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[bookmark: _Toc157595669]Executive Summary
This technical review considers recent research and experience (national and international) in the design and implementation of harvest strategies and offers recommendations for revisions to the current (2018) Commonwealth Harvest Strategy Policy and Guidelines. The review examines major challenges to harvest strategies – shifting baselines, economic targets, increasing spatial restrictions on fishing, and the complexities and costs of managing multispecies fisheries.
Detailed recommendations may be found in the body of the report, but key points for Policy consideration include:
1. Whether it is time to shift away from an economic target focused on commercial fishing operators, to consider a more stable “default” biomass target, suggested to be around 50% of unfished biomass. This simplifies target setting and recognises that management of Commonwealth fisheries embraces a range of objectives and interacts increasingly with other users of the marine environment, including the need to harmonise harvest strategies for resources shared with fisheries managed by the States and Territory.
2. Increasing evidence of shifting baselines for marine populations including many fished species calls into question a fundamental premise of harvest strategy policy (the concept of a value for unfished biomass) and requires a considered policy response, including the prospect of altering biomass targets and limits in harvest control rules, in some circumstances at least. This also has implications for stock status classification and the issue of non-recovering stocks.
3. Various problems leading to deterioration in the quality and quantity of data available for status determination, including shifting baselines, changes in spatial access, and cost pressures, lead to the need for a reconsideration of the evidence required for assessing stock status. Where robust methods such as management strategy evaluation show that particular stocks should be maintained well above limit reference levels under application of a given harvest strategy, should that be sufficient to classify the status of such stocks as “sustainable”, at least for some period of time?
Key points for consideration of changes to Guidelines include:
1. The need for standards of evidence to determine changes to reference points under changing environmental conditions, with an interim approach requiring assessments to report status both with and without environmental factors considered.
2. The need for ongoing monitoring and reporting of economic performance, even if economic targets are no longer the sole consideration. 
3. Specification of the data requirements and analytical tools available to assess the impact of changing spatial access to fishing grounds.
4. Additional guidance on approaches to multispecies harvest strategies.
5. The Guidelines need to achieve the right balance between clarification of policy, general guidance, and more specific information regarding tools and methods.
6. The Guidelines must confirm to the objectives of relevant fisheries legislation, especially the Fisheries Management Act 1991. 
Additional policy considerations, outside the strict remit of Harvest Strategy Policy, but affecting its successful implementation, include:
1. The need to harmonise any changes to status reporting arising from consideration of climate and other environmental (non-fishing) effects with standards and definitions in the EPBC Act, including definitions of conservation status and application to species recovery strategies.
2. The benefits of a more consistent national approach to harvest strategy policy and guidance, including the issue of consistent biomass targets.
3. The need for collective responsibility across sectors and users of the marine environment to support and enable ongoing monitoring, including a whole of government approach to cost sharing. 
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[bookmark: _Toc157595670]Background
The Commonwealth Fisheries Harvest Strategy Policy and Guidelines were first released in 2007 with a second edition released in 2018 (hereafter referred to as the 2018 Policy and Guidelines). The 2018 edition noted that the policy would be reviewed after five years.
This report provides a technical review of recent and developing research relevant to harvest strategies (both in Australia and overseas) to inform the 2023 review. It identifies information, methods and approaches that could inform potential improvements to the 2018 Policy and Guidelines and identifies specific recommendations for improvement. 
As a first stage in this review, a discussion paper was provided in June 2023 that focused on new and relevant research, primarily in the published scientific literature. This Discussion Paper is included as Appendix 2 in this report. In the current report, this information from the scientific literature has been supplemented by information from recent workshops and webinars, discussion papers on relevant topics, and direct discussions with a range of experts, including experience arising from practical implementation of the 2018 Policy and Guidelines. This additional source material is listed at the end of this report.
This review has also been informed by the identification of some important emerging challenges to fishery management more generally, and to harvest strategy implementation in particular. Key challenges include:
· The impact of shifting baselines, due to climate change and other drivers, on fundamental aspects of harvest strategy implementation,
· A variety of concerns about interpretation and implementation of the Policy’s maximum economic yield target,
· The impacts of increasing spatial restrictions, from various sources, on commercial fishing, with flow on effects to monitoring, stock assessment and harvest strategy design and implementation, and
· Ongoing difficulties in managing multi-species fisheries including the issue of non-recovering species.
The report is structured around these four key issues, where there seem to be clear implications for policy and/or guidelines. Information on additional (minor) topics is in Appendix 3.
The report concludes with comments on some broader issues that lie outside the scope of harvest strategy policy but nonetheless impinge on it and limit its effective delivery.
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Key Issues

[bookmark: _Toc157595672]Shifting baselines
The most significant challenge and barrier to implementation of the Policy are the rapid changes occurring in Australia’s ocean environments and ecosystems. These are currently being driven by ocean warming and other manifestations of climate change, but other factors, such as recovery of many marine mammal populations, are also driving change. 
These changes matter because the implementation of the Commonwealth Harvest Strategy Policy is premised on a stable value of unfished biomass, often equated with pre-fishing biomass, and referred to as B0. This quantity enters the harvest strategy in numerous ways:
· The proxy for the limit reference point is set at 20% of B0 which also defines the depletion level corresponding to the category of overfished.
· The proxy for the biomass to achieve maximum sustainable yield, BMSY is set at 40% of B0
· The proxy for the target reference point, BMEY, is set at 48% of B0
· The standard “hockey stick” harvest control rule is defined in relation to current depletion which is expressed as Bcurrent / B0
· Rebuilding of overfished stocks requires plans to recover stocks to levels defined in relation to B0 
Even where biomass cannot be estimated directly, data limited assessment methods still attempt to estimate stock status relative to an unfished reference level. Current depletion is also used to determine when an exploited species can be considered for conservation-dependent listing under the EPBC Act.
The 2018 Policy acknowledges that climate change and other factors can affect the productivity of stocks and suggests that fisheries should “seek to account for that variability when developing and implementing harvest strategies” (Section 3.3). The 2018 Guidelines include a chapter (Chapter 7) on variability, regime shift and climate change, including application to harvest strategy design. 
As the Discussion Paper (Appendix 2) notes, how to both measure and accommodate shifting baselines in harvest strategies is one of the most active areas of recent research on harvest strategies. Key recent papers include Bessell-Browne et al. (2022) and Szuwalski et al. (2023), both of which document clear instances of shifting baselines while also warning about too readily adopting redefined limits and targets in harvest strategy implementation. This is mainly because of the risk that stock declines caused by fishing may be misinterpreted as environmentally driven changes.
A current major Australian research project on the topic (Penney et al. in prep.) describes, develops and implements a range of methods and tools to detect and explore the relative impacts of fishing and changing environmental conditions on stock abundance and trajectories, mostly applicable only to Tier 1 assessments requiring annual age-composition data to estimate annual recruitment. Evidence points to a wide range in fishing and non-fishing (environmental) effects across different stocks. Some stocks have clearly been driven by the latter, with important implications for recovery strategies, and indeed for classification of overfished resources. The study also used management strategy evaluation (MSE) to test a range of approaches for incorporating shifting baselines (dynamic B0) in harvest strategies. Results show that application of dynamic reference points and harvest control rules can increase catches slightly and reduce the likelihood of fishery closures. The study concludes that whether to adopt static or dynamic harvest strategies in the face of shifting baselines is a management and policy choice. Results from the study can help inform that choice.
A recent workshop (Smith et al. 2023) brought together experience from around the world on approaches to dealing with climate change for harvest strategies. There is plenty of evidence accumulating for effects of climate on fish stocks (both positive and negative) but management systems and protocols have generally been slow to respond. The workshop could not identify any internationally agreed approach or best practice for taking direct account of climate change impacts in harvest strategies. Emerging best practice for science and reporting involves presenting stock assessment advice for two scenarios – with and without dynamic B0 and reference points.   
An even more recent workshop presented and discussed a draft framework for integrating climate impacts and risk into harvest strategies (AFMA 2023). The draft framework discussed at the workshop proposes a three-step process involving 1) assessing the climate risk to a species based on best available evidence; 2) considering whether the stock assessment or harvest strategy already accounts for climate change effects, or if the TAC/E or management arrangements are already sufficiently precautionary; and if not 3) considering additional precautionary mechanisms. This framework is currently under consideration by the AFMA Commission. 
Implications for the Policy and Guidelines
The issue of shifting baselines is currently the biggest challenge facing harvest strategy policy and implementation because it directly affects the whole current basis for stock status representation and classification, including the definition of overfished. There is increasing and very clear evidence that the productivity and abundance of many key commercial species, and indeed whole marine ecosystems, are in a process of rapid change. While an international consensus on the correct management response to this challenge has yet to emerge, the issue cannot be ignored and requires policy direction.
The Policy needs to recognise explicitly that baselines are changing for many species and that harvest strategies should adapt accordingly, with certain provisos in place. On the vexed issue of limit reference points (LRPs), and in cases where it is clear that declines are largely driven by non-fishing factors, reductions in LRPs are appropriate in some circumstances, though a floor should be set on the changes allowed to the LRP in the harvest control rule. These considerations should be guided by the MSE results available soon in the final report of the Penney et al. study. The Guidelines should spell out the standard of evidence required to support changes to reference points, noting the methods that are now available to distinguish between impacts from fishing and impacts from environmental factors (refer to Penney et al. 2023). This distinction is more challenging when fishery impacts are indirect, for example where fishing gear affects recruitment by interacting with habitat.  
The Guidelines should also recognise and accommodate the AFMA framework for integrating climate impacts into harvest strategies, assuming that framework is endorsed by the AFMA Commission. This framework is important because it also covers data limited stocks that are not amenable to the methods for estimating dynamic B0 that can be applied to many data rich stocks. 
These considerations also apply to non-recovering stocks. Particularly in cases where stock recovery plans have been in place and properly implemented for many years with no evidence of recovery, reviews should be undertaken to determine if environmental factors may be contributing partly or largely to the failure to recover. Consideration should be given to adding an additional category of “environmentally determined” to stock status classification.

[bookmark: _Toc157595673]MEY and biomass targets
A target of maximising economic returns has been built into Commonwealth fisheries legislation since 1991 and into harvest strategy policy since 2007. Chapter 2 in the 2018 Policy defines the objective of the policy as the ecologically sustainable and profitable use of fishery resources, where the latter is interpreted in the Strategy (section 2.1) as implementing harvest strategies that “maximise net economic returns to the Australian community from management of Australian fisheries”.  This wording comes directly from the objectives of the Fisheries Management Act 1991 and has been interpreted in the harvest strategy policy to mean a target of maximum economic yield (MEY) for commercial fishers.   The interpretation in the 2018 policy has a different focus than the wording of the Act because:
1. The Act refers to economic returns to the community, which implies benefits to both consumers and producers, whereas the MEY targets in the policy are limited to fishers only.
2. The Act specifies returns to the Australian community whereas the policy is silent on where economic returns flow.  
3. Economic yield is a formal economic concept and may not necessarily capture what the legislators intended by “economic returns”[footnoteRef:1].   [1:  MEY of commercial fishers has been interpreted in the 2018 policy to mean the surplus of commercial fishing operations (see Appendix 1) after deducting explicit costs (e.g. labour, fuel, etc.) and implicit costs (lost time, opportunities, etc.) from the gross value of landed product.  This may be a more narrow, academic interpretation than intended by the phrase “economic return” used in legislation.  For example, MEY in the 2018 policy treats employment (labour) as a cost that should be minimised, whereas employment is often considered an economic benefit in popular discussion of economic return to communities.  ] 

The 2018 Harvest Strategy Policy has attempted to operationalise maximising economic returns by maintaining key commercial fish stocks “on average, at the required target biomass to produce maximum economic yield from the fishery”. In section 3.6 of the Policy, this involves setting the target reference point at BMEY, the proxy for which is 48% of unfished biomass (B48) or 1.2 times BMSY, in cases where the latter can be estimated directly.
Several theoretical and practical problems have arisen that require reconsideration of this target as interpreted in the 2018 policy. These problems include:
1. BMEY is difficult to estimate.
2. BMEY can be highly variable.
3. Proxies for BMEY do not appear to be robust.
4. BMEY depends on other factors affecting economic performance. 
5. Other Australian jurisdictions do not use BMEY as a target in policy (although it’s applied for several individual fisheries). 
6. BMEY for commercial fishers ignores other objectives, sectors, and aspects of the public interest.
Expanding on these points:
Calculation of BMEY for an individual fishery requires a bioeconomic model of the fishery that includes both the stock dynamics and the economic factors driving profitability, including the price of fish, fixed and variable costs of fishing, and implicit costs such as the unpaid labour of owner-operators. For multi-species fisheries, this also involves a model describing the technical interactions across stocks. Methods to model such situations are described in the 2018 Guidelines, but in practice only one Commonwealth-managed fishery uses a fully dynamic bioeconomic model to determine BMEY and to set harvest controls within the harvest strategy – for tiger prawn stocks in the Northern Prawn Fishery.  
Recent attempts to develop a bioeconomic model of parts of the multi-species SESSF (Pascoe et al. 2023) have produced results that are both surprising and yet to be implemented. Virtually all fisheries managed by AFMA default to the proxy for BMEY in the Policy. 
Fluctuations in prices and costs of production can significantly alter the value for BMEY. Such fluctuations have been evident in recent years arising from disruptions due to Covid, trade disputes and regional wars, affecting prices and costs of fishing (particularly fuel costs). Although individual fishing firms will respond to fluctuations in business conditions as they must, having an inherently fluctuating target in a harvest control rule is likely to exacerbate problems. 
The proxy value for BMEY in the Policy is 48% of B0 (denoted B48) and, as noted above, has been widely adopted. This rather precise value derives from an assumption that BMSY is approximately B40, and that BMEY is 1.2 times BMSY. The basis for the “1.2 times” is not clear. Punt et al. (2013) investigated default ranges for both BMSY and BMEY across a variety of situations and found that BMSY was generally in the range of 35-40% of unfished levels, while BMEY was in the range of 50-60%. Investigating values for BMEY in a multi-species fishery, Pascoe et al. (2023) found values much higher than the B48 default used in the Policy. 
The economic performance of a fishery is determined by factors other than just the target biomass of the stock. For example, the Pascoe et al. (2023) study also found that the fleet structure for the SESSF is very far from optimal technical efficiency (economically). This should not be the case given that ITQs have been in place for over 30 years and economic theory says that autonomous adjustment to an optimal fleet structure should have occurred. This is not uncommon in Australian fisheries and can occur from a variety of reasons, including stock issues (e.g. TACs have not been binding) or quota market dynamics being driven by factors other than technical efficiency (e.g access to capital or the desire to control processing market share; Rust et al. 2017). The non-optimal fleet structure may partly account for the results for BMEY found in the Pascoe et al. study. Economically optimal biomass will also be affected by many other factors, including some of the issues associated with spatial restrictions discussed in the next section of this report. 
Although not a primary consideration, it is interesting to note that Commonwealth-managed fisheries in Australia seem to be the only jurisdiction that has adopted BMEY for commercial fishers as a general target in their policy. This is perhaps understandable because almost all Commonwealth-managed fisheries are effectively single sector fisheries, involving primarily commercial fishing, though that is starting to change as outlined further below. All the State and Territory jurisdictions in Australia manage multi-sector fisheries, and most international jurisdictions still have MSY as a target. As noted further below, having a different target to other jurisdictions poses issues for managing shared resources.
The most compelling reason for considering a change to the policy on biomass targets in harvest strategies for Commonwealth-managed fisheries arises from consideration of multiple objectives. The Commonwealth Policy is premised on an economic target (interpreted and applied as commercial economic performance) and an ecological limit. However, these are not the only objectives that need consideration, as discussed in more detail in the section of the Discussion Paper headed “Selecting targets and limits” (Appendix 2). Other factors to consider include:
1. Consumer surplus.
2. Employment.
3. Recreational and cultural fishing benefits and interests.
4. Various environmental benefits, including greenhouse gas emissions and reduced ecosystem impacts.
5. Governance and risk benefits.
Of these factors, only consumer and employment benefits are likely to improve with a biomass target below commercial BMEY. These both benefit from higher catch and effort levels resulting in likely lower prices, associated with a target closer to BMSY (see a more detailed explanation of consumer surplus in Appendix 1). For the reasons outlined in the Discussion Paper, the other factors are likely to be associated with biomass targets above BMEY, or at least above the current default value for BMEY of B48. 
Implications for the Policy and Guidelines
The choice of a biomass target is fundamental to harvest strategy policy. The current target BMEY takes the legislative objective of “maximising economic returns to the Australian community” and has a commercial producer focus in policy objectives for Commonwealth-managed fisheries. Some aspects of this primary commercial fishing focus are starting to change, with strategies by AFMA to engage more with recreational and particularly indigenous cultural fishing interests. In addition, the more recent development of harvest strategy policies in Australian States and Territories and their steady implementation has brought into prominence the issue of harvest strategy coordination for shared stocks and resources. Having different biomass targets for the same stock in different jurisdictions results in de facto re-allocation of resources between jurisdictions, so an agreed target is vital. Biomass targets vary across jurisdictions, with, for example, Queensland adopting a default 60% target (B60), which was driven in part by recognising that recreational fishing utility is maximised at higher biomass levels than for commercial fishers. Other jurisdictions do not specify particular targets in policy, but recent approaches in South Australia and New South Wales seem to favour a B50 target for some fisheries, reflecting interests across diverse sectors. 
In considering multiple objectives, sectors and interests (including public interest), trade-offs are inevitable in selecting a biomass target for a particular stock, but it is important to emphasise that for any given stock a single target should be defined for the purposes of harvest strategy implementation. Having said that, a sole focus on MEY for commercial fishers as a target may not serve the interests of Commonwealth fisheries management going forward, and it may be more useful to refer to BTARG as the generic target, rather than BMEY. 
While the trade-offs involved in selecting a BTARG will vary from fishery to fishery, it may also be advantageous to define a default biomass target level within the Policy, with B50 as a suggested starting point for discussion. The Guidelines should make clear that variations to the default can be considered in individual cases, reflecting the particular objectives and interests of the fishery in question. The Guidelines can also outline approaches to evaluating the trade-offs involved in selecting a suitable target, such as the use of MSE.  Expanding the scope of the BTARG  to include more than commercial fisher economic yield would be a change in policy but does not create a conflict with the legislation, because “economic returns to the Australian community” includes benefits to other users.    
The approach of referring to BTARG as the generic target, rather than commercial fisher BMEY, would be particularly valuable if a national consensus could be reached on common standards for targets in harvest strategy policy (with additional benefits for national reporting through mechanisms such as SAFS). Even without such consensus, there would be benefits to having a clearly defined default target biomass in the Commonwealth Harvest Strategy Policy which avoids the vagaries and uncertainties associated with BMEY, as outlined above. AFMA and ABARES could and should continue to report on the economic performance of Commonwealth-managed commercial fisheries through measures like NER (net economic returns), as is already the case.  This was supported by the Economic Working Group who have also noted the need for expanding this reporting to economic outcomes to the Australian community given this explicit objective in the legislation.  

[bookmark: _Toc157595674]Spatial squeeze
Spatial restrictions on fishing and changing access to fishing grounds remain important considerations for commercial fishing, with flow-on effects to harvest strategies. Not least of these flow-on effects are disruptions to stock assessments (Field et al. 2006). Changing the spatial distribution of fishing can affect almost all aspects of stock assessments, including catch rates (CPUE) and the size and age structure of the catch, and can even cause problems for fishery independent surveys if the area closed to fishing is also closed to surveys. 
Fishing grounds can be closed or restricted for several reasons. These include the declaration of marine reserves (particularly IUCN category 1 and 2 reserves), areas closed by fishery managers to protect habitat or bycatch species including protected and endangered species, and areas closed due to competing uses such as marine cables, oil and mineral extraction, and, increasingly, offshore wind farms. A key issue with most of these competing uses is that the only sector with a long-term commitment to monitoring marine living resources is the fishery sector, where much of the cost of monitoring is born by the commercial fishing industry. Especially where historical fishing grounds are closed for reasons other than fishery management, there needs to be shared accountability across sectors and users and shared costs for ongoing monitoring and assessment.
The assessment of stock status, fundamental to harvest strategies as well as conservation management, is made more complex by having parts of the population that are unfished. The costs and benefits of such closures have been explored to some extent for marine reserves (Hilborn et al. 2006, Ovando et al. 2021) but the data and tools to undertake such analyses are limited and generally not available in Australia. Such analyses require spatially resolved models which are rare for Tier 1 assessments, and generally non-existent for more data-limited situations. Some uses of the marine environment, such as windfarms, create new structures which can act as substrate and habitat for marine communities and benefit some fish, but the devil can be in the detail (Werner et al. 2024) and in general, uncertainty is high about the impacts of most closures on stock status. Tools to assist in marine spatial planning for multiple uses exist (Rassweiler et al. 2014, Hammar et al. 2020) but have seen limited application in Australia. 
One area of tool development where Australia is well-served is in ecosystem models of the marine environment. Models such as Atlantis, which are spatially resolved and can deal with multiple pressures and uses, have been used to assess the impacts of spatial closures, and spatial management more generally, for some Australian fisheries.  Marine reserves are often proposed as valuable to provide baseline information on stocks in the absence of fishing.  For this to be true, adequate data collection must occur and be available for fishery assessments.  There is currently very little usage of marine reserve monitoring data for informing fisheries management but there is sampling in some commonwealth MPAs that may contribute (Hayes et al., 2019).   

Implications for the Policy and Guidelines
The current policy and guidelines already deal with issues around spatial management and highlight the need to assess the impacts of (changing) spatial restrictions on the performance of harvest strategies. A significant new issue that has emerged since 2018 has been the development of wind farms in offshore areas and the spatial exclusion zones that apply to them. 
The Guidelines could be improved in two ways. The first is to better document the complexities in assessing the impacts of spatial restrictions on both stock abundance and the performance of harvest strategies, as discussed above. The second is to point to some of the tools that are available to assess the impacts, including ecosystem models such as Atlantis, GIS tools (to the extent they exist), and spatial models and analyses for fishery resources. Further development and application of such tools is essential and FRDC can play an ongoing role in this area.
This area of policy interacts strongly with other areas of government responsibility, including marine conservation (through the EPBC Act and the implementation of marine reserves), marine offshore energy production, and other areas of marine use. Australia lacks a comprehensive framework for marine spatial planning, but agreements and arrangements between sectors and branches of government can improve coordination. Ongoing monitoring of fishery resources in areas closed to fishing is of vital interest to fisheries and the implementation of harvest strategy policy, and equitable cost-sharing arrangements are required.
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Multi-species fisheries
The challenges of multispecies fisheries for harvest strategy design and implementation are not directly addressed in the existing Policy or Guidelines, although there is mention of multispecies maximum economic yield (MMEY) and two of the harvest strategy examples in the Guidelines deal with multispecies fisheries. 
The harvest strategy for the multispecies Southern and Eastern Scalefish and Shark Fishery (SESSF) has been amended several times since its inception in 2005 but is still proving to be problematic. Apart from the multispecies challenge of implementing harvest strategies for each of 30 quota-managed stocks, this fishery is also dealing with most of the other issues raised in this review, including shifting baselines, problems with economic performance, and frequent changes to spatial access, particularly for the trawl fishery. This has made it the focus of a good deal of recent research, with a current FRDC supported project developing and testing a specifically multispecies harvest strategy for the fishery (Little et al. 2023). This project has formally investigated a suite of possible multispecies harvest strategies, including a “pretty good multispecies yield” (PGMSY) approach, multispecies MEY, a trigger species approach, and an indicator species approach previously developed by Newman et al. (2018) in Western Australia. The performance of these approaches is being tested using two different types of operating model – a multispecies metier model, and the Atlantis ecosystem model. 
AFMA has implemented a process to consider and build on the results of this research, with a first stakeholder workshop held in October 2023 (Corrie et al. 2024). A significant challenge and driver for the research and for implementation of a new harvest strategy for the SESSF is to manage the costs of monitoring, assessment and management commensurate with the value of the fishery. The harvest strategy finally adopted may well involve elements of several of the approaches tested.
The multispecies section in Appendix 2 of this report contains further information on recent research on multispecies harvest strategies.
Implications for the Policy and Guidelines
Multispecies and multi-stock fisheries pose particular issues for harvest strategy implementation and deserve further attention, particularly in the revised Guidelines. The focus should be on providing options and advice about alternative tools and approaches. Recent research and harvest strategy evaluation in the SESSF could be used as a case study. The current Guidelines only mention multispecies MEY, which may not be the best option for many multispecies fisheries.
A further consideration involves multispecies harvest strategies actively monitoring and assessing fewer species and stocks. For fisheries such as the SESSF, this would only be implemented if the robustness of such a strategy had been clearly demonstrated by methods such as management strategy evaluation (MSE). A policy question arising is what status classification to adopt for stocks that are not routinely assessed, but for which (MSE) evidence exists that the harvest strategy adopted would maintain such stocks well above limit reference levels. For such stocks, how often should some level of empirical verification be demonstrated and what form should that take?
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Summary of Recommendations

[bookmark: _Toc157595677]Harvest Strategy Policy
This review has identified several topics and issues for Policy consideration.
Regarding shifting baselines:
· The Policy should recognise explicitly that baselines such as unfished biomass are changing for many species and that harvest strategies should adapt accordingly, with certain provisos.
· Where it is clear that baselines have shifted due to changed environmental conditions, biomass target and limit reference points should be adjusted, with a floor set on changes to LRPs in harvest control rules.
· Consideration should be given to an additional category of “environmentally determined” for stock status classification, with flow-on implications for stock recovery strategies.
Regarding biomass targets:
Regarding standards of evidence for stock status determination:
· The Policy could recommend additional evidence to support stock status determination, over and above various conventional stock assessment methods. In particular, where MSE has determined that a stock should be maintained at levels well above limit reference points under application of the harvest strategy, this could be sufficient to determine a “sustainable” stock classification, for some period of time to be determined, even in the absence of more conventional stock assessment information.

[bookmark: _Toc157595678]Harvest Strategy Guidelines
The review has also identified several topics and issues for revisions to the Guidelines:
Regarding shifting baselines:
· The Guidelines should spell out the standards of evidence required to consider changes to target and limit reference points attributable to changed environmental conditions, noting the methods that are now available for such attribution.
· The Guidelines should be modified to accommodate the emerging AFMA framework for integrating climate impacts into harvest strategies.
· The Guidelines should specify that an interim standard for stock assessment reporting could consist of status assessment with and without considering climate and environmental effects.
Regarding biomass targets:
· The Guidelines should make clear that variations to the default value for BTARG can be considered in individual cases and should reflect the particular objectives and interests of the fishery in question, including harmonizing targets for shared stocks.
· The Guidelines should outline approaches to evaluating trade-offs in selecting a suitable target, such as the use of MSE, and indicate the tools available for such analyses.
· The Guidelines should emphasise that, notwithstanding a move away from BMEY as the explicit and sole target, the economic performance of the fishery is a key performance measure of the success of a harvest strategy and should continue to be monitored and reported.  Consideration should be given to making this reporting cover “economic returns to the Australian community” broader than commercial producer surplus.  
Regarding spatial management:
· The Guidelines should emphasise the complexities in assessing the impacts of changes to spatial management and spatial access to fishing grounds.
· The Guidelines should indicate the types of analytical tools available and suitable to assess spatial impacts and the data requirements for their use.
Regarding multispecies fisheries:
· Additional guidance is required for multispecies fisheries, including current and emerging options for multispecies harvest strategies and the tools available to assess their performance.
Regarding additional topics (see Appendix 3):
· Guidance is required on the application of exceptional circumstances that would involve stepping outside the strict application of the harvest control rules in a particular year.
· The Guidelines should provide further clarification on the appropriate use of buffers for risk mitigation.
· The default value for BMSY (B40) should be used in almost all circumstances unless there is clear evidence about stock recruitment “steepness” from a Tier 1 stock assessment model.
More generally, there should be a greater focus in the Guidelines on identifying tools and methods for analysis, together with their data needs and the appropriate circumstances for their application and use. In redrafting the Guidelines, consideration should be given to their purpose - clarification of policy, general guidance, or a more specific how to guide (or a combination of these).
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Other Considerations
Three issues arose in the course of this review that, strictly speaking, sit outside the remit of harvest strategy policy and guidelines, but nonetheless affect their implementation and success. These are listed here and discussed briefly:
EPBC harmonization for conservation dependent status
· The approach adopted for stock status determination in the Commonwealth Harvest Strategy Policy and that adopted in the EPBC Act to determine conservation status of fished stocks need to be in alignment and follow agreed approaches. A challenge is to maintain the agreement when considering the implications of shifting baselines, particularly due to climate impacts. Mounting evidence of environmental factors determining failure of some stocks to recover to above “static” biomass limit reference levels (Fulton et al. 2023) need to be considered and agreed across Commonwealth government departments. The kinds of evidence (standards of proof) required to establish such findings and their use in recovery plans also need to be agreed.
National approaches and standards for harvest strategies
· There are currently nationally agreed guidelines for harvest strategies and nationally agreed standards for stock status reporting, but no national agreement on harvest strategy policy or on targets for stocks. Lack of agreement on stock biomass targets, in particular, has important implications for harvest strategies where stocks are shared across jurisdictions. As discussed above, failure to agree management objectives and targets for shared stocks leads to de facto reallocation of resources between jurisdictions and fleets. The importance of agreement on targets needs to be emphasised in the national harvest strategy guidelines and, ideally, common standards for stock status reporting with respect to targets also agreed in the Status of Australian Fish Stocks (SAFS) process.
Harmonizing policy and sharing costs across sectors and users of the marine environment
· As noted above in the section on spatial management, other users and uses of the marine environment are increasingly impinging on historical fishing grounds, resulting in changed patterns of fishing and in many cases, a degradation of the data used to assess stock status, with important flow-on effects on harvest strategies. The loss of fishery-relevant data and information from areas closed to fishing is of particular importance and the fisheries department needs to secure agreements with other (Commonwealth) departments and agencies about monitoring and sharing the costs of monitoring, so that the fishing industry does not alone bear the costs of the degradation of information.
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Producer surplus, consumer surplus….and how these are controlled by government decisions with fisheries management objectives and catch settings.
This appendix explains the concept of “producer surplus” which is used in the report in the discussion of the MEY biomass target.  The 2018 policy interprets the legislative objective of “maximising economic returns” to mean that a BMEY target should be pursued.  This interpretation of BMEY was limited to producers only and this appendix explains that there are other ways to interpret that objective.  
The supply-demand relationship is well known for goods like fish that are traded in markets.  If price is higher then producers will increase production.   If price is lower, then more will be consumed.  If the good is traded in an open, competitive market then the amount produced / consumed will be at the intersection of these two competing curves representing a market equilibrium.  So, in the example below, X fish will be supplied/consumed at price Y. 
Australian commercial fisheries with non-binding TACs are close to being competitive open markets with supply driven by markets rather than regulations.  
 X
Y


People have a consumer surplus when the price they pay for a product or service is less than the price they're willing to pay. It's a measure of the additional benefit that consumers receive because they're paying less for something than what they were willing to pay.   For example, if someone heads to the market to buy a fish and are willing to pay $20, but then find the market price is $15, they have a consumer surplus of $5.
An open competitive market has many different buyers and sellers with different willingness to pay/receive.  Some people buying fish in an open market will have a high consumer surplus while others receive little.  Some people would have a negative consumer surplus at the equilibrium price, so they don’t make a purchase.  
In the figure below, the yellow triangle represents the combined consumer surplus of all the people willing to buy fish at the equilibrium market price (Y).  The blue triangle is the combined producer surplus of all the fishers who would be willing to supply fish at the equilibrium price “Y”.    
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A consumer surplus means that goods are priced lower than what many consumers would be willing to pay. This is often the result of competition, technological progress, and producer efficiency. In general, all of these things are considered to be "good" for promoting economic growth and prosperity.  Governments usually try to increase consumer surplus with regulations around competition and trade.   Consumer surplus from commercial fishing is an “economic return to the community”. 
Many Australian fisheries have their catch regulated by the government, not markets, because of the need to manage stocks.  For example, to keep stocks above a limit reference point to protect recruitment sustainability, or to prevent undesirable ecological impact.   TACs are an obvious example of regulation that reduces supply, but limited entry and input controls are also relevant.  Reducing supply with regulation (from X to X’) increases price (from Y to Y’).  This reduces consumer surplus and increases producer surplus.  Although governments usually aim to increase consumer surplus, reducing supply is considered acceptable in fisheries where there’s an obligation to protect the stock or environment.  
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Fisheries management often goes beyond simply targeting sustainable stocks and adjusts supply because of economic objectives.  When managers apply targets of maximum economic yield focused on producer profits, they reduce catch to target higher biomass than would be needed for sustainability objectives alone (from X’ to X’’).  Price for fish increases (from Y’ to Y’’), which leads to more economic yield (producer surplus) for commercial fishing operations, but less economic yield (consumer surplus) for buyers of seafood.  
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These diagrams are obviously highly generalised but illustrate that: (i) economic benefit for the community from fisheries includes both consumer and producer surplus; and (ii) management choices that increase producer surplus usually do this at the expense of consumer surplus.   Managers that aim to increase economic benefit to the community need to consider both consumer and producer surplus and the way they interact will vary from fishery to fishery.  Important factors are whether the seafood is exported and how the producer surplus flows into the economy,  
These concepts were explored in Australia’s most important fishery for Australian consumers, the Australian Southern and Eastern Scalefish and Shark Fishery (SESSF).  Briton et al. (2023) noted that the current management system is designed to maximise producer surplus but that this comes at a social cost for crew members and fish consumers.  If managers preferred to target economic benefit to the community rather than producers, then systems such as the eco-viability (also known as “co-viability”) are available and are used elsewhere, especially France.  These include consideration of the trade-off between producer and consumer surplus.  
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Introduction
A harvest strategy is a fishery management tool that provides a clear and agreed decision framework to achieve defined objectives for fish stocks that are harvested in a given fishery. Key elements of a harvest strategy include processes for monitoring and assessing the biological and economic conditions of the stock, measured against fishery-specific reference levels, coupled with pre-agreed rules (harvest control rules or decision rules) for controlling fishing levels according to the current status of the stock. 
Harvest strategies are regarded internationally as the gold standard for effective stock management, with international agencies such as the Food and Agriculture Organisation of the UN and the Marine Stewardship Council deeming them best practice, and their use has been formally adopted in the European Union and by many countries such as the US, Canada, New Zealand and South Africa.
In Australia, harvest strategies were first adopted for Commonwealth-managed fisheries in 2007 with the release of the Commonwealth Fisheries Harvest Strategy Policy and Guidelines. National guidelines for developing harvest strategies were developed in 2014 and subsequently most Australian State and Territory governments have also adopted formal harvest strategy policies. The Commonwealth policy and guidelines were updated in 2018 and are now the subject of a review in 2023. This discussion paper provides input to the 2023 review.
Since 2007, formal harvest strategies have been adopted for all Commonwealth-managed fisheries, with many fisheries having been through more than one iteration of harvest strategy development and implementation. Collectively, these fisheries vary greatly in scale, value and complexity, so that the Commonwealth has developed considerable experience and expertise in designing and implementing harvest strategies for a diverse range of fisheries. Much of this experience has already been captured in the 2018 update to the policy and guidelines, with the guidelines in particular providing advice on a wide range of topics relevant to harvest strategy implementation. Nevertheless, the policy landscape and external drivers continue to evolve and change, so that the context for this review includes some emerging key challenges:
· Shocks to both the biological systems (such as marine heatwaves) and to markets (trade disputes, disruptions due to Covid)
· Longer term changes to marine ecosystems and species through global warming
· Changing social expectations about resource management
· Increasing competition for resource access and sharing marine spaces
· Increasing demands on fisheries management despite fixed or reducing budgets
· Decreasing data quality for key inputs to stock assessment and management.
This discussion paper considers the impacts of these and other challenges on a set of topics of relevance to harvest strategies. Most of the issues covered here are already mentioned in the 2018 policy and guidelines, but new research and ongoing management experience (including where harvest strategies are not working) need to be considered. Not all topics covered in the existing guidelines are discussed here. 
Selecting targets and limits
Target and limit reference points are fundamental to the design and implementation of harvest strategies and feature very prominently in the current policy and guidelines. Reference points serve two related but separate functions in a harvest strategy. First, they help define the operational objectives of a harvest strategy by specifying the values of an indicator that correspond to the achievement of a management objective. Second, they serve to define aspects of a harvest control rule, such as target exploitation rates or biomass depletion limits beyond which targeted fishing must cease. 
In general, limit reference points correspond to conservation or sustainability objectives (biological objectives) for a harvest strategy, while target reference points correspond to economic (or sometime social) objectives. Across management jurisdictions in Australia, there is widespread agreement about limit reference points. These correspond to the definitions of overfishing in the national Status of Australian Fish Stocks classification scheme and also to definitions in international fishery certification schemes such as the Marine Stewardship Council (MSC). There is also a considerable body of science underpinning the selection of limit reference points. A widely used default for a biomass limit reference point BLIM is 20% of unfished biomass (Smith and Smart, 2022). This is the proxy value recommended in the current Commonwealth harvest strategy policy.  Stocks below this level are considered to have unacceptable risk of recruitment overfishing.  
The objectives for fisheries and the suitable values for target reference points (TRPs) are much more complex and disputed across management jurisdictions in Australia. The current Commonwealth policy objective is quite clear – the objective is to achieve maximum economic returns to the Australian community from fishing a resource. This has been operationalised to maximum economic yield (MEY) for producers with the biomass that achieves producer MEY (BMEY) being the default target reference point. In practice, few fisheries have developed the bioeconomic models and analyses to estimate BMEY precisely (and in any case it can fluctuate widely under variations in prices and costs), so a proxy value is recommended in the policy, with BMEY set at 20% above BMSY (the biomass that achieves maximum sustainable yield). Again, there are few fisheries that can estimate BMSY precisely, so default values are set at 40% B0 for BMSY and 48% B0 for BMEY. The target fishing mortality rate FTARG is set at the value FMEY that achieves BMEY.
The current harvest strategy guidelines provide a lot of advice on how to operationalise and achieve MEY for producers, including for multispecies fisheries (see also later section on multispecies fisheries). Most Commonwealth-managed fisheries are largely commercial fisheries, so having a well-defined economic target makes sense. However, societal expectations about fishery management are changing, and there is growing recognition that maximising economic benefit to the Australian community requires consideration broader than producer profit. Among these are the following considerations:
· Consumer surplus: Economic Yield to the community from a fishery includes both producer surplus and consumer surplus although usually only the producer surplus is measured and considered in Australian fisheries management.  When fisheries management sets catch to maximise economic yield to producers only, it means that catch (supply of seafood) is reduced relative to the level that would maximise community benefit (both consumer and producer surplus).  The shift in benefit from consumers to producers is greatest when there is a strong price effect from lower supply.  So, a target reference point that includes both consumer and producer surplus will be closer to BMSY and below the BMEY levels typically adopted in Australia (Pascoe et al., 2018).  

· Greenhouse benefits: With global and national focus on mitigating global warming and its consequences, reducing greenhouse emissions for key industries is in the spotlight. These considerations have a bearing, not only on the types of fishing gear and vessels used, but also on the overall amount of fishing effort expended in catching fish. A recent paper discusses the greenhouse gas emission consequences of selecting different reference points and provides a measure of the fuel use per unit of catch (Hornborg and Smith, 2020). The message is clear – higher biomass reference points (achieved with less fishing effort) have greenhouse benefits (Farmery et al., 2013).

· Ecosystem benefits: Fishing has ecological impacts beyond the catch of target species. These impacts are diverse, affecting populations, communities, habitats and sometimes the structure of ecosystems. While there are trade-offs involved, the impacts are often related directly to the amount of effort applied. Higher biomass targets correspond to less effort and lower ecological impacts. Pascoe et al (2018) explored including the non-market value of bycatch in calculation of community MEY from a fishery.  Unsurprisingly, this led to an estimate of lower MEY catch / higher BMEY than if only producer surplus was considered.  The main point was that limiting MEY calculations to producer benefits only does not maximise economic benefit for the community.  

· Recreational and cultural benefits: This is another situation where the traditional limited approach to focusing on commercial producer benefit only in calculating MEY may reduce economic benefits to the wider community.  Both recreational and indigenous cultural fishers receive non-market economic benefits from harvesting fish and their target biomass level is likely higher than for commercial producers. For recreational fishers, the probability of catching a “trophy” fish is higher at higher biomass, while indigenous fishers will generally benefit from higher biomass targets because fish will be more accessible to shore-based fishing. Both cultural and recreational fishers tend to be less efficient than commercial fishers which means they tend to benefit more from lower catch/higher biomass than a commercial fisher.  See also the section on multi-sector fisheries below.  

· Governance benefits: Ask any fishery manager whether they would rather be managing a depleted or a healthy resource! Fish stocks at higher biomass levels require less management intervention, often less intensive monitoring, less frequent assessment, and overall, less contention and lower management costs.
· Dynamic operating environments and tolerance of risk:  The productivity of fisheries changes through time both because of climate change and also due to normal interannual fluctuations in recruitment and other drivers of population dynamics.  The economic environment of fisheries is also dynamics due to changing costs and prices.  These contribute to an uncertain operating environment for management and a buffer of a larger stock level can assist in reducing the risk of current catches impacting future production. 
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Figure 1.  BTARG for commercial producers is higher than BMSY in practice for Australian fisheries and equates approximately to BMEY.  BTARG for recreational and cultural fishers will be higher again, in general, because they typically gain greater benefit from stocks with lower exploitation rates and higher biomass, improving catch rates and access.   BTARG will vary if it includes benefits and externalities to the community rather than commercial producers only.  Consideration of the economic benefit of “consumer surplus” would typically lead to strategies of higher catch and BTARG below BMEY.  Inclusion of environmental externalities such as bycatch would also lead to higher BTARG.  Risk of unexpected stock impacts from catch settings in harvest strategies is reduced where the target is greater than BMEY for commercial producers.   

With the exception of consumer benefits, all these considerations point in the direction of higher biomass targets. Even for consumers, there is no benefit in fishing the stock below BMSY. For the other considerations, a suitable target biomass or proxy will be higher than estimated for commercial BMEY. It is likely to vary case by case and there will be trade-offs. The point is to consider these wider objectives and to weigh up the trade-offs explicitly. 
A further consideration in selecting targets is what to do about stocks that are shared across jurisdictions (nationally or internationally). For stocks whose management is shared with States or Territories, the ideal is to have a common harvest strategy. This would require common reference points and identical harvest control rules. For most shared resources, allocation agreements have been reached between jurisdictions (and usually between sectors within jurisdictions). However, differences in harvest strategies between jurisdictions, such as different targets or different harvest control rules, would result in different management responses in response to the same stock status, leading to changes in relative allocations over time. Most states have adopted their own harvest strategy policies and guidelines, and there are some notable differences between them (e.g., Queensland has adopted a default biomass target of 60% B0). In general, jurisdictions that, for whatever reason, have adopted more conservative targets (higher biomass targets) will be at a disadvantage relative to those with less conservative targets. This situation is becoming more problematic as more jurisdictions implement harvest strategies. Discussion and resolution of the issue seems warranted at a national level.
Questions to consider / information request:
· Should the harvest strategy policy be modified to include objectives broader than commercial MEY?
· Is there a need for common standards and approaches to harvest strategy limits and targets across jurisdictions, particularly for shared resources?

Shifting baselines
Stock assessments typically measure the status (abundance or biomass) of a stock relative to its unfished or pre-fishing level. This is often expressed as a depletion level – the current level of the stock relative to its unfished level, expressed as a percentage. As discussed in the previous section, this is used to define reference levels such as a target (e.g., 48% B0 as a proxy for commercial BMEY) where B0 is unfished biomass. Similarly, limit reference points for biomass are expressed as a depletion level (20% of B0). These are simple concepts and widely used in fisheries assessment and management, including in harvest strategies.
A difficulty arises when B0 itself varies over time. The productivity and abundance of a species is influenced by the properties of the ecosystem in which it exists, and ecosystems change. For example, the marine ecosystems of southern Australia were already highly modified by sealing and whaling in the 19th century, well before most present-day fisheries developed. The recovery of these species is now changing these ecosystems again, not necessarily back to how they were. Changes in ecosystems cause fluctuations in the abundance of a species even in the absence of fishing. If these changes are merely random in nature, and equally up and down, then B0 can be thought of as an average unfished level. However, larger, longer term, and/or unidirectional changes in system productivity can cause larger impacts on B0 (and hence perceptions of depletion) and need to be accounted for.
There is mounting evidence that global warming is having dramatic impacts on ocean ecosystems, including in Australia (Barange et al., 2018). These changes are impacting harvested species in several ways:
· Shifting spatial distributions
· Changes in B0
· Changes in productivity (impacting FTARG)
These impacts and their consequences have been the focus of scientific research over the past decade or more, with a lot of new evidence and analysis emerging since the last update of the harvest strategy policy and guidelines in 2018. 
There is mounting evidence of shifts in spatial distribution of populations and species, particularly along the eastern and western coasts of Australia (Gervais et al., 2020). A common trend is a southward shift in distributions, associated with warmer ocean temperatures shifting further south. These changes have implications for both resource access and jurisdictional arrangements. As populations shift south, access to the resource can be diminished or lost entirely for fishers in more northerly areas, while fishers in the south may gain access to resources not previously available. These changes can also affect assessments of resource status, due to contrasting trends in abundance in different parts of the range. Similarly, resources that are mainly managed by one jurisdiction may increase in importance for another jurisdiction. All these changes have important implications for harvest strategies, particularly for shared resources.
Ocean warming is not only affecting the spatial distribution of species, but also their abundance. Some of these impacts can be rapid and dramatic, such as the effects of marine heatwaves. Harvest strategies need to be flexible enough to respond appropriately to such changes. Other changes due to ocean warming may be more gradual but also more long-lasting. The effects of such changes on population abundance may be direct (physiological) or mediated through broader changes in ocean ecosystems, including impacts on ocean currents (dispersal and settlement), food supply and habitat. These changes can result in large changes in both abundance (unfished B0) as well as population productivity (through changes in growth, natural mortality and/or recruitment), sometimes positive but often negative. 
Considerable scientific research has been directed at this issue of shifting baselines, particularly in the past five years (Bryndum-Buchholz et al., 2021; Holsman et al., 2019; Link et al., 2021). Mostly it has considered changes in B0 rather than changes in productivity, because this is easier to detect and measure. One way to detect such changes is to allow for “dynamic B0”, where B0 is estimated each year as the biomass which would occur in that year in the absence of fishing, given current conditions. This contrasts with the more usual approach of estimating a “static B0” corresponding to the biomass which existed prior to the commencement of fishing (so at a fixed point back in time, which will vary from stock to stock depending on the history of fishing). There is mounting evidence for a number of Australian fish stocks that dynamic B0 has changed considerably over time, and for some stocks has shown a declining trend, possibly associated with ocean warming or other changes to the ecosystem. 
The implications of dynamic B0 for harvest strategies can be profound and require careful consideration. The current Commonwealth harvest strategy policy and guidelines define proxies for both target and limit reference points relative to B0. If B0 is static or fixed, these limits (BLIM) or targets (BTARG or BMEY) are also fixed, and the response of the harvest control rule to changes in abundance will not change over time. However, if a dynamic B0 is used to define these reference points, the biomass targets and limits will themselves change over time, and in the case of declining B0, the reference points will also be shifted to lower levels of biomass. If the harvest control rules also change with the changes in reference point, the result would be to continue to fish the stock as it declines, with higher catches than would occur if a static B0 approach was used. 
Several scientific papers have pointed out the potential risks of adopting such a dynamic approach to reference points and harvest control rules (Szuwalski et al., 2023; Thompson et al., 2021; Travers-Trolet et al., 2020). Some have advocated sticking to the static approach, but this is based only on consideration of changes to B0. If productivity is also declining, the other important part of a harvest control rule, the target fishing mortality rate or FTARG (proxy FMEY for Commonwealth fisheries) may also change, and sticking with a fixed rule may lead to overfishing due to an inappropriately high fishing mortality rate. A major research project is considering these issues (Penney et al, in prep) and is due to report quite soon, so more information and guidance on these issues should be available shortly. One possibility being explored in this work is to limit the reduction in the limit biomass reference point to half the static equivalent, with corresponding limits on changes in the form of the harvest control rule (Bessel-Brown et al., 2022). The consequences of changes in productivity are also being investigated.
Questions to consider / information request:
· Should reference points be changed in response to changes in productivity or unfished biomass?
· What evidence should be required to consider making such changes?

Multi-species fisheries and EBFM
Fisheries that target or catch many species pose particular issues and challenges for harvest strategy design and implementation. The 2018 guidelines already deal with some of these issues, including providing advice on how to achieve multispecies MEY. The current policy recognises that not all stocks in a multispecies fishery can be harvested simultaneously at “optimal” levels, and that some (less productive or more catchable) stocks may be maintained at biomass levels lower than either (single species) MEY or MSY, provided that all stocks are maintained above limit reference point levels of biomass. The existing harvest strategy policy applies to all retained species, while a complementary bycatch policy applies to species that are caught and discarded.
Harvest strategies were originally developed as a single species management tool and continue to be applied in that way in most instances. The status of an individual stock is assessed, stock-specific reference points are developed, stock-specific harvest control rules are applied, and stock-specific management actions determined (catch controls such as quotas or various forms of input controls). Some variation in targets is allowed, based on the notion of ‘pretty good yield” which recognises that the peak in yield curves as a function of biomass tend to be fairly flat, so that similar yields can be obtained over a range of stock sizes (ref). This concept has been extended to “pretty good multispecies yield” (Rindorf et al., 2017). 
A multiple single-species approach to harvest strategies, while widely applied, has several drawbacks. Not least of these is that very species-diverse fisheries require a lot of stock assessments as each stock is, in a sense, managed separately. Issues also arise with “choke” species, where catches from stocks that are not overfished are constrained by the status of stocks that are overfished. Another issue is that changes over time in the primary species targeted can confound interpretation of catch rates and greatly increase the uncertainty about stock status.
Such issues have led to a search for alternatives to the standard approach. One approach, using MICE (models of intermediate complexity for ecosystems) has been applied in several fisheries (Plaganyi et al., 2014). Another approach considers a “balanced” approach to harvesting species across an ecosystem (Zhou et al., 2019). A third approach, adopted for several fisheries in Western Australia, is referred to as the “indicator species” approach (Newman et al., 2018). This has been applied to the assessment and management of multi-species, multi-gear and multi-sector fisheries and uses a risk assessment and prioritisation approach to select indicator species that are then the focus of more targeted assessment and management. By selecting indicator species that are most vulnerable to the fishery (due to low productivity and/or high catchability), the assumption is that the status of other less vulnerable species will be assured if the indicator species is maintained at appropriate stock levels. The selection of indicator species is determined not only by inherent vulnerability, but also by management importance, including commercial value as well as social and cultural significance. The possibility of applying this approach is currently under investigation for the Commonwealth Southern and Eastern Scalefish and Shark Fishery (Sainsbury and Fulton, 2023). 
Recent scientific literature also points to ways in which ecosystem considerations can start to be incorporated into harvest strategy design. This would help support the Commonwealth commitment to ecosystem-based fisheries management (EBFM) which is addressed separately to harvest strategy policy. EBFM is currently addressed through the Australian Government’s ecological risk assessment and ecological risk management framework, with bycatch managed under the Bycatch Policy. 
There are several ways in which harvest strategy policy could link operationally to these broader ecosystem considerations. One way is to extend the indicator species approach outlined above to include a selection of “ecologically important” species. These might include keystone species, low trophic level species, habitat-defining species, or TEPS (threatened, endangered and protected species). For example, low trophic level or “forage” species are already considered and treated separately in the Marine Stewardship Council standard, with higher target biomass levels required for key low trophic level stocks, in recognition of their importance as food for other species in marine ecosystems (MSC, 2022). The EU is starting to adopt ecosystem considerations in some single species harvest strategies (Howell et al., 2021), while the North Pacific Fishery Management Council in the US, is trialling ways to incorporate ecosystem considerations into harvest strategy advice (Dorn and Zador, 2020). Several jurisdictions overseas have also adopted “ecosystem caps” where total removals from an ecosystem are limited, even if single species assessments and harvest strategies indicate that more could be taken (Holsman et al., 2020). An important consideration concerns the sorts of ecosystems and ecological communities that decision makers wish to maintain, in relation to overall harvest rates and the economic and other benefits of fishing (Fulton et al., 2022). 
Questions to consider / information request: 
· Should the guidelines be expanded to include new approaches to harvest strategies for multispecies fisheries, such as the indicator species approach or the balanced harvest approach?
· To what extent can considerations arising from ecosystem-based fisheries management be incorporated directly into harvest strategies? Or should harvest strategies remain principally a strategy for stock management?

Multi-sector fisheries
Multi-sector fisheries are those where part of the catch is taken by non-commercial fishers, in particular recreational fishers, charter fishers, and/or indigenous fishers following cultural fishing practices. (Indigenous fishers may also be commercial or recreational fishers). The term is not meant to refer to multi-gear fisheries, although these are sometimes referred to as sectors (e.g., the trawl sector, the line sector).
Most Commonwealth-managed fisheries do not have a large recreational or cultural component, but these sectors do constitute a component of the catch for some stocks. Take from sport fishing can be a significant factor for some fisheries targeting large pelagic species, and the Commonwealth has already adopted specific arrangements for quantifying and managing the recreational take of Southern Bluefin Tuna. A question that arises where there is a significant non-commercial take is how to account for the catch from these sectors in harvest strategies. If the level of catch is high enough (as a proportion of the total catch), these sectors may even have their own harvest strategies including harvest control rules. As with multi-jurisdiction fisheries, the challenge of managing for different users goes beyond just apportioning catch.  There is also the question of compatibility of reference points and harvest control rules, including the challenge of reconciling how to manage if BMEY is different for the different sectors.
Considering recreational fishing first, a challenge in almost all cases is how to estimate the catch taken. This problem is being addressed through initiatives like the national recreational fishing surveys, and several State jurisdictions are also developing their own surveys and protocols. A second problem is in regulating recreational fishing mortality. Fishery managers have developed a range of tools to try to regulate recreational catch, including bag limits, boat limits and size limits, as well as closed areas and seasons. Recent research suggests that some of these measures may not be very effective, including “output” controls such as bag limits (Ochwada-Doyle et al., 2023). The basic problem is that in most cases there are no effective controls on overall fishing effort. To date, most recreational fishing controls have been applied in a reactive manner, and the development of harvest strategies for recreational fishing is still in its infancy. Where harvest strategies have been developed for multi-sector fisheries, in most instances these have only applied to the commercial component, with estimates of recreational catch “taken off the top” of annual estimates of sustainable catch. This can lead over time to large changes in the allocation of catch between sectors, often to the detriment of commercial fishers, so that equity issues can arise. The Western Australian government has tried to address this issue in developing harvest strategies for mixed sector and multi-species fisheries (Fletcher et al., 2016).  
Estimating economic yield from the recreational sector is another challenge but needs to be considered if the objective for management is to maximise benefit broader than the commercial sector.  Recreational economic yield is analogous to commercial economic yield in that it is benefit minus costs – it is not measured by recreational expenditure.  Benefit in the case of non-commercial fishery harvests is the non-market utility of recreational fishing which can include factors such as consumption benefit and enjoyment of the activity. Recreational economic yield from fishing behaves differently from commercial fishing in two important ways.  The first is that there is far greater variation between individual recreational fishers.  We can see that some individual recreational fishers get far greater utility than others by the way that participation responds to catch rate.  Managers need to consider the fishers on the margin who don’t gain utility and won’t participate if catch rates are low.  This is a loss of community economic benefit.  Another difference from commercial fishers is the diminishing marginal utility from higher daily catch of recreational fishers.  Put simply, a commercial fisher typically receives the same market price from the last fish they catch as the first.  However, a recreational fisher gains most utility (think “excitement”) from the first fish caught and this utility diminishes with each additional fish they land on the trip.  It’s possible to make general observations on recreational fisheries without doing surveys to estimate recreational economic yield.  The factors described above mean that recreational BMEY can be assumed to be higher than commercial BMEY (and target F lower) because higher biomass means more fishers participating, higher strike rate, and reduced risk of a no-catch-day for the less experienced fishers on the margin.  
Trying to estimate indigenous cultural fishing catch and economic values for use in harvest strategies is even more difficult than recreational fishing. Several States are developing policies and strategies in this area, and a current FRDC-funded project is attempting to develop a harvest strategy framework for cultural fishing in New South Wales. Generally, the way in which non-commercial sectors are considered and managed in harvest strategy policies has important implications for allocation and equity between sectors (Barclay et al., 2023). As with recreational fishing, in the absence of empirical estimates, it can be assumed that BMEY for cultural fishing will be higher than for commercial fishing.  This is because of lower efficiency of cultural fishing effort and the non-use value from stocks that are closer to their natural state.  
Approaches exist to estimate the economic and social benefits of non-commercial fishing and incorporate them into harvest strategy development for multi-sector fisheries (Dowling et al., 2020; Pascoe et al., 2019). However, most fisheries lack the data and models to undertake such analyses.
Questions to consider / information request:
· Should harvest control rules for recreational and/or indigenous cultural fishing be incorporated in Commonwealth fisheries harvest strategies? If so, how?
· Should target reference points be altered (increased for the biomass TRP) to reflect the objectives and interests of non-commercial sectors?

Uncertainty and risk
Uncertainty and risk are ubiquitous in fisheries assessment and management. Proper harvest strategy design involves clear recognition of the uncertainties and strategies to manage the resulting risks. The risks in this case are failure to meet management objectives and targets. Explicit levels of acceptable risk are defined in the policy in relation to probabilities of falling below (biomass) limit reference points. 
Sources of uncertainty are many. Formal approaches to stock assessment involve fitting population models to data. Data are often “noisy” (variable), and, of more concern, frequently biased. Sometimes entire categories of data are missing or extremely limited (for example, catches from recreational fisheries, although this situation is starting to improve). Models involve assumptions and the assumptions may not hold. (See for example the section on shifting baselines above). Fishery-dependent data such as catch per unit effort from logbooks may not reflect changes in the population being assessed, while fishery-independent data (from scientific surveys), though likely less biased, are expensive to collect. Of current concern is the general reduction in the quality, quantity and types of data available to assess stock status, often due to budgetary constraints. Fisheries management in Australia has also moved from applying harvest strategies to only their data-rich fisheries towards also including more data-poor fisheries.  This has resulted in many assessments becoming increasingly uncertain over time.
Not all stocks have the data (or sometimes the resources) to assess stock status using quantitative models statistically fitted to time series of data. There has been growth over the past decade or more in methods for so-called data-limited assessments, and these methods are now used to assess a number of stocks in Commonwealth managed fisheries. While this has enabled the application of harvest strategy policy to fisheries that could not otherwise have done so, a particular problem with these methods is that the uncertainty in the assessment (the uncertainty about stock status) is very hard to determine and quantify. Even for the statistical quantitative models used where the data allow, experience has shown that uncertainty is often underestimated.
Uncertainty about stock status is perhaps the most important source of uncertainty in applying harvest strategies, but other sources of uncertainty are also important. Economic data and models are required to address and meet the MEY objective but both data and models are similarly afflicted by uncertainty. For example, the past five years have seen a series of shocks to both costs and prices, associated with external events such as trade disputes with China, impacts from Covid restrictions, and the war in Ukraine affecting energy costs. The proxy for commercial BMEY (1.2 times BMSY) is highly uncertain, and a recent study suggests may be well off the mark (Pascoe et al., 2023). Non-market values of non-commercial sectors may be more stable through time but have the challenge of the need for dedicated surveys to estimate costs and benefits.  
The performance of a harvest strategy in meeting its objectives is related to the way in which all three key elements of a harvest strategy work together – monitoring, assessment and the harvest control rule. The policy is explicit that harvest strategies should be formally tested to assess whether they are highly likely to meet the objectives of the policy and suggests using methods such as management strategy evaluation (MSE) to undertake such testing. MSE is a simulation-based approach that in principle can be used to assess the robustness of a harvest strategy to uncertainty in each of the elements discussed. MSE is indeed a useful tool for this purpose and can help identify and eliminate combinations that will not meet the objectives. 
As with any method, there are some constraints to consider in using MSE. The first is that it is resource intensive and requires analysts with high level quantitative skills as well as very good communication skills. These are often the same analysts and scientists undertaking (quantitative) stock assessments to implement the harvest strategies, so that a resource/time constrain often comes into play. A second constraint is in the choice of “operating model” (the simulation model used to evaluate the performance of the harvest strategy). While a relatively simple operating model may be sufficient for a simple single species fishery, more complicated models are required for multispecies fisheries, and also to consider the broader ecological implications of harvest. The broader the focus, the more uncertainties need to be considered. Fortunately, Australia is quite advanced in development and application of prospective operating models, including multispecies models, ecosystem models, bioeconomic models, as well as coupled social-ecological models for fishery and marine systems (Little et al., 2023; Fulton et al., 2011; Pascoe et al., 2020; Plaganyi et al., 2014). More use could be made of this capacity and capability.
As already noted, the current Commonwealth harvest strategy policy has adopted an explicitly risk based approach to harvest strategy design and implementation. This has given rise to the risk-catch-cost framework which is well described in the current guidelines. This concept outlines a trade-off where higher catches can be achieved at a given level of risk by investing in data, assessment and management to get the most out of harvesting a resource. However, the same level of risk could also be achieved by a much lower investment that would require a correspondingly lower level of catch. This approach to risk equivalence has been applied in various ways to harvest strategy design, including the development of tier-based harvest strategy frameworks. MSE has been used extensively to calibrate risk equivalence between tiers, spanning data rich to data poor situations and resources (Fulton et al., 2016; Fischer et al., 2023). 
In practice, maintaining risk equivalence across tiers corresponding to a range of levels of data quality and quantity requires explicit methods to address uncertainty and implement precaution. One method in common use is to apply precautionary buffers to the “advice” arising from application of a harvest control rule (e.g., a quota recommendation), depending on the tier being used. Another approach (not currently used) could be to adjust the limit and target reference points used in the harvest control rule, depending on the tier. A third approach, used in some US fisheries, is to discount the catch recommendation according to the uncertainty about either current biomass or the target fishing mortality rate arising from the stock assessment (Privitera-Johnson and Punt, 2020). This approach has not been adopted in Australia to date. It can be shown to work quite well where statistically based quantitative stock assessments are in use. However, as noted earlier, a problem arises where less quantitative or even qualitative (weight of evidence) assessments are used, where it is generally impossible to quantify the uncertainties involved.
Concerns have been expressed that the principles of risk equivalence and application of the risk-catch-cost trade-off are not always consistently or correctly applied in current applications of tier-based harvest strategies in (some) Commonwealth fisheries. This seems to be an area where further guidance and attention is required.
Questions to consider / information request:
· Is stronger guidance or direction required on how to take account of uncertainty and apply the precautionary approach more consistently in the Commonwealth harvest strategy policy and/or guidelines?
· What is the right balance in deployment of scarce resources between (tactical) stock assessment versus (strategic) management strategy evaluation?

Special topics
Close kin mark recapture
CKMR is a recently developed tool that can provide a direct (absolute) estimate of stock abundance (Bravington et al., 2016; Trenkel et al., 2022). It has already been applied to several Commonwealth-managed stocks (southern bluefin tuna, school shark) and shows promise for other stocks that are otherwise difficult to assess. It offers promise as the quality of other sources of data on trends in abundance, particularly fishery-dependent data such as CPUE, deteriorate over time (see earlier section on uncertainty and risk).
CKMR is not without its drawbacks, however. The initial costs to develop the genetic basis of the method for each species can be high, though once developed, the costs for ongoing application have decreased considerably. Of possibly greater concern is the ability to collect the samples needed to apply the method, particularly for depleted stocks where targeting is avoided, or for stocks that reside mostly in areas closed to fishing. 
A specific concern that has been raised is the problem of estimating B0 where CKMR estimates form the main basis for assessing current abundance. This issue arose in the school shark example, where the stock estimates from CKMR were inconsistent with those obtained from previous analyses (Thomson et al., 2020). A suggested resolution of the inconsistency was that whole sub-populations of the stock had been eliminated, fundamentally changing the measure of unfished biomass. The issue for the harvest strategy is that, in its current form, it relies on an estimate of depletion relative to B0 to feed into the harvest control rule.
It is not yet clear how commonly this issue may arise. Moreover, as discussed in the earlier section on shifting baselines, the issue of non-stationarity in B0 is a more general one that needs to be addressed. A new research project is examining this issue, specifically regarding CKMR. In the meantime, estimates from CKMR can be used as an additional input into quantitative stock assessments, and may gradually replace other indicators such as CPUE over time. If there really is major uncertainty about B0, a suitably precautionary fixed fishing mortality rate can be applied to the most recent estimate of abundance from CKMR.
Non-recovering stocks
The current harvest strategy policy seeks to maintain stocks at or around target levels and actively avoid the stock falling below the (biomass) limit reference point. Where stocks do fall below BLIM, fishing mortality is set to zero in the harvest control rule, and other management arrangements constituting a formal recovery strategy are set in place. 
Harvest strategies have now been implemented in most Commonwealth-managed fisheries since 2007. In most instances they have succeeded in preventing overfishing, and in enabling the recovery of previously overfished stocks, but there have been some exceptions. Several examples are to be found in the Southern and Eastern Scalefish and Shark Fishery (SESSF). The problem with school shark has already been mentioned. Another example is eastern gemfish, the stock of which collapsed in the late 1980s (well prior to the implementation of formal harvest strategies, though strict measures were brought in at the time to limit catches and try to recover the stock). Given the low level of the stock and the avoidance of targeting, there is considerable uncertainty about the ongoing status of eastern gemfish, but it seems clear that it has failed to recover in the past thirty or more years. The reasons for this are not clear – possibly a combination of changes in the ecosystem, more recent changes in ocean temperatures, and possibly ongoing low levels of incidental fishing mortality that are sufficient to prevent recovery. It is quite possible that the stock would not recover to a level above its previous limit reference level, even if all fishing mortality ceased. On the positive side, the eastern stock of orange roughy has recovered to well above its limit reference level under application of the harvest strategy and a specific recovery plan. 
The eastern gemfish example raises the question of how the harvest strategy policy should deal with non-recovering stocks. The EPBC Act requires that efforts at recovery should continue until recovery occurs, but in some instances, recovery may not be possible.
Questions to consider / information request:
· Should there be a “statute of limitations” for non-recovering species?
Spatial management
Spatial structuring of fisheries occurs in the biology of the fish, in fishing effort (e.g. factors affecting accessibility), and in management controls both related to the fishery (e.g. spatial closures) or external (e.g. marine parks and other exclusions).  
Harvest strategies often account for spatial issues by dividing the fishery into regions with the fishery performance tracked separately for each region.  There is a trade-off in managing spatial issues with smaller spatial division suffering from less data and confidence in assessments, plus greater difficulty in implementing management of catch.
Commonwealth fisheries interact with large spatial closures for some gear types, especially bottom trawl, plus marine parks including no-take areas.  These introduce problems in the harvest strategy, including how the stock in closed areas is included in the assessment of the stock, and also in the choice of appropriate reference points (Field et al., 2006; Pincin and Wilberg, 2012).  Stock in areas closed to fishing is generally more relevant to limit reference points because LRPs are associated with management objectives of avoiding recruitment overfishing.  In contrast, stock in no-fish areas is less relevant to TRPs where these are explicitly linked to objectives of maximising economic benefit as per the Commonwealth.  This is because economic yield is maximised by balancing the revenue (catch) against the cost of fishing (driven by catch rate), and the stock in closed areas provides no catch rate benefit.  
Closed areas have been proposed as useful reference sites where empirical information can be obtained on density at B0, and comparisons made with fished areas to provide simple estimates of depletion in data poor fisheries (Wilson et al., 2010).  However, Edgar et al (2014) noted that many marine parks have limited value for informing fisheries management because the stocks inside don’t represent density at B0 due to fish movement, illegal fishing, and different habitat types.  
Spatial structuring in populations can lead to localised depletion and, effectively, to loss of access to the resource for some fishers (commercial, recreational, indigenous) because of place-based fishing. Mobile species can exhibit the "basin theory" of populations, whereby a depleting resource first disappears at the margins of the distribution, which is another argument for higher biomass targets.
Questions to consider / information request:
· Does the policy need any specific components on treatment of stock in unfished areas, especially closed areas and marine parks?
· Does the use of reference points drawn from the whole spatial area of the fishery misrepresent the status and performance relative to targets in the places where it matters most for users of the resource?     

Key points and questions for consultation
What is the right balance between flexibility and prescription in the harvest strategy policy and guidelines?
What is the resolution to apparently “irresolvable” issues such as non-recovering species (noting the constraints imposed by the necessity to meet EPBC requirements and standards)?
Is there a need for stronger guidance on precaution?
Is there need for a broader approach to defining targets under changing social expectations?
Should the harvest strategy policy be kept simple and single stock focused, or should it embrace elements (or all) of EBFM?
Note that some fisheries tick all the (difficult) boxes? (multi-species, multi-sector, multi-gear, multi-jurisdiction, ocean warming hotspot). Is there a better/simpler way to manage these fisheries?
Is there a need for common standards and approaches for shared resources? Does Australia need national standards for harvest strategies, at least for shared resources?
How can the policy and practice be more realistic about the cost constraints in the risk-cost-catch trade-off?
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[bookmark: _Toc157595684]Appendix 3	Additional topics

Several more specific points were noted in the course of this review, particularly concerning the current guidelines:
Exceptional circumstances
· Disruptions to markets and supply chains due to Covid and international trade disputes have required consideration of exceptional circumstances for several harvest strategies over the past five years. Guidance on the appropriate use of exceptional circumstances is required.
Buffers and risk mitigation
· The use of buffers for risk mitigation is mentioned in several parts of the guidance but care needs to be taken about multiple use of buffers. Buffers can be used in different ways, including by setting more precautionary reference points, by discounting RBCs depending on levels of uncertainty in stock status, or by increasing buffers as the time since the last stock assessment increases (time buffers). Further clarification on the appropriate use of buffers for risk mitigation would be a useful addition to the guidelines.
Calculating BMSY (request from DAFF) 
· The proxy for BMSY is 40% of unfished biomass, to be used where “BMSY is unknown or poorly estimated”. In practice, the default value is used in most instances and the department has asked for guidance on the circumstances under which BMSY should be estimated directly. BMSY is only well estimated where information is available on the “steepness” parameter in the stock recruitment relationship used in the stock assessment. High levels of steepness, approaching 1, correspond to lower levels of BMSY, with levels as low as B20 (the default limit reference level) possible for very high levels of steepness. Steepness itself is only well estimated if the stock has been severely overfished in the past, and when reliable data from such periods of overfishing has been available. Such circumstances are rare. In practice, it is best to use the default value for BMSY in almost all instances, and values of BMSY below B30 should not be used.
Tier level for catch only stock assessment methods
· Table B2 in the 2018 Guidelines (p64) recommends the use of catch only methods at Tier 3. This is an inappropriate method to recommend at this Tier level as these methods are highly uncertain about depletion and are not responsive to recent changes in catch levels. At best, such methods might be considered at about Tiers 7 or 8 in this scheme. 
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