stakeholders consider the range of potential consequences of an issue, activity, or event (identified during the component tree development process) and how likely those consequences are to occur.  The estimated consequence of an event is multiplied by the likelihood of that event occurring to produce an estimated level of risk.  

 SHAPE  \* MERGEFORMAT 



ESD workshop participants worked methodically through each component tree from the top down and conducted a qualitative risk assessment of each issue.  An estimate of the consequence level for each issue was made and scored from 0-5, with 0 being negligible and 5 being catastrophic/irreversible (see Appendix 1 for details of the risk consequence tables).  The consequence estimate was based upon the combined judgement of workshop participants who had considerable expertise in the issues being assessed.  

Consequence was estimated at the appropriate scale and context for the issue in question.  For example the consequences of killing one Lake Eyre Basin Golden Perch are  catastrophic for that fish, but not for the entire stock.  Similarly, when assessing possible ecosystem impacts this was done at the level of the whole ecosystem or at least in terms of the entire extent of the habitat, not at the level of an individual patch or individuals of non-target species
.

The likelihood of that consequence occurring was assigned to one of six levels from remote (1) to likely (6).  This was based on a judgement about the probability of the events - or chain of events - occurring that could result in a particular adverse consequence.  This judgement about conditional probability was again based on the collective experience and knowledge of workshop participants. See Appendix 1 for details of the likelihood table.

From the consequence and likelihood scores, the overall risk value (Risk = Consequence x Likelihood), was calculated.  On the basis of this risk value each issue was assigned a Risk Ranking within one of the five categories described below. 
Table 7. Risk ranking reporting requirements 
	RISK
	Rank
	Management Response
	Reporting

	Negligible
	0
	Nil
	Short Justification Only

	Low
	1
	None Specific
	Full Justification needed

	Moderate
	2
	Specific Management Needed
	Full Performance Report

	High
	3
	Possible increases to management activities needed
	Full Performance Report

	Extreme
	4
	Likely additional management activities needed
	Full Performance Report


Source: Fletcher et al., 2002.
Where a more detailed and/or quantitative risk assessment and management process was in place for the fishery - such as a robust  quantitative stock assessment for a target species - the resultant risk score could be expected to be moderate to low.  This suggests risk is effectively managed through existing arrangements.  

The national ESD reporting framework suggests that only those issues scored at moderate, high and extreme risk, which require additional management attention, need to have more detailed ESD performance reports completed.  This is the approach that has been used in the PIRSA ESD reports.  The rationale for scoring other issues as low or negligible risk has also been documented and forms part of these reports.  This should help stakeholders understand the basis for risk scores and the justification for no further management, or for additional management action if necessary.  

3.5 Performance Reports for Higher Risk Issues 
As noted above, a comprehensive ESD performance report has only been prepared for higher risk/priority issues that require additional management attention (Section 4 of this Lake Eyre Basin fisheries ESD risk report).   The content of these reports is based on the standard subject headings recommended in the ESD Framework’s How To Guide.  The full performance report for the Lake Eyre Basin fisheries was developed by PIRSA Fisheries and Aquaculture and an independent fisheries consultant, informed by the Adelaide Lake Eyre Basin fisheries ESD workshop on 9 July 2009, and subsequent stakeholder discussions.    

3.6 Overview Table
The following table provides a summary of the material presented in the report.

Table 8. Overview of the ESD Risk Assessment results for the Lake Eyre Basin Fisheries

	Issue
	Risk / Priority
	Objective Developed
	Indicator Measured
	Performance Measure
	Current Performance
	Robustness
	Actions

	Retained Species

	Lake Eyre Basin Golden Perch - commercial 
	L 
	Yes
	Total catch; catch at age 
	To be determined
	Acceptable
	Medium
	To be determined

	Lake Eyre Basin Golden Perch
	L
	Yes
	Estimated catch, legal size
	To be determined
	Acceptable
	Medium
	To be determined

	Yabbie
	L
	Yes
	Estimated catch, legal size, bag limit
	To be determined
	Acceptable
	Medium
	To be determined

	Cooper Creek Catfish
	H
	Yes
	Estimated catch
	To be determined
	Acceptable
	Medium
	To be determined

	Mussels
	M
	Yes
	Estimated catch
	To be determined
	Acceptable
	Medium
	To be determined

	Shrimp
	N
	Yes but negligible risk
	N/A
	N/A
	N/A
	N/A
	Review at next major assessment in 5 years

	Grunter  species
	N
	Yes but negligible risk
	N/A
	N/A
	N/A
	N/A
	Review at next major assessment in 5 years

	Desert Goby
	L
	Yes but low  risk
	N/A
	N/A
	N/A
	N/A
	Review at next major assessment in 5 years

	Lake Eyre Hardyhead
	N
	Yes but negligible risk
	N/A
	N/A
	N/A
	N/A
	Review at next major assessment in 5 years

	Desert Rainbowfish
	L
	Yes but low risk
	N/A
	N/A
	N/A
	N/A
	Review at next major assessment in 5 years

	Non-Retained Species (captured in gear
)

	Water Rats (listed/protected)
	L
	Yes - low risk but TEP
	To be determined
	To be determined
	Acceptable
	To be determined
	To be determined

	Turtles (listed/protected)
	L
	Yes - low risk but TEP
	To be determined
	To be determined
	Acceptable
	To be determined
	To be determined

	Waterbirds (listed/protected)
	N
	Yes - TEP  but negligible risk
	N/A
	N/A
	N/A
	N/A
	Review at next major assessment in 5 years

	Frogs (listed/protected)
	N
	Yes - TEP but negligible risk
	N/A
	N/A
	N/A
	N/A
	Review at next major assessment in 5 years

	General Ecosystem Impacts of Fishing


	Lost gear
	N
	N/A – negligible risk
	N/A
	N/A
	N/A
	N/A
	Review at next major assessment in 5 years

	Translocation - inter basin 
	E
	Yes
	To be determined
	To be determined
	To be determined
	To be determined
	To be determined

	Translocation - intra basin 
	M
	Yes
	To be determined
	To be determined
	To be determined
	To be determined
	To be determined

	Ecological disturbance - Camping
	L
	N/A – low risk
	N/A
	N/A
	N/A
	N/A
	Review at next major assessment in 5 years

	Greenhouse gas / carbon emissions 
	N
	N/A – negligible risk
	N/A
	N/A
	N/A
	N/A
	Review at next major assessment in 5 years

	Community

	Commercial Fishery - contribution to licence holder wellbeing
	M
	Yes
	Profit at full equity
	To be determined
	Acceptable
	Medium
	To be determined

	Regional social value
	M
	Yes 
	N/A
	N/A
	N/A
	N/A
	Review at next major assessment in 5 years

	City centres social value
	L
	Yes but low risk
	N/A
	N/A
	N/A
	N/A
	Review at next major assessment in 5 years

	Governance

	Policy and management effectiveness
	M
	Yes
	Delivery of fishery management plan;

To be determined
	To be determined
	Acceptable
	Medium
	Develop new management plan under the Fisheries Management Act 2007

	Research/information
	M
	Yes
	To be determined
	To be determined
	Acceptable
	Medium
	To be determined

	Compliance - organised illegal fishing
	M
	Yes
	To be determined
	To be determined
	Acceptable
	Medium
	To be determined

	Compliance - accidental illegal fishing
	M
	Yes
	To be determined
	To be determined
	Acceptable
	Medium
	To be determined

	External factors affecting performance of the fishery

	Water quality
	M
	Yes
	To be determined
	To be determined
	Acceptable
	Low
	To be determined

	Introduction of pest species
	E
	Yes
	To be determined
	To be determined
	To be determined
	To be determined
	To be determined

	Infrastructure development
	M
	Yes
	To be determined
	To be determined
	Acceptable
	Medium
	To be determined

	Climate change impacts
	M
	Yes
	To be determined
	To be determined
	To be determined
	To be determined
	To be determined

	External (economic) drivers
	M
	Yes
	To be determined
	To be determined
	Acceptable
	Medium
	To be determined

	Access
	M
	Yes
	To be determined
	To be determined
	Acceptable
	To be determined 
	To be determined


3.7  Overview of risks for Refugia 

	Issue
	Risk / Priority
	Objective Developed
	Indicator Measured
	Performance Measure
	Current Performance
	Robustness
	Actions

	Retained Species

	Lake Eyre Basin Golden Perch 

	E
	Yes
	To be determined
	To be determined
	To be determined
	To be determined
	To be determined

	Yabbie
	M
	Yes
	Total catch;

Legal size 
	To be determined
	Acceptable
	Medium
	To be determined

	Cooper Creek Catfish
	E
	Yes
	To be determined
	To be determined
	To be determined
	To be determined
	To be determined

	Mussels
	M
	Yes
	To be determined
	To be determined
	Acceptable
	Medium
	To be determined

	Shrimp
	M
	Yes 
	To be determined
	To be determined
	Acceptable
	To be determined
	To be determined

	Grunter  species
	M
	Yes 
	To be determined
	To be determined
	Acceptable
	To be determined
	To be determined

	Non-Retained Species (captured in gear
)

	Waterbirds (listed/protected)
	N
	Yes - TEP but negligible risk
	N/A
	N/A
	N/A
	N/A
	Review at next major assessment in 5 years

	Frogs (listed/protected)
	N
	Yes - TEP but negligible risk
	N/A
	N/A
	N/A
	N/A
	Review at next major assessment in 5 years

	Water Rats (listed/protected)
	L
	Yes - TEP but low risk 
	To be determined
	To be determined
	Acceptable
	To be determined
	To be determined

	Turtles (listed/protected)
	L
	Yes - TEP but low risk
	To be determined
	To be determined
	Acceptable
	To be determined
	To be determined

	General Ecosystem Impacts of Fishing

	Lost gear
	M
	Yes
	To be determined
	To be determined
	Acceptable
	To be determined
	To be determined

	Translocation - inter basin 
	E
	Yes
	To be determined
	To be determined
	To be determined
	To be determined
	To be determined

	Translocation - intra basin 
	M
	Yes
	To be determined
	To be determined
	To be determined
	To be determined
	To be determined


Table 9. Overview of risks for Refugia 

4 PERFORMANCE REPORTS
Red, pink, or yellow boxes indicate that the issue was considered higher risk and thus warrants a more detailed performance report. Green and blue boxes indicate that the issue was rated as a low risk or negligible risk, respectively and no specific management is required – only the rationale for this risk rating is presented.

4.1 Retained Species
Figure 5. Component tree for retained species 
Retained species - Primary Target Species
Commercial Fishery for Lake Eyre Basin Golden Perch
Objective

· For commercial fishing ensure the South Australian proportion of the Lake Eyre Basin Golden Perch breeding population is harvested within ecologically sustainable limits.

ERA Risk Rating: Impact on breeding population (Low) 

Lake Eyre Basin Golden Perch are widely distributed and generally abundant within suitable habitat. Their abundance across years is highly correlated to larger flooding events when the population size increases dramatically and disperses widely through primary and secondary channels, wetlands, and into more ephemeral watercourses and lake systems.  They are able to breed several times within large flood events (DWLBC, 2004), and their pelagic eggs are likely to disperse effectively as floodwaters spread into suitable habitats for larvae and juveniles.   

Conversely, during severe drought the population is restricted to a relatively small number of permanent refuge waterholes situated on the main channels of major Lake Eyre Basin river systems.  The future survival of the species relies on viable breeding populations being maintained in these refugia until the next major flooding event triggers spawning and subsequent larval and juvenile dispersal.  

Much of the available information about catch and effort, bycatch and broader environmental observations about the Mulka Station commercial fishery has been provided by the licence holders.  Some of this has been provided to meet licencing requirements, and extensive additional material has been  provided via  the fishers own data and observations.  The licence holders also commissioned and funded an independent consultants report on some aspects of the fishery (Aquasearch, 1994). 
In 2001, collaboration between the Mulka licence holders, PIRSA Fisheries and Aquaculture managers, and SARDI Aquatic Sciences resulted in a further focussed research and monitoring program while the fishery was active between June 2001 and June 2002.  This resulted in the analysis of available catch and effort data for that fishing period, multi panel gillnet sampling to determine the presence/absence of juvenile Lake Eyre Basin Golden Perch that might suggest spawning within the closed systems; and sampling to determine length frequency and hence likely age structure of the lake’s Lake Eyre Basin Golden Perch population. Catch sampling at the processing factory used to process the catch for sale was also undertaken to collect information on reproductive biology and length frequency of the commercial catch (Ye, 2002). 
There is convincing evidence, albeit from a relatively small number of observations on a limited time scale that Lake Eyre Basin Golden Perch resident in Lake Hope and Red Lake do not reproduce once these systems have disconnected from the main Cooper Creek system.  Sampling of harvested Lake Eyre Basin Golden Perch was undertaken between March and May 2002 by SARDI and all Lake Eyre Basin Golden Perch sampled were immature 2-year-olds (mode of 380-389 mm total length) (Ye, 2002). 

The evidence that spawning and subsequent recruitment in the Lakes is not occurring once they have disconnected from Cooper Creek is supported by the licence holders.  They have not observed Lake Eyre Basin Golden Perch in spawning condition whilst conducting fishing operations (G Overton pers. comm.).  

Relevant considerations
Spawning stock refuges
The entire aquatic ecology of the lower Lake Eyre Basin systems can depend on a small number of key refuge waterholes in times of severe drought and these are a critical priority for effective fisheries management in the Lake Eyre Basin region. AN extract from the ARIDFLO Community Report describes this well: 
 “The survival of native fish in a desert landscape depends on some waterbodies staying wet even during the most extreme drought.  These drought refuges are deep waterholes that tend to hold water for longer than a year without being topped up.  These deep waterholes harbour the largest and most diverse native fish populations of all habitats sampled by ARIDFLO” (DWLBC, 2004, p60).  

Aquasearch (1994) also recommends a strong focus on maintaining the integrity of the spawning population of Lake Eyre Basin Golden Perch that are resident in these key refugia. 
Environmentally Driven Fish Kills 

Large scale fish kills as water-bodies dry out after larger scale flooding are a feature of the region.  These are likely to result from relatively rapid deterioration in water quality as previously productive habitat declines with falling water levels.  Primary contributors to such fish kills are likely to be increasing salinity, increasing water temperatures, and reduced levels of dissolved oxygen (DWLBC, 2004).  
At the request of the commercial fishery licence holders, Aquasearch (1994) investigated a large scale fish kill in Lake Hope in March 1994.  This occurred in the period after the lake had been filled by three successive flooding events from 1989 to 1991.  Water quality readings from the lake, and the pathology report commissioned on a small sample of fish caught by the licence holders, did not provide a clear indication of the primary cause of the fish kills during this event.  The authors concluded that fish kills were likely to be a result of a combination of factors including deteriorating water quality and crowding within the lake as water levels receded during the drying phase (Aquasearch, 1994). 
ARIDFLO surveys in August 2000 and April 2001 also recorded large numbers of fish affected by bacterial and fungal lesions in recently flooded water-bodies on the Diamantina River and the Coongie Lakes.  These disease outbreaks occurred several months after a flood pulse and became less prevalent once environmental conditions stabilized, and before water levels receded dramatically.  Despite being the trigger for massive productivity booms, flooding can also result in the development of sub-lethal but stressful environmental conditions.  Over a period of months this can lead to disease outbreaks and occasionally fish-kills (DWLBC, 2004).
More localized and catastrophic fish kill events also occur naturally in the region.  These are more typically associated with more pronounced drying of aquatic habitats (e.g. Lake Hope) where anoxic conditions may develop as a result of localized algal blooms, or water temperature and/or quality may change dramatically in a relatively short time (DWLBC, 2004). 
Carrying capacity of Lake Hope
There is very little information available to estimate the likely biomass of Lake Eyre Basin Golden Perch in Lake Hope and Red Lake when they are highly productive in the years immediately following large scale flooding events.  Aquasearch (1994) suggests a standing biomass for all fish species of around 4,500 tonnes predicated on the carrying capacity of unmanaged farm dams.   
ARIDFLO surveys caught a total of 103,869 native fish (7 surveys covering 5 reaches of the major Lake Eyre Basin rivers) demonstrating the high productivity and sheer quantity of native fish in desert rivers during favourable conditions.  Aquasearch (1994) estimated that the exposed shoreline biomass of dead fish (all species) following the Lake Hope fish kill in 1994 was around 858 tonnes.  
Catch of Lake Eyre Basin Golden Perch from the Mulka Station commercial fishery for the period from October 1991 to March 1994 is recorded as 309 metric tonnes, based on fishers catch returns (Aquasearch, 1994).  For the fishing period between June 2001 and June 2002, a total catch estimate of 147.75 metric tonnes has been provided (Ye, 2002).   

The Lake Eyre Basin Golden Perch taken in the Mulka Station fishery are likely to represent a very small proportion of the total biomass of this species basin wide during the relative boom periods following large floods.  These are also the circumstances under which Lake Hope and Red Lake are likely to fill in the period preceding commercial fishing.  Once the lakes disconnect from the Cooper Creek system as drying occurs, and provided there is not a successive flooding event that allows these fish to return to the system, it is highly likely that the fish resident in both lakes will die.  This is primarily a result of falling water levels, overcrowding, deteriorating water quality, and substantial predation from waterbirds like pelicans and cormorants.  
As long as an appropriate proportion of the spawning population of Lake Eyre Basin Golden Perch is maintained, particularly in drought conditions where populations may be restricted to a small number of refuge waterholes of the major Lake Eyre Basin river systems, the harvest from the fishery is considered to have a minor impact on the spawning population of this species.  The consequence for the Lake Eyre Basin Golden Perch breeding population, if the commercial fishery continued to operate as it currently does, was considered to be minor (C1) and it was considered likely (L6) that this minor consequence would continue under existing management arrangements (and likely future management scenarios).  This resulted in an ESD Risk ranking of LOW (6).
Indicator

· Total catch

· Catch at age
· Broader aquatic ecosystem health measures (i.e. LEBRA indicators). 
Performance measure

To be determined
Retained Species - Primary Target Species (Recreational Fishery) 

Recreational Fishery for Lake Eyre Basin Golden Perch
Objective

· Ensure the recreational catch of the South Australian proportion of the Lake Eyre Basin Golden Perch breeding population is kept within ecologically sustainable limits.

ERA Risk Rating: Impact on Lake Eyre Basin Golden Perch breeding population (LOW)

Lake Eyre Basin Golden Perch are the primary target species for recreational anglers in the basin region with the 2000/01 National Recreational and Indigenous Fishing Survey (NRIFS) providing an annual catch estimate of 1 – 2 tonne annually of Lake Eyre Basin Golden Perch for the South Australian recreational fishery (Henry and Lyle, 2003).  
The 2000/01 NRIFS methodology was also the basis of the South Australian Recreational Fishing Survey 2007/08.  For this later survey there was a substantial reduction in both effort and catch for key freshwater species compared to the 2000/01 estimates.  For Lake Eyre Basin Golden Perch the majority of fish were caught in the River Murray, with approximately 2% of the Lake Eyre Basin Golden Perch caught in inland waters coming from the Lake Eyre Basin region.  Total catch of Lake Eyre Basin Golden Perch by South Australian residents for all inland waters was estimated at around 91,000 fish.  Of these around 51,000 were reported to be released (Jones, 2009).  
Under the right environmental conditions Lake Eyre Basin Golden Perch are a productive species that can undergo dramatic population increases across suitable habitats.  Under flood conditions, and the conditions immediately following large flooding events, there is a vast area of suitable habitat across the entire Basin that is likely to sustain a very large standing biomass.  Under these more productive scenarios an annual South Australian recreational catch of around 2 tonnes is considered insignificant in stock sustainability, or broader ecological terms.  

Under drought conditions however, when the spawning population is restricted to a limited number of permanent refuge waterholes, even a relatively small fishing mortality of mature adults may substantially reduce the spawning potential of the population. Under these circumstances the management of recreational and potential illegal fishing in refuge waterholes is critically important. The risks of recreational fishing in refuge waterholes at times of severe drought can be severe (see Section 4.3 of this report).  
With the exception of fishing in critical refuge waterholes in times of drought, the current South Australian recreational fishing catch of Lake Eyre Basin Golden Perch is considered to have a minor (C1) impact on the spawning population of this species.  Under current and likely future management scenarios this was considered likely (L6) to continue.  The resultant risk was assessed as LOW (6). 
Retained species - Secondary Target Species
Recreational Fishery for Yabbies
Objective

· Ensure the South Australian proportion of the Lake Eyre Basin Yabby population is harvested within ecologically sustainable limits.

ERA Risk Rating: Secondary Target Species - Yabbies (LOW)

Yabbies are a popular target species for recreational fishers in the region, particularly when there are few finfish available to anglers.  Whilst little is known of the population dynamics of Yabbies in the Lake Eyre Basin, they are recognised as a very productive species under favourable conditions.  
The 2000-01 NRIFS recorded some catch data for Yabbies in the Northern Inland region of SA (including Lake Eyre region, Northern Flinders Ranges, inland Eyre Peninsula Waters).  Numbers of Yabbies retained by South Australian residents were recorded for rivers (24,410 individuals) and dams (8,447 individuals).  The current recreational fishing bag limit for Yabbies is 200 per person per day.  

In view of their wide distribution, an abundance of suitable habitat and their biological productivity the current recreational harvest of Yabbies is considered to have a minor (C1) impact on the population across the Lake Eyre Basin region.  Under current and likely future management scenarios this level of impact was considered likely (L6) to continue.  The resultant risk was considered to be LOW (6).  
Recreational Fishery for Cooper Creek Catfish and other Catfish species

Objective

· Ensure the recreational catch of Cooper Creek Catfish and other Catfish species is sustainable.

ERA Risk Rating: Secondary Target Species - Cooper Creek Catfish (HIGH)

Cooper Creek Catfish are generally found in the larger and more permanent waterholes of the Cooper system and are relatively widespread and commonly encountered, although not abundant (Wager and Unmack, 2000).    Compared to Lake Eyre Basin Golden Perch they are significantly less productive and their apparent preference for larger waterholes and their complete reliance on refugia during extended drought periods are likely to make them very vulnerable under these circumstances. South Australia’s Action Plan for Native Freshwater Fishes also notes a range of additional threats including loss of habitat through water diversion or extraction, possible impacts from climate change on habitat, and the potential introduction of alien species which may increase predation on certain life stages of the species (Hammer et al, 2007).  

Participants at the workshop recognised the paucity of information in relation to the biology and life history of the species; its low fecundity and limited distribution within the Cooper Creek system; and the lack of reliable information about catches. On this basis, a precautionary approach to management was considered appropriate.   

Other Catfish species caught by recreational fishers include Hyrtl’s tandan (Neosilurus hyrtlii), and silver Catfish (Porochilus argenteus).  Both species are considered to be widely distributed in the South Australian part of the Lake Eyre Basin and abundant.  They are not a sought after recreational catch (Wager and Unmack, 2000).      
It was considered possible (L4) that the current recreational harvest of Cooper Creek Catfish could have a major (C4) impact on the sustainability of the population.  The resultant risk was considered to be HIGH (16). 
Indicator

· Total catch

· Catch at age

· Broader aquatic ecosystem health measures (i.e. LEBRA indicators). 

Performance measure

To be determined

Recreational Fishery for Grunter species

Objective

· Ensure the recreational catch of Grunter species taken in the Lake Eyre Basin region of South Australia is sustainable. 
ERA Risk Rating: Secondary Target Species - Grunter species (LOW)

Various Grunter species (family Theraponidae) are a popular recreational catch within Lake Eyre Basin Rivers and water-holes.  Welch’s Grunter (Bidyanus welchii) and Barcoo Grunter (Scortum barcoo) are the larger species and both are likely to be retained for consumption.   Spangled Grunter are abundant in the region, are aggressive feeders and are readily caught by anglers.  The above species are considered widespread and abundant within suitable habitat in the region (Wager and Unmack, 2000).  

It was considered possible (L4) that recreational fishing could have a minor (C1) impact on the sustainability of Grunter species within the Lake Eyre Basin region.  This resulted in a risk rating of LOW (4)
.
Recreational Fishery for Shrimps

Objective

· Ensure the South Australian recreational fishing catch of freshwater Shrimps is sustainable.
ERA Risk Rating: Secondary Target Species - Shrimps (NEGLIGIBLE)

Freshwater shrimps of the genus Macrobrachium are widely used as bait throughout the Lake Eyre Basin region, mainly by anglers targeting Lake Eyre Basin Golden Perch in rivers and water-holes.  They are very abundant and widespread throughout the basin and the small numbers harvested by recreational fishers are unlikely to impact the broader population, or cause adverse ecological impacts. Machrobrachium shrimp lack desiccation-resistant life-stages, and as such are totally reliant on refugia during extended drought periods (DWLBC, 2004).
The 2000-01 South Australian recreational fishing survey provides some information about harvest levels with 18,095 shrimp recorded as having been taken from the Inland region of South Australia (including the Lake Eyre region, Northern Flinders Ranges, and inland Eyre Peninsula waters).  
There was a remote (L1) likelihood that the recreational catch of shrimps would have a negligible (C0) impact on sustainability.  This resulted in a risk rating of NEGLIGIBLE (0).

Retained species - Aquarium Species

Desert Goby
Objective

· Ensure the harvest of aquaria fish species from the South Australian region of the Lake Eyre Basin is sustainable.
ERA Risk Rating: Retained Aquarium Species (LOW)

The Desert Goby (Chlamydogobius eremius) is an endemic South Australian species found in mound springs and desert rivers within the Lake Eyre Basin.  It is a popular species for aquarium collection.  Desert Goby can tolerate extreme environmental conditions and can persist in water temperatures up to 40 degrees Celsius and very high salinity levels (McNeil et al, 2008).  
In view of their wide distribution, their ability to withstand extreme conditions, and the broad range of suitable habitat, Desert Goby appear well suited to persisting in the South Australian region of the basin.  Whilst there is limited information about harvest levels (which are thought to be minor), these characteristics suggest a rare (L2) likelihood of a moderate (C2) impact on the population. The resultant risk was considered to be LOW (4).  
Lake Eyre Hardyhead

Objective

· Ensure Aquarium fish harvest from the South Australian proportion of the Lake Eyre Basin is sustainable.
ERA Risk Rating: Retained Aquarium Species (NEGLIGIBLE)
The Lake Eyre Hardyhead (Craterocephalus stercusmuscarum) is also an endemic South Australian species found in the Lake Eyre and Torrens drainage systems (Hammer et al, 2007).  Like the Desert Goby they are an extremely hardy species and can survive high temperatures and very high levels of salinity.  They are widespread and abundant in the South Australian part of the Lake Eyre Basin.  

In view of their wide distribution, their ability to withstand extreme conditions, and the broad range of suitable habitat, the species appears well suited to persisting in the SA region of the basin.  This and their likely very low levels of capture suggest a remote (L1) likelihood of a negligible (C0) impact on the population within the SA part of the Lake Eyre Basin.  The resultant risk was considered to be NEGLIGIBLE (0).  
Desert Rainbowfish

Objective

· Ensure Aquarium fish harvest from the South Australian proportion of the Lake Eyre Basin is sustainable.

ERA Risk Rating: Retained Aquarium Species (LOW)
The Desert Rainbowfish (Melanotaenia splendida tatei) is widespread and abundant in the larger rivers of the Lake Eyre Basin and the western plateau of the Northern Territory. They are found in a range of slow-flowing and still habitats, of varying condition and permanence, and are a popular aquarium species.  
In view of their wide distribution, and the broad range of suitable habitat, Desert Rainbowfish are unlikely to be significantly impacted by aquarium collection within the SA part of the Lake Eyre Basin.  Their abundance, environmental adaptability, and likely low levels of capture suggest a rare (L2) likelihood of a minor (C1) impact on the population within the Lake Eyre Basin.  The resultant risk was considered to be LOW (2).  
4.2 Non-Retained Species
Figure 6. Component tree for non-retained species
 SHAPE  \* MERGEFORMAT 



Non-retained species - Captured by Gear
Incidental capture of a range of aquatic fauna by gear used in both the commercial and recreational South Australian Lake Eyre Basin fisheries occurs.  There is some data available to characterise incidental catches for the commercial fishery however very little available on incidental catches for the recreational fishery.  
Objective

· Minimise fishery impacts on non-retained species, particularly threatened, endangered and protected (TEP) species

Non-retained species captured by gear
ERA Risk Rating: Impact on populations of species captured in gear (LOW)

Non-retained species - Mulka Station commercial fishery

Six by-catch species were reported for the fishery during the 2001-02 fishing season.  These were Bony Herring (Nematalosa erebi), Goldfish (Carassius auratus), Silver Perch (Bidyanus bidyanus), Barcoo Grunter  (Scortum barcoo), Spangled Perch (Leiopotherapon unicolor), and Cooper Creek Catfish (Nesiluroides cooperensis) (Ye, 2002).   These species were also recorded as bycatch during the 1992-1994 fishing period (Aquasearch, 1994).  

Ye also conducted multi panel gillnet sampling to determine whether Lake Eyre Basin Golden Perch were breeding within Lake Hope once it had been disconnected from the Cooper system.  Bycatch during this sampling phase was restricted to 3 species, being bony herring, Barcoo Grunter and Spangled Perch.  

Ye notes that samples of both Spangled Perch and Bony Herring taken during gillnet sampling demonstrate a progression of distinct size classes.  Both Lake Hope and Red Lake had been disconnected from the Cooper Creek system for more than a year at this stage.  This indicated that both species were successfully spawning in these lakes during the monitoring period (Ye, 2002).  

Welch’s Grunter has been a consistent bycatch for the commercial fishery accounting for around 25% of the total catch.  Aquasearch (1994) also notes the fishers’ observations that Welch’s Grunter were also actively spawning during the fishing period. Welch’s Grunter is a small species commonly reaching 230 mm and 300 grams, it has been reported that a few specimens attain 350 mm and weigh up to 1.5 kg.  Welch’s Grunter is widespread and abundant, but patchy in occurrence.  Under flood conditions they also disperse widely to suitable habitat, including wetlands and ephemeral lakes.

Welch’s Grunter is known to spawn during a flood at water temperatures over 24°C and is highly fecund, typically producing up to 100,000 pelagic eggs depending on the size of the female.  Newly hatched larvae are around 1.8 mm to 2.0 mm in length.  Juveniles of Welch’s Grunter are able to tolerate considerable levels of salinity with an LC50 of 10ppt (Merrick and Schmida, 1984).

Welch’s Grunter is a carnivorous fish, predominately predating on shrimps, small fishes and earth worms.  There are no available population status estimates for Welch’s Grunter however broad-scale monitoring of fish communities as part of ARIDFLO suggests that most Lake Eyre Basin native fish species are widely distributed across suitable habitats and generally abundant (DWLBC, 2004).  Welch’s Grunter are well suited to maintaining healthy populations within this highly variable environment in the absence of major human induced ecological disturbances.  
Non-retained species - recreational fishery  

For the recreational fishery direct capture of non retained species by fishing lines (hooks and entanglement); and shrimp and yabby nets (capture and entanglement) are the most likely interactions for gear used legally in the recreational fishery.  

The use of illegal fishing gear poses particular risks with respect to incidental catch and mortality of non retained species, including some Threatened, Endangered or Protected species as listed under Commonwealth or South Australian conservation legislation.      
The vast area of the region combined with the diversity of gears and methods, and the popularity of fishing with locals and visitors, suggests there are widespread although generally low level impacts on bycatch species.  Nonetheless, there is very little information available to quantify these impacts and even low levels of incidental capture and mortality of Threatened, Endangered or Protected Species is of concern.   

Water rats and turtles were identified as the two bycatch species at some risk from recreational fishing in the Lake Eyre Basin region.  Both species have life history characteristics (complete reliance on refuge waterholes during dry periods) that are likely to make them vulnerable to recreational and illegal fishing in these unique habitats.  
Non-retained TEP species captured by gear

Water Rats

Water rats (Hydromys chrysogaster) are a protected amphibious Australian mammal that occur sparsely throughout the Lake Eyre Basin region.  They are protected under both state and commonwealth conservation legislation.  Water rats are opportunistic carnivorous feeders thought to source most of their food (insects, fish, crustaceans, mussels, frogs, lizards etc) in and around water-bodies (Silcock, 2009).  This behaviour is likely to make them vulnerable to incidental capture and drowning in nets and traps.  Whilst little is known of their biological and life history characteristics, refuge waterholes are recognised as critically important for their survival, particularly during drought periods (DWLBC, 2004; Silcock, 2009). 

Although there is very little information available about the incidental capture of water rats, such events are likely to be relatively infrequent.  However, in  severe drought conditions, where populations are reliant on a small number of refuge waterholes, even rare mortalities may have some impact on populations.  
Occasional (L5) incidental capture and mortality of water rats in the recreational fishery was likely.  This was expected to have a minor (C1) impact on the population status for the species.  This resulted in an overall risk rating of LOW (5).  
Turtles

The endemic Cooper Creek short-neck turtle (Emydura macquarii subsp. emmotti) and the eastern snake-necked turtle (Chelodina longicollis) are established in the Cooper Creek catchment (DWLBC, 2004).  Turtles are protected under state and commonwealth environment legislation, and like water rats are heavily reliant on permanent refuge waterholes for their survival in drought periods. 

Adult turtles in high population densities have been observed at permanent waterholes on the Cooper Creek system, with less permanent waterholes frequented predominantly by juveniles.   During extended drought periods, where there is no flow in permanent waterholes, turtles become largely dormant and their energy is not directed toward reproduction and growth in this state.  Lake Eyre Basin turtle populations are likely to be maintained by population growth in boom periods and life history adaptations such as longevity and adaptable metabolism that can help them survive periods of extended drought (Silcock, 2009).
Like water rats turtles are likely to be vulnerable to incidental capture in nets and traps used to collect shrimps and Yabbies in rivers and water-holes and to illegal fishing gear (e.g. drum nets, gill nets).  They are occasionally caught by line where they may take bait and become hooked, or become entangled in the line or gear.  
The workshop considered that rare (L2) incidental capture and mortality of turtles in the recreational fishery was likely.  Recognising the life history characteristics of turtles, their habitat preferences and reliance on refuges, and their protected status, this rare capture was considered to have a moderate (C2) impact on the population status for the species.  This resulted in an overall risk rating of LOW (4).  

Non-retained species - direct interaction but no capture

Direct interaction with recreational fishing gear without capture was likely for a range of aquatic species.  The mortality arising from such interactions was likely to be extremely low however there is virtually no information to quantify these impacts.  
Objective

· Minimise fishery impacts on non-retained species, particularly threatened, endangered and protected (TEP) species.
Non-retained species - direct interaction but no capture

The workshop noted that some reptile species (various lizards, water dragons, snakes, turtles etc) were likely to interact with gear from time to time.    

There was a remote (L1) likelihood that direct interactions without capture would have a minor (C1) impact on reptile species likely to occur in and around Lake Eyre Basin rivers and waterholes.  This resulted in a risk rating of LOW (1). 
4.3 General Ecosystem Impacts of Fishing
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Figure 7. Component tree for general ecosystem impacts of fishing
Impacts on the Biological Community 
Objective

· Ensure that removals of species from refugia as a result of fishing, particularly during extended drought periods, are sustainable.

Removals from Refugia

ERA Risk Rating: removal of species from refugia (risk ranges from LOW to EXTREME)

During extended drought periods permanent refuge waterholes (refugia) are essential for maintaining aquatic biodiversity across the entire Lake Eyre Basin. Once floods do arrive the species resident in these refugia then become the source population for widespread re-colonisation into suitable aquatic habitat.  

During drought periods these permanent waterholes are also an attractive location for recreational fishing, as well as illegal fishing, and other human activities.  The removal of even relatively small numbers of mature adults of some less productive species, or endemic species, may have a dramatic effect on their longer term sustainability.   
It should be noted that South Australia’s Arid Lands Natural Resource Management Board has recently received commonwealth funding through the Caring for Country program for a project titled  Understanding and managing critical refugia in the arid lands of central northern Australia.  This project will Identify risks from pests, and formulate appropriate management plans for the Algebuckina Waterhole which is a listed High Conservation Value Aquatic Ecosystem (HCVAE).
 

Lake Eyre Basin Golden Perch
The life history and biological characteristics of Lake Eyre Basin Golden Perch make them a relatively productive and resilient species. The survival of the species does, however, depend on maintaining a viable population of spawning adults in refugia during extended droughts.  
Lake Eyre Basin Golden Perch are the primary target species for both the commercial fishery and the recreational fishery across the Lake Eyre Basin.  Adult fish in key refugia are particularly vulnerable to recreational fishing and various forms of illegal fishing (either organised illegal activity or “accidental” illegal fishing through ignorance or deliberate contravention of management regulations). 

Removals or incidental mortality of significant quantities of mature Lake Eyre Basin Golden Perch from key refuge waterholes on the major basin river systems during severe droughts was considered possible (L4) and this could be catastrophic (C5) for the sustainability of Lake Eyre Basin Golden Perch, and ecologically dependant species.  This results in a risk rating of EXTREME.
Indicator

To be determined.
Performance measure

To be determined.

Cooper Creek Catfish
Cooper Creek Catfish are found primarily in the larger and more permanent waterholes within the Cooper Creek system.  Unlike Lake Eyre Basin Golden Perch their distribution is thought to be limited to these locations.  Whilst little is known of their life history and biology they are considered to be significantly less productive than Lake Eyre Basin Golden Perch with a large female spawning up to 1,000 or so relatively large eggs.  In comparison a large Lake Eyre Basin Golden Perch may spawn up to 1,000,000 pelagic eggs (Wager and Unmack, 2000).  Cooper Creek Catfish are also a sought after recreational fishing target because of their relatively large size and good eating qualities.  
This combination of characteristics suggest the species is at significantly higher risk of serious depletion, with a significantly slower population recovery trajectory than a species such as Lake Eyre Basin Golden Perch.  Significant fishing related mortality, or incidental mortality from non fishing related events within key refugia could have a dramatic effect on species viability.   
Removals or incidental mortality of significant quantities of mature Cooper Creek Catfish from key refuge waterholes on the Cooper Creek system was considered possible (L4) and this could have major (C4) consequences for the sustainability of Cooper Creek Catfish and ecologically dependant species.  This results in a risk rating of HIGH (16).
Indicator

To be determined.
Performance measure

To be determined.
Turtles
The Eastern long necked turtle, Cooper Creek short necked turtle, and a sub-species of Krefft’s river turtle are found within the Lake Eyre Basin, and all are   protected under South Australian and commonwealth environmental legislation. 
Refuge waterholes on the Cooper Creek system can contain relatively high densities of adult turtles with populations sustained by large recruitment episodes during suitable flooding events.  Drought survival strategies, including low metabolic rates and longevity, enable populations to survive over lengthy periods between suitable flood events (Kingsford et al, 2006).  Without some permanent refuge waterholes, turtles would not exist in the Lake Eyre Basin (Silcock, 2009).

Turtles are an incidental capture by recreational anglers throughout the basin with most likely to be released alive after being entangled in yabby or shrimp traps, and occasionally by line.  They are also likely to be caught in illegal nets where mortality through drowning is likely to be high. Turtle species are also hunted by traditional owners in the region.  There is very little information available about the quantities or species composition of turtles taken within the Lake Eyre Basin.  
Whilst refuge waterholes are critically important habitat for turtles, all of the Lake Eyre Basin species are considered relatively widespread and abundant in suitable habitat. Recognising that the incidental fishing mortality of these species was likely to be low, it was considered likely (L6) that turtle mortality through recreational, commercial or indigenous fishing in refugia would have a minor (C1) impact on species sustainability.  This resulted in a risk score of LOW (6) for Lake Eyre Basin turtle species.   
Fishery impacts on the broader environment
Objective

· Minimise fishery impacts on the ecosystem.

Removal of/damage to organisms through ghost fishing of discarded or lost gear (commercial fishery) 

ERA Risk Rating: Fishery impacts on the broader environment (NEGLIGIBLE)

When the commercial fishery is active the gillnets used are actively tended and there is no evidence that nets have been lost or discarded in Lake Hope or Red Lake.  Should nets be lost or accidentally discarded they could be easily recovered by the fishers, or at worst recovered once the lakes dry out (G. Overton, pers. comm.).  
It was considered likely (L6) that incidental mortality of target and bycatch species through ghost fishing of commercial gear would have a negligible (C0) impact on the sustainability of aquatic biota in the area of the fishery. This resulted in a risk rating of NEGLIGIBLE (0). 
Minimise the impacts from ghost fishing (recreational fishery)
ERA Risk Rating: Removal or damage to organisms by ghost fishing (Negligible)

Recreational fishing gear (predominantly shrimp and yabby traps) is likely to be lost or discarded and as such has potential to continue to capture a range of aquatic species.  More destructive gear types such as drum nets and gillnets are also known to be used illegally throughout the region.   

The workshop considered that lost or discarded recreational fishing gear was likely (L4) to have negligible (C0) ecological impacts at a basin scale. This resulted in a risk rating of NEGLIGIBLE.  

Broader environmental impacts (particularly changes to terrestrial nutrient transfer) arising from catches in the commercial fishery 

ERA Risk Rating: Fishery impacts on the broader environment (NEGLIGIBLE)

When the commercial fishery is active a significant quantity of Lake Eyre Basin Golden Perch are harvested that would otherwise die once the lakes dry out.    Stakeholders have sought additional information about the likely consequences of removing these fish noting that these nutrients would otherwise be available to support terrestrial and/or aquatic production in the area.   
The ESD workshop participants agreed that there is very little information available to quantify the impacts from removal of these fish from the system.  It was recognised that the  aquatic production that occurs in ephemeral lakes like Lake Hope was very substantial and undoubtedly plays a significant role in recharging nutrients in these locations, which then underpins substantial terrestrial production once the lakes dry, and probably in the lakes themselves years later, when new floods arrive.  

Nonetheless, the amount of Lake Eyre Basin Golden Perch taken from these systems is likely to represent a small fraction of the available nutrients in that immediate locale, and is a very small fraction of the fish present in the broader Cooper Creek system after large scale flooding events. 

It was considered likely (L6) that commercial fishing of Lake Eyre Basin Golden Perch in Lake Hope and Red Lake would have a negligible (C0) impact on availability of nutrients to support terrestrial production in that locale, and even less of an impact at a regional scale.  This resulted in a risk rating of NEGLIGIBLE (0). 

Addition/movement of biological material (stocking and/or bait usage) caused by translocation from outside the Lake Eyre Basin
Recreational fishers visiting from outside the Lake Eyre Basin are known to bring exotic and/or non endemic species into the area for use as bait.  This may be for line fishing or as dead bait for shrimp or yabby traps.  Both Goldfish (Carassius auratus), and Gambusia (Gambusia holbrooki) are present in relatively small numbers in some areas, and Redclaw crayfish (Cherax quadricarinatus) are increasingly evident in the northern reaches of some rivers.  Exotic species such as European carp, tilapia, weather loach, marron, and cane toads could have significant ecological impacts if they become widely established.   Similarly, some deliberate stocking of non Lake Eyre Basin endemic native fish species (Murray cod, Murray-Darling Golden Perch) has been undertaken in Lake Eyre Basin water-bodies (A. Kereszy, pers. comm.).
Objective 
· Minimise potential for translocation of exotic species by recreational fishers. 
Inter-basin translocation  of exotic species via stocking and/or bait usage 

ERA Risk Rating: Fishery Impacts on the Ecosystem (EXTREME)

Rivers of the Lake Eyre Basin are considered to be in good ecological health, particularly when compared to systems like the Murray-Darling.  The presence and abundance of exotic species and rates of their population growth or decline over time is a recognised indicator for aquatic system health; for example for the Murray River, during the NSW Rivers survey, around 40% of fish caught were native species.  By comparison more than 99% of the fish species caught during ARIDFLO sampling in the Lake Eyre Basin rivers were native species.  These data suggest that poor river health rather than direct competition between exotic and native species is the primary driver for changing exotic versus native species composition (DWLBC, 2004).  

Whilst river systems remain relatively unregulated and subject to natural variations in flow patterns, populations of native fish species are much more likely to remain healthy.  Native aquatic fauna have evolved to survive and prosper in dryland river systems with  highly variable natural flow regimes.  They can breed rapidly and disperse widely to take advantage of increased food and habitat after floods.  Native species like Lake Eyre Basin Golden Perch and Grunter species also readily prey on exotic species such as Gambusia if these are flushed from their preferred habitat during floods.  In contrast, introduced exotic species are more likely to prosper in man-made habitats such as bore drains and weirs where the flow conditions and habitat are more suitable for their survival (ARIDFLO, 2004).  
Significant adverse impacts that may arise from inadvertent or deliberate translocation of exotic or non endemic native species into Lake Eyre Basin water-bodies could include:   

· additional competition for food and space 

· predation, alteration of food webs 

· alteration of habitat 

· disease introduction 

· loss of genetic integrity and diversity amongst endemic species.

Introduced native species like Murray cod or Red-claw are likely to have significant impacts on the ecological structure of Lake Eyre Basin habitats if they become strongly established. During extended drought periods competition for limited resources between pest or non endemic native species and endemic species is likely to compound these effects.   
Competition between species at the same trophic level for a limited or limiting resource (i.e. available food/habitat), particularly in refugia, may also have significant ecological effects.  For organisms relying on critical refugia in drought periods, the consequences of limited food and habitat, and increased competition and changing predator/prey dynamics, are likely to be significant.   

Some invasive species, like Redclaw, may have dramatic impacts on Basin ecology.  In the areas where they have become established Redclaw have been implicated in the decline of native blue claw Yabbies to the extent that Yabbies are rarely found in any numbers in locations colonised by Redclaw.  These non endemic native freshwater crayfish are currently established in waterholes close to Longreach in the Thomson catchment and waterholes in the Georgina catchment.  After summer flooding in March 2008, they were found downstream of Longreach and downstream of Blackall on the Barcoo River.  They have also been discovered in the Diamantina catchment.  They have quickly become established in all three major drainages in the Queensland region of the  Lake Eyre Basin and are likely to extend their range further south (Woodford, 2008).  Other than their likely direct impact on native blue claw Yabbies, the broader ecological effects of their presence are unknown.  
The workshop discussion also identified the possibility of Barcoo Grunter  becoming established in the Neales River catchment, and the risk of subsequent disease introduction into this unique environment.  Similarly the introduction of non endemic species into other catchments had implications for genetic diversity.  There was very little information about likelihood or consequence to help quantify these types of risks hence a precautionary approach was taken by increasing the risk score slightly to allow for this uncertainty.  

Although unlikely to have been introduced as a result of fishing activities, Cane Toads (Bufo marinus) are reported to be present in the upper Cooper Creek system.  They have the potential to spread relatively quickly and may pose a serious risk to aquatic biota and basin ecology.  In June 2008 the University of Adelaide commenced a project to obtain a rapid estimate of the distribution of Cane Toads in the Queensland region of the Lake Eyre Basin.   The project will survey riparian landholders via telephone, email and postal contact. The project will also produce a leaflet designed specifically for the Lake Eyre Basin, to raise awareness of Cane Toads as a potential threat to native fauna and ecosystems. 

It was considered that the ecological impacts of translocation of biological material (via stocking or as bait) could be catastrophic (C5). This impact was considered likely (L6) given that some pest species have already been introduced (i.e. Redclaw and Cane Toads), and it was very difficult to ensure that others would not be introduced or the abundance and distribution of existing pest species would not increase.  This results in a risk rating of EXTREME (30).

Indicator

To be determined
Performance measure

To be determined

ERA Risk Rating: Fishery Impacts on the Ecosystem
Intra-basin translocation via Gear Contamination and Bait Usage 
Recreational fishers moving around within the Lake Eyre Basin may also accidentally transport existing disease, exotic species, or non-endemic native species through contamination of fishing gear, vehicles, and/or boats.  Similar ecological impacts could arise through the inadvertent or deliberate intra basin relocation of bait species (such as Redclaw) used by recreational anglers.  

It was recognised that the overall risk from such an event was lower than the risk of similar events occurring where the biological material was transported into the Lake Eyre Basin region from outside the region.  
Ecological impacts of intra basin translocation of biological material through gear contamination and/or bait usage could be severe (C3). This scenario was considered possible (L4) given that some pest species have already been introduced (i.e. Redclaw) and were actively used as bait by anglers.   This resulted in a risk rating of MODERATE (12).

Indicator

To be determined.
Performance measure

To be determined.

Impacts of fishing on the Broader Environment 
Objective 

· Minimise the broader environmental impacts of fishing.  

Ecological Disturbance Impacts - Camping

ERA Risk Rating: Fishery Impacts on the Ecosystem (LOW)

There were a range of broader environmental impacts likely as a result of recreational fishers camping in the vicinity of rivers, lakes, and waterholes.  The workshop identified key impacts like habitat degradation through vehicle damage and erosion, clearing of dead and live timber for firewood, and impacts from discarded fishing line and gear, and more general rubbish around camping areas or higher traffic areas.  
The disturbance of sensitive habitats such as waterbird breeding colonies was also raised.  It was recognised that key wetland systems such as Coongie Lakes and various refuge waterholes were important habitat for a broad range of these waterbird species. In some locations, particularly refugia, human disturbance impacts from camping and related activities may be locally significant.  
The collection of firewood in key camping areas, particularly important refugia or other high value areas may also be locally significant.  In such cases the removal of dead timber from river banks or around waterholes, or the removal of snags, may reduce valuable breeding habitat for species like Lake Eyre Basin Golden Perch.     
It was considered that the aggregate ecological disturbance impacts from camping and associated human activity impacts on the broader environmental health of the Basin region were likely to be moderate (C2). The likelihood of this level of impact was considered rare (L2).   This resulted in a risk rating of LOW (4) for these activities.

Broader Environmental Impacts - Greenhouse Gas emissions, Debris/Rubbish, Oil Discharge, Use of Artificial Baits

ERA Risk Rating: Broader environmental impacts (NEGLIGIBLE)

Whilst fishing related tourism was an important and popular activity within the Lake Eyre Basin, the specific impacts related to greenhouse gas emissions, dumping of debris/rubbish, oil discharge from boats and/or vehicles, and the occasional use of artificial baits were assessed as likely (L6) to have a negligible (C0) impact on the broader environment.  This resulted in a risk score of NEGLIGIBLE (0).  
4.4 Community
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Figure 8. Component Tree for Community

Community Wellbeing - Fishing Industry Community

To illustrate the community value of fisheries in the Lake Eyre Basin it is useful to consider the implications if either the recreational or the commercial fisheries were to cease.  The presence of both of these fisheries makes a contribution to community wellbeing.  Considering the consequences of these fisheries ceasing to operate can thus illustrate the value they bring to dependant Lake Eyre Basin communities.  
Objective

· Maintain a flow of benefit from the commercial fishery to the broader community.

Contribution of the Fishery to communities
ERA Risk Rating: Contribution of the commercial fishery to the licence holders wellbeing (MODERATE)

Profit: the Mulka Station commercial fishery is an opportunistic enterprise that can supplement revenue from farming activities.  Whilst operating costs for the fishery and its revenue are not publicly available, the licence holder advised at the ESD workshop that profit from the operation is marginal.  Operating costs are significant and include fuel costs for transporting boats, equipment and personnel to and from the fishing locations, and transporting the catch to major domestic fish markets (Adelaide, Sydney and Melbourne); supply of ice and suitable containers that can work effectively in the high ambient temperatures of the region; and the requirements to obtain new nets each time fishing commences in a new “season”.  The licence holder also noted that the price received for Lake Eyre Basin Golden Perch had remained relatively static whilst operating costs have consistently increased over time.
Without more economic data, or a detailed cost benefit analysis, it is difficult to quantify the net economic benefit to the licence holder, and to the broader community from fishing activity.  The volume of catch sold and an assumed average value of $12 per kg suggests that the venture is profitable and that there are a range of flow on benefits at a local and regional level. 
Employment: the commercial fishery is a relatively small operation in employment terms.  When fully active the operation employs the Mulka Station lessee and immediate family, and one or two locals on a casual basis to help out with preparation and transport of the catch to Adelaide.  Where possible the licence holder employs local staff.  Should the operation cease the impacts on employment at the local level would be minor.  Employment impacts at a regional, State and national level would be negligible.   
Occupational Health, Safety and Welfare (OHS&W): the operating environment for the Mulka Fishery is challenging.  Transport of vessels and gear to the lakes is dangerous as visibility on access tracks is very restricted and the tracks are effectively a one lane route.  Conditions on the lakes can be very rough with strong winds and heavy short range chop on the water.  When fully laden with catch the relatively small vessels (5m aluminium dinghies) have limited freeboard.   Weather conditions are inhospitable and there are large variations in temperature from very hot to cool.  When fish are running the fishing can be fast and furious and it is imperative that product quality is maintained until the catch is sold in Adelaide.  All of this takes a toll on the fishers during the fishing season (G. Overton pers. comm.)
Licence Asset Value: the Mulka licence is not transferable which limits its monetary value to anyone other than the current fishers.  The operation of the fishery over time, and particularly data collected by the holders, PIRSA, and SARDI have resulted in a significant improvement in knowledge about the nature of the fishery, the environment it operates in, and its likely environmental impacts.  There is some knowledge value attributed to this.  

It was considered likely (L6) that the fishery was making a moderate (C2) positive contribution to benefit the licence holder.  If the fishery ceased to operate the risk to the licence holder’s wellbeing was assessed as MODERATE (12).     

Indicator 
· Profit at full equity

Performance measure

To be determined

Contribution of the fishery to Dependent Communities – Social Value
Objective

· Maintain a flow of benefit from the fishery to the broader community.

Social value created by the Lake Eyre Basin recreational fishery

ERA Risk Rating: Social Value of Lake Eyre Basin Recreational Fisheries to Dependent Communities (LOW)

The recreational fishery contributes to social value through factors like lifestyle quality, community identity, health effects from exercise and fish consumption, the building and extension of knowledge through research programs, and community connection with the land and related stewardship of natural resources.  

Some fishing and fisheries management activities make a relatively larger contribution to social value within communities and regions.  Of these, fisheries related infrastructure such as fish-ways were considered to build positive community stewardship and contribute to a sense of identity for communities.  Similarly, and in general terms, Lake Eyre Basin communities were environmentally aware and proud of the relatively natural state of their region and valued improved knowledge about these resources and their management.  The knowledge gained as a result of research activities for both the commercial fishery and the basin wide recreational fishery has also made a significant contribution to social value.    
It was considered that the absence of a productive recreational fishery was likely (L6) to have a moderate (C2) consequence on social value in the context of local communities in the Lake Eyre Basin region.  This resulted in an overall risk rating of MODERATE (12).
Indicator

To be determined

Performance measure

To be determined.

Contribution of the fishery to Non-Dependent Communities – City Centres
Social value created by the Lake Eyre Basin recreational fishery

ERA Risk Rating: Contribution of the fishery (social value) to Non-Dependent Communities (LOW)

The broader value provided by research and monitoring activities conducted to support both recreational and commercial fishing in the Lake Eyre Basin was recognised.  A range of formal research and monitoring projects (e.g. ARIDFLO, Lake Eyre Basin Rivers Assessment), and related or less formal observations by landholders and community members have made a major contribution to community awareness of the unique nature and value of the region.  This knowledge has also generated value in non-dependent communities like Adelaide and larger regional centres. Most of the research outcomes are of significant academic and practical value and interest, both nationally and internationally.   
It was considered that the absence of both a recreational and commercial fishery were likely (L6) to have a minor (C1) consequence with respect to creation of social value in non dependent communities (city centres).  This resulted in an overall risk rating of LOW (6).
4.5 Governance
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     Figure 10. Component tree for governance
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Figure 11. Governance component tree for the Lake Eyre Basin fisheries (continued from previous page)
The governance section is not assessed explicitly for risks as per the other sections in this report although issues for attention (moderate risk) are identified in yellow above. Key governance frameworks, and related processes underpinning the achievement of fisheries ESD objectives are described. Issues identified by stakeholders for either further action or identified current issues are covered in more detail below.

PIRSA Fisheries and Aquaculture – Policy and Management 
Recreational Fisheries Compliance
Objective

· Ensure that recreational fishing within the South Australian region of the Lake Eyre Basin is compliant with current regulations.
The combination of remote areas, a large area under management, limited resources (financial and human), shared management and compliance responsibilities across jurisdictions, and some extreme risks to ESD objectives (e.g. illegal fishing in refugia during drought periods, translocation of pest species) make effective compliance of recreational and control of illegal fishing critically important. The following key issues were identified: 
· Compliance with regulations during recreational fishing in refuges
· Larger scale and deliberate illegal fishing for commercial gain

· Illegal fishing in refuges, particularly with nets and/or traps

· Recreational fishing activities that may trans-locate pest species 

· Consistency and cooperation for compliance and management across jurisdictions 

Illegal fishing was loosely characterised as either large scale illegal fishing for commercial gain, or accidental illegal fishing as a result of ignorance or low level disregard for fisheries management regulations.  Whilst any illegal fishing in key refugia was considered to be high risk, in general the organised large scale illegal fishing was a significantly greater threat to both target species and bycatch and/or TEP species.   PIRSA Fisheries and Aquaculture has direct responsibility for the management of both types of illegal fishing and uses a risk based compliance program to mitigate these risks.  Despite this there are major challenges delivering effective compliance where resources are limited and the available resources must compete with a range of higher profile commercial and recreational fishing issues for South Australia.
In light of these challenges the workshop discussed the importance of efficient risk based compliance strategies and a highly collaborative approach to compliance and management of recreational fisheries across all of the Lake Eyre Basin jurisdictions and their agencies.  

Indicator

To be determined

Performance measure

To be determined

Fisheries Research & Information Collection
Objective

Ensure sufficient biological, environmental, economic and social information is collected to inform management decisions.
Whilst the amount and quality of information available to support improved management of commercial and recreational fisheries in the Lake Eyre Basin continues to improve it remains a key area that can underpin improved ESD performance of these fisheries.  
To date there has been some targeted research into the catch, effort and broader environmental impacts of the Mulka Station commercial fishery, and the available information suggests that ESD objectives are largely being achieved for this fishery.  There remain a range of uncertainties with respect to the broader environmental consequences of the fishery however these issues have been assessed as low to negligible risk in this ESD risk assessment report. 
For recreational fisheries the risks are generally higher.  This is a consequence of the broad geographic range of activities, the difficulty in collecting reliable information about catch and effort and broader environmental effects, and the participation of large numbers of tourists from within and outside South Australia.  All of this contributes to challenges with improving community awareness about fishing impacts and risks, and developing strategies and practices to overcome these risks.
There is also uncertainty about the impacts of some niche fishing activities like the collection of small endemic fish species from waterholes and mound spring habitats for aquaria.  Concentrated harvests in some areas could cause localised depletion, particularly for some rarer species endemic to a particular mound spring group.  Similarly very localised endemic species like the Dalhousie purple-spotted gudgeon (Mogurnda thermophila) are highly vulnerable to habitat degradation, or increased harvest for aquaria.  
Knowledge about recreational fishing catch and effort by South Australian anglers in the Lake Eyre Basin has been improved via the 2000-01 NRIFS, and most recently with the 2007-08 South Australian recreational fishing survey.  Nonetheless uncertainties remain about some aspects of these data and they do not provide adequate information about the catch of some higher risk species like Cooper Creek Catfish.  
Limited research funding, and the need to compete with other high profile commercial and recreational fisheries, will remain a key challenge for research into Lake Eyre Basin fisheries.  

Indicator

To be determined

Performance measure

To be determined

Strategic Policy and Management

Strategic policy and management were identified as key areas that would contribute to improved ESD outcomes for Lake Eyre Basin fisheries.  The opportunity to develop strategic planning frameworks and to manage collaboratively both within and across jurisdictions to manage risks is a key factor in achieving strong ESD performance for these fisheries.   

Some specific examples include:

· Development of efficient basin wide monitoring and research programs and funding security for such programs

· Cross jurisdiction commitment to strategic research and management frameworks, integration of these, and shared responsibility for funding 

· Programs to improve the capacity and engagement of individuals and communities in supporting and delivering effective fisheries management 
· Recognition of the intrinsic value and unique nature of the aquatic systems of the Lake Eyre Basin, and investment to underpin and promote those values.  
Indicator

To be determined

Performance measure

To be determined

4.6 External Factors Affecting Performance of the Fishery 
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Figure 12. Component tree for external factors affecting performance of the fishery
Ecological Impacts on the Fishery – Human Induced Changes 
Water is the critical link between human communities and natural systems within the Lake Eyre Basin.  As such many of the risks arising from human induced factors external to commercial or recreational fishing in the Basin are directly water related.  These include human induced changes to flows; environmental influences on flows through human induced climate change apparent at a local or regional level (i.e. changing seasonality, more severe floods or longer drought periods); water quality influences from agricultural activity; infrastructure developments like weirs or barrages that interrupt flows and fish passage; or impacts on groundwater availability through reduced artesian pressures from uncapped bores.  Some of these external impacts may significantly compromise ESD outcomes for Lake Eyre Basin fisheries.     

Water quality 
Objective

Minimise negative impacts on recreational and commercial fisheries caused by external factors.

ERA Risk Rating: Impact of external factors on ESD objectives for commercial and recreational fisheries (MODERATE)

Deteriorating water quality can have a range of impacts on freshwater ecology in the Lake Eyre Basin region.  This may range from dramatic effects such as fish kills to sub lethal impacts on fish populations making them more susceptible to disease or reduced breeding success.  In combination with a range of other pressures on fish stocks, or aquatic ecosystems more broadly, these issues may have serious implications for sustainability and/or quality of fishing within the basin over time.  

Primary external and human induced factors likely to have a significant adverse impact on water quality were: 

· Water extraction and/or diversion for human use (agriculture, mining, domestic use)

· Pollution and/or eutrophication  through chemical use (fertilisers, pesticides) 
· Sedimentation (removal of vegetation, livestock grazing around waterholes, altered flow regimes and velocities)  

The extraction of water from key aquatic refugia during drought periods was also recognised as a risk.  Deteriorating water quality as a result of such extraction may have dramatic impacts on assemblages or individual species within refugia at a time when these habitats are critically important to longer term ecological function.      

PIRSA Fisheries and Aquaculture does not have direct regulatory responsibility or control over any of these external factors.  This reiterates the fundamental importance of collaborative management both within South Australian agencies, and across the other Lake Eyre Basin jurisdictions. 
Acknowledging that baseline information about water quality and its specific influences on Lake Eyre Basin aquatic ecology is somewhat limited, and accepting that a level of precaution was appropriate in the face of this uncertainty, it was considered that changes to water quality from external factors was likely (L6) to have a moderate (C2) impact on the achievement of ESD objectives for Lake Eyre Basin fisheries.  This resulted in a risk rating of MODERATE (12).

Indicator

To be determined

Performance measure

To be determined

Introduction of Pest Species
Objective
· Minimise negative impacts on recreational and commercial fisheries caused by external factors
ERA Risk Rating: Impact of external factors (pest species) on ESD performance of the fisheries (EXTREME) 
Section 4.3 of this report considers the implications of pest species translocation as a direct result of fishing activities (i.e. the use of Red-claw for bait and subsequent release or escape into Lake Eyre Basin rivers).  The translocation of other pest species such as Cane Toads via tourist vehicles, or their rapid dispersal via floodwaters once established in the upper reaches of rivers, may also have a dramatic impact on ecosystem function and aquatic diversity.    
Other conduits for pest species translocation within the Lake Eyre Basin could include escapees from stocked farm dams or other artificial environments during flood events (European Carp are recorded as present in some artificial habitats within the basin), or transfers via man made water diversion features such as channels, or diversion pipelines (Hammer et al, 2007).  

Adverse impacts from increasing abundance and distribution of pest species could be expected to include:

· Biological interactions (predation, direct competition for food and/or habitat, alterations to foodwebs or habitats, impacts on reproductive success of endemic species)

· Increased disease, new diseases, or parasitic infection of otherwise healthy endemic species populations

· Changes to genetic diversity of endemic species.

Pest species (i.e. non-native species) currently present in artificial or natural Lake Eyre Basin aquatic environments include Goldfish, European carp, Gambusia, Weather loach, Tilapia, Rainbow trout, Redfin perch, and a range of introduced aquarium species (Hammer et al, 2007); further details are provided in Appendix 3.    
Whilst there are programs in place to manage the risks from further expansion or establishment of pest species, the scale of the region, difficulties in establishing effective education and extension programs, limited human and financial resources, compliance challenges, and the prospects of rapid flood-borne translocation of some species (i.e. larval and/or juvenile cane toads) make these translocation risks difficult and expensive to mitigate effectively.    

Further establishment, increased abundance and/or distribution of pest species as a result of external human activities was considered likely (L6) and this would have a major (C4) impact on fisheries ESD objectives for the basin.  This resulted in a risk rating of EXTREME (24).

Indicator

To be determined

Performance measure

To be determined

Infrastructure Development

Objective

· Minimise negative impacts on recreational and commercial fisheries caused by external factors
ERA Risk Rating: Impact of external factors (infrastructure development) on ESD performance of the fisheries (MODERATE) 

Existing and new infrastructure to support communities and industry throughout the basin (i.e. new roads, causeways) has the potential to compromise strong fisheries ESD outcomes for the region. This is most likely where natural flow regimes are disrupted with subsequent impacts on flow rates, seasonality of flows, and water quality.  All are important determinants of aquatic productivity and diversity.  

Infrastructure such as roads increase access to otherwise remote and sometimes pristine locations, with an increase in the risk of translocation of pest species.  Nonetheless, it was recognised that such improvements to support mining and other industrial activities, or to improve access to pastoral areas, are important in supporting communities in remote areas, and delivering valuable economic activity.   
The workshop considered that existing infrastructure, and new infrastructure development, was likely (L6) to have a moderate (C2) impact on the achievement of fisheries ESD objectives within the basin.  This resulted in a risk rating of MODERATE (12).

Indicator

To be determined

Performance measure

To be determined

Ecological Impacts on the Fishery – Human Induced Changes (Climate Change)

Impacts of Climate Change

Objective

Manage the impacts of climate change
ERA Risk Rating: Impact of external factors (climate change) on ESD performance of the fisheries (MODERATE)

The South Australian government has initiated a range of programs to understand and prepare for the impacts of human induced climate change.  Predicted climate change impacts are likely to place natural systems under increasing pressure, including reducing the resilience of species and ecosystems.  This may occur concurrently with cumulative impacts from other human induced changes within the Lake Eyre Basin.  
A 2003 CSIRO report, Climate Change in South Australia, updated in 2006 (Suppiah et al, 2006), provides some insight.  Projections of climatic conditions for regions of South Australia for 2030 and 2070 were completed using future emissions scenarios prepared by the Inter-governmental Panel on Climate Change (IPCC). In summary these projections suggest:

· increase in annual average temperatures (1 - 6° C warmer in the north of the state and 0.6 - 4.4° C in the south, by 2070) 

· average annual rainfalls tending toward decreases (projections in the range +20 to -40% by 2070) particularly in agricultural regions of the State 

· reduction in winter and spring rain 

· increase in frequency of extreme maximum temperatures, while the frequency of extreme minimum temperatures decreases 

· increase, by up to 10%, in extreme rainfall events (with heavy rainfall in summer in the north of the state projected to result in a 20% increase in flood frequency) 

· Increase in the frequency of droughts towards the end of the century. 

The report advises that “Higher temperatures and lower rainfall would lead to an increase in drought and fire that could have increasing impacts on biodiversity, agriculture and forestry. Significant changes in management may be required to minimise costs, maximize benefits and ensure environmental sustainability.

Decadal scale climate change is expected to affect the present functional capacity of ecosystems in South Australia. Some animal and plant species are likely to come under increasing stress, causing long-term change in species composition.” 
For Lake Eyre Basin fisheries, climate change effects like increased intensity of flooding, and/or prolonged and severe drought periods have the potential to increase the overall ecosystem stress through changes to flow regimes and water quality, and influence human behavior with respect to water resource security in more arid regions.  Large flooding events could accelerate the translocation of exotic species, and more severe drought periods could increase the risks of critical refuge waterholes becoming uninhabitable for a range of reasons, or increase the risks of illegal fishing in a small number of available refuge areas.  

The effects of such climate variations and the subsequent environmental and human responses are difficult to quantify in view of the uncertainty surrounding climate projections, the paucity of knowledge with respect to the dynamics of natural systems within the Lake Eyre Basin, and the multitude of possible environmental responses to such changes. 

It was acknowledged that the relatively long time scales involved in the climate change projections were largely outside the timeframes for current management of Lake Eyre Basin fisheries.   

The workshop considered that climate change was likely (L6) to have a moderate (C2) impact on the achievement of fisheries ESD objectives within the basin.  This resulted in a risk rating of MODERATE (12).

Indicator

To be determined

Performance measure

To be determined
Impact of External Factors on ESD Performance of the Fisheries (External Drivers)

External Drivers
Objective
· Minimise the impacts of external drivers on the ESD performance of the fisheries

ERA Risk Rating: Impact of external factors (other drivers) on ESD performance of the fisheries (MODERATE) 

Economic Factors
For the Mulka Station commercial fishery there are several key external economic drivers that impact on ESD performance.  Some of these are largely outside the control of PIRSA Fisheries and Aquaculture or the licence holders.  For example the price of fuel is a key factor in the profitability of the fishery because of the remote location of the fishery and transport costs associated with getting catch to markets in good condition.  The licence holder also advised that the price received for Lake Eyre Basin Golden Perch had fallen in real terms over the last decade.  Both of these factors have a significant adverse impact on the profitability of the fishery and yet are difficult to influence.   

The workshop considered that economic externalities like fuel prices were likely (L6) to have a moderate (C2) impact on the achievement of fisheries ESD objectives within the basin.  This resulted in a risk rating of MODERATE (12).

Indicator

To be determined

Performance measure

To be determined

Access Issues

ERA Risk Rating: Impact of external factors (Access Issues) on ESD performance of the fisheries (MODERATE) 

There are a range of issues related to the ease of access to recreational fishing locations within the Lake Eyre Basin.  Key issues identified were access to fishing locations that occur within pastoral leases, access restrictions associated with mining and resource extraction developments, and quality of infrastructure that may enable access to fishing locations.  All of these have the potential to impact the amenity of recreational fishing.  In more extreme cases access restrictions may lead to conflict between fishers, communities and/or industries.   

It was considered that access issues were likely (L6) to have a moderate (C2) impact on the achievement of fisheries ESD objectives within the basin.  This resulted in a risk rating of MODERATE (12).

Indicator

To be determined

Performance measure

To be determined 
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6 APPENDICES
6.1 Appendix 1: Likelihood and Consequence Tables
Table 10. Likelihood Definitions

	Level
	Descriptor

	Likely (6)
	It is expected to occur

	Occasional (5)
	May occur

	Possible (4)
	Some evidence to suggest this is possible here

	Unlikely (3)
	Uncommon, but has been known to occur elsewhere

	Rare (2)
	May occur in exceptional circumstances

	Remote (1)
	Never heard of, but not impossible


(Source: Fletcher et al., 2002)

Table 11. Consequence categories for the Major Retained/Non-Retained Species

	Level
	Ecological (Retained: target/Non-retained: major)

	Negligible (0)
	Insignificant impacts to populations. Unlikely to be measurable against background variability for this population.

	Minor (1)
	Possibly detectable, but minimal impact on population size and none on dynamics.

	Moderate (2)
	Full exploitation rate, but long-term recruitment/dynamics not adversely impacted.

	Severe (3)
	Affecting recruitment levels of stocks/or their capacity to increase.

	Major (4)
	Likely to cause local extinctions, if continued in longer term (i.e. probably requiring listing of species in an appropriate category of the endangered species list (e.g. IUCN category).

	Catastrophic (5)
	Local extinctions are imminent/immediate


(Source: Fletcher et al., 2002)

Table 12. Consequence categories for the By-Product Species/Minor Non-retained species
	Level
	Ecological (RETAINED: By-product/Non-retained: other)

	Negligible (0)
	The area where fishing occurs is negligible compared to where the relevant stock of the species resides (< 1%).

	Minor (1)
	Take in this fishery is small (< 10%), compared to total take by all fisheries and these species are covered explicitly elsewhere. Take and area of capture by this fishery is small, compared to known area of distribution (< 20%).

	Moderate (2)
	Relative area of, or susceptibility to capture is suspected to be less than 50% and species do not have vulnerable life history traits. 

	Severe (3)
	No information is available on the relative area or susceptibility to capture or on the vulnerability of life history traits of this type of species. 

Relative levels of capture/susceptibility suspected/known to be greater than 50% and species should be examined explicitly.

	Major (4)
	N/A Once a consequence reaches this point it should be examined

using Table A1.

	Catastrophic (5)
	N/A (See Table A1).


(Source: Fletcher et al., 2002)

Table 13. Consequence levels for the impact of a fishery on Protected species
	Level
	Ecological 

	Negligible (0)
	Almost none are impacted

	Minor (1)
	Some are impacted but there is no impact on stock

	Moderate (2)
	Levels of impact are at the maximum acceptable level

	Severe (3)
	Same as target species

	Major (4)
	Same as target species

	Catastrophic (5)
	Same as target species


(Source: Fletcher et al., 2002)

Table 14. Consequence levels for the impacts of a fishery on habitats
	Level
	Ecological (HABITAT)

	Negligible (0)
	Insignificant impacts to habitat or populations of species making up the habitat – probably not measurable levels of impact. Activity only occurs in very small areas of the habitat, or if larger area is used, the impact on the habitats from the activity is unlikely to be measurable against background variability.

(Suggestion- these could be activities that affect < 1% of original area of habitat or if operating on a larger area, have virtually no direct impact)

	Minor (1)
	Measurable impacts on habitat(s) but these are very localised compared to total habitat area.

(Suggestion – these impacts could be < 5% of the original area of habitat)

	Moderate (2)
	There are likely to be more widespread impacts on the habitat but the levels are still considerable acceptable given the % of area affected, the types of impact occurring and the recovery capacity of the habitat.

(Suggestion – for impact on non-fragile habitats this may be up to 50% [similar to population dynamics theory] - but for more fragile habitats, to stay in this category the percentage area affected may need to be smaller, e.g. 20%)

	Severe (3)
	The level of impact on habitats may be larger than is sensible to ensure that the habitat will not be able to recover adequately, or it will cause strong downstream effects from loss of function.

(Suggestion - Where the activity makes a significant impact in the area affected and the area > 25 - 50% [based on recovery rates] of habitat is being removed)

	Major (4)
	Substantially too much of the habitat is being affected, which may endanger its long-term survival and result in severe changes to ecosystem function.

(Suggestion this may equate to 70 - 90% of the habitat being affected or removed by the activity)

	Catastrophic (5)
	Effectively the entire habitat is in danger of being affected in a major way/removed.

(Suggestion: this is likely to be in range of > 90% of the original habitat area being affected).


(Source: Fletcher et al., 2002)

Table 15. Consequence levels for the impact of a fishery on the general ecosystem/trophic levels
	Level
	Ecological (ECOSYSTEM)

	Negligible (0)
	General - Insignificant impacts to habitat or populations, Unlikely to be measurable against background variability. 
Ecosystem: Interactions may be occurring but it is unlikely that there would be any change outside of natural variation.

	Minor (1)
	Ecosystem: Captured species do not play a keystone role – only minor changes in relative abundance of other constituents.

	Moderate (2)
	Ecosystem: measurable changes to the ecosystem components without there being a major change in function. (no loss of components).

	Severe (3)
	Ecosystem: Ecosystem function altered measurably and some function or components are locally missing/declining/increasing outside of historical range &/or allowed/facilitated new species to appear.

Recovery measured in years.

	Major (4)
	Ecosystem: A major change to ecosystem structure and function (different dynamics now occur with different species/groups now the major targets of capture).

Recovery period measured in years to decades.

	Catastrophic (5)
	Ecosystem: Total collapse of ecosystem processes.

Long-term recovery period may be greater than decades.


(Source: Fletcher et al., 2002)

Table 16. Consequence levels for impacts of management of a fishery at a political level

	Level
	SOCIAL - POLITICAL

	Negligible (0)
	No impact - would not have any flow-on impacts to the local community. No fisheries department staff would need to make a statement.

	Minor (1)
	May have minor negative impact on the community (for example, small number of job losses) but these impacts would be easily absorbed.

	Moderate (2)
	Some increase in unemployment and decrease in overall income to which the community will adjust over time. Some community concern, which may translate to some political action or other forms of protest.

	Severe (4)
	Significant reductions in employment and income associated with the fishery. Significant employment and income flow-on effects to other community businesses, as reduced income and increased unemployment in fishing works its way through the local economy. Significant levels of community concern over the future of the community, which may translate to political action or other forms of protest.

	Major (6)
	High level of community impacts which the community could not successfully adapt to without external assistance. Significant level of protest and political lobbying likely. Large-scale employment and income losses in the fishing sector of the local economy. Significant flow-on effects in terms of increasing unemployment and income reductions as a consequence of changes to the fishery. Decline in population and expenditure-based services (e.g. schools, supermarkets, bank). Population declines as families leave the region looking for work.

	Catastrophic (8)
	Large-scale impacts well beyond the capacity of the community to absorb and adjust to. Likely to lead to large-scale rapid decline in community income and increase in unemployment in areas directly and indirectly related to fishing. May lead to large-scale and rapid reduction in population as families leave the region. Likely to lead to high levels of political action, protest and conflict. Significant reduction in access to private and public sector services, as businesses become unviable and target populations needed to attract government and commercial services decline below threshold levels.


(Source: Fletcher et al., 2002)

Table 17. The General Consequence Table for use in ecological risk assessments related to fishing
	Level
	General

	Negligible (0)
	Very insignificant impacts. Unlikely to be even measurable at the scale of the stock/ecosystem/community against natural background variability.

	Minor (1)
	Possibly detectable but minimal impact on  structure/function or dynamics.

	Moderate (2)
	Maximum appropriate/acceptable level of impact (e.g. full exploitation rate for a target species).

	Severe (3)
	This level will result in wider and longer term impacts now occurring (e.g. recruitment overfishing).

	Major (4)
	Very serious impacts now occurring with relatively long time frame likely to be needed to restore to an acceptable level.

	Catastrophic (5)
	Widespread and permanent/irreversible damage or loss will occur – unlikely to ever be fixed (e.g. extinctions)


(Source: Fletcher et al., 2002)

6.2 Appendix 2: Potential threats to freshwater fishes in South Australia

Table 18. Potential threats to freshwater native fish in South Australia
	Threat category 
	Examples causes (processes) 

	1. Hydrological (flow) alteration 

	a) Loss of water from a system/habitat 
	Reservoirs, farm dams, pumping surface and groundwater, drainage, climate change, plantations 

	b) Altered flow seasonality and variability 
	Provision for irrigation (i.e. seasonal reversal), dams (e.g. delay the onset of flow periods), land clearance, climate change 

	2. Habitat loss and degradation 

	a) Removal and alteration of habitat (broad) 
	Reduced flow, drainage, damming, channelisation, river engineering, levees (floodplain loss), urbanisation

	b) Removal and damage of riparian vegetation 
	Land clearance, stock access, urban/rural development 

	c) Loss of instream cover 
	Desnagging, dredging, siltation & overgrazing, altered hydrology, removal of aquatic vegetation, exotic plants, algal growth (nutrients) 

	d) Artificial barriers to fish movement and gene flow 
	Physical structures (e.g. weirs, dam walls, road culverts), biological barriers (e.g. loss of intervening habitat, predators, water quality, high velocity) 

	3. Lowered water quality 

	a) Fish kills 
	Toxic substances (e.g. chemicals & pollutants), reduced flow, eutrophication, suspended sediments, temperature

	b) Sub-lethal responses (e.g. reduced spawning or feeding ability) 
	Salinity, reduced dissolved oxygen, altered temperature (e.g. thermal pollution, loss of flow and shade, climate change) 

	c) Reduced habitat quality 
	Sedimentation, nutrient input (algal growth) 

	4. Alien species & stocking (biological pollution) 

	a) Biological impacts (competition, predation, aggression, habitat modification) 
	Introduction and/or establishment of exotic and translocated native species 

	b) Transfer of disease and parasites 
	Introduction of exotic and translocated native species, discarded aquarium fishes and plants, inter-basin transfer and movement of materials, equipment and vegetation 

	c) Genetic impacts 
	Inappropriate translocation and stockings (e.g. mass releases, hybridisation) 

	5. Exploitation or use 

	a) Reduced abundance and reproductive potential 
	Past and present fishing pressure and aquarium trade (recreational, commercial and illegal) 

	b) Trophic cascades and altered states 
	Selective removal of a keystone or prey species. 

	6. Population decline 

	a) Loss of genetic diversity & reduced ability to adapt to change 
	Previous unnatural range contractions, ongoing population bottlenecks (e.g. exotic predatory species), fragmentation 

	b) Restricted range and/or small populations 
	Vulnerable to lag effects, new threats, change and stochastic events, genetic problems (e.g. inbreeding) 

	c) Failure to include fishes in management and planning 
	Lack of: knowledge, monitoring/research, awareness (government & community) and appropriate legislation

	7. Climate change 

	a) Change in habitat and flow 
	Temperature increases, decreased and altered rainfall 


Source: Hammer et al, 2007. Action Plan for South Australian Freshwater Fishes
6.3 Appendix 3: Lake Eyre Basin Fish Species 
Table 19. Lake Eyre Basin fish species

	Family
	Common name
	Taxon
	SA Endemic
	EPBC rating
	Protected Fisheries Act 1982
	2007 Action Plan 
	Established alien species
	Introduced, not yet  established
	Notes

	Native species
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Plotosidae
	Cooper Creek Catfish
	Neosiluroides cooperensis
	 
	 
	 
	R
	 
	 
	Restricted to large pools on Cooper Creek

	Plotosidae
	Dalhousie Catfish
	Neosilurus gloveri
	x
	TEC
	 
	VU
	 
	 
	Spring pools at Dalhousie Springs only

	Plotosidae
	Hyrtl's Catfish
	Neosilurus hyrtlii
	 
	 
	 
	 
	 
	 
	 

	Plotosidae
	Silver Catfish
	Porochilus argenteus
	 
	 
	 
	 
	 
	 
	 

	Clupeidae
	Bony Herring
	Nematalosa erebi
	 
	 
	 
	 
	 
	 
	 

	Retropinnidae
	Smelt
	Retropinna semoni
	 
	 
	 
	 
	 
	 
	Undescribed species endemic to Lake Eyre Basin

	Melanotaeniidae
	Desert Rainbowfish
	Melanotaenia splendida tatei 
	 
	 
	 
	 
	 
	 
	 

	Atherinidae
	Dalhousie Hardyhead
	Craterocephalus dalhousiensis 
	x
	TEC
	 
	VU
	 
	 
	Spring pools at Dalhousie Springs only

	Atherinidae
	Lake Eyre Hardyhead
	Craterocephalus eyresii 
	x
	TEC
	 
	 
	 
	 
	Lake Eyre and Lake Torrens drainages

	Atherinidae
	Glover's Hardyhead
	Craterocephalus gloveri 
	x
	TEC
	 
	VU
	 
	 
	Spring pools at Dalhousie Springs only

	Atherinidae
	Flyspecked Hardyhead
	Craterocephalus stercusmuscarum ?stercusmuscarum 
	 
	TEC
	 
	E
	 
	 
	Large pools on MacDonnell Creek, Nth Flinders only

	Ambassidae
	Northwest Glassfish
	Ambassis sp. 
	 
	 
	P
	 
	 
	 
	Cooper Creek and Diamatena

	Percichthyidae
	Lake Eyre Basin Golden Perch
	Macquaria sp. 
	 
	 
	 
	 
	 
	 
	Undescribed species endemic to Lake Eyre Basin

	Terapontidae
	Banded Grunter 
	Amniataba percoides 
	 
	 
	 
	 
	 
	 
	 

	Terapontidae
	Welch's Grunter 
	Bidyanus welchi 
	 
	 
	 
	 
	 
	 
	 

	Terapontidae
	Spangled Grunter 
	Leiopotherapon unicolor 
	 
	 
	 
	 
	 
	 
	 

	Terapontidae
	Barcoo Grunter 
	Scortum barcoo 
	 
	 
	 
	 
	 
	 
	 

	Eleotridae
	Western Carp Gudgeon
	Hypseleotris klunzingeri 
	 
	 
	 
	 
	 
	 
	 

	Eleotridae
	Midgley's Carp Gudgeon
	Hypseleotris sp. 1 
	 
	 
	 
	 
	 
	 
	 

	Eleotridae
	Hybrid Forms (E.G. Lake’s Carp Gudgeon)
	Hypseleotris spp. 
	 
	 
	 
	 
	 
	 
	 

	Eleotridae
	Flinders Ranges Purple-Spotted Gudgeon
	Mogurnda clivicola 
	x
	VU
	P
	E
	 
	 
	Restricted to small stream section of Balacnoona Creek

	Eleotridae
	Dalhousie Purple-Spotted Gudgeon
	Mogurnda thermophila 
	x
	TEC
	P
	VU
	 
	 
	 

	Gobiidae
	Desert Goby
	Chlamydogobius eremius 
	x
	TEC
	 
	 
	 
	 
	Mound springs and desert rivers

	Gobiidae
	Dalhousie Goby
	Chlamydogobius gloveri 
	x
	TEC
	 
	VU
	 
	 
	Restricted to large pools on Coooper Creek

	Exotic species 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Cyprinidae
	Goldfish
	Carassius auratus 
	 
	 
	 
	 
	x
	 
	Cooper Creek and Coongie Lakes

	Cyprinidae
	Common Carp
	Cyprinus carpio 
	 
	 
	 
	 
	 
	x
	Leigh Creek retention dam (still persist)

	Salmonidae
	Rainbow Trout
	Oncorhynchus mykiss 
	 
	 
	 
	 
	 
	x
	Reports of stocking into isolated dams

	Poeciliidae
	Eastern Gambusia
	Gambusia holbrooki 
	 
	 
	 
	 
	x
	 
	Widespread 

	Percidae
	Redfin Perch
	Perca fluviatilis 
	 
	 
	 
	 
	 
	x
	Historic introduction to eastern Flinders Ranges stream

	Translocated Australian native species 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Percichthyidae
	Murray Cod
	Maccullochella peelii peelii 
	 
	 
	 
	 
	 
	x
	Historic (and ongoing?) introduction to Cooper Creek

	Percichthyidae
	Murray-Darling Golden Perch
	Macquaria ambigua ambigua 
	 
	 
	 
	 
	 
	x
	Various introductions to dams 

	Terapontidae
	Silver Perch
	Bidyanus bidyanus 
	 
	 
	 
	 
	 
	x
	Various introductions to dams 


Source: M Hammer, Native Fish Australia (SA).

6.4 Appendix 4: Summary of Authorised Recreational Fishing Equipment for Cooper Creek Waters
Permitted devices

Each person can use:

· up to two rods, or two handlines, or one of each. 

Each line can have:

· up to three hooks attached, or 

· up to five hooks joined eye to shank or threaded together (this will be considered as one hook). 

In addition to the rod and handline anglers may use up to two kinds of devices from group A (below) and one kind of device from group B (below):

	Group
	Device
	Maximum number permitted

	A
	Hand net
	1

	A
	Shrimp trap
	1

	
	
	

	B
	Yabbie pot
	3

	B
	Hoop net
	3

	B
	Drop net
	3


If you are only using a rod and line, you can use up to a maximum of 10 hoop nets.

Marking of devices
All permitted devices (other than those designed to be held in the hand, for example rod and line or handlines) which are left unattended must be marked with a tag and, in some cases, a buoy.

Tags
All registered devices must be marked with a tag showing the registered owner’s name and registration number.

Devices designed to be held in the hand, or drop nets and yabbie pots set from the shore do not need a tag if the person responsible is in attendance. This means that the person responsible for the device is no more than 50 metres away from any part of it at all times.

If a permitted device is left unattended at any time it must be marked with a tag showing the name and address of the owner of the device.

Tags must:

· show the name and address of the owner of the device 

· be made of a material that is durable in water 

· be 10 cm x 5 cm in size. 

A buoy with a name and address correctly inscribed is considered to be a tag.


Buoys

Many devices must be marked with buoys.
Buoys must:

· be durable 

· have a volume not less than two litres (15 to 20 cm diameter) when used in the waters of the River Murray 

· be of the correct colour for a particular permitted device and particular water. 

Device specifications
Check that any device you already have, or that you intend buying or constructing, conforms to legal specifications. Devices that do not conform might be seized and subsequently forfeited.

Remember that there might be further restrictions on the number of devices that can be used at any one time if you are also using other permitted devices at the same time. If you have any questions about the number of devices you can use, call FISHWATCH on 1800 065 522 (freecall, 24 hours).
 
Drop net
A drop net consists of two hoops joined by a cylindrical or cone-shaped net bag. Note that drop nets are not the same as hoop nets and regulations vary. Drop nets do not need to be registered.

Specifications 

	Maximum hoop diameter:
	107 cm

	Maximum depth:
	92 cm

	Maximum number allowed:
	3 drop nets per person

	Marking required:
	1 white buoy, 2 litres in volume

	
	1 tag with name and address of owner if unattended
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Hand net
A hand net consists of conical-shaped netting joined to a hoop that is attached to a rigid handle. It can be a dab net, dip net or shrimp net. Only one hand net per person can be used. Hand nets do not need to be registered.

Specifications 

	Maximum hoop diameter:
	100 cm (1 metre)

	Maximum depth of net:
	100 cm (1 metre)
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 Hoop net
This consists of one hoop holding a cone-shaped net bag. Note that hoop nets are not the same as drop nets and regulations vary. Hoop nets do not need to be registered but must be buoyed and tagged correctly.
Link to marking devices page

Specifications 

	Maximum hoop diameter:
	107 cm

	Maximum depth of net bag:
	92 cm


	Maximum number permitted:
	Up to 10 hoop nets if no other device is being used

	
	Up to 3 hoop nets if other fishing gear

	Marking:
	1 white buoy, 2 litres in volume

	
	1 tag with name and address of owner if unattended

	Note:
	The use of hoop nets is prohibited in the main stream section of commercial fishing reaches of the River Murray.
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Shrimp trap
Shrimp traps used within a commercial fishing reach must be set from the waters edge.

Specifications 

	Maximum dimension:
	40 cm

	Maximum height:
	20 cm

	Minimum mesh hole size:
	5 mm

	Maximum number permitted:
	1 per person

	Marking:
	1 white buoy (if not set from shore)

	
	1 tag with name and address of owner
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Yabbie pot (including Opera House)
Yabbie pots do not need to be registered, but do need to be buoyed (if not set from shore) and tagged.

If used within a commercial fishing reach yabbie pots must be set from shore.


Specifications 

	Maximum dimension:
	100 cm (1 metre)

	Maximum funnel diameter:
	7.5 cm

	Maximum number permitted:
	3 per person

	Structure:
	No more than 2 fixed entrance funnels allowed

	Marking:
	1 white buoy (if not set from shore)

	
	1 tag with name and address of owner
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This ESD risk assessment and reporting process provides a logical framework for managers and stakeholders to identify, prioritise, and efficiently manage risks to achieve agreed ESD objectives.  Where there are substantial knowledge gaps, the process informs cost effective and efficient research strategies targeted to high risk areas.





Figure � SEQ Figure \* ARABIC �2�. Map of the Lake Eyre Basin





Figure � SEQ Figure \* ARABIC �4�.One of the generic component trees for the ESD risk assessment (Fletcher et al 2002)








What is Risk Analysis?





“Risk analysis involves consideration of the sources of risk, their


consequences and the likelihood that those consequences may occur.


Australian and New Zealand Standard (AS/NZS) 4360 – 1999
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� The National ESD Reporting Framework was initially developed under the Standing Committee for Fisheries and Aquaculture.  The framework was then finalised under FRDC project (FRDC 2000/145). The PIRSA Fisheries ESD reports completed to meet requirements for new management plans under the South Australian fisheries Act adopt this national approach.  See also � HYPERLINK "http://www.fisheries-esd.com" �www.fisheries-esd.com�. 


� Located approximately midway between the regional towns of Innamincka and Maree 


� See : � HYPERLINK "http://www.pir.sa.gov.au/fisheries/recreational_fishing" �http://www.pir.sa.gov.au/fisheries/recreational_fishing�  


� These descriptions, and detailed guidance about developing consequence and likelihood scores for fishery issues are provided in the ESD How To Guide at � HYPERLINK "http://www.fisheries-esd.com" �www.fisheries-esd.com�. 


� Risk assessment applies to recreational fishing unless otherwise described.


� Non-retained species with direct gear interaction but not captured were all classed as negligible for risk.  


� The summary table for risks associated with removals from Refugia are provided in Section 3.7.


� Risk assessment applies to recreational fishing unless otherwise described


� Non-retained species with direct gear interaction but not captured were all classed as negligible for risk.  


� Welch’s grunter was afforded a higher risk rating for refugia (see section 4.3).  


� High conservation value aquatic ecosystems (HCVAE) include rivers, wetlands, floodplains, lakes, inland saline ecosystems, groundwater dependent ecosystems and estuaries.  They are recognised through a number of key international conservation agreements and treaties (i.e. RAMSAR convention).


� The use of any device other than rod and handline, hand net, hoop net, drop net, yabbie pot or shrimp net is prohibited when fishing from Cooper Creek and Diamantina River.  In addition, any of the above devices that do not conform to the legal dimensions and requirements are considered to be illegal.  The use of mesh nets, gill nets, drum nets or set lines is strictly prohibited in any inland waters.
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