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1 Non-Technical Summary

2012/225: Technical Reviews of Formal Harvest Strategies

PRINCIPAL INVESTIGATOR:

Associate Professor Malcolm Haddon

ADDRESS:

CSIRO Marine and Atmospheric Research
GPO Box 1538
HOBART TAS 7001

Telephone: (03) 6232 5097

OBJECTIVES:

1.Provide a technical review of recent research on
fisheries harvest strategies (both in Australia and
overseas) so as to identify information, methods or
strategies that may help to address key issues
identified by the review of the Commonwealth
Fisheries Harvest Strategy Policy.

2. ldentify further research required to update the
harvest strategies used for Australian fisheries.

3. Provide technical advice on how the harvest
strategy policy (including the Guide-lines) might be
revised in the light of the review conducted in this
project and, where relevant, suggest associated
technical refinements of the Policy’s wording.

4. Identify alternative indicators of economic
performance.

Outcomes achieved to date:

1. The reviews contained in this document have been used by the Commonwealth har-
vest strategy policy review committee, in both draft and final versions, to provide the
basis for recommending potential adjustments to the Commonwealth fisheries har-
vest strategy policy. The outcome of the review has yet to be made public (October
2013) so any changes recommended are currently unknown but the reviews con-
tained here have already played and met their roles. The individual reviews are pub-

lically available at:

http://www.daff.gov.au/fisheries/domestic/harvest_strategy policy/review.
2. In addition, the reviews provided a resource for use by the project 2010/061 Devel-
opment of a National Harvest Strategy Framework.

Draft versions of the reviews that form the main appendices of this report were present-
ed to the Commonwealth harvest strategy policy review committee on Tuesday 5" Feb-
ruary 2013 in Canberra. These presentations involved formal descriptions of the review
findings in each case followed by questions to the different authors by the committee

members.
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Four separate reports relating to material prepared to facilitate the 2013 review of the
Commonwealth Harvest Strategy Policy (HSP) and its Guidelines are presented and
briefly summarized in this umbrella project report. While each of the four component
reports was independently produced there are obvious linkages between them.

The work in this project was all designed to assist the review committee with the review
of the HSP. Some aspects considered were directly related to the policy itself, such as
the discussion of the use of 0.5Bysy as the default limit reference point in the section on
reference points appropriate to life-history characteristics. On the other hand, most sec-
tions and discussions would have more to do with the guidelines, which determine how
the policy is interpreted.

The first review document was: Haddon, M., Klaer, N., Smith, D.C., Dichmont, C.D.
and A.D.M. Smith (2012) Technical reviews for the Commonwealth Harvest Strategy
Policy. FRDC 2012/225. CSIRO. Hobart. 69 p.

This considered six major fields in the field of harvest strategies relating to reference
points and harvest controls and each of these sections considered an array of different
issues. The sections were 1) Reference Point Appropriate to Life History Characteris-
tics, 2) Buffered Targets or Meta-Rules, 3) Data Poor Fisheries and Tiered Harvest
Strategies, 4) TAC Setting and Multi-Year TACs, 5) Rebuilding Strategies and Bycatch
only TACs, and 6) Spatial Management. The summary from each of these sections is
included in the Results/Discussion Section 7.2 and all details are given in Appendix 3.

The second review was: Vieira, S. and S. Pascoe (2012) Technical Reviews for the
Commonwealth Harvest Strategy Policy: Economic Issues. FRDC 2012/225. Australian
Bureau of Agricultural and Resource Economics and Sciences (ABARES), Canberra,
and CSIRO Wealth from Oceans, Brisbane. p53.

This considered issues around the use of the Maximum Economic Yield (MEY) as the
overall target for the Harvest Strategy Policy. These issues included 1) its definition and
how the phrase is understood, 2) Challenges in operationalizing MEY, especially for 2a)
Data-poor species, 2b) Mixed species fisheries, 2c) Variable stocks, and 2d) Interna-
tionally shared stocks, and finally 3) The influence of the market for product. The sum-
mary from each of these sections is included in the Results/Discussion Section 7.3 and
all details are given in Appendix 4.

The third review was: Ward, P., Marton, N., Moore, A., Patterson, H., Penney, A.,
Sahlqvist, P., Skirtun, M., Stephan, M., Vieira, S. and J. Woodhams (2013) A technical
review of the implementation of the Commonwealth Fisheries Harvest Strategy Policy,
FRDC 2012/225. Australian Bureau of Agricultural and Resource Economics and Sci-
ences (ABARES), Canberra, March 2013.

This review detailed issues relating to the difficulties encountered when implementing
the Commonwealth Harvest Strategy Policy across the diversity of fisheries within the
Commonwealth of Australia. It covers the main problems covered by the policy includ-
ing the use of target and limit reference points, the attention needed to risk and uncer-
tainty and the relationship between the two, the rebuilding of depleted stocks, the need
for testing and evaluation of harvest strategies for particular fisheries, temporal and spa-
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tial management issues, and the management of stocks shared between jurisdictions,
both national and international. Finally the review included case studies to illustrate
some of the issues and their related solutions. The summary from each of these sections
is included in the Results/Discussion Section 7.4 and all details are given in Appendix
5.

The final review was: Penney, A., Ward, P. and S. Vieira (2013) Technical reviews for
the Commonwealth Harvest Strategy Policy: Technical Overview. FRDC 2012/225.
Australian Bureau of Agricultural and Resource Economics and Sciences (ABAREYS),
Canberra, March 2013.

This review attempted to summarize the findings from the first three reviews and then
identified particular issues that the review committee might want to pay particular atten-
tion to in their considerations. The subjects covered included 1) Reference points and
Proxies, 2) Alternative MEY Targets, 3) Target Ranges and Dynamic Targets, 4) Tiered
Harvest Strategies, 5) Data Requirements and the Risk-Catch-Cost trade-off, 6) Multi-
year TACs, 7) Rebuilding Strategies, 8) Reduction of Discards, 9) Spatial Management,
10) Ecosystem Based Fisheries Management, 11) and the role of all of these in the Im-
plementation of the Harvest Strategy Policy. The summary from each of these sections
is included in the Results/Discussion Section 7.5 and all details are given in Appendix
6.

KEYWORDS; Harvest Strategy; Commonwealth Fisheries Harvest Strategy Policy;
Fisheries management.

2 Acknowledgments

Each document has its own list of acknowledgements and these should be referred to for
the full details, which differ between documents.
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3 Background

The development and implementation of harvest strategies is considered a crucial step
to improving fishery management in Australia (Smith et al, 2008) and internationally
(Cadrin et al., 2004; Cadrin and Pastoors, 2008).

The Commonwealth Fisheries Harvest Strategy Policy and Guidelines (HSP) are widely
acknowledged as a key driver of improvements in the performance of Commonwealth
fisheries since its introduction in 2007. It has cultivated a transparent, evidence and risk-
based approach to setting target and limit reference points for assessing a wide range of
species along with decision rules for generating advice for managing key commercial
species in Commonwealth fisheries. It is considered an example of world’s best practice
for managing fisheries.

A review of the HSP is underway, with the review’s report to be considered by Minis-
ters Ludwig and Burke in March 2013. As part of the review, ABARES and DAFF have
consulted various Commonwealth agencies, scientists, economists and stakeholders on
their views on the HSP and identified areas where it might be improved. The review’s
advisory committee (representing a wide range of stakeholders) has provided input; and
wider opinion is being sought via public consultation. This project will link past and
current research with the review, providing technical advice on those areas of potential
improvement.

4 Need

Since the HSP was introduced in 2007 there has been a great deal published both na-
tionally and internationally concerning the development and application of harvest strat-
egies. This work needs to be reviewed for new technical content, especially with respect
to new and developing methodologies for stock assessments and risk evaluation, and
how the new work relates to issues that have been identified in the current HSP. For ex-
ample, a 10 July 2012 letter from DAFF to FRDC identified issues arising from the re-
view of the harvest strategy policy as a key research priority.

The HSP is generally regarded as successful. However, the review has identified aspects
of the policy, the guidelines, and its implementation, that might be improved to better
meet the policy’s objectives. Areas of improvement include consideration of appropriate
limit reference points based on trophic role or the biological characteristics of different
groups of species (e.g. teleosts vs. chondrichthyans), incorporation of spatial manage-
ment, approaches to setting total allowable catches (TACSs) in multispecies fisheries,
data-poor stocks (including byproduct), rebuilding strategies and indicators of economic
performance. This project will review the latest publications relevant to those priority
areas along with research work in progress so as to provide the HSP advisory committee
with technical advice on potential improvements to these aspects of the existing policy.
Evaluation of current research and developing technologies will provide a basis for a
revised policy to incorporate greater flexibility in responding to shifts in stocks and eco-
systems from environmental drivers, such as climate change. This work will ultimately
contribute to continued improvements in the economic performance and sustainability
of Commonwealth fisheries and will have relevance to shared fisheries, fisheries in oth-
er jurisdictions, and internationally.
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5 Objectives

1. Provide a technical review of recent research on fisheries harvest strategies (both in
Australia and overseas) so as to identify information, methods or strategies that may
help to address key issues identified by the review of the Commonwealth Fisheries
Harvest Strategy Policy.

2. ldentify further research required to update the harvest strategies used for Australian
fisheries.

3. Provide technical advice on how the harvest strategy policy (including the Guide-
lines) might be revised in the light of the review conducted in this project and,
where relevant, suggest associated technical refinements of the Policy’s wording.

4. ldentify alternative indicators of economic performance

Technical Reviews of Formal Harvest Strategies | 5



6 Methods

This project constituted the production of four separate reports CSIRO staff were re-
sponsible for the first report listed below and some of the second, while ABARES staff
were responsible for the rest of the second report and the last two. Instead of repeating
the material in each of the reports in this umbrella report each of the four final report
documents is given in its entire and original form (with appropriate permission) in Ap-
pendices 3 — 6. Contact details for each set of authors is provided in each appendix.

1. Haddon, M., Klaer, N., Smith, D.C., Dichmont, C.D. and A.D.M. Smith (2012)
Technical reviews for the Commonwealth Harvest Strategy Policy. FRDC 2012/225.
CSIRO. Hobart. 69 p.

2. Vieira, S. and S. Pascoe (2012) Technical Reviews for the Commonwealth Harvest
Strategy Policy: Economic Issues. FRDC 2012/225. Australian Bureau of Agricul-
tural and Resource Economics and Sciences (ABARES), Canberra, and CSIRO
Wealth from Oceans, Brisbane. p53.

3. Ward, P., Marton, N., Moore, A., Patterson, H., Penney, A., Sahlqvist, P., Skirtun,
M., Stephan, M., Vieira, S. and J. Woodhams (2013) A technical review of the im-
plementation of the Commonwealth Fisheries Harvest Strategy Policy, FRDC
2012/225. Australian Bureau of Agricultural and Resource Economics and Sciences
(ABARES), Canberra, March 2013.

4. Penney, A., Ward, P. and S. Vieira (2013) Technical reviews for the Commonwealth
Harvest Strategy Policy: Technical Overview. FRDC 2012/225. Australian Bureau
of Agricultural and Resource Economics and Sciences (ABARES), Canberra, March
2013.

The methods used in each review involved standard bibliographic methods when re-
viewing published and otherwise reported technical and policy related advances. The
subjects chosen for particular consideration were those deemed most likely to be con-
sidered for confirmation, modification, or change. Ideally, the reviews might have been
conducted after the period of public consultation so that they might have more easily
addressed matters raised in the public submissions; however time constraints prevented
such an arrangement.
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7 Results and Discussion

7.1.1 Introduction

This document is a combination of the final reports from four major components of a
project producing technical and other supporting reviews to be used when conducting
the current review of the Commonwealth Harvest Strategy Policy. The primary results
and discussion are thus captured by transcribing the executive summaries of each of
these reports, which are presented in their entirety in their separate appendices.

7.2 Haddon, et al (2012) Technical Reviews

The following six sections attempt to identify key points raised in each of the sections
of this set of reviews. It should be noted that this material is diverse and relatively com-
plex so, unfortunately, brief summaries of each section are not possible. The following
are not conclusions but rather constitute important points that require noting.

7.2.1 Reference Points Appropriate to Life-History Characteristics

The range of suggestions for what would constitute an appropriate target biomass and
fishing mortality value is very great but the difficulty in estimating the real risks of run-
ning relatively high fishing mortality rates at low stock sizes indicates that the sugges-
tion of By rather than something lower is a reasonable compromise. The current de-
fault biomass target reference point of Bagy, would appear to be highly conservative (bi-
ologically) for many species, although it may be quite appropriate for slower growing
sharks and rays and may not be sufficiently conservative for some key low trophic level
species. For example, the Commonwealth small pelagic fishery, in line with a number
of regulations world-wide, has adopted a biomass level of at least 80% By as the Byu
for each species in this fishery (with higher values in the more data poor situations), and
for such ecologically important species such apparent high levels seem appropriate.
However, such a level would ignore the fact that such species are naturally highly vari-
able and could quite naturally vary in abundance, sometimes down to very low abun-
dance levels. An alternative could be not to accept a limit with reference to a fixed By
but rather to only take a standard proportion of available biomass. Such constant es-
capement strategies are not currently included in the HSP but would be useful for natu-
rally highly variable species such as scallops, small pelagic species, and squid, for
which the concept of a stable unfished biomass, Bo, may not be meaningful. Full im-
plementation of this would thus mean that management of such stocks would not be in
relation to specific biomass limit and target reference points but rather in relation to es-
timates of current stock size. In addition, such a strategy might need to include some
minimum level of predicted harvest before fishing could occur so as to avoid encourag-
ing unprofitable fishing.

For productive species where 0.5Bsy is less than B,gy, the current HSP suggests that
levels of biomass < Bo Would be acceptable. Given the uncertainty inherent in estima-
tion of stock productivity, the precautionary approach would firstly require good evi-
dence that 0.5Bysy is indeed below Bagy. In the face of these various doubts and uncer-
tainties it would be difficult to argue that there would be no increase in the risk of deple-
tion affecting consequent recruitment levels if the limit biomass reference point was
permitted to vary below the current B,os,. For small pelagic fisheries, because of ecosys-
tem based fishery management considerations the limit reference point would tend to be

Technical Reviews of Formal Harvest Strategies | 7



either the same as or very close to the target (which has similarities to having a constant
escapement strategy.

7.2.2 Buffered Targets or Meta-Rules

The present arrangements where those harvest strategy control rules in which a break
point is clearly defined at the proxy target reference point certainly stabilizes catches
and another meta-rule that prevents TACs varying by more than 50% between any two
years has also been helpful in preventing serious dislocation and disturbance in the fish-
ery for some relatively unstable species. These particular meta-rules have already been
simulation tested using MSE.

If it was decided to pursue the issue of buffers and meta-rules around the targets in an
attempt to stabilize catches through time then it would be beneficial to use simulation
testing (MSE) to consider the effect of such changes to the expected dynamics of differ-
ent fisheries.

7.2.3 Data Poor Fisheries and Tiered Harvest Strategies

We define fisheries or species as data poor if information is insufficient to produce a
defensible quantitative stock assessment.

For data poor fisheries, difficulties can arise in almost every component of the harvest
strategy — for example, little or no regular monitoring means time series are rare, the
assessment method is undertaken with an unknown degree of uncertainty, reference
points are poorly defined and the associated control rules do not necessarily address risk
clearly. Yet, a recognized component of the present Harvest Policy is the application of
a consistent degree of risk across all fisheries, irrespective of fishery type.

Often the efficacy of a data poor harvest strategy can be very fishery specific. The use
of a tiered system of assessment methods and associated control rules allows for the de-
velopment of detailed, integrated stock assessments (Tier 0 and 1) down to the lowest
Tiers where data is limited to catch rates, catches, or even just catches (Tiers 6 and 7).
Below these tiers is the Ecological Risk Assessment, which aims to determine whether
there are particular species that are exceptionally vulnerable to the effects of fishing.

7.2.4 TAC Setting and Multi-Year TACs

Generally, when TACs are set for individual species, catches of other species are not
considered. In multi-species fisheries, there are often technological interactions where
fishing effort directed towards one quota species will normally result in a mixed catch
of fish that may include other quota species. Fishers can usually ‘target’ to some degree
through fishing different areas and depths, seasons, times of day and by modifying gear.
But it is the degree to which fishers can target that is the issue. The species mix in
catches may not necessarily match the mix in combined TACs or in quota holdings.
This difficulty in balancing quotas for multiple species with actual catches may then
lead to increased discarding, TAC over-runs, effort restrictions or fishery closures when
quota is constrained on some species. It is possible to characterize recent multispecies
catch data into primary and companion components. The approach of identifying com-
panion species within a given fishery provides an empirical means to examine the im-
pact of individual species TAC decisions across all of the quota species in a fishery.

8 | Technical Reviews of Formal Harvest Strategies



In general, multi-year TACs will require a “discount” (reduction) of some level of catch
to balance the greater risk associated with less frequent review and adjustment. There
are obvious risks of stock depletion if the multi-year TACs are set too high. While there
is debate about how best to set multi-year TACs no decisions have yet been made. Cur-
rently there has been little testing of the robustness of fisheries to the application of
multi-year TACs.

7.2.5 Rebuilding Strategies and Bycatch-only TACs

A primary objective of the Commonwealth Harvest Strategy Policy (HSP) is to main-
tain key commercial fish stocks at ecologically sustainable levels and within that con-
text, maximize the economic returns to the Australian community. If a fishery falls be-
low the default limit reference point of B,gy, the HSP states that: “Typically recovery
times are defined as the minimum of 1) the mean generation time plus ten years, or 2)
three times the mean generation time.” However, attempting to meet these guidelines
has been problematic, for example, in at least three conservation dependent species in
the SESSF.

The HSP already states that not all species in a multi-species fishery need be maintained
at the target reference point (default of Bssy, as a proxy for Byey) as long as all assessed
species stay above the limit reference point. So the rebuilding target for each species is
not always clear.

The HSP makes the assumption that rebuilding of a depleted species will always occur.
However, in a changing marine environment this may not always be true. Potential re-
gime shifts have already been identified in particular species (Jackass Morwong) on
Australia’s east coast (a world hot spot for sea water temperature rise) and this provides
an example of a species whose long term productivity has declined. There is thus a need
to recognize that there are circumstances under which rebuilding to previously experi-
enced levels would not be expected to occur.

It is also possible that some species, particularly when they were fished under a basket
species category (e.g. gulper sharks) may have been reduced to such a low level that the
probability of them recovering would become influenced by random events. In addition,
if the projected timeline for recovery is extremely long it becomes possible that long
term changes in the marine environment will become influential on the probability of
eventual recovery.

Finally, there are some species which are naturally extremely variable (e.g. squid and
scallops). Simulation testing can be used, and has been used, to demonstrate that the
harvest strategies in place are potentially capable of achieving the intent of the HSP,
even though it is very hard to identify adequate proxies for a particular limit or target
biomass reference point. However, some unpredictable events, such as the recent almost
complete die-off of scallop beds in south-east Australia, unrelated to any fishing, are not
amenable to anything other than reactive management.

7.2.6 Spatial Management

Spatial management may be applied in various contexts within a harvest strategy. It can
form the main harvest strategy framework (such as in a system of rotational closures), it
can be used to augment a harvest strategy framework, or spatial management measures
can be invoked as a control rule (a variation of rotational closures). For some species a
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management scheme that controls fishing mortality with large spatial and temporal fish-
ery closures offers a management strategy more robust to uncertainty than direct control
of catch, since only a small component of the stock gets exposed to the fishery. Howev-
er, this relies on good compliance with fixed closure boundaries (the Commonwealth
Vessel Monitoring System ensures this) and is mainly applicable to species that do not
move large distances.

7.3 Vieira and Pascoe (2012) Economic Issues

7.3.1 Summary

The key objectives of Australian Commonwealth fisheries management as defined in
the Commonwealth Harvest Strategy Policy (DAFF 2007) is that Commonwealth fish-
eries be managed sustainably and to maximise the net economic returns to the Australi-
an community. This is interpreted in the Guidelines as maximum economic yield
(MEY), which is the level of catch and fishing effort that maximises sustainable eco-
nomic profits in the industry over time. To this end, the biomass associated with maxi-
mum economic yield (Bmey) is recommended as the target reference point to be used in
all Commonwealth fishery harvest strategies.

Maximum economic yield ensures that all resources used in fishing are used at their op-
timal level, including the resource itself. A key component of the surplus generated is
resource rent, which represents the return generated by the fish stocks — a key input into
the production process. How much (if any) resource rent is realised by the community
directly is a separate issue: the concept of MEY is concerned with maximising its gen-
eration.

A key challenge in achieving MEY is determining the actual harvest target itself. MEY
is more than just a catch target — it also relates to a stock size and level of fishing effort
that enables the catch to be taken. Estimating MEY requires some form of a bioeconom-
ic model, which in turn requires detailed information on the biology of the species,
technical interactions between fishing gears and catches (especially in mixed fisheries),
cost structures of the fishing fleet and market conditions. In many cases, information on
one or more of the required model components is not available, such that bioeconomic
modelling is unable to be undertaken. In Australian fisheries, this is a major issue as the
number of operational bioeconomic models available for management advice is limited.

Proxy measures of the target reference point have been proposed for use in cases where
bioeconomic models are not available, or sufficiently reliable, to estimate MEY. These
range from measures based on biomass estimates, to simpler estimates in cases where
data are limited. Alternative indicators of optimal fleet structure include capacity utilisa-
tion, which do not provide a measure of MEY directly but provide an indication of the
level of excess capacity in a fleet. For international fisheries where target catches are
given, such a measure provides useful information on optimal fleet size and structure.

Recently, there has also been confusion over what sectors need to be considered in bio-
economic analyses for the purposes of estimating MEY. In particular, several research-
ers have proposed that downstream businesses such as wholesalers, processors and re-

tailers should be included in the definition, and that the impacts of upstream businesses
supplying the fishing industry should also be considered. The effect of their inclusion is

10 | Technical Reviews of Formal Harvest Strategies



higher catch and effort levels in the fishery, but lower industry profit levels compared to
the definition of MEY above. However, the use of greater levels of inputs in fishing be-
yond what is optimal not only reduces rent generation, but also diverts resources from
other sectors of the economy where they could be used to greater benefit. Further, em-
pirical analysis has demonstrated that in most cases, improved profitability in fisheries
leads to improved economic activity in regional communities (counter to the previous
arguments).

An area where the definition of MEY may need to be modified is the case where fisher-
ies have some degree of market power such that price varies with the quantity landed. In
such fisheries, maximising the profit to the industry results in higher prices to consum-
ers, and potentially a net loss in overall benefits through lower consumer surplus. In
these fisheries, maximising the net economic returns requires maximising the sum of
both producer and consumer surplus. This results in a higher level of catch (and effort)
than that which maximises industry profits alone.

7.4 Ward et al (2013) Technical Review of Implementation
7.4.1 Summary

This review focuses on technical aspects of the implementation of the Commonwealth
Fisheries Harvest Strategy Policy and Guidelines 2007 (DAFF 2007). It includes in-
formation on whether fishery management actions and decisions have been consistent
with the policy, challenges encountered in implementing the policy and changes in the
biological and economic status of fisheries that might be attributed to the policy’s im-
plementation.

A harvest strategy is a formal system for managing a fishery. Harvest strategies consist
of reference points that reflect management objectives, indicators that measure status
against those reference points, a process for assessing stocks and monitoring the fishery
and control rules designed to modify fishing activities in response to indicators and
thereby meet the fishery’s objectives. Harvest strategies are often tested using manage-
ment strategy evaluation (MSE) to ensure that the decision rules have a high probability
of achieving the objectives under a wide range of plausible scenarios.

The policy’s overriding objective is to maintain key commercial fish stocks at ecologi-
cally sustainable levels and, within this context, maximise economic returns to the Aus-
tralian community. It requires the implementation of harvest strategies that maintain
stocks at a desired state (target reference point) that is equivalent to the stock’s size or
biomass (B) that will produce the maximum economic yield (MEY). The policy also
requires stocks to be above a limit reference point beyond which the biological risk to
the stock is considered too high. The proxy for the limit reference point is at least half
of the biomass that would produce the theoretical maximum sustainable yield (MSY) in
the absence of fishing (“at equilibrium’). If Bysy has not been estimated, then the proxy
for Bumsy is assumed to be 0.40By, with the proxy limit being 0.20B,. The proxy for the
target reference point is 20 per cent above the biomass that will produce MSY
(1.20Bwmsy) or 48 per cent of the unfished biomass (0.48B).

Since the policy’s introduction in 2007, AFMA has implemented harvest strategies for
71 fish stocks that are managed in 12 of the 13 active Commonwealth fisheries. Harvest
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strategies have been developed, but not implemented, for several species in the relative-
ly small Coral Sea Fishery, which harvests numerous species. The policy requires har-
vest strategies to be implemented for all key commercial species, which are defined as
‘a species that is, or has been, specifically targeted and is, or has been, a significant
component of the fishery.” The fish stocks under harvest strategies include all quota-
managed species and several other commercial species, including rebuilding stocks that
were previously commercial species, e.g. eastern gemfish. Harvest strategies have been
implemented for several byproduct species, e.g. squid in the Northern Prawn Fishery
(NPF). There are other species that are sometimes retained for sale but which are not
under harvest strategies, e.g. ocean jacket in the Commonwealth Trawl and Scalefish
Hook sectors (CTS).

In several fisheries, multiple stocks or are managed together as a single entity. The east-
ern and western stocks of jackass morwong, for example, are assessed as separate stocks
but are managed under a single total allowable catch (TAC). Similarly, there are several
fisheries where multiple species are managed together, e.g. scampi consist of at least
three species in the North West Slope Trawl Fishery. Multispecies stocks arise through
uncertainty over stock structure or species identification or are a legacy of past man-
agement arrangements. Grouping of different species under single assessments and har-
vest strategies inevitably results in increased uncertainty as a result of the different
productivity and stock status of each species or stock. Uncertainty in assessments could
be reduced by verifying the species composition of catches and encouraging manage-
ment at the individual stock level.

The economic performance (generated net revenues) of many Commonwealth fisheries
and the biological status of fish stocks have improved since the late 2000s. The number
of Commonwealth stocks classified as not overfished, for example, increased from 21 in
2007 to 38 in 2011 and the number classified as not subject to overfishing increased
from 37 to 55. Many improvements in stock status are likely to be due to the implemen-
tation of harvest strategies. However, it is difficult to separate the influence of harvest
strategies from the effects of other factors over this period, particularly fishing effort
reductions that have resulted from various structural adjustments. Other factors influ-
encing economic performance include fluctuations in the demand for seafood, fluctuat-
ing currency exchange rates, changing operating costs and implementation of manage-
ment measures (e.g. marine parks and closures). In combination with harvest strategies
and other management measures, improved data, research and assessment have contrib-
uted to the improved biological status of many stocks.

The harvest strategies implemented in most Commonwealth fisheries are consistent
with the policy. For the larger, data-rich fisheries with quantitative assessments, harvest
strategies have been designed and tested to directly achieve the policies objective of
MEY. Harvest strategies of several small, low-value fisheries (for example, the Western
Deep Water Trawl Sector) are often rudimentary or are not routinely used, but are none-
theless consistent with the policy’s intent. Many of the impediments to implementing
the policy are related to cost (specifically for improved monitoring and assessment),
human resources and data availability, and not due to problems with the policy itself.
Sophisticated stock assessments requiring the collection of additional data might not be
justified for low-value fisheries and cannot be undertaken in the absence of the neces-
sary data or analytical capacity. Priorities for harvest strategy implementation have
therefore tended to reflect more the economic value of stocks, and less the level of risk.
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There is a need to encourage the further development of generic and cost-effective ap-
proaches for small fisheries and data-poor stocks, including the implementation of risk-
based approaches and prioritising the development and implementation of harvest strat-
egies for lower information but high risk species. Ecological risk assessments can be
used identify low-risk and high species, allowing ecological risk management programs
or harvest strategies to be developed for the high risk species, using a combination of
monitoring, mitigation and adaptive management.

About two-thirds of the harvest strategies implemented in Commonwealth fisheries
have specified target and limit reference points. The harvest strategies of most low-
value fisheries or data-poor fisheries have triggers instead of reference points. The trig-
gers are intended to activate a process of data collection and assessment in response to
an indicator (e.g. catch) reaching a pre-agreed level. However, the most appropriate lev-
els of triggers for many of these fisheries are unknown and have not been MSE tested.
The existing triggers may also not be regularly monitored or the data required for as-
sessments or implementing management measures when a trigger is reached may not be
routinely collected and such assessments may not be feasible within a suitable
timeframe. Further work is needed to evaluate trigger-based harvest strategies and to
undertake MSE testing of their effectiveness in achieving the policy’s objectives.
Statistical models that combine biological and economic information are necessary for
determining MEY and estimating the levels of biomass, fishing effort and catch that
correspond to MEY. These bio-economic models have been used to estimate Byey for
six stocks in the NPF and Great Australian Bight Trawl Sector (GABTS). Bio-economic
models require reliable data on market prices, operating costs, a quantitative stock as-
sessment model and experts to run those analyses, and they need to forecast prices and
economic conditions. These data are difficult to collect for many fisheries. Instead of
estimating Bmey, most harvest strategies use the policy’s proxies for target reference
points, which are based on biological quantities instead of economic quantities, e.g.
1.20Bmsy. Low-cost alternatives to statistical bio-economic modelling using available
economic information and assessments are needed. The policy’s Bmey proxy for the tar-
get reference point also needs to be validated over a wide variety of fishery types and
species.

In addition to maintaining stocks at the biomass that will produce MEY, the policy
states that MEY should be optimised across the fishery as a whole, across all species.
Fishery-wide MEY has been estimated for two fisheries (GABTS and the tiger prawn
sub-fishery of the NPF). However, fishery-wide MEY has not been estimated for most
Commonwealth fisheries for the same reasons that stock-specific MEY's have not been
estimated: inadequate economic data, no quantitative assessment models, insufficient
capacity or insufficient funding.

Many harvest strategies rely on the catch-per-unit-effort (CPUE) reported by commer-
cial fishers. These harvest strategies assume that CPUE is a reliable index of stock bio-
mass and that the selected reference period represents MEY or, in some case, the un-
fished stock. CPUE is often also the main abundance index used in quantitative assess-
ment models. Fishery-independent surveys can be a reliable alternative or adjunct to
commercial CPUE. Examples of such surveys in Commonwealth fisheries include
acoustic surveys for orange roughy. The Small Pelagic Fishery has run daily egg pro-
duction surveys to collect data for estimates of current spawning biomass. The Bass
Strait Central Zone Scallop Fishery’s harvest strategy involves pre-season surveys.
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Trawl surveys have been established in several valuable fisheries, including the NPF,
CTS and GABTS. However, it takes many years of surveying to compile a time-series
that can be used as an index of trends in abundance and those estimates may only be
robust for a small suite of frequently encountered species. Fishery-independent surveys
are also expensive. For fisheries where such surveys are not possible or are considered
unaffordable, there is a need for additional work on developing reliable commercial
CPUE indices.

There is higher uncertainty associated with low information and this increased uncer-
tainty results in increased risk. The policy requires that harvest strategies achieve com-
parable (low) levels of risk across all categories of information availability. This has to
be addressed by adopting increasing precaution as the uncertainty in stock status in-
creases. Multi-year TACs have been introduced in several fisheries to reduce annual
assessment costs and to provide industry with stability and certainty about short-term
catch levels. Multi-year TACs are sometimes based on projections of future stock status
under alternative levels of catch and thereby ensure that future catches at those levels do
not result in increased risk. Nevertheless, it may be necessary to determine whether dis-
counts should be applied to multi-year TACs and to provide further guidance on setting
break-out rules for multi-year TACs.

Harvest strategies have prevented many stocks from falling below their limit references
points and becoming overfished. However, several stocks that were depleted to below
these limit levels prior to adoption of the policy have not subsequently rebuilt, despite
the requirement to not allow targeted fishing and the setting of low incidental catch al-
lowances. The reasons why stocks have not rebuilt are not clear. Reasons may include
the possibility that ongoing catches exceed levels that will facilitate rebuilding or
changes in stock productivity caused by ecological factors, such as changes in the ma-
rine environment or climate that affect spawning success. The reference points of most
harvest strategies are fixed at estimated “‘equilibrium’ levels and do not reflect the dy-
namic nature of fish stocks.

Fixed reference points cannot reflect environmentally-induced productivity changes.
Apparent changes in productivity have resulted in the revision of reference points for
eastern jackass morwong to reflect the understanding that the productivity of this stock
has decreased. Guidance on identifying productivity shifts and development of non-
equilibrium reference points might help in these situations. Regardless, there is need for
firmer guidance on setting incidental catch allowances and managing the catches of
companion species.

In many cases, reduced abundance or the effects of mandatory and voluntary restrictions
on fishing activities may have reduced the availability or quality of fishery-dependent
data required for stock assessments and to monitor rebuilding. Rebuilding timeframes
have sometimes been too optimistic because stock productivity has been overestimated
or a return to average historical levels of recruitment has been assumed, e.g. eastern
gemfish. Furthermore, the policy’s Guidelines are not entirely clear as to whether the
formula for calculating the rebuilding timeframe refers to rebuilding from the current
biomass to the limit reference point or whether it refers to another reference point (e.g.
Bmsy or Bmey) or from the limit reference point to Byey.
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Some stocks will take many years to rebuild. For example, orange roughy has very low
growth and productivity with projected recovery times of many years. The Orange
Roughy Conservation Program (AFMA 2006) aims to maintain biomass on the Cascade
Plateau at or above 0.60By, which is more conservative than default proxy reference
points specified in the policy. Projections of the eastern, western and southern stocks of
orange roughy indicated that those stocks may take many years to recover despite no
commercial catches. However, recent acoustic survey results suggest that eastern orange
roughy may be recovering more rapidly than initially projected.

The policy recognises that more conservative reference points might be required for
species that are important in the maintenance of food webs or communities (‘keystone
species’). The Macquarie Island Toothfish Fishery, which adapted its harvest strategy
from the international Commission for the Conservation of Antarctic Marine Living Re-
sources, has taken into account the ecological role of harvested species. In recognition
of the important role of forage fish in food webs, the harvest strategy for the Small Pe-
lagic Fishery stipulates that the harvest of small pelagic species should not exceed

20 per cent of the most recent estimate of abundance, with this being sequentially scaled
down by 0.25 per cent per year since the last assessment, down to 7.5 per cent.

The policy states that harvest strategies should be formally tested to demonstrate that
they are highly likely to meet the policy’s core elements. Management strategy evalua-
tion (MSE) involves computer simulations of harvest strategies over a range of uncer-
tainties, including model structures and the assumptions in assessments, parameter val-
ues, fishing activities, reporting and management decisions. MSE has demonstrated that
the harvest strategies of most Commonwealth fisheries are robust to uncertainty. How-
ever, insufficient information has precluded testing of the harvest strategies of some
small fisheries and data-poor stocks, alternative targets in multispecies fisheries, dis-
count factors and some multi-year TACs. These aspects of current harvest strategies still
require testing. MSE should be used to test both generic and species-specific harvest
strategies. MSE testing results can be significantly different among species within the
same fishery and so there may be a need for testing at the species level as well as gener-
ically.

Harvest strategy control rules generate a recommended biological catch (RBC) and lim-
iting total fishing mortality to the RBC should move the stock’s biomass towards the
target reference point. TACs are usually based on these RBCs. However, there have
been situations where assessments were not accepted, resulting in TACs being based on
other considerations or rolled-over from a previous year. Sometimes the TAC that is
rolled over is based on a previous assessment that has similar problems to the assess-
ment that has not been accepted, e.g. redfish. The policy does not provide guidance on
setting TACs in the absence of an agreed assessment, other than advocating a risk-
management approach where exploitation rates are steadily reduced as time elapses
since the last assessment and uncertainty around stock status increases.

Stock assessments and harvest strategies attempt to take into account fishing-induced
mortality from all sources. The next fishing season’s TAC for the Commonwealth fish-
ery is then derived by deducting other sources of mortality from the RBC, e.g. estimates
of state and recreational catches, catches in other Commonwealth fisheries and Com-
monwealth discards. For several species, reliable estimates have not been available for
significant sources of mortality, e.g. recreational catches of silver trevally. For other
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species, state catches have been deducted from RBCs and, in the absence of state—
Commonwealth catch-sharing arrangements, the TAC available to Commonwealth fish-
ers has been reduced. For example, the annual state catch of school whiting has ranged
between 750 and 1400 t in recent years, over half the RBC. State catches are deducted
from the RBC, so that the TAC available to Commonwealth fishers is less than half the
RBC. However, state catches are sometimes not actively managed, resulting in the pos-
sibility that escalating state catches can result in unpredictable reductions in Common-
wealth TACs. Improved stability in Commonwealth fisheries could be achieved through
negotiation of catch-sharing arrangements with relevant states and territories.

Several fisheries have attempted to deal with the effects of spatial management
measures, such as marine reserves and closures for protected species, that have been
implemented outside the harvest strategy. However, the treatment of effects of closures
has been inconsistent across fisheries. In particular, it has been difficult to determine
how RBC estimation and TAC calculations should take closed areas into account and to
identify meaningful reference points in open areas for fisheries or species affected by
closures. Research is underway on how RBCs might account for these effects. This re-
search will contribute to the development of guidance on how harvest strategies should
deal with closures, including possible modifications to reference points and harvest
strategies applied to remaining open areas.

The policy recognises that it is difficult to apply the policy to jointly managed stocks or
regional fisheries management organizations (RFMOSs) and it does not prescribe man-
agement arrangements for these stocks. Australia’s domestic policy settings have been
advocated where relevant at various regional fisheries management organisations
(RFMOs), including the Western and Central Pacific Fishery Commission (WCPFC)
and the Commission for the Conservation of Southern Bluefin Tuna (CCSBT). Interna-
tional harvest strategies have been implemented by RFMOs for several stocks (e.g.
southern bluefin tuna), which are consistent with many aspects of the Commonwealth
harvest strategy policy. However, there are often delays to progress within RFMOs in
adopting new approaches to fishery management because of diverse aspirations among
members. The Australian Government’s approach of using an explicit MEY-based tar-
get reference point has not been adopted elsewhere, although some jurisdictions do rec-
ognise the benefits of managing above Bysy under certain circumstances.

Where international harvest strategies have not yet been adopted for international strad-
dling stocks, AFMA has developed and implemented harvest strategies for the domestic
components of several international fisheries, e.g. the Eastern Tuna and Billfish Fishery
(ETBF), which is considered a subcomponent of the international Western and Central
Pacific Fishery. However, the implementation of harvest strategies for the domestic
component of several ETBF stocks has been delayed by uncertainty over the extent to
which fishing activity in the wider western Pacific affects ETBF stocks, and vice versa.
The policy states that ‘in the absence of agreement [on RFMO catch level decisions],
Australia’s domestic catch allocation decision would be consistent with the agreed
whole of government position’. For these stocks, AFMA has applied a TAC that was
based on historical catch levels in the fishery.
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7.5 Penney et al (2013) Technical Overview

7.5.1 Non-Technical Summary

The main technical conclusions and issues of direct relevance to revision of the Harvest
Strategy Policy and Guidelines, as identified in the various technical review reports,
group themselves into a number of key categories. The key issues raised under each of
these categories are summarised below. Under each category, a statement on the current
situation is followed by identification of aspects of the policy or guidelines that might
benefit from improvement at the moment (in black), as well as aspects that probably
require further work before further options for improvement can be identified (in blue
italics).

As a direct result of the fact that these issues have been identified in technical reports,
most of the potential improvements relate to the technical implementation guidelines,
and not the HSP itself. However, some of the options for improvement in the guidelines
may require consideration of supporting or enabling text in the Policy.

7.5.2 Reference Points and Proxies

Current HSP target and limit reference points (Buvey, Bumsy, BrLim) and proxies (48%B,,
40%B,, 20%B,) meet international best practice. Use of Buey (48%By) as a target ex-
ceeds international best practice. The use of Fysy as an effort limit and to define over-
fishing is also international best practice.

» Account needs to be taken of recent work suggests that best practice targets for
different species groups vary, depending on biology and productivity:

- Targets for important forage fish, such as small pelagic species, should be
around 75%B, to ensure ecotrophic function (Smith et al. 2011, Pikitch et
al. 2012).

- MBSY targets for a range of teleost species groups range from 26%By to
46%B, (Thorston 2012). For chondrichthyans, Brooks et al. (2010) obtained
similar values for a numbers-based analogue of Busy/By ranging from 21%
to 47%, with most sharks lying towards the upper end of that range.

- Although estimated Bysy ratios are similar for bony fishes and sharks, Zhou
et al. (2012) found that the ratio of F/M differs substantially between tele-
osts and chondrichthyans, with Fysy = 0.87M for teleosts and Fysy = 0.41M
for chondrichthyans.

* Proxy Bwsy in the range 35% - 40%B, minimizes the potential loss in yield for
teleost species compared to that which would arise if Bysy was known exactly
(Punt et al. in press). This is consistent with the current HSP proxy of 40%B, for
Bwmsy. The proxy Busy for some shark species may need to be closer to 50%B,.

» Given the differences in Byusy ratios for different species groups, the principle of
setting B.yv = 0.5BMSY should be retained to cater for those species where
BMSY > 40%B0, to ensure that limits designed to prevent unacceptable biologi-
cal risk also take into account factors that dictate a higher Bumsy proxies, including
the ecotrophic role of forage species.

» Due to higher uncertainty in cost data, the proxy for Byey to minimize the poten-
tial loss in profit lies in the range 50% - 60%B, (Punt et al. in press). This is
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higher than the current proxy of 48%B0 for Byey as a result of higher uncertainty
around cost data.

» Proxy values for Byey may more appropriately be 1.3-1.4Bysy as opposed to the
currently recommended 1.2Bysy. Optimal effort levels are most likely to fall be-
tween 55% and 65% of MSY effort levels (Zhou et al. 2013).

» Harvest strategies may need to be revised and MSE re-tested for some species /
fisheries if higher Byey targets are indicated.

7.5.3 Alternative MEY Targets

MEY targets have been estimated for the Northern Prawn and Great Australia Bight
fisheries. For all others, the proxy (1.2Bmsy or 48%By) is used. One of the main prob-
lems has been difficulty in getting the necessary representative cost data to enable bio-
economic modelling.

* Where alternative targets (Busy or lower) are established for secondary species in
multi-species fisheries, these should be MSE tested to ensure that risks remain ac-
ceptable.

» Further practical guidance is required on the circumstances under which an MEY
target should be estimated, how it should be estimated for different fishery types
and key principles of successful implementation.

 Better guidance is required on economic objectives (what MEY means) and how it
can be best achieved for different fisheries, such as variable fisheries and those
with market power.

» A more practical approach is required to using existing economic data and incor-
porating economic parameters into stock assessment outputs.

» There should be further exploration of alternative indicators and reference points
for MEY, including those based on optimal fishing capacity and catch rates and
improved proxies.

» Further guidance is required on what constitutes meeting the MEY objective for
data-poor stocks and what is an appropriate level of research investment for such
stocks.

7.5.4 Target Ranges and Dynamic Targets

Targets and limits are currently set as single fixed (static) values, either estimated from
assessments or using default proxy values, assuming that the stock will achieve some
long-term equilibrium. However, even in a perfectly managed fishery, stocks will fluc-
tuate naturally around the target due to inter-annual variability in environmental condi-
tions, spawning success and recruitment.

» Target ranges can cater for this natural variability by defining the target as a range
between two plausible values (e.g. New Zealand hoki) or using the uncertainty
around estimates of MSY or MEY. Target ranges can be implemented within har-
vest strategies by adopting decision rules that incorporate a TAC plateau over the
target range (Haddon et al. 2013).

» Limits should remain as single specified values (whether static or dynamic), as the
required probability of not breaching these constitutes (<10%) already constitutes
a range. Where target ranges are set, these should be tested to ensure that there is
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still a less than 10% probability of stocks declining below the limit if managed at
the lower end of the target range.

In addition to natural inter-annual variability, highly variable stocks can show in-
ter-decadal cycles in recruitment and productivity in response to environmental
cycles (e.g. El Nifio), or long-term climatic trends or regime shifts.

Fixed target levels or ranges are inappropriate for species showing trends in
productivity. Targets for such species are more appropriately specified as a ratio
of the stock status if no fishing had occurred, referred to as Bunsished (€.0.
40%Bunfished), Where this can be estimated.

Where variability in species productivity indicates the need for a dynamic target
as a result of trends in productivity, a similarly dynamic limit (e.g. set at half the
target) would also be indicated.

7.5.5 Tiered Harvest Strategies

There is a wide range in data availability for different fish stocks, from low information
for discarded bycatch species to high information for main commercial target species.
Tiered assessment approaches have been developed and applied to stocks in the SESSF.
These have recently been expanded to cater for stocks for lower information stocks,
such as where only catch data are available (Dichmont et al. 2013).

Discount factors applied to RBCs derived from various assessment tiers (5% -
15%) are not always consistently applied. These should be MSE tested to ensure
that they achieve comparable risk across the tiers.

Below these analytical approaches, ERAs should be used to determine whether
particular species are vulnerable to the effects of fishing.

These methods should all be integrated into a comprehensive hierarchical guide to
assessment methods, data requirements, potential indicators and feasible harvest
strategies at each tier, covering the full range from ERA to stock assessment.

Additional by-product species brought into a revised HSP would need to be eval-
uated to determine whether they are at low biological risk from current fishing
levels, using existing or updated Levell or 2 ERASs.

ERAs may need to be reviewed to ensure that determination of ‘low risk’ under an
ERA is analogous to there being low probability of these species declining below
Buim levels under current fishing.

Additional work is required to develop and test harvest strategies that could be ef-
fectively applied to the additional lower information assessment tiers (Tiers 5 — 7)
developed by Dichmont et al. (2013).

Development and MSE testing of harvest strategies designed to manage stocks
towards targets and away from limits at each tier level should mean that addi-
tional discount factors are not required. If harvest strategies have not been tested
to ensure low risk of breaching limits, and if discount factors are to be applied,
then these discount factors should be extended to the new Tiers 5 — 7, and should
themselves be MSE tested.

7.5.6 Data Requirements & Risk-Catch-Cost Trade-Off

Data requirements for the various ERA and analytical assessment tiers are well under-
stood (Dichmont et al. 2013). However, managing data-poor fisheries towards maxi-
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mum economic yield (BMEY) or proxy (48%B0) is difficult without significant in-
creased data collection.

» There are increasing costs associated with moving to more certain, lower risk as-
sessments. Selection of assessment tiers and data collection requirements should
be guided by the Risk-Catch-Cost trade-off.

» More work is required to develop Byey proxies for use with such data-poor fisher-
ies.

7.5.7 Multi-Year TACs

Multi-year TACs have been established for a number of species in the SESSF to reduce
the annual assessment burden and cost. Multi-year TACs provide greater certainty re-
garding the level of future TACs and can provide greater catch stability. In general,
multi-year TACs require a discount of some level of catch below optimised annual
TACs to balance the greater risk associated with less frequent review and adjustment.

When MYTACSs are established, ‘breakout’ rules are usually adopted to detect extraor-
dinary conditions not tested for when the MY TACs were determined (such as an unex-
pectedly large increase or decrease in CPUE), and which require stock status and the
MYTAC to be reviewed. Adequate monitoring of the data required to calculate the
breakout rule has to continue to allow these breakout rules to be annually evaluated.

» Additional guidance is required on when and how best to set multi-year TACs.

» For stocks with Tier 1 assessments and for which projections can be generated,
projections at various catch levels and over various periods of time should be used
to determine the level of MYTAC appropriate over various time periods (i.e. what
level of catch is ‘safe’ over 2, 3 or 5 years).

» For higher tier, lower information stocks for which projections cannot be run,
MSE testing should be used to determine the appropriate discount rates to use for
setting of MYTACSs over different periods.

7.5.8 Rebuilding Strategies

The HSP requires that active rebuilding strategies be implemented for all stocks that
decline below By w, to rebuild these towards Brars. Targeted fishing must cease below
BLim. Stocks managed under rebuilding strategies have not shown the expected rebuild-
ing within the planned timeframe. Some depleted species (e.g. Eastern gemfish) would
not recover in the 10 years plus one generation time stipulated in the HSP. Reduction in
productivity as a result of some sort of ‘regime shift” have been proposed (jackass mor-
wong, Wayte 2012) and suggested (eastern gemfish) as the reason why these stocks
have not recovered as predicted.

» There is some uncertainty regarding whether recovery timeframes stipulated in the
HSP apply to recovery to above By v, or recovery to Brars, and whether targeted
fishing can occur on conservation dependent species even if they are above By .

* Recovery timeframes stipulated in the HSP (10 years plus one generation) may
not account for differences in productivity, variability in recruitment and the pos-
sible relationship between spawning biomass and recruitment. A biologically ap-
propriate definition of recovery time is required that can account for differences in
productivity.
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» USA and New Zealand require re-building in relation to Tmin, the minimum time
to recovery under zero fishing: USA = Tmin plus one generation; NZ = twice
Tmin. This sort of approach is able to deal with a wide range in species productiv-
ity and recovery rates.

» Persuasive evidence of a change in productivity resulting from some external en-
vironmental factor is required before an environmental regime shift can be adopt-
ed as the justification for changing the productivity parameters, targets and limits,
for a species under a rebuilding plan. Reduced recruitment as a result of spawning
depensation in a depleted stock does not necessarily alter the productivity of the
stock.

* Mcllgorm (2012) notes that the formally legislated recovery plans used in the
USA appear to have one of the best records of stock recovery.

7.5.9 Reduction of Discards

International best practice aims to achieve zero discards by either legislating for
this, or implementing a deemed value system. One of the factors that has reduced
the ability to monitor rebuilding of depleted stocks is the poor estimates of dis-
cards for stocks subject to rebuilding plans. Reduced information on discard rates
can mask recovery that may be occurring.

* Rebuilding plans for depleted stocks should include requirements to ensure ade-
quate monitoring and data collection, to be able to obtain accurate estimates of
discards and to track increases abundance or availability.

7.5.10 Spatial Management

The HSP recognises that spatial management may be used in various ways: rotational
closures to protect spawning seasons or nursery areas; rotational harvesting; separate
TACs by area; or protection of key habitat areas. These are all valid and useful man-
agement options that are particularly applicable to protection of non-mobile (shellfish,
sea cucumbers) highly resident species or seasonally aggregating species.

» Additional guidance is required on evaluating the extent to which a stock is con-
sidered to have been protected, and fishing mortality rates decreased, by closures,
or how management of the remaining stock in open areas should be revised to ac-
count for the effects of closures.

» Work is underway (FRDC project 2011/032: The Influence of Closures on the
HSP) to evaluate the extent to which fishing mortality on a range of stocks has
been decreased by the establishment of an increasing number of MPAs or large-
scale, permanent closures for protection of other species.

o Assessment approaches and harvest strategies may need to be revised for some
species to account for the protective effect of these spatial closures. This will re-
quire some understanding of the rate of movement between closed and open areas
and agreement on objectives for how the remaining stock in open areas is to be
exploited.

7.5.11 Implementation Review

The report ‘A technical review of the implementation of the Commonwealth Fisheries
Harvest Strategy Policy’ (Ward et al. 2013) summarises experiences, successes and dif-
ficulties with development and implementation of harvest strategies for Commonwealth
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fisheries since adoption of the HSP. This review identifies many of the same technical
issues relating to harvest strategies that are identified in the Haddon et al. (2013) tech-
nical review of the HSP and guidelines, but identifies some additional issues relating to
implementation.

Reference Points and Indicators

Most harvest strategies use the policy’s proxies for target reference points and several
harvest strategies (particularly for low information byproduct species) do not have tar-
get and/or limit reference points. For most species, reference points are fixed and do
not reflect the non-equilibrium nature of variable fish populations. It has been difficult
to identify meaningful reference points for spatially structured species.

Harvest strategies for several low-value and data-poor fisheries have triggers instead of
reference points because it has been difficult to identify meaningful reference points.
For many of these, the appropriate levels of triggers are largely unknown and the as-
sessments and management actions that are triggered may not be feasible within an ap-
propriate timeframe.

Targets required to optimise fishery-wide MEY have not been estimated for most
Commonwealth fisheries.

» The reliance on target and limit proxies for many stocks emphasises the im-
portance of ensuring that these proxies appropriately reflect the biology and
productivity of various species groups.

» Where triggers (such as catch or CPUE) for low information stocks are designed
to trigger immediate additional assessment work (e.g. to support in-season ad-
justment or some other immediate management action), monitoring and data col-
lections programmes need to be in place to ensure that the data required for such
additional assessment us available.

* Problems with implementing MEY targets for many stocks emphasises the need
for further work on appropriate MEY proxies for various species groups and fish-
eries, and for a more practical approach to using existing economic data and in-
corporating economic parameters into stock assessment outputs.

Spatial Management

The treatment of marine reserves and other closures has differed across fisheries.

» Harvest strategy implementation could be improved with additional guidance on
evaluating the effects of closures on protection of stocks in closed areas, and man-
agement of remaining stocks in open areas.

» Assessment approaches and harvest strategies may need to be revised for some
species to account for the effects of spatial closures.

Management Strategy Evaluation and Testing

Most harvest strategies have been tested using Management Strategy Evaluation to en-
sure that there is low risk (<10%) of breaching limits. For low information species,
some of this MSE testing has been generic, rather than species-specific, evaluating the
performance of a particular harvest strategy approach across a group of species in a
fishery.
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Insufficient information has precluded testing of the harvest strategies of some small
fisheries and data-poor fisheries. MSE testing has also not been conducted: to evaluate
the effectiveness of proposed discount factors applied to when moving from Tier 1 to
higher tier (Tier 3 and 4) assessments; to evaluate the increase in risk that might be as-
sociated with moving to alternative targets below Byey for secondary species; or to
evaluate MYTACSs, where these have not been developed using projections from a Tier
1 assessment.

» Additional MSE testing should be used to evaluate the effectiveness of discount
factors and MYTAC catch levels for low information stocks.

Application of Harvest Strategies

Harvest strategies for small fisheries and data poor fisheries are often rudimentary or are
not routinely run. Several stocks or species are assessed and managed as stock ‘baskets’

and harvest strategies have not been implemented for other significant commercial spe-

cies, e.g. ocean jacket.

For several species, reliable estimates have not been available for significant sources of
mortality, e.g. recreational catches, discards. Delays in data acquisition, processing and
assessment have contributed to uncertainty in stock status.

It is unclear whether harvest strategies are required for the domestic component of three
ETBF stocks because of uncertainty over stock connectivity between the EEZ and high-
seas, and therefore over the effects of high-seas fishing on stock abundance in the Aus-

tralian zone.

* Inclusion of additional low-information species under a revised HSP will require a
tiered approach to determining whether a harvest strategy is required, and what
form this should take, depending on information availability and the risk-catch-
cost trade-off. Harvest strategies could be unnecessary and unfeasible for low in-
formation, low risk (as determined using ERA) minor by-product species.

» Where harvest strategies are agreed and adopted, monitoring and data collection
programmes need to be implemented to ensure that the data required to apply
those harvest strategies is available.

 Additional harvest strategies may be required for important secondary species not
currently under harvest strategies (e.g. ocean jacket), or species evaluated by
ERA to be at medium or high risk from current fishing activities.

Rebuilding Strategies

A number of stocks depleted to below limits prior to the introduction of the HSP, and
placed under rebuilding plans have so far failed to rebuild to above limits reference lev-
els. There are likely to be a number of factors that have contributed to the failure of
these stocks to rebuild, including: rebuilding timeframes may have been too optimistic;
some level of targeted fishing may have continued and fishing mortality may have been
high enough to prevent rebuilding; or changes in the stock’s productivity or ecosystem
changes may have inhibited rebuilding.

 Alternative approaches should be explored and consideration given to how to best
define biologically appropriate rebuilding timeframes, able to deal with the wide
range in species productivity and recovery rates.
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» Evidence of a change in productivity is required before an environmental regime
shift can be adopted as the justification for changing the productivity parameters,
targets and limits, for a species under a rebuilding plan.

7.5.12 Ecosystem-Based Fisheries Management

There are several international ecosystem and environmental monitoring and manage-
ment trends that have surpassed the Australian HSP (Mcllgorm 2012).

* The HSP was not intended to meet Australia’s international undertakings to im-
plement an ecosystem approach to fisheries under the Convention for Biodiver-
sity or the FAO guidelines for responsible fisheries.

» Australia has a multi-agency approach to environmental management, probably
requiring some additional broader or over-arching policy to address require-
ments for ecosystem-based fisheries management.

8 Benefits and Adoption

These reviews have already been distributed to the HSP review committee and will be
formally transferred to the Minister’s office at the end of March. Their use in the review
of the form and operation of the Commonwealth Harvest Strategy Policy and its Guide-
lines has already begun.

The benefits of this work relate to the improvements that will follow from the HSP re-
view. The current HSP has been very successful in providing a framework with which
to significantly reduce over-fishing and begin to allow over-fished stocks to recover
(ABARES, 2012). Correcting over-fishing is much more rapid that allow for rebuilding
as over-fishing can be prevented by simply reducing catches. Rebuilding towards tar-
gets will always be slower as depleted populations need to successfully reproduce and
grow.

9 Further Development

Draft versions of the reviews that form the main appendices of this report were present-
ed to the Commonwealth harvest strategy policy review committee on Tuesday 5" Feb-
ruary 2013 in Canberra. These presentations involved formal descriptions of the review
findings in each case followed by questions to the different authors by the committee
members.

The Final versions of each review were distributed to the review committee in March
2013 by the ABARES team. These were the versions used as the final advice to the re-
view committee.

The next step with this work is the pursuit and implementation of the recommendations
from the proposed Commonwealth Harvest Strategy Policy review. It is currently ex-
pected that the review committee will report back to the Minister for Fisheries by July
2013.
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The advent of the countrywide parliamentary election led to a care-taker period in gov-
ernment, which meant that no decisions could then be taken until after the election re-
sult on September 7" 2013. The outcome was the election of a new government, which
led to a change in the Minister responsible for Fisheries and the future developments of
the HSP review are now with this new Minister. The intention is, however, that the cur-
rent Commonwealth Harvest Strategy Policy will still undergo revision but the details
of this process may now be altered from previous plans. The reviews encapsulated in
this report provide a sound foundation of advice and alternatives choices with their rela-
tive pros and cons that relate directly to any potential revisions of the Harvest Strategy
Policy and its guidelines.

10Planned Outcomes

The project will provide a sound basis for potential adjustments to the harvest strategy
policy. This will benefit the long-term economic performance and sustainability of
Commonwealth fisheries. Through linkages with the National Harvest Strategy Frame-
work project regional fisheries management organisations, this project will also contrib-
ute to improved management of fisheries in other Australian jurisdictions.

The main beneficiaries of this work will be DAFF, Commonwealth fisheries managers,
and eventually, Commonwealth fishers. In particular, the immediate beneficiaries will
be the DAFF Advisory Committee charged with developing recommendations for the
Minister in relation to the Commonwealth Harvest Strategy Policy review.

Trying to estimate the economic impact of improving the Harvest Strategy Policy is not
possible, however, by identifying ways to make the harvest strategy policy more inclu-
sive and general with the aim of making it simpler and easier for the industry to conduct
sustainable fishing operations in a profitable way, there will be advantages to the indus-
try in terms of ease of operation, profitability, and sustainability. By clarifying the dan-
gers (or otherwise) of perceived risk there should also be improvements in the public
licence to fish.

In addition, as there is an intention to publish aspects of the technical reviews and as
examples of good management practice this work will be valuable to fisheries managers
everywhere.

The Review Committee met in Canberra on Tuesday February 5" and formal presenta-
tions were made in which the contents of the reviews were surveyed and it was attempt-
ed to explain the review’s main points. A primary objective of the meeting was to allow
the committee members the opportunity of discussing the material with the authors and
asking questions about the content and any aspects they wanted more information on.

The final versions of the reviews themselves are either on the following website or can
be found from there:

http://www.daff.gov.au/fisheries/domestic/harvest_strategy policy/review

Technical Reviews of Formal Harvest Strategies | 25



11 Conclusions

1. Provide a technical review of recent research on fisheries harvest strategies (both in
Australia and overseas) so as to identify information, methods or strategies that may
help to address key issues identified by the review of the Commonwealth Fisheries
Harvest Strategy Policy.

2. ldentify further research required to update the harvest strategies used for Australian
fisheries.

3. Provide technical advice on how the harvest strategy policy (including the Guide-
lines) might be revised in the light of the review conducted in this project and,
where relevant, suggest associated technical refinements of the Policy’s wording.

These three objectives were met with the in the first review (Haddon et al., 2012).
4. ldentify alternative indicators of economic performance
The objective was met with in the second review (Vieira and Pascoe (2012).

The other reviews related to extensions to this original project that included the review
of the implementation of the harvest strategy policy (Ward et al., 2013) and an overview
of all the separate reviews (Penney et al., 2013).
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1 Executive summary

The following sections attempt to identify key points raised in each of the sections of
this set of reviews. It should be noted that this material is diverse and relatively complex
so, unfortunately, brief summaries of each section are not possible. The following are
not conclusions but rather constitute important points that require noting.

1.1 Reference Points Appropriate to Life-History Character-
Istics
The range of suggestions for what would constitute an appropriate target biomass and
fishing mortality value is very great but the difficulty in estimating the real risks of run-
ning relatively high fishing mortality rates at low stock sizes indicates that the sugges-
tion of Byoy rather than something lower is a reasonable compromise. The current de-
fault biomass target reference point of B4sy, would appear to be highly conservative (bi-
ologically) for many species, although it may be quite appropriate for slower growing
sharks and rays and may not be sufficiently conservative for some key low trophic level
species. For example, the Commonwealth small pelagic fishery, in line with a number
of regulations world-wide, has adopted a biomass level of at least 80% By as the By ju
for each species in this fishery (with higher values in the more data poor situations), and
for such ecologically important species such apparent high levels seem appropriate.
However, such a level would ignore the fact that such species are naturally highly vari-
able and could quite naturally vary in abundance, sometimes down to very low abun-
dance levels. An alternative could be not to accept a limit with reference to a fixed Bg
but rather to only take a standard proportion of available biomass. Such constant es-
capement strategies are not currently included in the HSP but would be useful for natu-
rally highly variable species such as scallops, small pelagic species, and squid, for
which the concept of a stable unfished biomass, By, may not be meaningful. Full im-
plementation of this would thus mean that management of such stocks would not be in
relation to specific biomass limit and target reference points but rather in relation to es-
timates of current stock size. In addition, such a strategy might need to include some
minimum level of predicted harvest before fishing could occur so as to avoid encourag-
ing unprofitable fishing.

For productive species where 0.5Bwsy is less than Bgs, the current HSP suggests that
levels of biomass < Bo, Would be acceptable. Given the uncertainty inherent in estima-
tion of stock productivity, the precautionary approach would firstly require good evi-
dence that 0.5Bwsy is indeed below Bagy. In the face of these various doubts and uncer-
tainties it would be difficult to argue that there would be no increase in the risk of deple-
tion affecting consequent recruitment levels if the limit biomass reference point was
permitted to vary below the current B,os. For small pelagic fisheries, because of ecosys-
tem based fishery management considerations the limit reference point would tend to be
either the same as or very close to the target (which has similarities to having a constant
escapement strategy.

1.2 Buffered Targets or Meta-Rules

The present arrangements where those harvest strategy control rules in which a break
point is clearly defined at the proxy target reference point certainly stabilizes catches
and another meta-rule that prevents TACs varying by more than 50% between any two
years has also been helpful in preventing serious dislocation and disturbance in the fish-
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ery for some relatively unstable species. These particular meta-rules have already been
simulation tested using MSE.

If it was decided to pursue the issue of buffers and meta-rules around the targets in an
attempt to stabilize catches through time then it would be beneficial to use simulation
testing (MSE) to consider the effect of such changes to the expected dynamics of differ-
ent fisheries.

1.3 Data Poor Fisheries and Tiered Harvest Strategies

We define fisheries or species as data poor if information is insufficient to produce a
defensible quantitative stock assessment.

For data poor fisheries, difficulties can arise in almost every component of the harvest
strategy — for example, little or no regular monitoring means time series are rare, the
assessment method is undertaken with an unknown degree of uncertainty, reference
points are poorly defined and the associated control rules do not necessarily address risk
clearly. Yet, a recognized component of the present Harvest Policy is the application of
a consistent degree of risk across all fisheries, irrespective of fishery type.

Often the efficacy of a data poor harvest strategy can be very fishery specific. The use
of a tiered system of assessment methods and associated control rules allows for the de-
velopment of detailed, integrated stock assessments (Tier 0 and 1) down to the lowest
Tiers where data is limited to catch rates, catches, or even just catches (Tiers 6 and 7).
Below these tiers is the Ecological Risk Assessment, which aims to determine whether
there are particular species that are exceptionally vulnerable to the effects of fishing.

1.4 TAC Setting and Multi-Year TACs

Generally, when TACs are set for individual species, catches of other species are not
considered. In multi-species fisheries, there are often technological interactions where
fishing effort directed towards one quota species will normally result in a mixed catch
of fish that may include other quota species. Fishers can usually “target’ to some degree
through fishing different areas and depths, seasons, times of day and by modifying gear.
But it is the degree to which fishers can target that is the issue. The species mix in
catches may not necessarily match the mix in combined TACSs or in quota holdings.
This difficulty in balancing quotas for multiple species with actual catches may then
lead to increased discarding, TAC over-runs, effort restrictions or fishery closures when
quota is constrained on some species. It is possible to characterize recent multispecies
catch data into primary and companion components. The approach of identifying com-
panion species within a given fishery provides an empirical means to examine the im-
pact of individual species TAC decisions across all of the quota species in a fishery.

In general, multi-year TACs will require a “discount” (reduction) of some level of catch
to balance the greater risk associated with less frequent review and adjustment. There
are obvious risks of stock depletion if the multi-year TACs are set too high. While there
is debate about how best to set multi-year TACs no decisions have yet been made. Cur-
rently there has been little testing of the robustness of fisheries to the application of
multi-year TACs.
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1.5 Rebuilding Strategies and Bycatch-only TACs

A primary objective of the Commonwealth Harvest Strategy Policy (HSP) is to main-
tain key commercial fish stocks at ecologically sustainable levels and within that con-
text, maximize the economic returns to the Australian community. If a fishery falls be-
low the default limit reference point of B,gy, the HSP states that: “Typically recovery
times are defined as the minimum of 1) the mean generation time plus ten years, or 2)
three times the mean generation time.” However, attempting to meet these guidelines
has been problematic, for example, in at least three conservation dependent species in
the SESSF.

The HSP already states that not all species in a multi-species fishery need be maintained
at the target reference point (default of Bssy, as a proxy for Byey) as long as all assessed
species stay above the limit reference point. So the rebuilding target for each species is
not always clear.

The HSP makes the assumption that rebuilding of a depleted species will always occur.
However, in a changing marine environment this may not always be true. Potential re-
gime shifts have already been identified in particular species (Jackass Morwong) on
Australia’s east coast (a world hot spot for sea water temperature rise) and this provides
an example of a species whose long term productivity has declined. There is thus a need
to recognize that there are circumstances under which rebuilding to previously experi-
enced levels would not be expected to occur.

It is also possible that some species, particularly when they were fished under a basket
species category (e.g. gulper sharks) may have been reduced to such a low level that the
probability of them recovering would become influenced by random events. In addition,
if the projected timeline for recovery is extremely long it becomes possible that long
term changes in the marine environment will become influential on the probability of
eventual recovery.

Finally, there are some species which are naturally extremely variable (e.g. squid and
scallops). Simulation testing can be used, and has been used, to demonstrate that the
harvest strategies in place are potentially capable of achieving the intent of the HSP,
even though it is very hard to identify adequate proxies for a particular limit or target
biomass reference point. However, some unpredictable events, such as the recent almost
complete die-off of scallop beds in south-east Australia, unrelated to any fishing, are not
amenable to anything other than reactive management.

1.6 Spatial Management

Spatial management may be applied in various contexts within a harvest strategy. It can
form the main harvest strategy framework (such as in a system of rotational closures), it
can be used to augment a harvest strategy framework, or spatial management measures
can be invoked as a control rule (a variation of rotational closures). For some species a
management scheme that controls fishing mortality with large spatial and temporal fish-
ery closures offers a management strategy more robust to uncertainty than direct control
of catch, since only a small component of the stock gets exposed to the fishery. Howev-
er, this relies on good compliance with fixed

closure boundaries (the Commonwealth VVessel Monitoring System ensures this) and is
mainly applicable to species that do not move large distances.
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2 Introduction

2.1 Document Structure

The Commonwealth Harvest Strategy Policy (HSP), and the guidelines for its applica-
tion, provides a management framework that uses evidence based methods when as-
sessing individual fish stocks and then applying a risk-based, precautionary approach to
the setting of harvest levels controlled by effort or catch for each stock. One of the rea-
sons for its implementation was to provide “... the fishing industry and other stakehold-
ers with a more certain operating environment where management decisions for key
species are more consistent, predictable and transparent.” (DAFF, 2007, Minister’s
Foreword, p iii).

The HSP and Guidelines is a complex document with many facets and these technical
reviews reflect this in their scope and in their details. There are a number of reviews
with separate headings and mostly separate subject matter but there is an unavoidable
element of overlap between some subjects because of the inter-relationships between
the sections. This technical review document is composed of eight sections each provid-
ing the details for each of the subject matters covered. However, the main conclusions
are extracted from the text and placed under sections in the executive summary. A ninth
section relating to Alternative Economic Targets and Reference Points will be presented
as a separate report.

The eight sections relate to: 1) this introduction, including an introduction to fisheries
and harvest strategies, 2) reference points appropriate to life-history characteristics, 3)
buffered targets, 4) data-poor fisheries and tiered harvest strategies, 5) TAC setting and
multi-year TACs, 6) rebuilding strategies and bycatch-only TACs, 7) assessing byprod-
uct species, and 8) spatial management and metarules.

Two other sections in this document deal with “Other Issues” and with research projects
potentially valuable to the HSP and its further development.

2.2 Objectives for Fisheries

For a range of reasons the management of natural fisheries resources is a difficult prob-
lem everywhere fishing occurs. The fundamental problem of fisheries management is
that instead of being able to measure the status of different harvested stocks directly it is
only possible to infer their status from samples, which usually only provide an uncertain
view of a stock. While the development of time-series of fishery observations (such as
catches, catch rates, age-structure data, and many others) can improve our understand-
ing of events (if the quality and representativeness of such data is good enough) there
always remains a degree of uncertainty in any assessment. In addition, there are also
many data-poor or data-limited fisheries and species globally (Vasconcellus and
Cochrane 2005; Pikitch 2012). Nevertheless, fishery managers are required to make
decisions in the face of that uncertainty. Unfortunately, this uncertainty and its implica-
tions have not always been recognized though now, around the world, the countries with
the most effective fisheries management attempt to account for uncertainty in an explicit
fashion.
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The history of fisheries management documents the movement away from not realizing
that management of these natural resources was required through to the current envi-
ronment of a wide array of management approaches in use in different fisheries around
the World (Smith, 1988; Hilborn, 2012). A major change through time relates to the ob-
jectives which systems of fisheries management attempt to achieve. When declines in
large fisheries were first identified at the end of the 19™ century the concerns that arose
involved a combination of wanting to maintain catch rates (to fish economically) and to
maximize the yields from different fisheries (Garstang, 1900). At that time the primary
objective was to maximize yield but it took some years before it was recognized that for
many species applying more fishing effort did not necessarily lead to increased catches
(the yield-per-recruit problem; Russell, 1931, Beverton & Holt, 1957). It may be diffi-
cult now to grasp the simplistic view of how to manage fisheries that existed in the
1910s right up to the 1970s but serious attention, acted on at national levels, was only
paid to fisheries dynamics and management from the late 1950s onwards. Prior to the
late 1950s most thought was given to increasing catches and the efficiency of fishing
gear and it still seemed contrary to intuition to recommend limiting catches. At the sec-
ond FAO conference in 1946 the FAO, for example, was strongly urging the develop-
ment of fisheries as a source of protein and food: “The fishing grounds of the world are
teeming with fish of all kinds. Fisheries are an international resource. In under-
developed areas especially, the harvest awaits the reaper.” (FAO, 1985).

Early stock assessment approaches effectively ignored uncertainty and tended to pro-
duce deterministic management advice based on the assumption that natural populations
are in equilibrium with each other and with any fishing effort imposed on them
(Schaefer, 1954, 1957; Gulland, 1965; Megrey, 1989). These assumptions of stability
were clearly invalid in many cases but nevertheless this approach led to concepts such
as the Maximum Sustainable Yield (MSY), which related to catch levels, and Fuax, the
fishing mortality which related to the effort expected to lead to the maximum yield;
which would often be larger than the MSY. Both these concepts were early fisheries
targets or objectives with fisheries legislation in many countries including the achieve-
ment of MSY as the aim of management; though generally, that same legislation ne-
glected to define the concept of MSY. How to achieve such objectives was rarely made
explicit. In the 1970s it became apparent, following the collapse of a number of fish
stocks, that MSY, as it was then interpreted, was not necessarily the safest objective to
adopt (Larkin, 1977) and more serious efforts were made to find alternatives although
the concept of MSY is still used but has evolved into use as an upper limit to fishing
mortality or has been redefined to account for risks of alternative catch levels (Smith
and Punt, 2001). In the 1970s and early 1980s, input controls relating to effort, gear,
vessel numbers, and closed seasons were the management tools in most fisheries and
some of the more successful management objectives focussed on defining an optimum
fishing mortality rate. This work led to the concept of F 1, which was an effectively ad
hoc advance over Fyax in terms of sustainability as well as profitability as it usually led
to a large reduction in fishing effort (reduction in fishing mortality) but only led to a
minor loss in yield (Hilborn & Walters, 1992). Even though this was an improvement
over Fuax or Fuysy it was still based on the notion that fish stocks were able to achieve
equilibrium with the fishing mortality imposed on them. While this was well known to
be an approximation there was still a great deal of development needed to produce the
methodologies required for taking uncertainty into account.
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The importance of acting to provide management advice in the face of uncertainty was a
growing theme in fisheries resource management through the late 1980s and early
1990s; the need to act before scientific consensus could be achieved rather than calling
for more research was identified as a key problem for management (Ludwig et al.,
1993); this notion of not using a lack of scientific certainty about the risk of serious en-
vironmental damage as an excuse for not acting to prevent that damage is the basis of
the precautionary approach in fisheries (FAO 1995, 1996).

2.3 Explicit Recognition of Harvest Strategies

As stock assessments were becoming more sophisticated so were the management op-
tions that were developed. In the late 1980s and early 1990s the effects of variability,
uncertainty, and associated risks began to be addressed in stock assessments (Francis,
1992) and the notion of presenting a table of management options with their associated
risks was also developed. Hilborn & Walters (1992, p453) defined a harvest strategy as
“...a plan stating how the catch taken from a stock will be adjusted from year-to-year
depending upon the size of the stock, the economic or social conditions of the fishery,
conditions of other stocks, and perhaps the state of uncertainty regarding biological
knowledge of the stock.” The harvest strategies discussed at that time revolved mainly
around the classical three: constant catch (e.g. TACs; output controls), constant fishing
mortality (e.g. Fo.1; input controls), and constant escapement (e.g. always leaving at
least 75% of estimated Mackerel Icefish biomass in the Heard and McDonald Island
fishery; mixed input and output controls). There are at least three modifications or alter-
natives to the classical three harvest strategies. The first would involve periodic or pulse
fishing, which, as the name implies, entails only fishing a stock or region at intervals
(e.g. rotational harvesting is effectively pulse fishing, such as used recently in scallops;
Harrington et al., 2007; Haddon, 2011). The second modification to a classical harvest
strategy would entail taking into account the economics of the fishery and perhaps try-
ing to optimize profitability rather than yield. Finally, the third alternative harvest strat-
egy would entail adding details that account for aspects of the species’ biology to other
harvest strategies (this is only considered an alternative because such actions can often
dominate the control of fishing). Examples include sex selective fishing (e.g. only male
mud crabs can be taken in Queensland) and size limits that exclude a significant propor-
tion of mature females (e.g. size limits in scallops in Bass Strait and minimum size of
Bugs in the northern prawn fishery).

Harvest strategies in the early 1990s focused mainly on setting out fishery objectives
(defining biological reference points; Smith et al., 1993) and what constraints should be
used. In more recent parlance, this was about determining how to assess each stock’s
status and what limit reference points to put in place. This may have been driven, at
least in part, by new legislation in the USA that required definitions of overfishing that
would explicitly guard against recruitment overfishing (Mace & Sissenwine, 1993)

A number of very influential documents were published by the FAO in the mid-1990s,
including: the Code of Conduct for Responsible Fisheries (FAO, 1995), the Precaution-
ary Approach to Capture Fisheries (FAO, 1996), and Fisheries Management (FAO,
1997); these latter two documents being parts of the Technical Guidelines for Responsi-
ble Fisheries series. The authors stated: “Long term management objectives should be
translated into management actions, formulated as a fishery management plan or other
management framework” (FAO, 1995, p 11). Giving more details, the Guidelines ap-
pear to be one of the first documents to describe the components of what are now
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termed Harvest Strategies. Thus it identified the needs for targets, described as the de-
sired outcomes for a fishery, operational constraints or limits, described as the undesir-
able outcomes that are to be avoided, and control rules which specify in advance what
action should be taken when specified deviations from the operational targets and con-
straints are observed (FAO, 1996). Early work on simulation testing of management
arrangements (now known as management strategy or procedure evaluation) appears to
have contributed to this approach to describing harvest or management strategies. Thus,
in the FAO Guidelines it defines a management procedure as a description of the data to
collect, how to analyze it, and how the analysis translates into actions. This is a standard
way to describe a modern harvest strategy: define the data needed, the analysis of status,
and the control rules used to generate management advice; however, in the guidelines
the emphasis that was given to management procedures was placed on the investigation
of how uncertainties influenced the management process (which stemmed from how
these management procedures were implemented in South Africa; Butterworth &
Bergh, 1993).

The main difference brought about by the adoption of formal harvest strategies was the
inclusion of explicit decision (control) rules. Prior to the introduction of harvest strate-
gies the data required for stock assessments was certainly collected and the primary
thrust of research was the development and articulation of improved stock assessment
methodology. With the addition of formal control rules, management responses become
predetermined based on the outcome of the assessment. The control rules in the Aus-
tralian HSP represented a major change to the management of Commonwealth fisheries
and constitute the primary basis for improving the consistency, predictability, and trans-
parency of management that the Minister spoke of in 2007 (DAFF, 2007).

2.4 Ecosystem Based Fisheries Management

In addition to pointing the way to what was required for the responsible management of
fisheries the importance of taking into account the ecosystem effects of fishing, such as
bycatch and habitat modification was identified in both the FAO Code and the FAO
Guidelines. This was generally expressed in terms of using the precautionary approach
to avoid unrecoverable damage to stocks and related ecosystems (Garcia, 1994; FAO,
1995, 1996, 1997).

Formal fisheries management policies have been proposed, and in some cases adopted,
by a range of countries such as Australia, the USA, New Zealand, South Africa, and Eu-
rope. Each has included the major aspects of ecosystem based fisheries management as
an important component within the proposed systems (DAFF, 2007; Ministry of Fisher-
ies, 2008; US Department of Commerce, 2007). Most of these pieces of legislation were
preceded by earlier fishery acts that included EBFM as directly relevant. Thus, the US
Magnuson-Stevens Act was preceded by the Sustainable Fisheries Act in 1996, at the
time when many of these changes recognizing the broader context in which fisheries
operate were being formally adopted. Nevertheless, it was only more recently that more
emphasis has been placed on EBFM.

Ecosystem Based Fishery Management is, however, very difficult to put into detailed
practice. In practice, in many instances, EBFM is being implemented as an evolutionary
extension of conventional fisheries management and entails single species stock as-
sessments combined with sometimes detailed considerations of any bycatch, which may
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include a full ecological risk assessment (especially of threatened and endangered spe-
cies), and the potential interactions of the fishing gear used with physical habitats (Pik-
itch et al, 2004; Haddon, 2007). This, however, remains a great improvement over
simply ignoring the issue and neglecting these potentially important contributors to the
retention of the ecosystems supporting the fisheries. A more recent manifestation of
EBFM within Australian fisheries involves setting more conservative reference points
for species of ecological importance, such as low trophic level species (Smith et al.,
2011; Pikitch et al., 2012).

2.5 Australia’s Limit and Target Reference Points

Each country with a formal fisheries management system of harvest strategies has im-
plemented them in ways that suit their own particular collection of circumstances. Aus-
tralia, for example, is characterized by numerous different fisheries but none are particu-
larly large by world standards. This is a reflection of Australia’s geographical location
and great age. Australia has fisheries ranging from the tropics, such as indigenous hunt-
ing for dugongs in the Torres Straits, about 10° south, to industrial fishing for sub-
Antarctic Patagonian toothfish around Macquarie Island at about 54° 30” south. The
generally low productivity of Australian fisheries reflects the low run-off of nutrients
from the generally dry and previously eroded continent, the fact that most major coastal
current systems flow south from nutrient-poor tropical waters, and finally the small
number of permanent areas of upwelling from deeper nutrient rich waters (Haddon,
2007). This diverse range of fisheries constitutes a serious challenge to the specification
of a Harvest Strategy Policy that can apply to all.

The selection of the particular limit and target reference points for the Australian Com-
monwealth’s fisheries, that form the foundation of the HSP, differs in some respects
from practice elsewhere. The selection of Bags, as the limit reference point reflects earli-
er literature. The earliest reference to this Limit Reference Point depletion level of
20%B, appears to be Beddington & Cooke (1983). Their analyses, looking at potential
yields from different stocks, were given a constraint such that:

“... an escapement level of 20% of the expected unexploited spawning stock biomass is
used. This is not a conservative figure, but it represents a lower limit where recruitment
declines might be expected to be observable. ... We have chosen a twenty year period
in which to investigate the probability that the escapement will fall below the 20% lev-
el. ... In presenting the results of this analysis, we have calculated the appropriate level
of catch, that will ensure that the probability that the SSB falls below 20% of its unex-
ploited level is less than 0.1” (Beddington & Cooke, 1983, p9-10; this approximates the
statements on By in the HSP, p4)

Myers et al (1994) examined the stock recruitment relationships of 72 different fish
stocks in an effort to determine a workable depletion level limit or threshold that would
prevent recruitment overfishing in most cases. They concluded that in relation to meth-
ods that used estimates of B,oy: “... based on both empirical and theoretical considera-
tions we do not recommend them for general use.” (Myers et al., 1994, p 204). Instead
of using Baoy as a threshold beyond which the risk of recruitment overfishing was unac-
ceptably high they suggested using 50% Ryax (the maximum average recruitment),
however, they were using very poor methods to estimate the unfished biomass, which in
turn gave poor estimates of B,gy.
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The most influential document giving rise to the notion that By, is a reasonable deple-
tion level to use as an indicator of potential recruitment overfishing was a document
prepared for the NMFS in the USA (Restrepo et al., 1998). In fact, they recommend %2
Bmsy but consider Bagy, to be an acceptable replacement for that figure. However, it is
important to note that this is only a ‘rule of thumb’ and there is no empirical basis that
links the proxy Bym of Baos and 0.5Busy. Indeed, selecting 0.5Busy for some species
could result in B ;m much lower than 20%. Nevertheless, this relationship and proxy has
been adopted in Australia.

It is in the selection of the maximum economic yield as the explicit target reference
point where the Australian commonwealth is unusual; this is discussed in policy docu-
ments from other places, usually pointing out that MEY requires a lower fishing mortal-
ity rate, less yield, but higher profitability. Despite this recognition and often setting
targets that are more conservative than using MSY, explicitly setting MEY as the target
is uncommon. Elsewhere there has been discussion and attention paid to setting the tar-
gets by considering the risk of falling below the limit reference point. In Australia the
strategy is to “...ensure that the stock stays above the limit biomass level at least 90% of
the time.” (DAFF, 2007, p 4) This suggests a probabilistic approach to setting targets.
Caddy and Mahon, 1995 and Caddy and McGarvey (1996) described methods, im-
proved on by Prager et al. (2003), for estimating a suitable target reference point that
should prevent the particular stock involved from breaching the selected limit reference
point with a probability equal to that chosen.

2 !
(2] |
< |
L |
a !
2 " P(F > Fiimi)
o |
8 [
o N
o : AN
| .
1 | S
Frarget Flimit! | e
I I T | |
0.0 0.2 0.4 0.6 0.8 1.0

Fishing Mortality Rate (F)

Figure 1. The probability density function describing the expected variation in annual fishing
mortality for a given fishery and the relationship between the target and limit reference points.
After selecting a given set of limit reference points (possibly Fo1 or Fysy), a search is made for
the target fishing mortality that produces the pre-specified probability of falling below the limit
reference point (after Caddy and Mahon, 1995). Prager et al. (2003) improved this by including
uncertainty in the estimation of the limit reference point but the basic idea of having a probabil-
ity density function around the target reference point which is defined by selecting the long-run
probability of staying above the selected limit reference point is common to these approaches.

2.5.1 GENERAL APPLICABILITY OF REFERENCE POINTS

The Commonwealth HSP simply states that the limit reference point will not be
breached with a probability > 0.1. Despite this requirement it also selects B4oy, as a de-
fault proxy for MSY and a target of Basy, as a proxy for the target reference point of
MEY, with no reference to whether or not this will achieve the stated risk level of fall-
ing below By v or even be far more conservative. Currently there is no operational way
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to estimate the rates expected for the management imposed to breach the limit except to
develop a mathematical projection model of the stock dynamics. This is done, for ex-
ample, in the sub-Antarctic Patagonian toothfish fisheries (Dissostichus eleginoides)
where the CCMALR control rule is specified in terms of the expected outcomes follow-
ing 35 years of projecting the proposed management regime forward (the spawning bi-
omass must be at or above Bsgy, (50% escapement) after 35 years with a < 10% chance
of falling below B2oy). While this has been translated in the Australian context into a
manner consistent with the Australian Commonwealth Harvest Strategy it is intrinsical-
ly difficult to translate a control rule based on a projected future status into one based on
the most recent status relative to reference limits and targets. This means that currently
the requirement of not falling below the limit reference point more than 10% of the time
is useful only when testing harvest strategies using Management Strategy Evaluation, or
if projections are added to the assessments (which are not part of the current harvest
strategies endorsed by the harvest strategy policy that only consider the next year’s
catch or fishing mortality.

The CCAMLR rule applied to Patagonian toothfish aims to achieve a target of 50% of
spawning biomass rather than 48%; in other ways too (the scale of MPAs in both the
Macquarie Island and Heard and McDonald Islands fisheries, and the level of observer
coverage) it exceeds the expectations of the HSP. Despite these advantages before such
a harvest strategy can be accepted in the current HSP framework it is necessary to con-
duct a management strategy evaluation to demonstrate that this alternative management
strategy is at least as capable of achieving the intent of the HSP for the fisheries con-
cerned. Even after this further analysis has been done, in practice such strategies need to
be translated, sometimes artificially, into terms consistent with the explicit structure of
the HSP. The explicit requirements of the HSP are not sufficiently broad to allow direct
acceptance of alternative criteria for successful management. The HSP currently re-
quires Commonwealth fisheries to be managed based on reference points that relate the
present estimates of fishing mortality or spawning biomass (or their proxies) to the un-
fished state (in particular it involves the concept of By the equilibrium unfished spawn-
ing biomass). Concepts such as a constant escapement, either now or at some projected
future date, if correctly applied, are perfectly capable of managing a fishery to achieve
the intent of the current HSP but are not currently part of the HSP.

The lack of this recognition is a problem for Australian fisheries on internationally dis-
tributed species (e.g. Patagonian toothfish and various tuna species) as well as a few
difficult to manage highly variable Australian species. For example, with extremely var-
iable species such as Bass Strait scallops and squid the concept of unfished biomass (Bo)
does not appear to have any meaningful interpretation. Haddon (2011), in an evaluation
of scallop management strategies, interpreted the regulation of having at least 40% of
viable areas closed to fishing at all times (with at least 500t of biomass) as being a spa-
tially explicit proxy for the By u limit reference point. This aims to achieve the intent of
the sustainability objective. While this spatial proxy does not relate to any notion of By
or of 0.5Bysy, it is a pragmatic way forward within the HSP. There are control rules for
when to allow fishing in a scallop bed (there must be < 20% under the legal size), but
defining a suitable target for scallops remains difficult:

The target for the fishery might be characterized as aiming to have a fishery each year
and to achieve a catch level that matches the processor and market capacity. The first
rule [minimum size requirement] acts to maintain profitability by avoiding waste and
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focusing on the larger scallops that generate a higher yield of scallop meat for a given
number of scallops processed; in this manner the objective of achieving the most prof-
itable fishery is approached, but this is difficult to interpret as a specific target. (Had-
don, 2011, p 20)

The fundamental idea of Limit and Target reference points assumes that there is such a
thing as a long term average or that fishing mortality can be considered as continuous
through time. Fishing a scallop bed usually means completely depleting it to low levels,
while other beds are left alone. Fishing mortality is thus relatively episodic in such spe-
cies as the stock size tends to step down in jumps rather than smoothly declining (it also
increases in jJumps as new beds establish). While in principle such reference points
might be thought reasonable if a long enough time period was considered it also seems
reasonable that the time period over which stock dynamics should be averaged should
be related to how rapidly management needs to react to stock changes. Even with such
idiosyncratic management arrangements as those used in the Bass Strait scallops, which
still attempt to meet the intent of the HSP, it is not possible to predict events such as vir-
tually the whole Bass Strait stock (probably > 20,000 tonnes) dying off in only a few
months, as happened in 2011. Such difficulties might be alleviated if some means was
developed, other than time consuming and expensive approaches such as MSE, which
could lead to the certification of alternatives to a strict interpretation of the HSP. Alter-
natively, a wider range of acceptable harvest strategy objectives and control rules, such
as the inclusion of a constant escapement strategy into the HSP, might achieve the same
aim.
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3 Reference Points and Life-History Character-
Istics
3.1 MEY and MSY Proxies

Key Questions from the Discussion Document

e ...whether the Guidelines should be revised to strengthen and clarify advice relat-
ing to:

o the selection and use of alternative proxy target reference points (other than the
default proxies already defined in the Policy), taking into account the differing
productivities and biological characteristics of various species and species
groups

e whether fine scale adjustments (e.g. B48 v B51) are justifiable.

and

e ...whether there is a need to review and/or develop further advice within the Guide-
lines on the selection and use of limit reference points, to ensure consistency with
the Policy objectives. Stakeholders may give consideration to the following ques-
tions:

e Isthe proxy setting in the Policy and Guidelines of 0.5Bysy appropriate, given
that for some species this implies an actual By v of less than Byy? Should a
more conservative approach be taken in which By is generally constrained to
a value equal or greater than B, except where a scientifically defensible case
can be made for a lower value.

o Similarly, should alternatives be considered for groups/species on the basis of
productivity (e.g. chondrichthyans) or ecological role (e.g. small pelagic fish)
and how might these be determined?

The concept of maximum sustainable yield (MSY) has a long history, beginning in the
1930’s with Russell (1931), who discussed the notion of whether it was possible to
maintain a maximum catch from a fishery, Hjort et al. (1933), whose publication was
entitled “The Optimum Catch”, and Graham (1935) who graphically described a yield
curve as the rate of change (the production) of a fished population (see Smith, 1994, for
a detailed history). The use of equilibrium surplus production models for stock assess-
ment in the 1950’s enabled and led to major fisheries management organisations adopt-
ing MSY as a fisheries management target (Schaefer, 1954, 1957; Mace, 2001; Smith
and Punt, 2001). The scientific community began to question the use of MSY as a man-
agement target in the 1970’s (e.g. Larkin 1977, Sissenwine 1978). At that time it was
realised that a static MSY based on a theory that assumed the fishery was in equilibrium
with fishing effort was generally not an appropriate management target because fish
populations naturally fluctuate, and cannot produce equilibrium fixed catches in the
long-term.

Density dependent recruitment compensation (i.e. stock recruitment steepness), where
survivorship of juveniles increases as stock size declines, operates to offset the losses of
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individuals from a population as the population is reduced naturally or due to fishing
and this therefore acts to stabilize the population. This phenomenon must exist to allow
naturally stable populations to exist under harvesting, and is the basis for concepts such
as surplus production and sustainable harvest (Rose et al. 2001).

Current fisheries management uses MSY more generally in terms of a dynamic fishing
mortality rate, Fmsy, which should achieve MSY'; Fysy is now more generally used as a
threshold beyond which fishing mortality should be reduced (Mace, 2001). Many prox-
ies for Fiusy have been developed, for example Fo 1, Fimax, F30% and Fago, (different target
fishing mortality rates some of which derive from yield per recruit calculations, and
others that have a more empirical origin). Of particular interest for the Commonwealth
Harvest Strategy Policy (HSP) is F400, the harvest rate that would result in the spawning
stock biomass (SSB) being reduced to 40% of the virgin level (Bo). Clark (1993)
showed, using simulations, that for a range of groundfish species, a reliably high annual
yield could be achieved by fishing at Fas, Which allows for some variability in recruit-
ment; even when that recruitment was serially correlated (periods of low or high re-
cruitment). Fishing at Fago instead of F3so, didn’t change the predicted yield by much
but reduced the number of times the stock approached a limit of Bags, set by Clark as a
threshold to indicate overfishing and which became a far more widely accepted rule-of-
thumb.

Our familiar harvest control rule diagrams with spawning stock biomass (SSB) on the X
axis and fishing mortality (F) on the Y axis derive from earlier work such as Serchuk et
al. (1997) and Restrepo et al. (1998). Overfishing is indicated by fishing at F>Fusy (or
Fmsvyproxy), and the stock is considered overfished at 0.5Bmsy, or 0.5Bmsyproxy. OUr cur-
rent HSP default proxy for Fusy is Fao%, as recommended by Clark (1993) and others,
and a corresponding Busy proxy of Bags. The SSB biomass limit is assumed by the HSP
to be Bagew, Which is 50% of Bagy, the proxy for Bysy.

The first major review question is whether a spawning stock biomass target of B4go,
would be appropriate across the range of species to which it is applied. As mentioned
above, this proxy for MSY was initially derived through simulation analysis of a range
of groundfish species (Clark 1993). Groundfish species are a subset of the kinds of or-
ganisms that the HSP has been applied to, that include taxa such as molluscs, crusta-
ceans, elasmobranchs (sharks and rays), in addition to finfish. Productivity and there-
fore SSB at MSY would be expected to vary with life history. Adams (1980) was
among the first to investigate such differences, finding that K-selected types (long-lived,
late maturing, low M, large body size) would be highly sensitive to overfishing and,
once depleted, recovery would require a long time. Winemiller (2005) provides a useful
classification of fish stocks based on three major life history strategies: Periodic (long-
lived, high fecundity, high recruitment variation), Opportunistic (small, short-lived,
high reproductive effort, high demographic resilience) and Equilibrium (low fecundity,
large egg size, parental care). Species with different life histories have different re-
sponses to fishing pressure, and potentially could be managed according to different
reference point targets. There has been a commonly held belief that long-lived K-
selected species would tend to have low steepness, implying relatively low productivity,
but studies such as Shertzer and Conn (2012) have been unable to find such a relation-
ship.
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Guidelines used by NZ fisheries management (Ministry of Fisheries NZ 2008; devel-
oped but not yet adopted) use productivity categories as defined by FAO (2001) and
Musick (1999) to separately define biomass targets ranging from Bgse, for high produc-
tivity species to >Byse, for very low productivity species. They also note however, that it
Is becoming increasingly difficult to justify MSY-compatible biomass targets less than
30-40% By. Hilborn and Stokes (2010) however, suggest using historical production
levels as a guide to sustainable catches and point out that the dynamics of many species
more productive species would entail that 25% B, would be consistent with an MSY
target.

Within finfish only, several meta-analyses (e.g. Myers 2001, Goodwin et al. 2006) have
examined productivity of fish stocks from the RAM Legacy Stock Assessment Database
(Myers et al. 1999). Using surplus production models, Thorston (2012) found average
Bmsy/Bo values for Pleuronectiformes (flatfish) of 39.5%, Gadiformes (grenadiers, cods,
hakes) 43.9%, Perciformes (perch-like fish — many of our commercial species including
morwong, whiting, tunas, swordfish) 35.3%, Clupeiformes (herring and anchovy)
26.1%, Scorpaeniformes (gurnards, flathead, rockfish, ocean perch) 46.3% and Other
40.5%. The high value for Scorpaeniformes is unsurprising given work by Dorn (2002)
showing little recruitment compensation (low steepness) for US west coast rockfish.
The standard deviation of these results was in the order of 0.1 for each group, so an ap-
proximate 95% confidence interval of 0.2 times each estimate applies. There is an as-
sumption that species within these taxonomic groups have similar characteristics, but it
is clear that a wide range of life history characteristic types such as those defined by
Winemiller (2005) occur within large taxonomic groups such as Perciformes (e.g. whit-
ing and swordfish). Orange roughy and redfish are not within the groups examined —
these are in the Order Beryciformes.

For elasmobranchs, Brooks et al. (2010) estimated an analogous form of Bysy/Bo using
numbers of fish rather than biomass termed Syer/So. As this was an analysis applicable
to data poor species, the required information to determine the target depletion level was
based on life history characteristics only — the maximum lifetime reproductive rate.
Values for the 11 species examined ranged from 21% for Blue shark to 47% for Short-
finned mako. They refer to Au et al. (2008) who summarized a likely range of spawning
depletion required for optimum safe yields as being between Bagy, - Bsos, “With the
range for sharks probably lying at the upper end of that interval” (Brooks et al., 2010,
p172). More recent meta-analyses by Zhou et al. (2012) have shown that sustainable
exploitation rates for elasmobranchs are less than half natural mortality, while for tele-
osts they are closer to parity.

A further and related review question is about the appropriateness of the HSP Bagg, OF
YBmsy limit below which the stock is assessed as being overfished. Beddington and
Cook (1983) may have been the first to use the 20% B, threshold and probability of fall-
ing below it as an indicator of where recruitment declines might be expected to be ob-
servable.

Questions about limit reference points for fishing mortality lead to discussion about the
level of F that would lead to the population to continue to decline possibly to extinction
— termed F,sn. Population features that are important in determining Frash and the rela-
tionship of F¢rash to Fysy are the fishery selectivity pattern in relation to maturity and
whether stock-recruitment depensation is a possibility (Punt 2000). The ratio of
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Ferash/Fmsy decreases with the productivity of the population. An explicit study of the
relationship of Fcash t0 F2oo, does not appear to have been made.

For productive species where 0.5Bsy is less than Bagy, the current HSP suggests it is
theoretically possible to set the limit reference point at 0.5Busy. Given the uncertainty
inherent in estimation of stock productivity, the precautionary approach (FAO 1995)
would firstly require good evidence that 0.5Bwmsy is indeed below Bgy. Some of the
most productive fish species, often with highly variable recruitment, are small pelagics,
also known as “forage fish” whose abundance levels can naturally vary widely. Such
species may have Bysy values much lower than Baog, in which case they may be candi-
dates for limit reference points lower than By, However Walters et al. (2005) found
that general application of single species MSY to a multispecies ecosystem leads to sys-
tem degradation, and that forage species may require further protection to maintain the
populations of larger piscivores. In the CCAMLR fisheries, for example, the minimum
escapement for such forage fish species, such as the mackerel icefish (Champsocepha-
lus gunnari) is 75% (that is the TACs are set such that at least 75% of available stocks
are left in the water for ecosystem services), which is a very different rule to B7se.

Much has been written about the need to move to ecosystem-based fisheries manage-
ment (EBFM) to take account of direct and indirect effects of commercial fisheries on
the ecosystem that supports the exploited fish populations (e.g. Crowder et al., 2008).
While there is general agreement on the principles, implementation of operational pro-
cedures based on them is still in progress. Several recent studies (Smith et al. 2011,
Pikitch et al., 2012) have used ecosystem models and in some cases empirical data to
examine the effects of fishing low trophic level or forage species on predators and other
parts of the marine ecosystem. While impacts vary for different species and across dif-
ferent ecosystems, there is an emerging consensus that exploitation rates should be set
more conservatively than conventional single species MSY levels for such species. The
Marine Stewardship Council identifies criteria for identifying “key” low trophic level
species and then requires that default target biomass reference points be set at 75% of
Bo, corresponding to exploitation rates at about half Fysy. Pikitch et al. (2012), a major
report from the Lenfest Forage Fish Task Force, recommend a tiered approach relating
to the data availability. Thus, for high data situations they recommend no more than
75% Fusy and no less than 30% By to be left in the ocean. For intermediate data situa-
tions these numbers were no more than 50%Fysy and By v at least 40%B,. Finally, for
relatively data poor situations they recommended no new forage fisheries and existing
fisheries to be restricted to a Byjv no less than 80%B,. The CCAMLR rule, which relates
to taking no more than a defined proportion of current estimates of biomass, takes ac-
count of the natural variation of forage fish species. Their dynamics tend to be so varia-
ble that they can naturally increase or decrease their stock size by large amounts over
relatively short periods. To require that stocks be maintained at 80%B; is not something
that can necessarily be managed; even the concept of Bo when applied to such variable
species is problematic (see section 2.5.1 above).

Accounting for climate change on marine ecosystems and impacts on commercial fish-
eries is also a topic of much recent research (e.g. Brown et al. 2010; Plaganyi et al.,
2012). While an active area of research, climate-linked ecosystem models are not cur-
rently in operational use as a fisheries management tool for setting commercial catches.
There are a number of example single species commercial fisheries where there has
been acceptance of an environmentally induced productivity shift in the population (for
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a specific Southern and Eastern Scalefish and Shark Fishery, SESSF, example see Way-
te, 2013). The recognition of environmentally induced or population density induced
variation in such productivity factors as growth and fecundity is growing in importance
when conducting single species stock assessments (Whitten et al., 2013). These areas
are active and relatively new areas of research and no general conclusions have yet been
drawn. The expectation is that the marine climate will continue changing, especially in
the hot spot areas of the east and west coasts of Australia. Fisheries will undoubtedly
change but quite what changes are possible is still to be determined (André et al., 2010)
so the implications for the HSP are limited to a need to retain some flexibility so that if
circumstances in a fishery change significantly the HSP can respond appropriately.

The range of estimates of suitable target biomass and fishing mortality values is very
great but the difficulty in estimating the real risks of running relatively high fishing
mortality rates at low stock sizes (Beddington et al., 2007) suggests that Clark’s (1993)
suggestion of Byo, rather than something lower is a reasonable compromise. The current
default biomass target reference point of Bagy, Would appear to be highly conservative
(biologically) for many species, although it may be quite appropriate for slower growing
sharks and rays and may not be sufficiently conservative for some key low trophic level
species. For example, the Commonwealth small pelagic fishery (AFMA, 2009) has
adopted a biomass level of at least 80% By as the By for each species in this fishery
(with higher values in the more data poor situations).

This all means that if MEY or MSY can be reliably estimated from the life history char-
acteristics and fishery data, then there would be no reason not to lower the target refer-
ence point. In fact, the objective of optimizing the economic performance of the fishery
would require it. But it should also be kept in mind that estimating MEY or MSY can be
very difficult and would undoubtedly require dedicated resources for each fishery. In
addition, numerous studies show that, especially in mixed fisheries, it is difficult to bal-
ance the fishing mortality on an array of species (Walters et al., 2005). In New Zealand
they use a soft target at B,gy, and a hard target of Bigy, below which the fishery is closed
(Ministry of Fisheries, 2008). New Zealand has many more specifically targeted fisher-
ies and so closing particular fisheries is a reasonable option. Nevertheless, because of
these various doubts and uncertainties it would be difficult to argue that there would be
no increase in the risk of depletion affecting consequent recruitment levels if the limit
biomass reference point was permitted to vary below the current Bago.

3.1.1 DATA POOR STOCKS

A large number of commercially unimportant species, often bycatch or byproduct spe-
cies, “cannot reasonably be assessed” (Beddington et al. 2007, p1716). Indeed, for such
species many stock assessments are not sufficiently informative to support control rules
with limit, threshold and target reference points for stock size and fishing mortality
(Cadrin and Pastoors 2008). This subject is dealt with in more detail in Chapter 5.

Assessment approaches currently used for extremely data poor stocks depend on the
limited data available (Dowling et al 2008; Smith et al 2009). Where a reliable series of
catch estimates exist methods such as depletion-corrected average catch (DCAC), de-
pletion-based stock reduction analysis (DBSRA) (Dick and MacCall 2011), and maxi-
mum constant yield (MCY) (Ministry of Fisheries NZ 2008) are in operational use in
US and NZ fisheries. For species where occurrence distributions and spatial overlap
with fisheries are known and there is some information about biological characteristics,
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risk assessments such as productivity susceptibility analysis (PSA) (Berkson et al. 2011,
Cope et al. 2011) and ecological sustainability assessment for fishing effects (SAFE)
(Zhou and Griffiths 2008; Zhou et al. 2011) approaches have been used.
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4 Buffered Targets or Meta-Rules

4.1 Target reference points in multi-species fisheries
Key Questions in the Discussion Paper:

e The Review may consider whether further guidance is required on:
o developing and setting target reference points for individual species within mul-
tispecies fisheries
e acceptable levels of risk for stocks whose biomass is allowed to vary below
Bwmsy.

A joint project between the Commonwealth Scientific and Industrial Research Organi-
sation (CSIRO) and the Australian Bureau of Agricultural and Resource Economics and
Sciences (ABARES) is expected to start soon, which may provide further information
on these matters.

There is a very large literature on the management of multi-species fisheries and the re-
lated ecosystem based fisheries management (Caddy and Mahon, 1995; Link, 2002;
Hilborn et al., 2004; Haddon, 2007; Smith et al., 2007). All concede that multi-species
fisheries management is difficult but no universal solution has yet been proposed. A
major problem is that the species mix in fishery catches may not necessarily match the
mix in combined TACs or in quota holdings. Klaer and Smith (2011) propose charac-
terizing multispecies catch data into primary and companion components. This method
provides an empirical means to examine the impact of individual species TAC decisions
across all of the quota species in a fishery. The establishment of spatial closures has
also been proposed. However:

For fisheries that are multi-species ... marine reserves have some potential advantages.
Their successful use requires a case-by-case understanding of the spatial structure of
impacted fisheries, ecosystems and human communities. Marine reserves, together
with other fishery management tools, can help achieve broad fishery and biodiversity
objectives, but their use will require careful planning and evaluation. Mistakes will be
made, and without planning, monitoring and evaluation, we will not learn what
worked, what did not, and why. (Hilborn et al., 2004, p198)

Any potential advantages of spatial closures for fisheries (insurance, protection of habi-
tat, spill over of adults and larvae) can be effectively cancelled out if the fishery in-
volves highly mobile species, or those with limited larval dispersal, or if fishing is not
the only potential threat to the system (see chapter 8 for a more detailed discussion).
However, for a mixed fishery in which a large number of species are caught but only
some are formally managed, usually through quotas but possibly by limiting effort (e.g.
the South East Fishery and, currently, the Northern prawn fishery) there is the potential
for marine closures to offer some refuge from fishing mortality for many unassessed
species. Despite these advantages, there are also possible downsides to imposing clo-
sures. If large closures are imposed and catches of the key commercial species are not
reduced accordingly then fishing mortality in the areas remaining open will increase,
possibly causing harm to the stock still exposed to fishing (Haddon et al., 2003). At the
same time if there are sufficient closures in a fishery they may affect fishing behaviour
and influence the fisheries data used to assess the stocks. Evidence that this is occurring
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is only now being generated in the SESSF. A current FRDC funded research project is
exploring the impact that marine closures (all types) can have on the stock assessment
process to determine whether the closures are compromising our understanding of the
stock dynamics.

In Australia, the present system for managing multi-species fisheries and other ecosys-
tem-based fisheries management is to assess the key commercial species within the con-
text of a standard harvest strategy with associated assessments and control rules or a
system of tiered harvest strategies that treat different species according to how much
information is available to assess the stock status. There is also an array of data-poor
harvest strategies available but so far, these have not been mixed with more formal har-
vest strategies (whole fisheries are considered data-poor and treated as such but particu-
lar data-poor species within a mixed fishery do not tend to be managed using data-poor
harvest strategies). However it should be noted that the tiered harvest strategy frame-
work used in the SESSF already allows for different treatment of species according to
the amount of information available (Smith et al. 2008). For any remaining species there
is the ecological risk assessment process (Hobday et al., 2011; Williams et al., 2011).
This entails a hierarchical system of levels entailing different degrees of detail. At the
second level in the hierarchy, the approach assesses the relative productivity and sus-
ceptibility of each species to the fishing pressure being imposed and classifies each spe-
cies as low, medium or high risk (see Table 2 in Chapter 5).

Because this remains an area of fisheries management still searching for solutions it is
certainly a candidate for greater clarification of options within the HSP. For example, in
mixed species fisheries, where the key commercial species are managed using more
formal harvest strategies if it was decided that it would be acceptable to manage rela-
tively data-poor species using the data-poor harvest strategies available (Dowling et al,
2008; Smith et al 2009) then this option, or others, needs to be made clear in the HSP.

4.2 Buffer Zones

Key Questions in the Discussion Paper:

e The Review may consider whether “buffer zones’ might be applied to the interpreta-
tion of reference points, such that when an indicator moves within a specified range
of the reference point level, the reference point level is considered to have been
achieved? The use of this approach in other countries (e.g. New Zealand) might
provide a useful case study if the Review considers this issue further.

421 INTRODUCTION

Target and limit reference points and the related control rules that use these to guide
management are usually depicted using a phase diagram that compares fishing mortality
against spawning biomass (Figure 2). This type of diagram was originally described by
Serchuk et al., (1997, 1999) and Restrepo et al., (1998). In the case illustrated (Figure 2)
the biomass and fishing mortality target and limit reference points are precisely defined.
Fishing mortality being constant above the target biomass means that catches will in-
crease with stock size. In the illustration the break-point occurs exactly at the target and
there is a linear decline in F with decreasing spawning biomass, down to the limit bio-
mass, after which no targeted fishing should occur. In mixed fisheries there is usually a
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bycatch TAC set to allow for unavoidable bycatch (to reduce or prevent the need for
discarding).

Such control rules (Figure 2) imply that the assessment of the stock biomass levels is
relatively precise, which is not the case for any stock assessment, whether it is a sophis-
ticated integrated assessment or a simple analysis of catch rates. The HSP recognizes
that the assumption of equilibrium at the target is unrealistic. It states that:

...control rules should ensure that the fishery is maintained at (on average), or returned
to, a target biomass point Brar equal to the stock size required to produce maximum
economic yield.... ... For highly variable species that may naturally (i.e. in the absence
of fishing) breach B, the harvest strategy for these species must be consistent with
the intent of the Policy (DAFF, 2007, p 23).
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Figure 2. Common relationships between fishing mortality and spawning biomass related refer-
ence points; this is not the control rule used in the SESSF. The red area reflects situations where
a stock would be experiencing overfishing and be overfished. The green area would be consid-
ered as under-fished and under-fishing, while the yellow areas reflect areas where the harvest
control rule (thick black line) would act to reduce catches and fishing mortality to move the
stock back towards the targets. After Beddington et al. (2007). There is a constant target fishing
mortality until the biomass breakpoint (in this case the Brager) is reached followed by a linear
decline to the By, after which there is no targeted fishing.

Natural variation is expected due to environmental forcing and recruitment variability
from year to year so the expectation is that even with a perfectly managed fishery the
stock would fluctuate around the target. The HSP states: “For stocks above By v but be-
low the level that will produce maximum sustainable yield (Busy) it is necessary to first
rebuild to Busy. Once stocks are above Bysy, rebuilding shall continue toward Brags. ...
(DAFF, 2007, p24) If a precise harvest control rule were to be interpreted without a
buffer or meta-rules the stock would be expected to be below the target, and therefore
presumably in need of rebuilding 50% of the time so the recommended TACs would
also fluctuate up and down randomly. Given that natural variation is acknowledged in
the HSP then ideas of having targets with buffers or meta-rules relate to proposed solu-
tions for dealing with this problem of variation leading to highly variable management.
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Figure 3. Example of a harvest control rule consistent with Australia’s harvest strategy
policy (Bpm - limit biomass reference point; Bysy - biomass that corresponds to maxi-
mum sustainable yield; Brarc - target biomass reference point; F v - limit fishing mor-
tality rate; Frarg - target fishing mortality rate). The HSP specifies Brarc as Bumey, the
biomass that corresponds to the maximum economic yield. The control rule specifies
that as the biomass reduces below Bysy, Frare IS progressively reduced to zero at By m
(after Smith, et al., 2008)

A common option when precise targets and inflection points are used in the control
rules within a harvest strategy is to apply a meta-rule that says no change to TACs will
be made unless the proposed change is at least 10% (or some such value; in the GAB
there is a CPUE update rule that is used to account for the very latest catch rates when
setting TACs, that requires a minimum change of a 20% increase or decrease in the
CPUE for a 10% increase or decrease in a TAC). In the SESSF, there are a few species
with relatively large catches so 10% might be a very large number (e.g. 10% of the flat-
head TAC would be 275 t) so the meta-rule there is before a change to the TAC is made
it must be at least a 10% change to the TAC or 50 t, whichever is smaller.

Such meta-rules have the advantage of increasing stability of catches through time.
However, there is potential for confusion with this approach because of the way the
harvest control rules are actually used to generate Recommended Biological Catches
(RBCs) from which a separate process is used to set a Total Allowable Catch. The har-
vest control rules are well documented in each case but extra clarity and transparency
could be achieved if the final step of generating the TACs from the RBCs were as thor-
oughly documented. The harvest control rules in each formal harvest strategy clearly
define the RBC one the assessment has been completed. Without clear documentation
of the step from RBC to TAC this permits uncertainty to enter the process.
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Meta-rules certainly have a place in the simpler harvest control rules used in fisheries
for which there is no formal mathematical model of the stock dynamics. In such fisher-
ies the control rules are precisely specified and without such meta-rules the issues of
variable catch levels and change every year would arise. The advent and increase in the
number of multi-year TACs will interact with tis, however, and should reduce its im-
portance. The same effects of greater stability could be brought by using buffers around
each target reference point for each species. Both such buffers and meta-rules have the
same problem of trying to use a single value for all species, even though some species
are much more variable than others. For example, depending on the prevalence of scal-
lop beds it is quite possible for the current scallop harvest strategy to have the stock ap-
pear to move from above the biomass target to below the biomass target in a single fish-
ing season, even when there are an array of undersize scallop beds waiting to grow into
the fishery. The meta-rules currently used in the different fisheries appear to work ac-
ceptably well except for some of the more extremely variable species such as squid and
scallops.

For those species with more sophisticated stock assessments their control rules can be
more sophisticated also and appear more akin to the original proposed by Caddy and
Mahon (1995). The implementation of these control rules, however, is less rigid. They
may still be specified precisely but their specific detail can effectively add in a buffer to
the stock status at which fishing mortality (catches) are reduced to rebuild the stock to-
wards the target. This is exemplified within the SESSF (Day, 2009). The Tier 1 harvest
control rule in the SESSF specified limit and target biomass depletion reference points,
as well as a target fishing mortality rate. This is represented as a series of values depict-
ed as the series: (BLim:Brarc:Frars). Since December 2005, when the Harvest Strategy
Policy was first implied in the Ministerial Directive, various values had been suggested
and used for the target and breakpoint in the Tier 1 rule (Figure 4).
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Figure 4. Early alternative Tier 1 control rules used in the SESSF under the HSP in 2006 (after
Day, 2009), illustrating different target biomass and fishing mortality levels.

Initially, Bagy, Was used as a proxy for Bysy, leading to the 20:20:40 rule. A little later
Base, Was suggested as a proxy for Buey, the selected target in the HSP leading to the
20:40:48 and the 20:48:48 rules. The breakpoints at which the impact of the Harvest
Control Rule on fishing mortality begins were thus altered. For the 2009 TAC setting
session, AFMA directed that the initial trajectory of the 20:40:40 rule (the redline in
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Figure 4) up until fishing mortality reached Fass, which meant that the breakpoint in the
control rule needed to be estimated as it lay to the left of Bsoe, (Figure 5).
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Figure 5. Re-estimated control rule for Tier 1 assessments in the SESSF in 2009, with a break-
point at Bsse, as a modification of the older 20:40:40 rule to become 20:35:48. The blue dot rep-
resents the biomass and fishing mortality targets (after Day, 2009).

This 20:35:48 (BLim:Brarc:Frarc) control rule introduced a large buffer between the tar-
get and the breakpoint. This does not mean that the catches (TAC) do not come down if
the stock falls below the target biomass, but it does mean that the steepness of reduc-
tions in catch only increase once the biomass falls below Bsso.
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Figure 6. The 20:35:48 Tier 1 control rule in terms of its effect on fishing mortality and on rela-
tive catches. A constant fishing mortality implies a constant proportion of the available biomass
will be allocated as a TAC, the steep linear decline in the control rule implies an exponential
decline in catches the further below the breakpoint at Bssy, the biomass becomes. When a buffer
is installed in which the TAC is not decreased until, for example, B4, this would be equivalent
to allowing the fishing mortality to increase (blue lines in the plots) and then, past the chosen
buffer, to decrease very rapidly when it returned to a linear decline with biomass.

It is thus apparent that a form of buffer around the target reference point can already be
introduced into the harvest control rules. If an alternative form of buffer were intro-
duced that kept TACs constant until the buffer range (for example one might use Bsgy
as a suitable buffer from Basy,) then the implication would be that the fishing mortality
would be allowed to increase up until the buffer limit and then decrease more rapidly
than without the buffer (Figure 6). Such dynamics within the fishery would need to be
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examined in more detail than the brief consideration given here and, to be in line the
HSP it would need to be simulation tested to determine whether such a strategy in-
creased or decreased the risk overall or breaching the limit reference point.

The present arrangements where those harvest strategy control rules in which the break
point is clearly defined at the proxy target reference point certainly stabilizes catches
and another meta-rule that prevents TACs varying by more than 50% between any two
years has also been helpful in preventing serious dislocation and disturbance in the fish-
ery for some relatively unstable species.

The terms of reference for these technical reviews included the identification of relevant
research that could be conducted to improve the implementation and operation of the
harvest strategy policy. If it was decided to pursue the issue of buffers and meta-rules
around the targets then it would be beneficial to use simulation testing (MSE) to consid-
er the effect of such changes to the expected dynamics of different fisheries.
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5 Data-Poor Fisheries and Tiered Harvest Strat-
egies

5.1 Introduction
Key questions:

e Isthere a need for further guidance on the development and testing of additional
assessment Tiers to allow the use of more appropriate indicators for some par-
ticularly data poor stocks?

¢ How can increased precaution be demonstrated with decreased data without a
MSE or HS evaluation process? Is the application of discount factors sufficient?

e Should there be a greater emphasis on the use of empirical performance
measures and related control rules for fisheries with limited data and resourc-
ing?

e Isthe use of grouped species catch per unit effort (CPUE) data as indicators in
some fisheries consistent with the objectives of the Policy and demonstrably pre-
cautionary and are there practical alternatives?

e How can a transparent and cost-effective, risk-based approach to data collec-
tion, research, assessment and decision-making can be integrated into the Poli-
cy.

e Should and if so how would specific requirements for data specification and
provision relevant to harvest strategies be specified in the Policy or Guidelines.
This might include specification of minimum documentation standards
(e.g. consideration of the point at which additional data collection—monitoring
and assessment—is required when catches of non-quota species start signifi-
cantly increasing due to targeting or other reasons).

Harvest strategies usually consist of monitoring, assessment and control rules. The as-
sessment component contains a) a performance measure(s) from the system - or a mod-
el(s) using data from the system to generate a performance measure(s) - together with b)
target and c) limit reference points, against which the performance measure is com-
pared. Here an assessment is used in its broadest definition, being any system that pro-
vides information about the status (or a proxy) of the stock. In some cases, the assess-
ment might be a simple linear regression of catch rates, whereas in others it uses a full
dynamic stock assessment model.

For data poor fisheries, difficulties can arise in almost every component of the harvest
strategy — for example, little or no regular monitoring means time series are rare, the
assessment method is undertaken with an unknown degree of uncertainty, reference
points are poorly defined and the associated control rules do not necessarily address risk
clearly. Yet, an essential component of the present Harvest Policy is the application of a
consistent degree of risk across all fisheries, irrespective of fishery type.

This data poor section describes the risk-cost-catch trade-off involved when attempting

to manage fisheries with only limited information. The HSP states: “A tiered approach
to control rules is encouraged in order to cater for different levels of certainty (or
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knowledge) about a stock...... Such an approach provides for an increased level of pre-
caution in association with increasing levels of uncertainty about stock status, such that
the level of risk is approximately constant across the tiers.” (DAFF, 2007, p36) Howev-
er, the use of a tiered system of harvest strategies highlights an issue of minimum in-
formation requirements despite the fact that some fisheries already have few resources
to obtain more information, if required.

The second component describes several data poor assessment methods, but placed in
the framework of the risk-cost-catch trade-off. Much recent work, both within Australia
and internationally has been undertaken, but many of these have yet to be formally pub-
lished.. Indeed, a FRDC funded project (2012/202) entitled ‘Operationalising the risk
cost catch trade-off’ began in July 2012 in CSIRO and is due to finish in June 2014.

Simulation testing already undertaken shows that the risk level by Tier method is not
always predictable and can also be very case specific (Deroba and Bence, 2008; Fay et
al., 2012). However, undertaking these tests for each fishery or species is impractical
and expensive. Generic data poor MSE software is being developed (although mostly
still unavailable) which points to one approach. The other is to apply a degree of caution
although it may be unclear how to evaluate the risk without simulation tests.

It is important to note that economic reference points are not discussed in this section.
Data-poor methods tend to focus mostly on the limit reference points, data-poor target
reference points are to be described in the *Alternative Economic Targets and Reference
Points’ document.

5.2 Defining Data-Poor

“Data poor” or “data limited” are relative terms (the two terms are used here inter-
changeably) and are applied to different circumstances in different fisheries (Welch et
al. 2005). One definition of data-limited fisheries is that they lack sufficient biological
information to infer the exploitation status of the targeted stocks (Vasconcellos and
Cochrane, 2005; Dowling et al, 2011). Similarly, Punt el al (2011) define data-poor as
stocks with catch estimates but little or no information on relative abundance and few or
no samples of age and length from the fishery. Richards and Maguire (1998) (cited in
Pilling et al. (2008)) define fisheries as data poor when the best scientific information
available is inadequate to determine meaningful reference points and/or current stock
status with respect to such reference points. Thus, a “data poor” fishery is one for which
a defensible and quantitative stock assessment cannot be provided because of limita-
tions in the kind and/or quality of the data available (Haddon et al. 2005; Kelly &
Codling 2006). Therefore, here we define fisheries or species as data poor if infor-
mation is insufficient to produce a defensible quantitative stock assessment.

While these definitions are largely similar, there are implications that need to be consid-
ered when specifying harvest strategies. Clearly, model-derived reference points are not
available in most data-poor situations. However, suitable proxies can often be specified
for a harvest strategy to be developed for a data-poor fishery. Restrepo et al. (1998) de-
scribe fishery and stock assessment attributes to delineate data richness (Table 1).
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Table 1: Fishery and stock assessment attributes used by Restrepo et al. (1998) to delineate data
richness (cited Welch et al. 2005).

Data rich Data moderate Data poor
Life history characteris-  Yes Yes Unreliable or limited
tics
Fishery dependent data ~ Yes Yes Unreliable or limited
(e.g. logbook catch and
effort)
Data time series >20 years Generally <20 years Generally <20 years
Fishery independent Yes Available or limited No
data (e.g. monitoring)
Stock assessment Sophisticated Simple sophisticated Minimal or lacking
Reliable MSY related Yes Limited No
quantities
Stock size estimate Yes Yes No
Fishery parameters (e.g.  Yes Yes Unreliable or limited
selectivity, fishing mor-
tality)
Control rules Fmsy, Bmsy etc Fasos, Bass M, avg catch etc
Data quality High High moderate Moderate poor
Uncertainty Accounted for Reasonable characteri-  Qualitative or lacking

sation

Data limited fisheries often arise because of inherent characteristics such as being new
or developing, low value, or the cost of data collection being prohibitive because of ge-
ographic spread, a lack of monitoring and enforcement resources, the remoteness of
fishing grounds and/or vast coastlines with multiple access points. Specifically data lim-
ited fisheries can include, but are not necessarily limited to:

a. new fisheries with no time series of information;

b. large scale but recently developed fisheries where fisheries research and man-
agement have lagged exploitation;

c. low-value fisheries for which little data are collected,;

d. small-scale developing fisheries with usually several target species of otherwise
mixed fisheries;

e. large scale fisheries where the quality of data is poor or variable and difficult to
assure (e.g. misreporting and/or discarding);

f. spatially structured fisheries where data collected may not be representative of
the whole stock; and

g. near to or totally bycatch species, in a mixed fishery, to which little or no atten-
tion is paid.

(Haddon et al. 2005; Pilling et al. 2008).

Vasconcellos and Cochrane (2005) estimated that 20-30% of the world’s capture fisher-
ies were data-limited. Data limitations were more pronounced in invertebrate fisheries,
and more among demersal than pelagic finfish fisheries. It was also more prominent in
areas with high species diversity and small stocks where fisheries play an important role
for food security, such as in many tropical and low-income countries of Africa, Asia,
Oceania and the Caribbean. For example, Salas et al. (2007) characterise small-scale
fisheries in Latin America and the Caribbean as being multi-gear and multispecies, and
having low capital and labour intensive, remote landing sites, large numbers of migrant
and seasonal workers, and weak market and bargaining power among fishers.
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Many data-limited fisheries are also of low economic value, implying limited human
resources for undertaking stock assessment (Scandol 2005). While such fisheries may
not necessarily be data-poor, stock assessment and complex statistical analysis of trends
may not be locally deliverable in an ongoing sense. In such cases an empirical harvest
strategy could be developed using quality fishery dependent and/or independent data.
However, in many cases fisheries are both data-poor and lacking in local analytical ca-

pacity.

5.3 Review of Relevant Research

5.3.1 TIERS AND INDICATORS

Data-poor stocks comprise an important component of the species targeted by the
Commonwealth fisheries. Often these are caught within complex, multi-species fisher-
ies and can therefore be both a target and a byproduct within a region. A separate re-
view of bycatch species in Commonwealth fisheries has also been undertaken.

The SESSF have implemented a Tier system to classify their assessment methods from
data rich to data poor (Smith et al., 2008; Little et al, 2011). A Tier 1 assessment is a
robust stock assessment, whereas a Tier 3 and 4 uses catch curve analysis to estimate F
and a time series of catch rate data respectively. An overview of all the assessment
methods used in AFMA’s managed fisheries, to which the HSP applies, has shown that
eight Tiers — from Tier 0 to 7 can be identified in Commonwealth fisheries (Dowling et
al. in press).

For some fisheries, where data is very limited a series of catch triggers for levels at
which management intervention may be required can be used as the harvest strategy
(Dowling et al, 2008; Dowling, 2011) and these effectively impose a series of Tiers on
such fisheries aimed at increasing information requirements and assessment if a fishery
grows.

Many methods used in data poor tiers have been tested using Management Strategy
Evaluation (Haddon, 2011, Little et al., 2011, Klaer et al, 2012) to compare their man-
agement effectiveness and compare their relative risk and uncertainty (Fay et al., 2012).
Although Tiers are applied in the SESSF they are not the norm across the Common-
wealth managed fisheries, where often only one tier is used in each fishery. This is po-
tentially an issue, from both the point of view of consistency among fisheries and also a
consistent application of the risk-cost-catch trade-off.

A study on AFMA’s information needs (Dichmont et al. in press) has developed a
Guideline to developing a fishery’s information needs where the Tier system is further
enhanced from that in use in the SESSF. This work is the output from a meta-analysis
across all the Commonwealth’s harvest strategies currently in use. It breaks the system
into three component - Harvest strategy assessment Tiers (Table 2), economic target
Tiers (Table 3) and ERA/M Tiers. The first two relevant tables are reproduced below.
This extension shows that there are two components regarding the Tier assessment sys-
tem — the stock assessment method to develop the index of abundance and the method
to determine the target or MEY. This section only discusses stock assessment rather
than economic methods.
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The degree to which monitoring supports harvest strategies is clearly illustrated in the
way that AFMA has implemented the harvest strategy policy (HSP) across its fisheries.
Each tier in Table 2 defines the types of data that are collected and the form of assess-
ment undertaken to feed into the harvest control rule for that tier. The harvest control
rules themselves can vary widely for a given tier, but in all cases should be designed to
meet the requirements of HSP to achieve the target maximum economic yield (MEY)
while avoiding biologically defined limits (limit reference points or LRPs) with a prob-
ability that is defined in the HSP. This second criterion is referred to below as the “risk”

criterion. For many fisheries, the performance against the requirements of the HSP of
the current harvest strategy (based on the current monitoring strategy) for each target
species will have been tested using simulation testing such as management strategy
evaluation (MSE) (Smith et al, 1999; Sainsbury et al, 2000).

Table 2: Tier structure for harvest strategies with associated data requirements. Costs

included in the original table have been removed.

Tier Tier description Minimum data requirements
number
0 Robust assessment of F and B based | Time series of independent surveys
on fishery dependent AND inde- and verified catch, effort and/or
pendent data catch rate data. Data required to
standardise catch rates (if used).
1 Robust assessment of F and B based | Time series of verified catch, effort
on fishery dependent data ONLY and/or catch rate data. Data required
to standardise catch rates (if used).
2 Assessment of F and B based on Time series of catch, effort and/or
fishery dependent and/or fishery in- | catch rate data.
dependent data
3 Empirical estimates of F based on Time series of catch only. Repre-
size and/or age data sentative sample of size and, if rele-
vant, age
4 Empirical estimates of Time series of catch only or time
e relative biomass based on fishery | series of fishery dependent data such
dependent data as catch rates or independent survey
e within season changes to relative | data.
biomass based on fishery de-
pendent data
¢ relative biomass based on fishery
independent surveys
5 Empirical estimates of F based on Patchy catch and effort data or dis-
spatial distribution of effort relative | tribution of catch/effort relative to
to species distribution the species distribution
6 No estimate of biomass and F; use of | Patchy catch and/or effort data by
fishery-dependent species-specific species
triggers
7 No estimate of biomass and F; use of | Patchy catch and/or effort data by
fishery-dependent triggers for groups | groups of species
of species
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Reuter et al. (2010) describe a similar system of Tiers for management of Alaskan fish-
eries, where Tier 1 equates to having point estimates of biomass and biomass at maxi-
mum sustainable yield (MSY), together with a probability density function of fishing
mortality at MSY. Alaska’s Tier 6 is the data-poorest level, with catch history only.

Cadrin et al. (2004) and Cadrin and Pastoors (2008) also refer to tiered approaches,
viewing the estimation of biological reference points as a hierarchy, ranging from data-
poor proxies of relative indices of stock size and exploitation rates, to applying more
informative demographic production models such as stochastic, age-based simulations
of maximum sustainable yield. Interim limits can be derived from the most reliable tier
of approaches, and research programs can be designed to advance the analysis to a more
reliable tier for approximating or estimating MSY reference points.

Despite the general principle being agreed, it is not always clear is how to rank these
Tiers. There is an implication that risk increases as one moves to more data poor meth-
ods, however results from simulation tests of these Tier methods are unpredictable.

In Klaer and Wayte (2011), several forms of uncertainty are described — stock assess-
ment uncertainty, using an inappropriate assessment method, uncertainty in the data
used in the assessment, and uncertainty in translating stock assessment result into stock
status. These different forms of uncertainty and different assessment methods were test-
ed within an MSE and showed that, for example, an average-length-based harvest strat-
egy can achieve the policy within the correct risk profile (Klaer, Wayte & Fay, 2012),
that surplus production methods work well as long as certain conditions are met (but
this was not usually the case for the species tested; Klaer & Wayte, 2011) and that a
cpue-based Harvest Control Rule worked well but was sensitive to, for example, the
choice of parameter values and the reference period for the reference points (Little et
al., 2011). On the other hand, Dichmont et al. (2006) and Dichmont and Brown (2010)
showed that, for the Northern Prawn Fishery and the Queensland spanner crab fishery,
simple regressions of catch rate data could perform well at guiding management actions.
In the NPF case, the catch rate HCR was compared to surplus production and delay dif-
ference methods. In that case, the latter was preferred as risk was more clearly defined
but the catch rate method otherwise performed well. The harvest strategies used in some
other data-poor fisheries within the Commonwealth were examined within the reducing
uncertainty in stock status project using Management Strategy Evaluation, but these
were constrained in the range of testing possible simply because of the lack of infor-
mation (Dowling, 2011; Haddon, 2011; Plaganyi et al, 2012). Nevertheless, within
those constraints the harvest strategies in use were found to be capable of achieving the
intent of the policy even in the data-poor circumstances (Haddon, 2012b).

From a Tier perspective, there is therefore a lot of scope for using or developing differ-
ent Tier assessment methods. However, the various MSE tests have shown very case
specific results indicating that a precautionary system should be applied unless these
methods are tested through MSEs.

Bentley and Stokes (2009) compare the assessment versus the procedural® paradigms —
the latter applies to the Commonwealth HSP. Rather than focusing on the assessment

! In New Zealand and South Africa, management strategies are called management procedures. Harvest strategies are called opera-
tional management procedures (Rademeyer et al., 2008).
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method itself, they propose that harvest strategies are much more likely to apply to data
poor fisheries. However, they argue that more attention needs to be given to the method
of presenting evaluation results to decision makers, and more attention should be given
to the design, evaluation and selection of harvests strategies to be tested. In the USA,
development of a standard format for assessments in some cases has been proposed.
However, in Australia, each RAG produces its own format, level of output detail etc.
and some consistent approach (while still considering the differences between fisheries)
might communicate better to the public and other scientists.

Table 3: Level number, description with associated minimum data requirements for the
category of the economic component of stock assessments associated with estimating
the target reference point for a species or group. Costs included in the original are re-
moved here.

Level number | Level descriptor Minimum data requirements

1 Full dynamic bio- Recent industry level costs and prices. Project-
economic model us- ed costs and prices over a reasonable projec-
ing a Tier 0-2 assess- | tion period. This requires information about

ment projections on exchange rates.
2 Bmey proxy using a Expert driven opinion on previously profitable
Tier 0-4 assessment catch rates that has good stakeholder or scien-
tific backing
3 MEY proxy using a Little or no information on profitable levels

Tier 5-7 assessment

5.3.2COST-CATCH-RISK TRADE-OFF

The above aspect of Tiers leads directly to the next issue — how is the risk-cost-catch
trade-off, as described in Sainsbury (2005), maintained between Tiers, or whether it
even should be done. In the SESSF, there has been much debate about discount factors
and other methods of developing RBCs per Tier that maintain constant risk between Ti-
ers. There is a gap between the theory of the trade-off and its practical implementation.
The tier in current use for a particular species in a given fishery will have been deter-
mined by a range of factors, including the monitoring and assessment methods in use
prior to implementation of the HSP. However the tier applied to a particular species is a
matter of choice and could be varied over time, taking into account the cost-catch-risk
(CCR) trade-off. The tiers in Table 2 span from high information need (Tier 0) to low
information need (Tier 7), with costs of both monitoring and assessment varying across
tiers. Within constraints, fisheries are able to choose the tier that best suits the needs and
capacity of the fishery. While consideration of the costs of monitoring and assessment
might tend to favour higher tiers (lower information requirements), this will depend on
how precaution is applied in determining the harvest control rules that complete the
harvest strategy definition for each tier. This is because higher tiers are associated with
higher levels of uncertainty about stock status, requiring more precautionary harvest
control rules and hence lower catch levels to meet the risk criterion defined in the HSP.
This interplay across tiers between economic costs (of monitoring and assessment) and
benefits (derived from catch levels) to achieve an acceptable level of risk is the essence
of the CCR trade-off. To date, the quantitative nature of this trade-off has not been ex-
plored fully for any fishery.
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In an attempt to reduce the risks to the stock associated with using some of the higher
tier harvest strategies (i.e. Tiers 3 and 4 in the SESSF rather than the Tier 1) an array of
discount factors have been proposed with a larger discount for the higher tiers. An AF-
MA draft document describing the TAC setting process states: “The application of the
discount factor is to be determined on an individual species basis but will be applied un-
less RAGs advise that alternative equivalent precautionary measures are in place (such
as spatial or temporal closures) or that there is evidence of historical stability of the
stock at current catch levels.” (AFMA, 2009a, p 5). There is no discount applied to Tier
1 assessments, a 5% discount to the TACs derived from Tier 3 methods, and a 15% dis-
count to the TACs from Tier 4 (it should be noted that these discount levels were chosen
arbitrarily). The relative risk of the various tiers used in the SESSF has been examined
using management strategy evaluation (MSE) and this has found that the specific out-
come is species and fishery dependent (Fay et al., 2012).

As part of a meta-analysis of all AFMA’s harvest strategies, Dowling et al. (in press)
used a statistical linear model to quantify the risk-cost-catch (RCC) frontier for each of
three forms of risk — biological, economic and ecosystem. Although the most parsimo-
nious models were statistically significant, the management and research costs tended to
be reactive to risk. For risks to target species, it was not possible to develop a model for
proactive use. This shows that the risk-cost-catch trade-off has generally not been ap-
plied to AFMA’s fisheries and more work would be required before it could be. The
findings showed that the information collection and assessment of a fishery, tended to
reflect the history of a fishery rather than a program designed to address a RCC trade-
off.

New Zealand uses a very simple harvest strategy for their most data-poor stocks, which
only have catch information. They set the maximum constant yield for such species us-
ing the average catch from a period when the fishery was relatively stable with no major
changes in fishing mortality which is multiplied by a constant (less than 1.0) which is
chosen relative to available information based on any knowledge on the stock de-
mographics and the history of the fishery (Ministry for Primary Industries, 2012). The
application of the constant ¢ in the MCY = cYay equation is a form of discount factor to
allow for the uncertainty in such a harvest strategy. This approach is, however, purely
empirical and is not an attempt to provide for equivalent risk between alternative as-
sessment methods, although the stability of catches does suggest a low risk strategy.

The notion of applying a discount to the recommended catch levels that are produced by
data-poor harvest strategies is becoming more common. In a proposed management
framework for the Pacific Coast Groundfish Fishery Management Plan (FMP) in the
USA it states that two management committees:

... further recommended that if the ABC [Allowable Biological Catch] control rule is
structured to account for different levels of information available for each stock in the
FMP, then the system of uncertainty buffers for each category or “tier” should provide
increasing precaution with decreasing levels of information and increasing uncertainty.

(PFMC and NMFS, 2010, p 7)
The intent is to attempt to reduce the risk in accordance with increasing levels of uncer-

tainty in different assessment methods and harvest strategies. This principle is simple to
understand but demonstrating that different assessment methods have the perceived
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relative degrees of risk requires detailed simulation testing. Fay et al. (2012) have
demonstrated that the relative risks can be greatly affected by what appear to be small
details in the different harvest control rules. Without the meta-rule that limits annual
changes to the TAC for a stock to no more than 50% the Tier 3 harvest strategy does not
always perform better than the Tier 4 harvest strategy. With the meta-rule then the or-
dering is as might be expected the Tier 3 generally out-performs the Tier 4; although the
particular outcome is also species and stock dependent.

5.3.3 DATA-POOR ASSESSMENT METHODS

In the data- and capacity-poor context, most literature has focused on empirical indica-
tors and assessments, and less on control rules and the incorporation of indicators and
assessments in a harvest strategy framework. Data-poor assessments have been re-
viewed extensively elsewhere (see for example Kruse et al., 2005b, Pilling et al., 2008,
Marine and Coastal Fisheries Special Section Volumes 1 and 2 in 2009, 2010). Publica-
tions of the US National Oceanic and Atmospheric Administration (e.g. Dick and Mac-
Call, 2010; Berkson et al., 2011) are useful as are those available on the FAO website.

A review of data poor indicators was undertaken in Dowling et al. (in press) and key
points are provided here. When developing a harvest strategy performance measures,
target and limit reference points, or suitable proxies that may be applied to a fishery,
have to be identified. In data-limited situations the initial focus will be upon empirical
measures of fishery performance. An empirical indicator is calculated directly from a
specific set of raw data, and the calculation, may produce one or two parameters that
can be easily defined (e.g. nominal CPUE, mean age, mean length). This differs from an
estimated or model-derived indicator, which is derived from a range of data sets and is
dependent on additional parameters or models that may or may not be available (e.g.
biomass, fishing mortality) (Scandol, 2005).

For the simpler empirical reference points, where stock status cannot be directly in-
ferred, target and limit reference points can be replaced by putting thresholds on chang-
es to the empirical indicator (for example, total effort) that would indicate further inves-
tigation and analysis, before further changes are allowed. These thresholds are already
applied to some of AFMA’s harvest strategies (e.g. those in Tiers 5, 6 and 7). Such
threshold or trigger levels should, if possible, relate to all possibilities for change to
which managers should be alerted. Given a possible suite of indicators and reference
points or triggers, and given the characterization of the fishery, consideration must be
given to how these could be used as input to a control rule.

Scandol (2003) investigated indicators and reference points based on total catch, catch
rate, the distribution of fish length in the catch, as well as various measures of the dis-
tribution of age in the catch. It was shown that management strategies based on empiri-
cal indicators and reference points could have a high error rate, but that sustainable fish-
eries could be achieved when suitably conservative choices were selected for the refer-
ence points.

Scandol (2005) processed empirical stock status indicators including catch, CPUE,
mean age, mean length, recruitment fraction, total mortality and fishery independent
surveys using quality control methods that worked by constraining those indicators
within stated bounds. Biomass surveys were found to perform best, followed by mean
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age and length, and recruitment fractions. CPUE and catch had the worst performance
but were still acceptable.

A review of data poor methods undertaken in the USA NOAA (Dorn et al., 2011)
looked at catch-only methods which included minimal life history information only and
methods that include catch, life history and time series of survey indices or length com-
position data. Most of these packages are freely available on the NOAA website
(http://nft.nefsc.noaa.gov/index.html), including PopSim that is a generic age-based MSE
operating model. Many of these methods performed well but needed key assumptions to
be true for the model to be validly applied. On the other hand, a novel approach is used
to assess data rich and poor stocks in the SESSF alongside each other — the so called
‘Robin Hood” approach (Punt et al., 2011) — thereby drawing from data rich information
and inferring to data poor species.

Punt et al. (2001) used Monte Carlo simulation to examine the performance of alterna-
tive empirical indicators and associated reference points in terms of their ability to cor-
rectly identify the biological conditions that they were designed to measure. Indicators
based only on catch rates are shown to be potentially very misleading. In contrast, indi-
cators based on the mean length or mean weight of the catch changed in a more predict-
able manner with abundance. However, reference points based on these quantities were
frequently “triggered’ either too early or too late.

Trenkel and Rochet (2003) compared the performance of population indicators for a
Celtic Sea groundfish community based on achieved precision, statistical power and
availability and estimation method of reference points. Among the population indicators
of intrinsic population growth rate, total mortality, exploitation rate, mean length of
catch, and change in fishing mortality to reverse population growth, the mean length of
catch was most precisely estimated and the corresponding hypothesis tests had consist-
ently large powers.

Life history characteristics inferred from size-specific catch data (e.g. percentage of ma-
ture fish in catch), have been suggested as a way to monitor change in stock status for
data-poor species (Reuter et al., 2010; Froese, 2004; Kelly and Codling, 2006). Basson
and Dowling (2008) used a simulation approach to consider CPUE and eight size-based
indicators: mean, median and 90" percentile length and weight, and the proportion of
“big” and “small” fish in the catch. Size based indicators changed less than CPUE in
response to changes in fishable abundance and were thus much more sensitive to meas-
urement error or random noise. Further, size-based indicators were shown to be in-
formative only for populations where individual growth was slow. Of the size-based
indicators, mean length and weight performed best. The performance of size-based indi-
cators also depended on the stock-recruitment relationship. Using classification trees as
control rules, it was demonstrated that there was little to be gained by using more than
4-5 indicators together. The choice of indicators depended on the population dynamics,
specifically lifespan and growth. Moreover, even good indicators could perform poorly
when used in a badly-designed control rule.

Froese (2004) suggested that assessments could be based on three size-based indices
from catch composition data, Px: (i) percentage of mature fish in the catch, Pmat, with
100% as target; (ii) percent of specimens with optimum length in the catch, Popt, with
100% as target; and (iii) percentage of large fish in the catch, Pmega, with 0% as target,
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and 30-40% as representative of reasonable stock structure if no upper size limit exists.
Cope and Punt (2009) showed that Froese’s (2004) values were not always sufficient to
ensure protection from overfishing, since the metrics were intended to avoid growth and
recruitment overfishing, but there was no quantitative linkage to stock status and calcu-
lation of future sustainable catches. Moreover, their values cannot be interpreted ade-
quately without knowledge of the selectivity pattern. They introduced Pobj (the sum of
Pmat, Popt, and Pmega) to distinguish selectivity patterns. This approach gives further
guidance to interpreting catch length composition data under variable fishery conditions
without collecting additional information. It also provides a link to developing harvest
control rules that inform proactive fisheries management under data-limited conditions.

McGarvey et al. (2005) used a simulation incorporating delay-difference models to
evaluate the performance of stock assessment models based on logbook data sets of i)
catch in weight and fishing effort, ii) plus catch in numbers, and iii) catch in weight and
catch in numbers (no effort). Assessment models utilising catch in numbers substantial-
ly improved precision and accuracy in annual population estimates.

Griffiths et al. (2007) used catch by length data with anecdotal information to build a
size distribution of the true population, which was incorporated into a Bayesian model-
ling approach to estimate abundance and biomass from gillnet catches in data-limited
situations.

All these studies have shown that both within Australia and internationally an extensive
research drive on data poor methods have been undertaken. However, most of these are
still within the Tier 3-5 range. Few have no catch data, for example, or only group (ra-
ther than species) specific data such as the Coral Sea aquarium fishery (Haddon,
2012Db).

In particular, while some examples exist (e.g. Wayte and Klaer 2010), there remains a
real need to provide general guidance on formulating control rules that link empirical
indicators with suitable management responses. Most research has focused on compar-
ing data-poor assessment methods rather than comparing the effectiveness of different
data-poor harvest control rules.

5.3.4DATA RELATED ISSUES

Data related issues are described in the Discussion paper in terms of data requirements,
developing fisheries, fisheries data used in the assessment and real time data provision.
A further aspect, are data sources and quality. For data poor fisheries, difficulties can
arise in almost every component of the harvest strategy — for example, little or no regu-
lar monitoring means time series are rare, the assessment method is undertaken with an
unknown degree of uncertainty, reference points are poorly defined and the associated
control rules do not clearly address risk.

For fisheries, as for natural resource management generally, the purpose of monitoring
is to support management strategies, which in turn are designed to achieve management
objectives. Monitoring is one of the key steps in the adaptive management cycle, and
together with assessment and decision making define a management strategy. Monitor-
ing is key to supporting any adaptive management strategy as it provides the data used
to assess the state of the system and to check whether management strategies are achiev-

Technical Reviews for the Commonwealth Harvest Strategy Policy | 35



ing their objectives. Monitoring is needed to support both harvest strategies and envi-
ronmental risk management (ERM). Monitoring strategies cannot be assessed without
simultaneously considering their use in supporting management strategies.

In the Guidelines by Dichmont et al. (in press), data requirements for each Tier are pro-
vided (Table 2 and Table 3). However, the key issue is rather whether there are mini-
mum data requirements in the form of minimum Tiers for specific fisheries. Dichmont
et al. (in press) discuss this issue, and while they provide guidance on how to approach
this issue no clear past precedent could be obtained to provide empirical solutions.
However, the review does state that there are certain types of data that all fisheries
should collect on a routine basis. A minimum standard is that there be logbooks which
collect data on all fishing operations, including where and when they occurred (at the
finest spatial and temporal resolution possible), the type of fishing gear used, and a rec-
ord of the amount of all species (or higher taxa where identification is difficult) re-
tained. Additional (reasonable) requirements for most fisheries are a record of species
caught by the gear but not retained, or observed to interact with the gear. These mini-
mum standards are required to determine the nature and level of interactions of the fish-
ery with the ecosystem. These constitute a minimum standard, for all fisheries inde-
pendent of their scale and impact, that would provide for a defence against claims that a
fishery was causing irreversible damage.

Additional minimum standards should apply to some fisheries depending on their scale
and likely level of ecological impact. These additional requirements are to assess the
impacts of fishing on the fished stock and the ecosystem in which it is a part and include
collecting information to help determine the biological status of impacted ecological
components. There are several means that could be used to determine to which fisheries
minimum requirements apply. This could be on the basis of 1) the value of the fishery,
2) the volume of landings in the fishery, and/or 3) the overall ecological foot print of the
fishery (which will in part be determined by the types of gear used in fishing opera-
tions). Two options to address these considerations are: the first is to make a priori de-
terminations of risk, for example similar to the “fishery risk assessments” adopted by
DSEWPaC in marine bioregional planning; the second (and likely preferred) option is
to make case-by-case determinations using the steps and methods described in
Dichmont et al. (in press).

However, the harvest strategies applied to some fisheries already are confined by their
inability to collect the information required. At this stage, it is unclear what the conse-
quences of this experience have been to these fisheries.

Implementation of harvest strategies in Commonwealth fisheries has shown that - i)
there are additional Tier levels beyond those used in the SESSF acknowledging the
large number of target species and types of fisheries managed by AFMA, ii) there are
pragmatic harvest strategies that meet the intent of the Policy but that still need clear
statements as to how these conform to the policy, and iii) commitments written into the
harvest strategies to collect and store data as required to allow the fishery to establish
more defensibly its stock status may need additional resources than those already avail-
able (Dowling et al, 2008a).

The various MSE tests described above have shown very case specific results indicating
that a precautionary system should be applied unless these methods are tested through
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MSEs. Thus, a rule of specific to particular fisheries is best could be considered. How-
ever, not all fisheries or species within a multi-species fishery can afford an MSE. So
something more generic is also needed along with criteria for when to apply which ap-
proach. Two approaches are possible:

a) generic MSEs have been developed (NOAA’s PopSim; Haddon and Dowling, 2012,
and others), but are either at very early stages or require further work. Further re-
search in this area would be of value.

b) A risk-cost-catch trade-off framework where many data poor methods are tested in
an MSE framework and then potentially generalised (if at all possible). A start to
this process has recently been funded by FRDC (PI Dichmont), but this work will
only report at the end of 2014.

Presently, there is little direction on what constitutes a defensible harvest strategy be-
cause any such discussion tends to describe more data rich approaches. As more MSE
tests are undertaken, this issue will become more clearly defined and some solutions
provided. However, there are fisheries or species within multi-species fisheries managed
by the Commonwealth that are sufficiently complex that the costs of moving beyond
very little data make the move almost impossible. For example, there are minor fisheries
of such relatively low value that there are insufficient resources to even enter all data
into databases or query those databases and do the analyses necessary to fulfil the exist-
ing data-poor HS requirements (Dowling et al, 2008a). Thus, the issue is whether even
lower Tiers than those used within AFMA (Table 2) are required and whether these still
conform to the intent of the policy. If not, then a funding model needs to be provided
that allows all components of those fisheries that implement the harvest strategy to be
appropriately resourced. Fulfilling the requirements of the Harvest Strategy Policy for
all Commonwealth fisheries has obvious resource requirements.

The hierarchical methods developed in several harvest strategies or within the ERA
(Hobday et al. 2011) entail small scale fisheries starting at a data poor Tier which con-
sists mostly of empirical triggers. The ERA is explicit in that it provides two options
when a risk is shown, using a method that defaults to being precautionary, which is to a)
move to a more data rich method and test if this risk still remains or b) mitigate this risk
through direct management action. This is the principle behind the assessment Tier sys-
tem and the hierarchical trigger system used in some fisheries.
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6 TAC Setting and Multi-Year TACs

6.1 TAC SETTING AND MULTI-YEAR TACS
The following issues were identified:

e  The Review may consider if criteria should be developed and described in the Guidelines
which RAGs can refer to when determining whether and how to apply discount factors to
determine TACs in a consistent manner (ABARES, 2011, pp118). Some work has been done
in the SESSF and may help inform the Guidelines in this respect.

e What empirical indicators might be most appropriate for assessing fishery condition
through time when applying MYTACs?

e  How risks associated with MYTACs might be incorporated into RBCs? The use of multi-
year TACs has not been accompanied by an appropriate consideration of risk, to this point
in time, noting that longer periods between assessments may increase the risk that changes
in stock status occur?

e How to determine an appropriate time period for MYTACs and whether the period is de-
pendent on the status of the stock (e.g. very depleted versus near target)?

6.1.1 TAC SETTING

A key management lever used in Commonwealth fisheries is the application of total al-
lowable catches (TACs) through individual transferable quotas (ITQs). Many of the
Australian Commonwealth fisheries are multi-species fisheries and these present further
particular problems when setting TACs. The use of ITQ management in multi-species
fisheries has been the subject of much debate and the complexities and difficulties of
managing multi-species fisheries are well known (Branch 2009; Chu 2009). In these
fisheries, a major issue is in setting total allowable catches (TACs) that are directed to-
wards individual species to achieve management outcomes across a range of species.
Generally, when TACs are set for individual species, catches of other species are not
considered. In multi-species fisheries, there are often technological interactions where
fishing effort directed towards one quota species will normally result in a mixed catch
of fish that may include other quota species. Fishers can usually ‘target’ to some degree
through fishing different areas and depths, seasons, times of day and by modifying gear.
But it is the degree to which fishers can target that is the issue. The species mix in
catches may not necessarily match the mix in combined TACs or in quota holdings.
This difficulty in balancing quotas for multiple species with actual catches may then
lead to increased discarding, TAC over-runs, effort restrictions or fishery closures when
quota is constrained on some species (Branch et al 2006; Sanchirico et al 2006). This
may lead, therefore, to problems with achieving Buey for multiple species.

While a number of solutions have been proposed or implemented to improve transfera-
bility of quota and other incentives to reduce over-quota fishing and discarding, it is
surprising that there has been little focus on TAC-setting itself and coordinating this
across multiple species/stocks as a means of dealing with some of these issues. Klaer
and Smith (2011) analysed data from the trawl sector of the Australian Southern and
Eastern Scalefish and Shark Fishery to determine the relationship between primary spe-
cies and companion species and the implications this has for TAC setting. The primary
species is the species being considered when setting an individual species TAC. The
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companion species are ones that should also be considered when setting the TAC of the
primary species, because a considerable proportion of the primary species catch is taken
as a companion species non-target catch. The target species in each fishing operation
was determined and was used to characterize recent multispecies catch data into primary
and companion components. The approach of identifying companion species within a
given fishery provides an empirical means to examine the impact of individual species
TAC decisions across all of the quota species in a fishery.

6.1.2 MULTI-YEAR TACS

Currently there is a growing use of Multi-Year TACs in those fisheries where they can
be implemented. However, this strategy and the various means by which is has been and
is being implemented have not been subject to formal management strategy evaluation.
In general, multi-year TACs will require a “discount” of some level of catch to balance
the greater risk associated with less frequent review and adjustment. There are obvious
risks of stock depletion if the multi-year TACs are set too high. There is also a potential
loss of yield if good recruitment occurs but is not reacted to for a few years (though po-
tential losses through natural mortality may be offset by potential gains by growth of
fish left in the water for longer, this balance will vary by species).

While there is a good deal of debate within various Australian Assessment Groups con-
cerning the implementation of multi-year TACs no clear decisions or standard protocols
have yet been adopted with respect to avoiding the potential risks of setting a multi-year
TAC so high it leads to depletion. There are a number of examples where fish species
have declined rapidly over relatively short numbers of years, for example deepwater
flathead in the GAB (Klaer, 2011), and school whiting in the SESSF (Day, 2012).
While draft breakout rules have been produced within the SESSF these have not been
tested and only relate to catch rates and so are of limited use in those species where
catch rates are highly variable. Informal criteria for placing species into multi-year har-
vest strategies have been developed but limited financial resources are currently restrict-
ing the number of Tier 1 assessments able to be conducted and this leads to pressure to
maintain TACs in the absence of new information. Even if a species does breach its
break out rules there are currently no guarantees that there are sufficient financial re-
sources available to do a more adequate assessment.

There remains debate over the best way to set a multi-year TAC. The options raised in-
clude simply applying the current TAC forward for three year, another (only suitable for
Tier 1 assessed species) is to set the TAC in each year in line the median projected se-
cure catch from the stock assessment model, another is to apply some arbitrary discount
with different figures being suggested in every case discussed. It is therefore very sim-
ple to conclude that more simulation testing work needs to be conducted to determine
the utility of different criteria for selecting species as suitable for multi-year TACs. The
exploration of the risk cost catch trade-off currently underway in a FRDC project should
be able to provide insights with respect to this problem of whether multi-year TACs
should always be reduced below single year TACs so as to reduce the risk of declines.
Any research undertaken on this topic should evaluate the different options for setting
multi-year TACs. With reductions in available resources for conducting stock assess-
ments this research program takes on extra urgency.

Technical Reviews for the Commonwealth Harvest Strategy Policy | 39



There is very little literature regarding application of multi-year TACs in other jurisdic-
tions. The Pacific Fishery Management Council allows for multi-years TACs in that
assessments are done in year y, and acceptable biological catches (ABCs) are forecast
for years y+1 and y+2. The Council then selects the TACs for years y+1 and y+2, usual-
ly based on an Allowable Catch Limit (ACL) control rule. However, no formal simula-
tion testing of this strategy has been completed (Andre Punt pers. comm.).

In New Zealand, while there doesn’t appear to be a formal mechanism for allocating
multi-year TACs their management system of identifying the Maximum Constant Yield
(MCY) leads, in practice, to stable TACs over many years. Thus a consideration of vol-
ume 1 of the stock assessment plenary document for 2012 (Ministry for Primary Indus-
tries, 2012) shows that, for example, Alfonsino, Arrow Squid, Barracouta, Blue Cod.
Blue Moki, Blue Warehou, and Butterfish have all had the same Total Allowable Com-
mercial Catch (TACC) for ten years of more. While there are some species where the
TACC has varied (e.g. Blue Mackerel) there are many more New Zealand fisheries
which have exhibited stable TACCs for many years. It is important to note that the
MCY calculation accounts for the risk of setting the same catch level over a number of
years by resulting in lower catches on average than setting any annual TAC based on
updated assessments.
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7 Rebuilding Strategies and Bycatch TACs

7.1 Introduction

The following issues were identified:

... whether and how the guidelines should be amended to provide further direction on
the recovery objective and on whether rebuilding timeframes could be determined in a
more species specific manner, giving consideration to the species productivity and
other factors which might affect the stock’s ability to recover (e.g. climate change,
stochastic events, etc.). (DAFF, 2012, p26)

and

... whether and how the advice in the guidelines on formulating rebuilding strategies
(and particularly the estimation of incidental catch allowances) should be expanded
upon or strengthened, and whether and how the Policy itself should be made more
prescriptive in this matter. (DAFF, 2012, p26)

A primary objective of the Commonwealth Harvest Strategy Policy (HSP) is to main-
tain key commercial fish stocks at ecologically sustainable levels and within that con-
text, maximize the economic returns to the Australian community (DAFF, 2007, p4). A
key commercial species is defined in the HSP as “... a species that is, or has been, spe-
cifically targeted and is, or has been, a significant component of a fishery” (DAFF,
2007, p54). To meet this objective, harvest strategies were developed for key commer-
cial species that were “... designed to pursue maximizing the economic yield from the
fishery, and ensure fish stocks remain above levels at which the risk to the stock is un-
acceptably high” (DAFF, 2007, p4). These minimum levels are defined by Limit Refer-
ence Points (LRP).

The HSP specifies minimum standards for the Limit Reference Point (LRP) as being:
“Buim (or proxy) equal to or greater than %2 Busy (or proxy)” and/or “Fu (or proxy) less
than or equal to Fusy (or proxy)” (DAFF, 2012a, p22). In practice, this was operational-
ized by declaring the spawning biomass that corresponds to the level at which the risk to
the stock is unacceptably high as the By v, and unacceptably high was “... for example
the point at which recruitment overfishing is thought to occur” (DAFF, 2007, p23).
While this specific point has been estimated to occur across a wide range of depletion
values for a range of species (Myers et al., 1994), in Australia it was decided to adopt %2
Bwmsy as the default depletion level to use as Buim (Restrepo et al, 1998), which defaulted
to being represented as Baoy. It should be remembered that there is no empirical demon-
stration that Booy, = Biw, IS the same as %2Bysy. In fact, given that MSY can easily vary
greatly from By, if ¥2Busy were completely adopted it would be possible to have a limit
biomass reference point well below Bage. Even where it is deemed possible to estimate
Bwmsy the limit reference point of By, has been retained to avoid the risk of depletion
reaching levels that constitute risks to subsequent recruitment. Given the choice of Bagy
as the limit the HSP aims to: “... ensure that the stock stays above the limit biomass
level at least 90% of the time (i.e. a 1 in 10 year risk that stocks will fall below By y). In
those circumstances where the depletion level cannot be estimated, the HSP allows for
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proxies to be used within designed harvest control rules (see section 2.5.1 for comments
on the incompatibility of the requirement that current harvest strategies use the present
stock status to determine any recommended biological catches and yet the determination
of the probability of falling below the limit reference point would require projections
forward of any recommended catch levels; the only way to get around this incompatibil-
ity is to conduct simulation tests to ensure the harvest strategy adopted fulfils the <10%
requirement).

The Harvest Control Rules (HCRs) in each Harvest Strategy adopted in each Common-
wealth fishery are designed to reduce fishing mortality if the stock is assessed as declin-
ing away from the Brarc towards the By u (the default Target Reference Point — TRP —
IS Bagy, Which is taken as a proxy for the maximum economic yield, or MEY; = Bysy X
1.2, where Byoo IS Used as a conservative proxy for Busy); in this way it aims to prevent
overfishing by encouraging the stock to rebuild. If, however, a stock does drop below
BLiv then it becomes defined as overfished and an AFMA managed rebuilding strategy
must be put in place to rebuild the stock towards Brare. Below By v a stock may also be
considered for listing as conservation dependent or a more significant listing level, and
such a listing may require the development of a formal recovery plan under the EPBC
Act.

In the Commonwealth fisheries there are currently four fish species which are conserva-
tion dependent: School shark (Galeorhinus galeus), Orange roughy (Hoplostethus at-
lanticus; not on the Cascade Plateau), eastern gemfish (Rexea solandri), and southern
bluefin tuna (Thunnus maccoyii). All of these species were seriously depleted before the
implementation of the present HSP and since the introduction of recovery plans targeted
fishing is supposed to stop (except for SBT, which is managed under an international
harvest strategy). Unfortunately, this means that information and data about these spe-
cies becomes greatly reduced. This lack of information means the difficulty in manag-
ing these species and pushing the recovery plans forward becomes greater. This is an
unintended consequence of the HSP. In a cost recovery setting, it becomes even more
difficult to fund research on fisheries for which directed commercial activity has ceased.

The Guidelines for Implementing the HSP state that: “For a stock below By v a rebuild-
ing strategy will be developed to rebuild the stock to Brars. Once such a stock is above
BLim it may be appropriate for targeted fishing to re-commence in-line with the stock
rebuilding strategy and HS.” (DAFF, 2007, p 24)

This present document is concerned with details of the management of those stocks that
fall below By v, including the different strategies and timeframes for rebuilding. In
terms of timeframes for rebuilding the Guidelines state: “Typically recovery times are
defined as the minimum of 1) the mean generation time plus ten years, or 2) three times
the mean generation time.” (DAFF, 2007, p. 44). In addition, in mixed fisheries, to min-
imize discarding, the rebuilding strategies need to determine what level of incidental
bycatch is likely to occur under normal fishing operations where the depleted species is
no longer subject to a targeted fishery.

Attempting to meet these guidelines has been problematic in three of the conservation
dependent species (the orange roughy fishery has effectively been shut down) as well as
other currently depleted species (such as blue warehou, Seriolella brama) so the discus-
sion here will focus on research related to these subjects.
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7.1.1POTENTIAL ISSUES OF RELEVANCE TO THE REVIEW

Relating to these issues the discussion document (DAFF, 2012b) listed two areas in
which commentary was invited:

“Rebuilding timeframes and strategy:

There has been some debate about the scientific basis for these timeframes, and whether
this statement pertains to the timeframe for moving the stock from below By v to Bpim
(or above), to Buisy, 10 Brara, Or from By v to Brare. In addition, while the Guidelines
state that rebuilding strategies should aim to rebuild stocks to Brare, this is perhaps in-
consistent for multispecies fisheries which are allowed to maintain stocks at below
Bwmey (i.e. the Policy’s Bragrc) but always above By u. In addition, it is uncertain wheth-
er the implicit assumption that all stocks can be rebuilt is in fact correct. An important
issue is:

Rebuilding strategies for incidental catch: The Policy states that where stocks are be-
low By v, targeted fishing for that stock shall cease. The Policy states that a ‘rebuilding
strategy may impose additional constraints on (incidental catch) allowance up to and
including closure of the fishery’. However, the Policy does not require that harvest
strategies necessarily impose a zero catch limit on stocks below By u. Specifically, the
Guidelines note that ‘Clearly, a zero RBC below By provides the maximum possible
recovery rate. However, achieving zero catches in a multi-species fishery may be diffi-
cult” (HSP, p. 44). The Guidelines also state ‘the optimal time path to rebuild a stock
has an economic component. In determining the optimal time path to rebuild a stock,
there is a trade-off between lost profits in the short term and the speed at which the
stock is rebuilt” (HSP, p. 43).

Accordingly, where a commercial stock falls below By targeted fishing must cease but
an incidental catch allowance (sometimes referred to, somewhat misleadingly, as a ‘by-
catch allowance’ or ‘bycatch TAC’) may be put in place as part of a suite of manage-
ment measures to rebuild the stock. Experience has shown that stocks managed under
rebuilding strategies have not always shown the expected rebuilding for recovery within
the planned timeframe. For example, while rebuilding strategies were implemented for
three species (eastern gemfish, school shark and blue warehou) in 2008, recent assess-
ments and projections suggest that the total fishing mortality of these species has not
been reduced sufficiently to allow rebuilding within the specified timeframes
(ABARES, 2011). In the case of eastern gemfish, targeting has been prohibited since
1996 but there is still no sign of recovery to previous levels. The possibility of a regime
shift is being considered in this case, amounting to a reduction in overall productivity of
the stock not necessarily related to fishing.

7.2 Review of Research

Some of the questions asked within the discussion document are more related to policy
decisions than to technical questions amenable to research. Thus, for example, the ques-
tion of whether targeted fishing should cease until a stock has rebuilt to By v 0r Brare IS
a policy decision, but the implications of such decisions can be discussed in terms of
their implications for the stock and for the internal consistency and other possible impli-
cations for the rest of the policy.

7.2.1 REBUILDING FROM By TO Brarc OR TO BACK ABOVE B u

The HSP is clear about the targets for rebuilding. It states that “For a stock below By v,
a stock rebuilding strategy will be developed to rebuild the stock to Brars. Once such a
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stock is above By v it may be appropriate for targeted fishing to re-commence in-line
with the stock rebuilding strategy and Harvest Strategy.” (DAFF, 2007, p 4 & 24). This
reflects the fact that the harvest control rules that operate within particular fisheries
when the stock status falls between Brarg and By v constitutes the strategy that aims to
rebuild the stock if it falls below Brars, A separate rebuilding strategy is required when
the stock is estimated to be below By v, because all targeted fishing is required to stop.
Both aspects constitute rebuilding strategies, and it therefore makes sense that the HSP
states that rebuilding should aim to return the stock to the TRP of Brars (=Basy,). Confu-
sion appears to have occurred because of the possibility of interpreting the quoted
statement as meaning the intent was that there should be no targeted fishing until the
species achieved the Brarg. This confusion is really a failure to understand the intent of
the HSP with respect to depleted species. A clarification of this intent should remove
this potential confusion. The HSP makes two clear statements about depleted and con-
servation dependent species:

Where the biomass of a listed species/stock is rebuilding towards to [sic] Brags, consid-
eration may be given to deleting the species from the EPBC Act list of threatened spe-
cies, or amending the category it is in. Deleting a species from the list of threatened
species under the EPBC Act is effected via a legislative instrument issued by the Minis-
ter for the Environment and Water Resources. Advising the Minister that a recovering
species that has rebuilt above B, should be considered for delisting will be the respon-
sibility of AFMA on the advice of the AFMA board, however, any person can initiate the
process. (DAFF, 2007, p24)

Similarly, there is the statement in the section on the relationship of the Policy to the
EPBC Act:

Where the biomass of a listed stock is above B and rebuilding towards Bragg, consid-
eration could be given to deleting the species from the EPBC Act list of threatened spe-
cies, or amending the category it is in.

The relevant sections of the EPBC Act, primarily Part 13, will apply for any listing,
amending, or deletion of a species from the list of threatened species.

The best available science will underpin all key decisions in the application of the Policy
and relevant provision of the EPBC Act. Stakeholders will be well informed and agencies
will ensure transparency. (HSP, p. 7)

Because this is the basis of the HSP, the assumption is often made that if a species were
above the By u then the harvest strategy for whatever fishery is involved would be used
to manage the fishery as per normal. For this reason, while the quotations above appear
relatively clear in their intent, the use of the phrases “...may be given...” and *...could
be given...” in lines 2 of each quote are often pointed to by Industry members when this
failure to understand the intent of the HSP is mentioned.

While this appears simple to resolve by making the intent of the HSP explicitly clear
there are difficulties because the issue is at least partly due to the interaction between
the Fisheries and the Environment Acts. While it is clear that targeted fishing can begin,
albeit slowly, once a species rises above By, it is not clear whether targeted fishing can
occur on conservation dependent species even if they are above B . Clarifying that
would appear to be beyond the scope of the HSP review because it involves the EPBC
Act. However, if it is the intent of the policy, then it could still be made clear that for
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those species that do not become conservation dependent, even though they dip below
BLiv, targeted fishing will be permitted to re-commence following the stock being as-
sessed as being above the LRP.

This is an important clarification because it would reduce uncertainty over the condi-
tions under which the HSP and its accepted harvest control rules would apply for the
provision of management advice.

7.2.2IN A MIXED FISHERY SHOULD DEPLETED STOCKS ALWAYS
BE REBUILT TO Brarg?

The HSP is clear that stocks that fall below the target reference point should be rebuilt
to Brare. However, whether this is always the default target biomass level, Bagy, is not
made explicit but appears to be assumed. The discussion document (DAFF, 2012b) is
correct to point out that the HSP allows for circumstances where the TRP may differ
from this default under an array of circumstances where the default Byey is not the ex-
pected yield from a fishery. This issue is covered in sectionon-Stevens act

3.3 Multi-species fisheries

In fisheries that target or catch a number of species ... it will be extremely difficult to
maintain all species at the TRP because not all species can be effectively targeted and
some species will be caught as incidental catches of the main target species. Im-
portantly, MEY applies to the fishery as a whole and is optimised across all species in
the fishery. As a result, some secondary species (e.g. lower value species) may be fished
at levels that will result in their biomass remaining below their target biomass refer-
ence point (i.e. Byy). In such circumstances, the estimated biomass of these secondary
species must be maintained above their limit reference point, By, (HSP, p25)

The management of secondary species may be conducted using harvest strategies de-
signed for relatively data poor stocks (Dowling et al., 2008a), which, for example, may
use catch level triggers that lead to increases in the data gathering and possible assess-
ment requirements before further increases are permitted. If this path is adopted this
would meet the requirements as listed under the quoted Section 3.3. To date this does
not appear to be common in the major Commonwealth fisheries. They are either com-
pletely data poor (for example the Western Deepwater Trawl) or, if they are a mixture,
the principle economic targets are assessed in some form of tiered assessment arrange-
ment and any remaining secondary species and bycatch species are either dealt with un-
der the lowest tier assessment available in the particular fishery or are included in the
Ecological Risk Assessment (Haddon, 2012).

For the major mixed fisheries it would be valuable to conduct research to devise or rec-
ommend further data poor stock assessment methods to improve the effectiveness and
hence the defensibility of the harvest strategies selected for a fishery.

7.2.3 REBUILDING TIMEFRAMES RELATIVE TO SPECIES’
PRODUCTIVITY

In Australia there are guidelines for determining the timeframe over which stocks de-
pleted below B\ v are expected to be rebuilt.
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The analysis of rebuilding strategy options and timelines can be complex and is further
complicated by the social, economic and policy dimensions of such decisions. ...

Typically recovery times are defined as the minimum of 1) the mean generation time
plus ten years, or 2) three times the mean generation time. (HSP, 2007, 44)

The notion of developing rebuilding strategies for overfished or depleted stocks is
common to other formal harvest strategy policies around the world, for example, re-
building strategies are part of the requirements for the Magnuson-Stevens Fishery Con-
servation and Management Act in the USA (US Department Commerce, 2007) as well
as in the Harvest Strategy Policy introduced in New Zealand (Ministry of Fisheries,
2008). The details of how rebuilding strategies are implemented differ by country but
the intent of moving an overfished stock back towards the target for that fishery is in-
variably the same. The definition of overfished is usually related to the stock depletion
level being below the limit reference point.

In the USA the LRP is known as the MSST — minimum stock size threshold and the
technical guidance (Restrepo et al, 1998) for implementing their management standards
describes how to approach rebuilding strategies for overfished stocks:

... the National Standard Guidelines require that special plans be implemented to re-
build the stocks up to the Bysy level within a time period that is related to the stock’s
productivity. This document does not propose a default rebuilding plan, because the
time to rebuilding may depend on each stock’s current level of depletion. Instead, the
document presents the four key elements that should be considered in rebuilding plans:
An estimate of Bysy, a rebuilding time period, a rebuilding trajectory, and a transition
from rebuilding to more optimal management. (Restrepo et al, 1998, p3)

However, in addition it stated:

To the extent possible, the stock size threshold [MSST] should equal whichever of the
following is greater: One-half the MSY stock size, or the minimum stock size at which
rebuilding to the MSY level would be expected to occur within 10 years if the stock or
stock complex were exploited at the maximum fishing mortality threshold ... (Restrepo
etal, 1998, p17)

In the Magnuson-Stevens Act (U.S. Dept of Commerce, 2007), for a fishery that is
overfished a plan is required that:

(A) Specify a time period for rebuilding that fishery that shall —

(i) be as short as possible, taking into account the status and biology of any overfished
stocks of fish, the needs of the fishing communities, recommendations by international
organizations in which the United States participates, and the interactions of the over-
fished stock of fish within the marine ecosystem; and

(ii) not exceed 10 years, except in cases where the biology of the stock of fish, other en-
vironmental conditions, or management measures under an international agreement
in which the United States participates dictate otherwise; (US Dept Commerce, 2007,
p92)
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The guidelines (Restrepo et al, 1998) described a rebuilding plan based on these two
clauses thus:

In the absence of data and analyses that can be used to justify alternative approaches,
we recommend that a default rebuilding plan for stocks below the MSST be based upon
the precautionary target control rule of Section 3.3 with the following extensions:

The maximum rebuilding period, Tn. should be 10 years, unless T, (the expected
time to rebuilding under zero fishing mortality) is greater than 10 years, when T .y
should be equal to T, plus one mean generation time. (Restrepo et al, 1998, p37)

This strategy includes reference to the notions of 10 years, or Tyin, the time to rebuild in
the complete absence of fishing, and of adding one mean generation time to Ty, if 10
years would be insufficient. This appears to be the origin of one of Australia’s potential
timeframes for rebuilding. Ten years plus the mean generation time suggests that the
well-known variability of recruitment events and the obscured but important relation-
ship between spawning biomass and consequent recruitment events (Myers and Bar-
rowman, 1996) has not been accounted for.

New Zealand has elected to base its rebuilding time frames on a notion of Tp,. The
standards document state:

The Harvest Strategy Standard specifies that where the probability that a stock is at or
below the soft limit [B,s] is greater than 50%, the stock should be rebuilt to the target
[Baos] within a time period between T,,;, and 2 x T, (Where T, is the theoretical num-
ber of years required to rebuild a stock to the target with zero fishing mortality).

Mathematical projection models will generally need to be developed to estimate T,
and to compare and contrast alternative rebuilding strategies. These will usually be
probabilistic models that incorporate uncertainty in the projections. (Ministry of Fisher-
ies, 2008, p11 —12)

In explanation for the notion of Ty, the same document states:

Tmin reflects the extent to which a stock has fallen below the target, the biological char-
acteristics of the stock that limit the rate of rebuild, and the prevailing environmental
conditions that also limit the rate of rebuilding. Allowing a rebuilding period up to
twice T, allows for some element of socio-economic considerations when complete
closure of a fishery could create undue hardships for various fishing sectors and/or
when the stock is an unavoidable bycatch of another fishery. (Ministry of Fisheries,
2008, p12)

There are some depleted species in Australia (e.g. Eastern gemfish; SESSF RAG pa-
pers, 2011 and 2012) that, given the previous variation inferred from the Tier 1 assess-
ment, would not recover in a maximum of 10 years plus the mean generation time. For
this reason the New Zealand strategy appears more general than that espoused in either
the USA or in Australia. The strategy in the USA and Australia appears to default to one
where recruitment is expected to be deterministically dependent on spawning stock size
or at least considers that recruitment will operate relative to the median expected re-
cruitment. The explicit suggestion of using stochastic projection models is directly re-
lated to accounting for the known risks arising from recruitment variability using Monte
Carlo simulation methods (Francis, 1992). This latter approach would be more con-
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sistent with the emphasis placed in the Australian HSP of using precautionary and risk
based strategies.

In those fisheries where specific targeting is a characteristic then the option of closing
such a fishery should severe depletion occur is an option that would have little impact
on other fisheries (although the closure of the orange roughy fisheries using the 700 m
trawl closure has also greatly reduced the catch of other deepwater species such as the
various species of oreo). In mixed species fisheries, however, it is only by using math-
ematical simulation methods that the potential influence of allowing different bycatch
TACs can be determined.

The rebuilding strategies in the USA are aimed primarily at the sustainability objective
of the fisheries Act while the strategy in New Zealand’s Fisheries Act provides for
greater flexibility to take economic, social, and cultural needs into account. In a study of
the economics outcomes of stock rebuilding (Larkin et al., 2007) used simulation mod-
els and determined that extending the rebuilding timeframe over the 10 years plus mean
generation time could substantially increase annual harvests and economic benefits, de-
pending on the productivity of the stock concerned and the economic discount rate used.
The longer timeframes adopted in New Zealand for rebuilding depleted stocks thus al-
lowed for both sustainability and economic objectives to be more balanced. Again,
however, this would entail conducting a simulation study and continued monitoring of
the depleted stock. It is clear that the need to satisfy the requirements for rebuilding
plans leads to a substantial increase in the demands for technical analysis (Restrepo et
al., 1998) and even with that analysis there remains great uncertainty because of the re-
duced information available (Punt and Ralston, 2007).

There is also a need to recognize that there are circumstances under which rebuilding
would not be expected to occur. The marine environment is not a constant and the east
and west coasts of Australia in particular are potential hot spots for significant change
(Harris et al., 1988; Hobday and Lough, 2011). Within the SESSF there is already an
instance where a relatively depleted species that was near the LRP (Jackass Morwong,
Nemadactylus macropterus) exhibited a 20 year series of below average recruitment.
This was eventually characterized as a change in the species productivity due to a re-
gime change or regime shift, or at least an alteration in prevailing conditions that has
lasted for decades (Wayte, 2012). There are a number of high profile international in-
stances of species that have become seriously depleted having their fisheries closed only
to fail to recover or rebuild (Walters and Maguire, 1996; Fu et al., 2001). An array of
explanations have been proposed for the failure of the northern cod fishery to recover
but the key finding is that the productivity of the stock has shifted to a different level
and the recovery, if it ever happens, is not presently predictable. It is in recognition that
there are factors other than fishing that can lead to fish stocks declining that has led to
fish stocks found below the soft and hard limits in New Zealand to be referred to as de-
pleted rather than overfished. This is more than a detail or nicety of language as it for-
mally recognizes that there are other factors that may need attention when fish stocks
decline. Regime shifts are a reality that cannot be dismissed and Wayte (2012) provides
a clear example of the evidence required to demonstrate such events.

In addition to the effects of marine climate and changes in the prevailing environmental

conditions affecting stock recruitment relationships it is also possible that some species,
particularly when they were fished under a basket species category (e.g. gulper sharks)
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may have been reduced to such a low level that the probability of them recovering
would become influenced by random events. There is some confusion in the literature
concerning the risk of extinction of marine organisms. At a recent conference on the
State of the Oceans, that examined extinction risks (Rogers and Laffoley, 2011) there
were numerous declarations about overfishing being a marine population stressor but
extinctions being referred to were not of commercially fished species (except for the
Chinese Bahaba — Bahaba taipingensis — which has become extremely valued in the
Chinese medicine field). Nevertheless, more evidence has been compiled (Hutchings
and Reynolds, 2004) that demonstrates that few populations recover rapidly with few
observed populations changing in abundance over 15 year periods.

Reductions in fishing pressure, although clearly necessary for population recovery, are
often insufficient. Persistence and recovery are also influenced by life history, habitat
alteration, changes to species assemblages, genetic responses to exploitation, and re-
ductions to population growth attributable to the Allee effect, also known as depensa-
tion. ... Unprecedented reductions in abundance and surprisingly low rates of recovery
draw attention to scientist’s limited understanding of how fish behaviour, habitat,
ecology, and evolution affect population growth at low abundance. (Hutchings and
Reynolds, 2004, p 297)

The assumption with most fishery population models is that at low abundance there will
be density dependent effects that increase the survivorship of any recruits that are pro-
duced. Other density dependent effects are possible but the main one of interest relates
to improved recruitment success (not necessarily more recruits, just more surviving;
Myers and Barrowman, 1996). This density-dependent effect has been shown to be
strong in some species but also weak in others. Where it is weak the species concerned
are far more vulnerable to failing to recover if they become depleted (Keith and Hutch-
ings, 2012). It has been 20 years since the northern cod off Newfoundland was recog-
nized as collapsed and there are still no real signs of recovery.

The species that have been identified as highly depleted in Australia were generally de-
pleted well before the introduction of the current HSP. Application of management
strategy evaluations (MSE) to test of the effectiveness of an array of harvest strategies
in the present HSP were made in the Reducing Uncertainty in Stock Status project
(Dowling, 2011; Haddon, 2011; Klaer and Wayte, 2011; Plaganyi et al, 2011, 2012).
Those MSE harvest strategy tests indicated that the harvest strategies tested should
achieve their aims of preventing declines below the LRP and maintain the stock sizes at
productive levels. However, of the MSE analyses conducted only Plaganyi et al. (2012)
who considered the Coral Sea fishery for sea cucumbers analyzed the effect of system-
atic environmental changes such as climate change. While the MSE conducted on the
scallop harvest strategy concluded that the harvest strategy would achieve the intent of
the HSP, it could not predict the sudden death of more than 24,000t of scallops in Bass
Strait in 2011 (an event mirrored down the east coast of Tasmania). This is an extreme
example of where a non-fishery related phenomenon has a large influence on the state
of a fishery stock.
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8 Spatial Management

8.1 Introduction
The following issues have been identified:

e The Review may consider if further guidance is required in relation to how to take
into account closed areas and spatial management approaches when designing
harvest strategies that are consistent with the Policy objectives.

There is already a research project underway that is addressing the impact of marine
spatial closures on stock assessments and consequently on the harvest strategy policy.
There are some species which are relatively data-poor mainly because they are patchily
distributed and such patches are heterogeneous in terms of productivity and are often
highly variable in abundance due to natural variations (e.g. scallops and squid in the
south, and sea cucumbers in the north). Finding limit and target reference points that
can be validly applied to such species can be extremely difficult. It is clear that further
guidance is required in the HSP with how to deal with such species in a manner consid-
ered to be consistent with the intent of the HSP.

8.2 Review of Research

8.2.1 OVERVIEW

Spatial management (e.g. marine closures and rotational harvesting) may be applied in
various contexts within a harvest strategy. It can form the main harvest strategy frame-
work (such as in a system of rotational closures), it can be used to augment a harvest
strategy framework, or spatial management measures can be invoked as a control rule
(see section below on control rules).

Spatial management is often favoured as a more cost-effective regime and/or in the ab-
sence of other information allowing alternative management measures. It can be applied
to species for which the concept of an equilibrium biomass has limited meaning as a
result of life history. It is also a useful approach for artisanal fisheries where monitoring
and compliance limitations make TACs or catch controls impractical and data gathering
is more challenging (Pilling et al. 2008); compliance with closure boundaries is man-
aged in Australia using a satellite Vessel Monitoring System.

Worm et al. (2009) emphasise that conventional management tools used for industrial
fisheries are generally unenforceable in small-scale artisanal fisheries when implement-
ed in a top-down manner, and describes a system of co-management to rebuild depleted
fish stocks on Kenyan coral reefs via a network of closed areas and the exclusion of
beach seines. Worm et al. (2009) also cite other examples of successful rebuilding from
Latin America, where open-access invertebrate fisheries for valuable invertebrates were
transformed by the establishment of spatial management units that had exclusive access
by local fishing organizations. Such closures can be successful where conventional
management tools are likely to fail but if compliance in remote areas is at all an issue,
then closures will also be prevented from being effective.
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Spatial management has been successfully implemented in the form of a rotational har-
vest strategy or temporal pulse fishing frameworks for sessile species that have the pro-
pensity to experience 100% local depletion. This has been applied to various scallop
fisheries (Dowling et al. 2008; Valderrama and Anderson 2007; Myers et al. 2001) and
to sea cucumber fisheries (Dowling et al. 2007; Humble and de la Mare 2008), for
which the concept of Bysy or By has limited meaning.

The adaptive rotational harvest strategy developed by Humble and de la Mare (2008)
closed harvested areas to further fishing until a designated degree of recovery occurred.
Instead of a set rotation cycle length, local areas were harvested at a frequency deter-
mined by local recovery rates, which may differ over time and by location. Only local
density and body mass estimates were required, yet modelling showed that this strategy
out-performed one of a constant harvest rate and annual harvest strategy, without requir-
ing estimation of life-history parameters or population abundance on a large scale.
Valderrama and Anderson (2007) used an age-structured bio-economic model to
demonstrate that economic rents where maximized by engaging in pulse fishing strate-
gies for Atlantic Sea Scallops, whereby fishing only occurs following a multi-year clo-
sure period. Closures allowed biomass to accumulate undisturbed for several years in a
row, leading to the harvest of premium-size scallops upon reopening of the fishing
grounds. Closures also resulted in substantial reductions in operating fishing costs, and
the rotational harvesting strategy was found to be robust with respect to a number of
assumptions in the model.

Schnute and Richards (2001) agreed that a regulatory scheme that controls fishing mor-
tality with large spatial and temporal fishery closures offers a management strategy
more robust to uncertainty than direct control of catch, since only a small component of
the stock gets exposed to the fishery. Pitchford et al. (2007) used a deliberately simple
model, which describes an exploited fishery close to the point where small random per-
turbations can build up and lead to fishery collapse, to show that closures achieved via
marine protected areas (MPAS) can buffer these random effects and alleviate the pro-
pensity to collapse. They showed that, compared with harvest control rules based on
uncertain estimates of stock size, MPAs can substantially reduce the risk of fisheries
collapse for only a very small cost to total yield. It should be remembered, however,
that this work used a simple model of a fishery set up at the point of failure.

Rather than imposing a reserve and measuring its effect on profits, Sanchirico et al.
(2006) examined when no-take zones were economically optimal. Closed areas were an
economically optimal solution when the value derived from spillover from the reserve
outweighs the value of fishing in the patch. There were circumstances whereby closing
low biological productivity areas, and even sometimes low cost areas to fish, can result
in greater fishing profits than when both areas are open to fishing.
As opposed to rotational spatial closures or a system of MPAS as the main harvest strat-
egy approach, small, permanent closed areas may be used to augment a harvest strategy
in the face of uncertainty (Dowling et al. 2008a,b). This is a measure that can be useful
when:
= aharvest strategy framework, such as a trigger system, has been formulated,
but there remains concern about the extent to which the framework is pre-
cautionary, and/or
= the fishery interacts with highly vulnerable species or habitat, and/or
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= the fishery is in a developmental state where management should not overly
inhibit access and flexibility, and/or

= the fishery may be highly sensitive to small stochastic perturbations (Pitch-
ford et al. 2007).

8.2.2 CLOSED AREAS/SEASONS

Spatial management measures may be introduced as control rule responses to trigger
levels being reached, particularly for highly vulnerable species or species with a high
potential for localized depletion. For example, in a trigger harvest strategy framework,
spatial closures or short-term provisions for fishing to cease in a given local area may be
a possible response to a Level 1 trigger, if analysis shows that the trigger level has been
reached as a result of concentrated fishing in a given area. Reuter et al. (2010) concur
that closed areas, marine refugia or marine protected areas have been suggested as alter-
native management strategies to quota management, but point out that complications
can arise if and when attempting to integrate their effectiveness into traditional stock
assessments.

Spatial control rules are particularly useful for artisanal fisheries, where monitoring and
enforcement may be difficult. They also lend themselves easily to community manage-
ment in an artisanal context (Pilling et al. 2008). Matic-Skoko et al. (2011) described
spatial closures being imposed as a control rule in Mediterranean artisanal fisheries, to-
gether with gear restrictions. Without compliance by fishers, however, such spatial con-
trol rules will fail.

8.2.3 MOVE-ON PROVISIONS

Often applied to small-scale fisheries on sessile species, "move on™ provisions provide
precautionary limits and, like daily catch limits, mitigate against localized depletion.
They have been applied to beche-de-mer, lobster and trochus in the Australian Coral
Sea hand collectibles fishery (Dowling et al. 2008a,b). Move-on provisions are typically
defined in terms of a catch obtained within a given spatial region within a given time
limit. For example, the Australian beche-de-mer move-on criterion is 5 t of combined
species catch from one reef annually per permit; subsequent collection may not continue
within a 15 nautical mile anchorage.

As with daily catch limits, move-on provisions are often adjunct control rules within,
for example, a broader Total Catch or trigger framework. Move-on provisions require
trust among fishers, particularly if the provision applies to some daily catch limit that is
unable to be externally monitored.

8.2.4 MPAS AS INFORMATION SOURCES FOR MANAGEMENT

This harvest strategy approach involves the comparison of fished and unfished reference
sites, typically via the use of Marine Protected Areas (MPASs). With the increasing im-
plementation of MPAs, there is potential for improving decision making in management
through comparisons of fished populations with populations in MPAs at spatially ex-
plicit scales. This approach is particularly applicable to fisheries targeting, for example,
near-shore rocky reef species that exhibit spatial variation in harvest pressure and de-
mographic rates, limiting traditional stock assessment approaches.
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McGilliard et al. (2011) evaluated the potential use of the ratio of the density of fish
outside a marine protected area to that inside it each year (the density ratio, DR) in a
control rule to determine the direction and magnitude of change in fishing effort in the
next year. Management strategy evaluation was used to evaluate the performance of this
DR control rule (DRCR) for a range of movement rates of larvae and adults and other
biological scenarios, and determined the parameters of the control rule that maximized
cumulative catch (over 95 years) for each scenario.

Wilson et al. (2010) used a combination of data-based indicators sampled inside and
outside of MPAs as well as model-based reference points for data-poor, sedentary near-
shore species in a decision tree model. The model consistently improved total catches
while maintaining the biomass and spawning potential ratio at levels within acceptable
management thresholds.

The following additional control rules are also applicable in data poor fisheries, noting
that these may be used in combination. For example, Welch et al. (2005) describes a
precautionary approach to management for the data-poor king threadfin fishery taken in
the commercial inshore gillnet fishery of northern Queensland, Australia, advocating a
phased approach to risk-averse management. Simple assessment of commercial catch
and effort data from the fishery did not indicate overexploitation. However, estimation
of stock size using models was not possible, and more robust assessments are hampered
by limited biological data, an absence of monitoring data, un-validated commercial log-
book data, and a creep in fishing effort as technology advances. In such a data poor situ-
ation it was recommended that closures be used to protect spawning threadfin aggrega-
tions, as well as the use of maximum constant yield (MCY) to set a precautionary limit
on annual catches.

8.2.5ROTATIONAL SPATIAL MANAGEMENT

In a spatial management harvest strategy framework, the control rule is whether and
which areas to open or close to fishing in a given year or fishing season. The general
aim is to maintain some specified level of stock protection and thus indirectly avoid an
explicit biomass based limit reference point. Usually this requires some form of pre-
season survey to assess biomass or habitat conditions, and possibly the condition of the
species (such as for Australian scallops) (Dowling et al. 2008a,b).

8.2.6 SPATIAL/TEMPORAL INCENTIVES TO AVOID THREATENED,
ENDANGERED, OR PROTECTED SPECIES

Incentives relating to allowable catch in respect to location can be imposed as an over-
arching regime in a fishery managed under a catch or effort quota system. Such an ap-
proach could also form a control rule in response to a reference point or trigger being
reached, particularly in a multispecies fishery. Under such an incentive system, catch or
effort would be decremented from an individual’s quota at a rate relevant to a location
or time in which they are operating, leading to a higher rate of consumption of the oper-
ator’s allocation in areas where the potential impact on the stock would be greatest
(Wilcox et al. 2010). This is useful if the species of concern is being caught in a specific
season or area to which the incentive can be applied.
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8.2.7 ADJUSTMENT OF SEASON LENGTH (E.G. FROM DEPLETION
ANALYSIS)

For highly productive, short-lived species subjected to management by a fishing season
of fixed duration or via catch or effort quotas, control rules may be implemented to ad-
just the season length or the TAC or TAE, according to the most recent information
available. For example, if the fraction of the designated TAC/TAE is overshot, then the
fishery may be closed or the effort is reduced. Such stocks are typically highly variable
and the stock abundance may vary about an order of magnitude inter-annually, depend-
ing on the recruitment success in a particular year, although Tuck et al. (2001) also de-
scribe within-season changes to the TAC for the fishery for the longer-lived, less pro-
ductive Patagonian toothfish. However, this fishery has few participants.

The Australian Arrow Squid harvest strategy is based on a system of real-time within-
season management, where assessment approach is one of undertaking spatial and non-
spatial depletion analyses. These project and adjust the cumulative catch for the season
with a view to determining either season length or total catch or both for the season, and
either may be updated during the season (Dowling et al. 2008b). Banana Prawns within
the Australian Northern Prawn Fishery are also subject to within-season management
(Dichmont et al. 2006).
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9 Other Issues
9.1 Over-ride Rules

The discussion paper identified the following issues:

The Guidelines state that “both the criteria for invoking exceptional circumstances and
the response to them need to be clearly specified and agreed ahead of the need to apply
them’, but provide little further guidance. In reality, such circumstances are unpredicta-
ble in their timing and nature and therefore may not be amenable to management by
pre-determined rules.

e The Review may wish to consider whether additional guidance can/should be
developed around the development of ‘metarules’ to cope with exceptional cir-
cumstances.

Such circumstances might include where assessments have not been completed due to
unforeseen circumstances, where there has been an exceptional change in the nature of
the fishery or where there has been a change in the ecological environment of the fish-
ery unrelated to impacts of fishing. (HSP, p. 47)

In the previous discussion on meta-rules it was noted that they could be successful in
achieving the intent of the policy while finding a practical way to manage complex situ-
ations with many interactions occurring at once. As such meta-rules constitute a back-
up plan in rare cases of exceptional situations. Therefore it is again simple to conclude
that this is an area that requires further detailed exploration and research.

9.2 Data related issues
The discussion paper identified the following issues:

Data requirements and availability can impact on the effectiveness of harvest strategies.
For example, fisheries data used in assessments can be 12-18 months old by the time
those assessments are applied within the harvest strategies, which has led to the applica-
tion of ‘recent catch rate multipliers’ in the TAC setting processes (e.g. in the SESSF).

e The Review may consider whether specific requirements regarding data specifica-
tion and provision, relevant to harvest strategies, need to be specified within the
Policy or Guidelines. This might include consideration of the point at which addi-
tional data collection (monitoring and assessment) is required when catches of
non-quota bycatch species start significantly increasing (due to targeting or other
reasons).

Previous management strategy evaluations (MSE) of various harvest strategies in the
SESSF (Wayte, 2009) have included the time delays in their testing and so such delays
between data collection and utilization have received some testing. The use of the TAC
adjustment rule based on the most recent CPUE analyses has already been tested with
MSE (Wayte et al., 2009) and found not to alter the performance of the various harvest
strategies procedures within the SESSF in terms of risk to the stock or overall catch lev-
els, although it did significantly increase year-to-year variation in catches.
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If the HSP began to require a minimum data requirement to be collected for all key
commercial species this would have resource implications that might need to be taken in
to account. Without those resources such a requirement could not be met.
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10Research Projects of Potential VValue
10.1Research Currently Under Way

There are already a number of research projects underway that may have implications
for the review of the Harvest Strategy Policy. Unfortunately, given the timetable of the
Australian research funding cycle a number of these projects have only recently begun.
Nevertheless, they may generate outputs of value to the review committee. There are,
for example, three FRDC funded projects currently underway:

10.1.1 THE RISK COST CATCH TRADE-OFF.

This work is FRDC project 2012/202, entitled Operationalising the risk cost catch
trade-off, only started on October 1% 2012 and is due to finish in September 2014. This
work will relate directly to the management of all fisheries and assuming the trade-offs
can be characterized this work should be especially valuable for the more data-poor
species and in making the HSP more internally consistent.

Its objectives are:

1. Extend AtlantisSE to enable the full suite of Commonwealth fishery types (e.g. data
poor) to be simulated.

2. Using this modelling platform, define the risk-cost-catch trade-off between target
species at different information and Tier levels.

3. In close consultation with managers and industry, develop a set of operational rules
and clear quantitative guidelines for assessing the risk-cost-catch trade-off.

10.1.2 THE INFLUENCE OF CLOSURES ON THE HSP

This work is FRDC project 2011/032, entitled: Incorporating the effects of marine spa-
tial closures in risk assessments and fisheries stock assessments. This project only start-
ed In April 2012 and is due to finish in November 2014. With the recent large increase
in the number of spatial closures in the marine environment around Australia this has
relevance to all Commonwealth fisheries. There is no doubt that various closures have
influences fisher behaviour from the Northern prawn fishery, the SESSF, over to the
Northwest Shelf trawl fishery. Exactly what influence that has on our perception of the
stock status in each case remains unknown

Its objectives are:

4. Develop criteria and procedures for determining whether current methods for incor-
porating the effects of marine spatial closures in risk assessments and stock assess-
ments are appropriate for all species.

5. Develop a method for incorporating the effects of marine spatial closures in risk as-
sessments and stock assessments for those species where the current approach is not
considered effective.

6. Develop a set of rules for determining TACs or catch limits based on the quantity and
quality of data available on the species biology, the characteristics of the closure, and
the extent of monitoring inside and outside of the closure.

Technical Reviews for the Commonwealth Harvest Strategy Policy | 57



10.1.3 THE MANAGEMENT OF BYCATCH SPECIES

This work is FRDC project 2011/028, entitled: Development of robust methods to esti-
mate acceptable levels of incidental catches of different commercial and byproduct spe-
cies. This project only formally started on February 1% 2012 and is due to finish on Sep-
tember 30" 2013. The work is of primary interest to both data-poor species and to those
highly depleted species which are now subject to bycatch only TACs. The project stems
from a series of FRDC funded workshops in 2011 (Haddon, 2012) that considered the
problem of how to Analyse Trends in Abundance for Non-Target Species.

Its objectives are:

1. Develop guidelines and tests to determine if incidental catch levels for any species are
likely to be unsustainable or contrary to the principles of the Harvest Strategy Policy,
with particular reference to species under rebuilding strategies and provide case ex-
amples.

2. Conduct risk assessments to determine acceptable levels of incidental catch TACs for
species under rebuilding strategies (e.g. School Shark, Blue Warehou and Gemfish as
case studies) within the parameters of the Harvest Strategy Policy.

3. Determine whether any of the methods developed under objectives 1 and 2 can apply
to relatively data poor species; develop guidelines for application to species for which
there is only catch data.

4. Assess the feasibility of extending the methodology above in objective 1 to develop a
practical and workable methodology to estimate acceptable capture limits for rare and
TEP species.

10.2Research That Would be Useful

10.2.1 MULTI-YEAR TACS

Currently there is a growing use of Multi-Year TACs in those fisheries where they can
be implemented. However, this strategy and the various means by which is has been and
is being implemented have not been subject to formal management strategy evaluation.
There are obvious risks of stock depletion if the multi-year TACs are set too high. Part
of the implementation, for example, in the SESSF, is the production of breakout rules to
aid deciding whether to break out of the sequence of TACs decided upon at the start of
their implementation. While some criteria have been drafted for selecting those species
deemed suitable for multi-year TACs these have yet to be tested formally using MSE,
and in some cases a lack of resources is putting pressure on the RAG outcomes to main-
tain TACs in the face of uncertainty.

It is simple to conclude that more simulation testing work needs to be conducted to de-
termine the utility of different criteria for selecting species as suitable for multi-year
TACs.

10.2.2 ALTERNATIVE DATA-POOR HARVEST STRATEGIES

For the major mixed fisheries it would be valuable to conduct research to devise or rec-
ommend further data poor stock assessment methods of harvest strategies to improve
the defensibility of management selected for such fisheries.
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16 Appendix 4: Economic Issues

Vieira, S. and S. Pascoe (2012) Technical Reviews for the Commonwealth Harvest
Strategy Policy: Economic Issues. FRDC 2012/225. Australian Bureau of Agricultural
and Resource Economics and Sciences (ABARES), Canberra, and CSIRO Wealth from

Oceans, Brisbane. p53.

Technical Reviews of Formal Harvest Strategies | 31



W Australian Government
;

©  Department of Agriculture, Fisheries and Forestry
ABARES

Technical reviews for the
Commonwealth Fisheries
Harvest Strategy Policy:
economic issues

Simon Vieira (Australian Bureau of Agricultural and Resource
Economics and Sciences)

Sean Pascoe (CSIRO Wealth from Oceans National Research
Flagship)

Research by the Australian Bureau of Agricultural
and Resource Economics and Sciences and CSIRO

May 2013

FRDC

FISHERIES RESEARCH &
nnnnnnnnnnnnnnnnnnnn

FRDC project no. 2012 /225



© Commonwealth of Australia 2013

Ownership of intellectual property rights
Unless otherwise noted, copyright (and any other intellectual property rights, if any) in this publication is owned by the
Commonwealth of Australia (referred to as the Commonwealth).

Creative Commons licence
All material in this publication is licensed under a Creative Commons Attribution 3.0 Australia Licence, save for content
supplied by third parties, logos and the Commonwealth Coat of Arms.

Creative Commons Attribution 3.0 Australia Licence is a standard form licence agreement that allows you to copy,
distribute, transmit and adapt this publication provided you attribute the work. A summary of the licence terms is available
from creativecommons.org/licenses/by/3.0/au/deed.en. The full licence terms are available from
creativecommons.org/licenses/by/3.0/au/legalcode.

This publication (and any material sourced from it) should be attributed as: Vieira, S & Pascoe, S, 2013, Technical reviews for
the Commonwealth Fisheries Harvest Strategy Policy: Economic issues, ABARES, Report to client prepared for the Fisheries
Research and Development Corporation, Canberra, May. CC BY 3.0.

Cataloguing data
Vieira, S & Pascoe, S, 2013, Technical reviews for the Commonwealth Fisheries Harvest Strategy Policy: Economic
issues, ABARES, Report to client prepared for the Fisheries Research and Development Corporation, Canberra, May.

ISBN 978-1-74323-133-3

Internet
Technical reviews for the Commonwealth Fisheries Harvest Strategy Policy: economic issues, is available at:
daff.gov.au/abares/publications.

Australian Bureau of Agricultural and Resource Economics and Sciences (ABARES)
Postal address GPO Box 1563 Canberra ACT 2601

Switchboard +61 2 6272 2010|

Facsimile +61 2 6272 2001

Email info.abares@daff.gov.au

Web daff.gov.au/abares

Inquiries regarding the licence and any use of this document should be sent to copyright@daff.gov.au.

The Australian Government acting through the Department of Agriculture, Fisheries and Forestry represented by the
Australian Bureau of Agricultural and Resource Economics and Sciences, has exercised due care and skill in the preparation
and compilation of the information and data in this publication. Notwithstanding, the Department of Agriculture, Fisheries
and Forestry, ABARES, its employees and advisers disclaim all liability, including liability for negligence, for any loss,
damage, injury, expense or cost incurred by any person as a result of accessing, using or relying upon any of the information

or data in this publication to the maximum extent permitted by law.

Acknowledgements

This project was funded by the Fisheries Research and Development Corporation. This report has benefitted from review
and constructive criticism of previous drafts by K. Cochrane (Department of Ichthyology and Fisheries Science, Rhodes
University), R. Curtotti, M. Harris, P. Morris, I. Stobutzki and P. Ward (ABARES) and members of the Harvest Strategy Policy

Review Steering and Advisory Committees.




Commonwealth Fisheries Harvest Strategy Policy reviews: economic issues ABARES

Contents
PIOJECt deTails ..o 1
[0 o) =Tt L PP 1
Outcomes aChieVed t0 date......oeerererereeeeeeeeee e sssas 1
NON-tEChNICAl SUMIMATY ....oiiiriiricireerisiess e 2
General ChalleNGES ... 2
Data-poor fISNETIES ... s 3
MUItISPECIES fISNETIES .. 3
Highly variable STOCKS ... ssessessens 4
Fisheries with Market POWET ... 4
Internationally Shared StOCKS ... sssssssssssans 4
1 0L 0T L0 ot [ ) o 0N PP 5
2 Economic definitions and understandings........oemessssssssseens 6
The net ecONOMIC return ODJECLIVE ... 6
Maximum €CONOMIC VIEIA ... sssse s ssssssssssssssnsans 7
3 General challenges to operationalising maximum economic yield .......c..coneininennns 11
What the lIterature tEllS US.....uireireereeseiseissisesssessssss s sssssssssssssssssesssssssssssssssssssees 11
Current guidelines and aSSUMPLIONS. ..o sessessesssssessesseens 12
What the iSSUES haVE DEEN ... aes 13
Alternative options and apPProaChES...... s 15
4 Data-POO0T SPECIES...criir 19
What the literature tellS US.....o s ssssesssssessessesees 19
Current guidelines and aSSUMPLIONS.......orreereeresreeresnessesresses s sesssssesssssessessenns 22
What the iSSUES haVE DEEN ... aes 22
Alternative options and apPProaChes...... s 23
5 MiIXEA SPECIES ..viuirrreeriirresres s bbbt 25
What the literature tellS US.....orcrerereresesesses s sesssssessessesees 25
Current guidelines and aSSUMPLIONS. ..o sesssssesssssessssseens 27
What the iSSUES haVE DEEN ... aees 27
Alternative options and apPProaChes..... s 28
6 Highly variable StOCKS ... 29
What the literature tellS US.....orcrerereresesesses e sesssssesssssesees 29
Current guidelines and aSSUMPLIONS ... sssssssssesaes 32
What the iSSUES haVe DEEN ... aees 32
Alternative options and apPProaChes..... s 33
7 MATKET POWET et s snsssssssns 35
What the literature tellS US..... s sesssssesssssesees 35
Current guidelines and aSSUMPLIONS ... eeerernesrersernes s sessesssssssssessssssessssaes 37
What the iSSUES haVe DEEN ... enees 37
Alternative options and apPProaches...... i ————— 37
8 Internationally shared fiSheries ... 39
What the literature tellS US.....orreerereererersee s sss s sesssssesssssesees 39
Current guidelines and aSSUMPLIONS ......cueeereenesrerserses s ssssesssssssssessssssessesaes 39
What the iSSUES haVe DEEN ... enees 40

iii



Commonwealth Fisheries Harvest Strategy Policy reviews: economic issues ABARES

Alternative options and apPPrOaAChES.......crrerciner s 40
9 RS (=) (=) (ol 41

Tables

Table 1 Most recent bioeconomic models for Commonwealth fisheries.....ccocvvvrrrrennee. 11

Table 2 Commonwealth fisheries recently surveyed by the Australian Bureau of
Agricultural and Resource Economics and SCIENCES ........ocveverneereereenernesnesneenesseesessessennens 16

Table 3 Summary of regression tree results showing the likely optimal maximum
economic yield ratios in terms of biomass (Bmey/Bwmsy) and effort (Emey/Ewmsy) for

different fishery cost Shares....... 20
Table 4 Summary of regression tree results for cost share and the determination of

EMlgy/EMSY 072 0 PR 20
Figures

Figure 1 Example of multispecies definition of MEY based on four individual species
caught together based on concepts presented in Anderson (1975) and Clark

15 ) TN 26
Figure 2 Maximum economic yield (MEY) for a short-lived species......cccoumenreinernsenienenns 31
Figure 3 The impact of excess capacity on fishery profit.........neeneeeen. 32
Figure 4 Effects of variable prices on optimal output.. ... 36
Boxes

Box 1 Demonstrating maximum economic yield using a simple static, single period,
SINGle SPECIES MOAEL ...t 8

iv



Commonwealth Fisheries Harvest Strategy Policy reviews: economic issues ABARES

Project details

FRDC project number: 2012/225
Project title: A technical review of formal fisheries harvest strategies
Principal Simon Vieira? and Sean PascoeP
investigator:
Subproject title: Technical reviews of the Commonwealth Harvest Strategy Policy: economic issues
Principal-investigators’ a. Australian Bureau of Agricultural and Resource Economics and Sciences,
affiliation: Department of Agriculture, Fisheries and Forestry

b. Commonwealth Scientific and Industrial Research Organisation
Principal-investigators’ a. 18 Marcus Clarke Street
address: (GPO Box 1563, Canberra ACT 2601)

b. 41 Boggo Road, Dutton Park QLD 4102

(PO Box 2583, Brisbane QLD 4001)

Principal-investigators’ a. ph.026272 2291
telephone: b. ph.07 3833 5966

Alternative indicators and approaches to better setting economic target reference points and
meeting the economic objective of the Commonwealth Fisheries Harvest Strategy: policy and
guidelines.

The project reviewed the operationalisation of the harvest strategy policy’s maximum economic
yield objective across Commonwealth fisheries. To do this, a review of the relevant literature
was undertaken to provide a detailed description of the challenges that have occurred. The
report provides an outline of key economic definitions and concepts, the general experiences
and challenges of operationalising maximum economic yield in Commonwealth fisheries. It then
draws on the literature to list the potential options that are available to improve the way in
which Commonwealth fishery management meets the intent of the policy.




Commonwealth Fisheries Harvest Strategy Policy reviews: economic issues ABARES

Non-technical summary

The key objective of Australian Commonwealth fisheries management for key commercial
species as defined in the Commonwealth Fisheries Harvest Strategy: policy and guidelines
(referred to as ‘the policy’ throughout) is that Commonwealth fisheries be managed sustainably
and the net economic returns to the Australian community are maximised (DAFF 2007). This is
interpreted in the policy as maximum economic yield (MEY), which is the level of catch and
fishing effort that maximises sustainable economic profits in the industry over time. To this end,
the biomass associated with maximum economic yield (Bwmzy) is recommended as the target
reference point to be used for key commercial species in all Commonwealth fishery harvest
strategies.

MEY ensures that all inputs used in fishing are used at their optimal level, including the fishery
resource itself. A key component of the economic surplus generated is resource rent, which
represents the return generated by the fish stock—a key input into the production process. How
much (if any) resource rent is realised by the community directly is a separate issue: the concept
of MEY is concerned with maximising its generation.

A key challenge in achieving MEY is determining the actual harvest target itself. MEY is more
than just a catch target—it also relates to a stock size and level of fishing effort that enables the
catch to be taken. Estimating MEY requires some form of a bioeconomic model, which in turn
requires detailed information on the biology of the species, technical interactions between
fishing gears and catches (especially in mixed fisheries), cost structures of the fishing fleet and
market conditions. In many cases, information on one or more of the required model
components is not available, such that bioeconomic modelling is unable to be undertaken.

Recently, there has also been some confusion over what sectors need to be considered when
estimating MEY using a bioeconomic model. In particular, a small number of researchers have
proposed that downstream businesses such as wholesalers, processors and retailers should be
included in the definition, and that the impacts of upstream businesses supplying the fishing
industry should also be considered. The effect of their inclusion is higher catch and effort levels
in the fishery, but lower industry profits compared to the definition of MEY above. However, the
use of greater levels of inputs in fishing beyond what is optimal not only reduces rent generation
but also diverts resources from other sectors of the economy where they could be used to
greater benefit. Further, empirical analysis has demonstrated that in most cases, improved
profitability in fisheries leads to improved economic activity in regional communities (counter
to the previous arguments).

While the estimation of MEY has its own set of challenges, implementation of the policy in
Commonwealth fisheries has also demonstrated further challenges associated with
operationalising MEY as a management target. Some issues have arisen for certain fishery types
while other issues have been more general, occurring across fishery types. These issues are
summarised here, together with potential options that may assist in resolving them.

Detailed biological and economic information is often not readily available to construct
bioeconomic models. Proxy measures of the target reference point as recommended in the
policy are available for fisheries that possess indicators of stock biomass but do not have access
to a bioeconomic model. However, there has been evidence of a general misunderstanding of the
circumstances under which a bioeconomic model should be developed instead of using proxy
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reference points. Further uncertainty has also existed around the circumstances under which
alternative proxies (those that differ to the policy’s recommendations) should be developed. A
broader lack of stakeholder understanding regarding MEY, the information required to target it
and the most cost effective approaches to obtaining that information have also been key issues
that have affected the operationalisation and stakeholder support of MEY.

These challenges highlight the potential benefits that might eventuate from providing greater
practical guidance on best practice approaches to operationalising MEY. Further, a multifaceted
approach to improving stakeholder knowledge could also be pursued to improve MEY
operationalisation. Potential options include the formation of an economic technical working
group to deal with issues around MEY, ensuring the availability of economic advice to fishery
managers and resource assessment groups, as well as improving definitions and guidelines in
the policy and allowing these to be updated with new information when it becomes available.
More generally, research into issues around the estimation and implementation of MEY is
ongoing and will provide further guidance on how to operationalise MEY.

As the policy was developed with a focus on biomass reference points, application of the policy
to data-poor stocks has been difficult. As a consequence, economic considerations have received
far less attention relative to biological objectives for these stocks. Given that many data-poor
fisheries are of low value, the application of any approach in a data-poor environment requires
careful consideration of the tradeoffs between the costs, benefits and risks associated with
reducing management uncertainty. Greater practical guidance in this regard may be useful.

Application of approaches developed by Zhou et al. (2012) to estimate MEY proxies represents
one relevant option to improve MEY management for data-poor fisheries that could be
associated with a relatively low cost. This approach provides rules of thumb for determining
MEY proxies for single stock fisheries using information that is readily available for low
information fisheries.

Further building on current biologically focused data-poor approaches to better incorporate
economic information may also be an option. Furthermore, a range of other indicators exist that
provide information about the potential excess level of fishing capacity in data-poor fisheries.
These do not necessarily equate to either biological or economic reference points, but contribute
to an estimation of fishery level performance (rather than individual species reference points).
Data envelopment analysis may be a particularly relevant approach here given that it only
requires catch and effort data.

The policy recognises that in multispecies fisheries MEY should be applied to the fishery as a
whole and not necessarily to individual species (that is, optimised across all species). Deriving
models to identify conditions for MEY in multispecies fisheries in such a way is difficult. While it
has been done well in the Northern Prawn Fishery, this required significant time and resources.
Furthermore, the fishery’s model includes only three species. For other multispecies fisheries
such as the Southern and Eastern Scalefish and Shark Fishery, the large number of species and
limited biological information are significant constraints.

Research is currently underway that is focused on developing rules of thumb to guide the setting
of MEY proxies in the multispecies context and extends the approaches developed in Zhou et al.
(2012). Alternative options include the use of aggregated yield functions (where total catch is
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combined across all species) to determine target fishery effort levels. Approaches focused on
fishing capacity measures may also provide similar guidance.

For short-lived, essentially annual species, the optimal harvesting strategy requires that the
stock available in a given year be fished down until it is unprofitable, provided that subsequent
recruitment and sustainability is not affected. While economic theory assumes that operators in
such a fishery will stop harvesting when it is optimal to do so, this is generally not the case. In
Australian fisheries, this is partly due to crew and skippers being paid a share of revenue,
creating revenue maximising incentives (rather than profit maximising incentives).
Furthermore, high levels of profit generated at the start of a fishing season in a highly variable
fishery are likely to attract excess capacity and promote a subsequent race to fish, lowering
overall net economic returns within a given year.

To improve MEY management in highly variable fisheries, assessment of the levels of excess
capacity is an option, although is complicated in such fisheries. Some excess capacity is optimal
in ‘average’ years to allow sufficient capital to take advantage of the high years, although
determining this optimal level of excess capacity is problematic. Other approaches focused on
ensuring management arrangements provide fishers with efficient incentives may also be useful.

Where fisheries have some degree of market power such that price varies with the quantity
landed, the definition of MEY may need to be modified. In such fisheries, maximising industry
profit results in lower quantities of fish being made available to consumers at a higher average
price, in turn resulting in a net loss of benefits to society. Therefore, maximising net economic
returns requires maximising the sum of both producer and consumer surplus. This results in a
higher level of catch (and effort) than that which maximises industry profits alone. However, the
number of fisheries where a significant degree of market power exists is small. Therefore, the
default position that management should take to target MEY for most Commonwealth fisheries
is to assume prices are fixed in the short term with respect to catch, as has usually been done.

The policy does not prescribe arrangements for stocks targeted by domestic fisheries that are
managed by international management bodies or arrangements or for stocks managed under a
joint authority. Therefore, there has been some uncertainty around what approaches should be
taken where the policy has been applied to such fisheries with the intent to achieve MEY. Given
that domestic catches are typically influenced by external negotiations, a focus on arrangements
that promote cost minimisation is warranted. Also, domestic target reference points may be
better expressed in terms of capacity utilisation.
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1 Introduction

The Fisheries Management Act 1991 requires that the management of Commonwealth fisheries
pursue five legislated objectives. Summarised, these include ensuring efficient and cost-effective
management arrangements, management consistent with ecologically sustainable development
principles, accountability, achieving management cost recovery targets and ‘maximising net
economic returns to the Australian community from the management of Australian fisheries’.

The Commonwealth Fisheries Harvest Strategy: policy and guidelines (referred to here as ‘the
policy’) intends to ensure that Commonwealth fishery harvest decisions are made in a fashion
that is consistent with these objectives (DAFF 2007). The policy’s overarching objective requires
‘the sustainable and profitable utilisation of Australia’s Commonwealth fisheries in perpetuity
through the implementation of harvest strategies that maintain key commercial stocks at
ecologically sustainable levels and within this context, maximise the economic returns to the
Australian community’ (DAFF 2007, p. 4). To achieve this, the policy requires that harvest
strategies seek to ‘maintain fish stocks, on average, at a target biomass point (Brarg) equal to the
stock size required to produce maximum economic yield (Bugy)’ with a proxy of 1.2 Busy (biomass
at maximum sustainable yield) recommended as the target if Buey is unknown (DAFF 2007),

p. 4). Furthermore, the policy’s guidelines identify some key operational issues relating to the
targeting of Bury and provide advice on how these issues should be dealt with.

Despite this, the targeting of maximum economic yield (MEY) in Commonwealth fisheries has
faced challenges on multiple fronts. A lack of relevant biological and economic data has been a
key issue. There have also been practical implementation challenges stemming from limited
knowledge and understandings amongst relevant stakeholders. More specific issues have also
arisen on a fishery-by-fishery basis for fisheries that are data-poor, catch multiple species, target
highly variable stocks, exhibit a degree of market power (through an ability to influence price)
and catch internationally shared stocks. Many Commonwealth fisheries exhibit more than one of
these characteristics.

This report reviews relevant literature to provide a detailed description of the challenges to
operationalising MEY and, where possible, identify potential approaches to resolving these
issues. To do this, key economic definitions and concepts are first outlined. General experiences
operationalising MEY in Commonwealth fisheries are then discussed. Finally, issues relevant to
particular types of fisheries (e.g. international, mixed species fisheries, highly variable stocks
and fisheries with market power) are addressed.
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2 Economic definitions and
understandings

A key constraint to operationalising MEY has been a lack of stakeholder understanding
regarding the concept and its implications for fishery management (AFMA 2011). This partly
reflects the novelty of MEY as an objective, a lack of economic training amongst stakeholders and
a low level of stakeholder access to relevant technical expertise. While it is beyond the scope of
the current review to fill this information gap, its focus warrants some explanation of the
concept.

A commercial fishery’s net economic return is its revenue earned from fishing, less the costs of
fishing. This revenue reflects the quantity of fish caught across the fishery multiplied by the
average market price received for that catch. Similarly, the costs of fishing reflect the quantities
of inputs (e.g. labour, fuel and capital) used in the fishery multiplied by the market prices paid to
use or employ those inputs. Costs of fishing also include the costs of management, which are
largely recovered from commercial fishers in Commonwealth fisheries. While the definition of a
fishery's costs is not always straightforward?, the concept of net economic return itself is fairly
uncomplicated as it ultimately reflects fishery-wide profitability.

The assumed link between a fishery’s net economic return and the benefit it generates for a
community occurs through the market. Market prices received by the fishery for its output (if
supplied to the domestic market) and paid by the fishery for its inputs reflect their value to the
community. For example, the market price for fish is determined by the willingness of
consumers to pay, in conjunction with the market supply of fish. A consumer’s willingness to pay
for a good reflects the benefit they expect to derive from consuming it, and they will consume it
if their willingness to pay is equal to or higher than the market price. Community benefit that
accrues to consumers, known as consumer surplus, is represented by the difference between
their willingness to pay and the market price. Similarly, the market price paid for an input is
determined by the current supply of that input and its current demand, the latter being a
function of the productive benefits that can be generated from that input for the community.

In measuring community benefit, net economic return provides an indication of the level of
inputs that should be devoted to fishing. For example, if fishing becomes unprofitable, it
indicates that fewer inputs should be devoted to producing catch in the fishery. Furthermore, it
suggests that those inputs have a more beneficial (or productive) use for the community if
employed in another sector of the economy.

The link between net economic return and community benefit is not always clear-cut. For
example, net economic returns in export-focused fisheries partially reflect benefits that accrue
to non-domestic consumers. Additionally, net economic returns typically do not capture costs

1 For example, capital costs include ‘capital opportunity cost’ and ‘capital depreciation costs’,
costs which are not readily measured on a market. The opportunity cost is the foregone earnings
that could have been realised if an input such as capital was put to its next best alternative use.
For example, unpaid owner- or family-labour also requires the estimation of a ‘labour
opportunity cost’. It will reflect the income that could have been earned by the relevant person
engaged in that unpaid labour.
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associated with the environmental impacts of fishing. Such impacts, therefore, require the use of
other indicators to measure overall fishery management performance2. While such issues exist,
net economic return still provides an accessible and easily understood indicator of community
benefit.

Resource rent is a key component of a fishery's net economic return. It reflects the return to the
owner of the fishery resource, and represents the value generated by the fish stock as an input
into the production process (Coglan & Pascoe 1999). A key reason for pursuing MEY is to
maximise the resource rents generated from a fishery. A separate issue relates to what share of
the total resource rent generated in a fishery is captured by the community (as opposed to those
catching the fish). Resource rent capture in other resource based industries (e.g. mining) is a
contentious and highly politicised issue (Ashiabor & Saccasan 2011). The policy and the concept
of MEY is instead concerned with the generation rather than allocation of resource rent.

Although net economic return has been defined here in terms of a commercial fishery, the
concept also applies to non-commercial use values (e.g. recreational fishing, charter fishing,
diving) and non-use values (e.g. the value attached to knowing a fish species exists). The
difference is that these values are not revealed in the market. Non-market valuation techniques
are available to estimate a net economic return equivalent but are often associated with
limitations (Vieira et al. 2009). The use of these measures in allocating fisheries resources
between commercial, recreational and conservation sectors has had little practical application,
as the measures themselves are generally poorly understood by non-economists and in many
cases are mistrusted (Bateman et al. 2000). However, examples exist that demonstrate how
these techniques could be applied for fishery resource allocation purposes (Berman et al. 1997)

For a commercial fishery, net economic returns are maximised at MEY, a point associated with a
conjointly occurring level of sustainable catch, fishing effort and stock biomass (Box 1). The
concept was introduced by Gordon (1954) and Scott (1955). Clark (1973) and Clark and Munro
(1975) made significant contributions to developing the concept further.

Achieving MEY involves a trade-off between higher revenues (through higher catches) and
lower harvesting costs (through lower effort and more abundant stocks, which allows fish to be
caught more easily, reducing the unit cost of capture). The latter ‘stock effect’ is the fundamental
reason that MEY is associated with a more conservative (higher) level of biomass relative to
maximum sustainable yield (MSY) (Grafton et al. 2007). In being more conservative, MEY is also
advantageous in that it ensures that stocks will be more resilient to negative environmental
shocks. Similarly, higher profitability at MEY means that industry will be more resilient to
negative changes in economic conditions. The MEY concept is presented in Box 1.

2 These costs can be directly incorporated into an economic analysis through the use of non-
market values. However, these are generally costly to estimate. A range of multicriteria
approaches also exists that allows economic performance to be combined with ecological and
social performance (see Dichmont et al. [2013] for a recent example for Queensland fisheries).

7
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Box 1 Demonstrating maximum economic yield using a simple static, single period, single
species model

A\

MEY MSY

Rmey

Cwey
Revenue

Effort
Emey Emsy

.
ey

Biomass
Bmey Bmsy

The horizontal axis measures fishing effort (e.g. trawl hours) while the vertical axis measures the dollar value
shown on both the revenue and cost curves. Increases in effort are shown as movements along the horizontal
axis and are associated with declines in fishery stock biomass.

The revenue curve shows the relationship between biomass, effort and revenue for a fishery. Every point along
the revenue curve represents a revenue amount that is associated with a biologically sustainable catch. It is a
function of the stock’s stock-recruitment relationship, the fishery’s harvest function (how catches vary with
effort) and the price received for catch (which is assumed here to be constant). As effort increases, the level of
sustainable revenue that is earned increases up until a point where lower stock levels start to constrain catches
and, therefore, revenue. This turning point occurs at the maximum sustainable yield (MSY). Here the largest
total revenue is generated but not the largest possible net economic return.

The total cost curve shows the relationship between costs and different levels of effort and biomass. Costs
increase with increasing effort (as more inputs are employed in the fishery) and with lower biomass levels (as
fish become more difficult to catch). Maximum economic yield (MEY) occurs at the level of effort (Emey) and
biomass (Bmry) where net economic returns—the difference between total revenue and total cost—are
maximised. This occurs with revenue Rmey and total cost Cwmey.

The reader is referred to Kompas and Gooday (2005) and Kompas et al. (2011) for a more detailed non-
technical description.

The setting of a fishery’s harvest levels is equivalent to an investment decision about how many
fish should be conserved to contribute to future stocks and catches (Clark & Munro 1975). The
expected values of future revenues and costs from fishing need to be considered in this context
by accounting for the fact that a dollar earned today will typically be valued more than a dollar
earned in the future (this is not considered in Box 1). This is because a dollar earned today is
immediately available to generate further economic returns.

The discounting of revenues and costs addresses these issues and involves multiplying the
expected value of future revenues and costs by a discount rate that converts all future values
into present dollar terms. This dynamic treatment of MEY has implications for the optimal MEY
as well as the path that should be taken to this optimal point and is synonymous with
maximising the flow of the present value of economic profits over time. It generally results in a
higher level of catch and effort and a lower level of biomass than the static MEY levels. The

8
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divergence between the static and dynamic MEY levels depends on the discount rate used—the
lower the discount rate, the closer the two MEY points. Kompas et al. (2011) provide more detail
on these topics.

The concept of economic efficiency measures a fishery’s net economic value compared to its
potential (Gooday 2004). While managing a fishery at MEY means that ‘fishery-level efficiency’ is
being achieved (the appropriate level of inputs are employed, such that there is not excess
capacity), achieving full economic efficiency also requires ‘vessel-level efficiency’ (vessels
harvest in a profit maximising manner) and ‘management efficiency’ (required management
services are provided at least cost) (Kompas et al. 2011). [t is often assumed that vessel-level
efficiency will be achieved through vessel operators making profit maximising decisions,
however, this may not always be the case. For example, revenue based share payments to
skippers and crew can provide revenue maximising incentives (McConnell & Price 2006). The
fishery management instrument used in a fishery can also distort the incentives of vessel
operators (Gooday 2004). However, it should be noted that having a MEY management target
will have economic benefits no matter what management instrument is applied.

A related concept is optimal fishing capacity. For a fishery, capacity utilisation (CU) measures the
ratio of a fishery's actual catch to its potential catch given the set of fixed assets (e.g. vessels and
the given stock size). CU scores range from zero to one, with CU < 1 indicating the existence of
excess capacity. That is, the same catch could have been taken with a smaller fleet. Capacity
underutilisation is an indicator of less than optimal economic performance—a fleet that is fully
utilised will be more economically efficient than one with substantial underutilisation. The
exception to this is in the case of highly variable stocks where some level of excess capacity is
economically efficient to ensure that good years are captured. Target levels of CU can provide a
short term measure of economic performance, but do not necessarily infer sustainability or a
long run optimal catch level.3

Recently, there has been some debate about the concept of MEY. One area of debate has focused
on whether Buey will always be greater than Busy for a single stock fishery (Clark et al. 2010a,
2010b; Grafton et al. 2012; Grafton et al. 2010). The two key influencing factors are the growth
rate of the fish stock and the discount rate that is applied to future revenues and costs—a slow
growth rate and a high discount rate will move Bugy closer to Busy, and, in the view of Clark et al.
(2010a), potentially beyond Busy. While this debate has interesting theoretical implications, the
practical implications are that fishery managers should apply recommended MEY catch and
effort settings cautiously for slow growing species to ensure stock sustainability.

3 Excess capacity is essentially a short-run indicator and needs to be assessed in the context of
current management or environmental conditions. For example, reduced quotas to allow stock
recovery may result in excess capacity in the short term, but as stocks increase, capacity
utilisation is likely to also increase. In contrast, overcapacity represents a longer term measure,
and reflects fleet capacity relative to the management objective(s). Assessing overcapacity,
however, requires the use of bioeconomic models.
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There has also been confusion over what sectors need to be included in MEY calculations, with
Christensen (2009) and Wang and Wang (2012) arguing that downstream businesses such as
wholesalers, processors and retailers should be included. Doing so results in fishery catch and
effort levels that are higher than traditional MEY levels. Not only would such an approach reduce
rent generation, as noted by Kompas et al. (2011 pg 11) it would imply the use of

...more vessels, days at sea, gear, crew, bait and all of the other inputs used in fishing — resources
that could be used instead in alternative employment. This is what economists mean by
efficiency for the economy as a whole. If too many resources are being expended in fishing, too
little are being used elsewhere.

Norman-Lopez and Pascoe’s (2011) contribution to this debate involved an analysis of the net
economic effects of achieving MEY for several Australian fisheries. They showed that although
losses occur across sectors in the short term with a move to MEY, a net economic benefit to
society results in the long term.

10
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3 General challenges to
operationalising maximum
economic yield

The estimation of MEY requires the use of a bioeconomic model that summarises the biological
characteristics of a fish stock together with the economic characteristics of the fishery that
harvests it. These models are typically designed to derive the optimal biomass, catch and effort
levels that achieve MEY. Many bioeconomic models presented in the literature focus on the
economic optimal in a theoretical context, but empirical applications to existing fisheries also
exist. Applications have covered a wide range of issues and scenarios including mixed target
species fisheries (Bertignac et al. 2000; Bjgrndal et al. 2012; Placenti et al. 1992; Punt et al.
2011), achieving ecosystem-based objectives (Fulton et al. 2007; Kasperski & Wieland 2010;
Ryan et al. 2010) and low-information fisheries (Chae & Pascoe 2005; Resosudarmo 1995).

Most Commonwealth fisheries have no bioeconomic models, while those that do exist are old
and unlikely to reflect the current biological understanding, consider current technologies or
reflect current economic conditions (Table 1). The Northern Prawn Fishery (NPF) is the only
case where a bioeconomic model has become a formal part of the management process
(Dichmont et al. 2010; Punt et al. 2011). Experiences there suggest that developing bioeconomic
models to feed into management decision processes has its own set of challenges. For example,
the acceptance of a model by industry and managers will be greatly influenced by data quality
(and quantity) (Dichmont et al. 2010).

Table 1 Most recent bioeconomic models for Commonwealth fisheries

Most recent
2009-10 GVP bioeconomic

Commonwealth fishery ($°000) model Reference
Northern Prawn 88 828 2011 (Puntetal. 2011)
. 2012 (lobster)  (Plaganyietal. 2012)
Torres Strait 11617 1993 (prawns) (Reid et al. 1993)
SESS Commonwealth Trawl Sector 56720 2006 (Kompas & Che 2006)
(5 species only)
SESS Commonwealth Gillnet and Hook sectors 24 550 2006 . (Kompas & Che 2006)
(shark and ling)
2012 (deepwater (Kompas et al. 2012)
SESS Commonwealth GAB Trawl Sector 8977a flathead and
bight redfish)
Eastern Tuna and Billfish—longline and minor line 30 140 None
' (Kennedy & Pasternak
Southern Bluefin Tuna 38 095 1991 1991)
Western Tuna and Billfish 1 656b None
Bass Strait Scallop 6400 None
Southern Squid Jig 93 None
Other fisheries 60 295 None

Note: GVP = gross value of production. a 2008—-09 GVP estimate because 2009-10 data is confidential. b 2007-08 GVP

estimate because 2009-10 confidential.

Source: (ABARES 2011)
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More recently, management strategy evaluation (MSE) approaches have also been used to
inform management strategies against a MEY objective. The MSE approach is a framework that
models a fishery’s various characteristics (biological, management, monitoring, economic)
taking into account various sources of uncertainty. This enables potential approaches to
management to be tested against pre-specified objectives (Holland 2010). In doing so,
management strategies can be developed that are robust to uncertainty but also allows informed
and desired trade-offs between management objectives (Rademeyer et al. 2007).

Examples of MSEs that incorporate economic factors exist for fisheries in Australia (Dichmont et
al. 2008; Plaganyi et al. 2012), the European Union (Bjgrndal et al. 2004; Christensen 1997);
New Zealand (Holland et al. 2005) and Antarctica (Hoshino et al. 2010). These have looked at the
influence of management strategies on fishery profitability, fleet structure, fisher behaviour,
employment and activity in other support sectors (such as the processing sector). More
generally, MSEs provide the opportunity to assess performance against economic management
objectives together with other relevant management objectives.

For Commonwealth fisheries, bioeconomic models and MSEs incorporating bioeconomics are
currently the only two approaches that have been applied to determine harvest levels consistent
with targeting MEY. The majority of recent economic research on Commonwealth fisheries to
date has provided a retrospective view of fishery performance including economic surveys
(George et al. 2012), analysis of historical drivers of profit (Skirtun & Vieira 2012), historical
productivity (Perks et al. 2011) and efficiency (Kompas et al. 2004; New 2012; Pascoe et al.
2012). However, such approaches don’t provide advice on management settings to achieve MEY.

Defeo and Seijo (1999) demonstrate a potential approach to estimating fishing mortality at MEY
(Fmey). It uses yield-mortality models to generate a biological production curve that incorporates
both natural and fishing related mortality for the entire fish stock. Incorporation of average
revenue and cost parameters allows the generation of an estimate of Fuey. The authors note
advantages of using such an approach over catch-effort surplus production model approaches
typically used in bioeconomic models, including improved certainty given that each component
can be measured with some certainty relative to effort, which can be difficult to standardise.
Although the method still requires estimates of virgin biomass, natural and total mortality by
age class and revenue and cost parameters, it represents an alternative approach that is
relatively less data intensive that could be explored.

The alternative to estimating MEY reference points is to use proxies as recommended in the
harvest strategy policy. Recent analysis presented by Zhou et al. (2012) attempts to provide
rules of thumb for low-information fisheries regarding the selection of MEY proxies based on a
fishery’s characteristics . This work represents a significant step towards improving the
reliability of proxies for MEY for all fisheries more generally. Indeed, the work suggests that the
proxies currently recommended in the policy could be improved (for more details, refer to
Section 5 on ‘Data-poor stocks’).

While the policy recommends MEY as a harvest strategy target, there is little advice in the
policy’s guidelines on how the target should be estimated and implemented. It points out that
bioeconomic optimisation models are used to estimate MEY and provides a very general
discussion of how MEY has been targeted in the NPF. It also provides the estimated Buey for a
small number of Commonwealth stocks. The only other advice offered is that targeting MEY
should occur over the medium term (3-5 years) based on expectations around the variability of
factors that influence MEY. It is also noted that the cost of using a bioeconomic model may

12
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exceed the benefit of having an estimated MEY target, particularly if reliable proxies are
available (DAFF 2007).

A review of Australian Fisheries Management Authority’s (AFMA’s) arrangements for obtaining
scientific and economic information highlights some of the key issues regarding the
operationalisation of MEY (AFMA 2011). An overall finding was that research processes had not
evolved with the fisheries management environment and, in particular, the novel focus on MEY.
The key issues were a general lack of stakeholder understanding regarding MEY, the information
required to target it and the most cost effective approaches to obtaining that information. There
was also evidence of a general misunderstanding of the circumstances under which a
bioeconomic model should be developed instead of using proxy reference points. Further
uncertainty also existed around the circumstances under which alternative proxies (those that
differ to policy recommendations) should be developed.

A more focused synopsis of the challenges that arise when targeting MEY is provided by
Dichmont et al. (2010) who drew on experiences in the NPF. Their discussion focuses on six key
challenges:

Specifying the model—Dichmont et al. (2010) note that modelling MEY is complicated by
the many factors that affect it. They point out that a key factor that is often not well captured
is fleet dynamics, particularly in terms of fleet responses to regulatory change and, for
multispecies fisheries, targeting behaviour changes.

Defining the boundaries—MEY optimises economic returns to the fishery and excludes
sectors linked to the fishery such as the processing sector. If MEY is achieved over time with
reductions in a fishery’s catch, it also reduces economic activity in these downstream
sectors. Although the result of such action is that ‘resources previously consumed in fishing are
freed up to be used more productively in other sectors’ (Dichmont et al. 2010), doing so can be
politically difficult.

The best model outcome may not always be practical —bioeconomic models can produce
aresult that ‘although potentially optimal in the “model world” is generally unacceptable in
real life’ (Dichmont et al. 2010 pg. 17) as they may not capture factors relevant to the
interests of industry or the community. This implies that careful design of the model is
required, to include relevant constraints to account for these factors and/or careful
interpretation of its outputs.

The need for accurate economic data—economic parameters (such as output and input
prices) will be a key determinant of MEY results but are highly variable and can create high
levels of uncertainty regarding optimal harvest paths. Additionally, once economic cost data
are obtained costs need to be appropriately incorporated into the model. Decisions such as
how to separate fixed and variable costs are not necessarily straightforward. These data
issues mean that regular revision of MEY results and management advice may be required.

A good target is not enough—changes in things such as fisher behaviour, cost structure,
stock biology and the regulatory environment will mean that the MEY path and target will
need to be re-estimated regularly to allow optimal performance to be approximated.

Implementation in a co-management arena—targeting of MEY in the NPF has been
challenging, given the poor understanding of the concept possessed by most stakeholders.
The relative variability of economic parameters and, therefore, MEY has also had negative
implications for industry support of MEY. The authors note that ‘Education of stakeholders
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about the reason for using MEY as a management target is critical, as is sharing of knowledge
and experiences in modelling MEY’ (Dichmont et al. 2010), p. 20).

Overall, the authors state that approaches to developing bioeconomic models and to targeting
MEY have been ad hoc given the lack of information that exists on applying MEY in practice.
They point out the importance of using an adaptive management framework and ‘that
operationalising MEY is not simply a matter of estimating the numbers but requires strong
industry commitment and involvement’ (Dichmont et al. 2010 pg. 1), which requires a balanced
combination of education and consultation.

The experiences in the NPF outlined by Dichmont et al. (2010) have presented many challenges.
As aresult, it has taken many years to develop the current NPF bioeconomic model and
approach. Similarly, the development of relationships and trust with key stakeholders to garner
their cooperation and support has also taken substantial time. This trust has benefited not only
the implementation of MEY, but also access to the economic data required to pursue it. The NPF
is also the most valuable single-method Commonwealth fishery (ABARES 2011). So while it
provides a good example of how MEY can be targeted, the approach used by this fishery may be
beyond the financial capability of most Commonwealth fisheries. For most other Commonwealth
fisheries, MEY will need to be pursued at lower cost and, therefore, with greater uncertainty.

In the Southern and Eastern Scalefish and Shark Fishery (SESSF), MEY has been estimated for
selected stocks targeted in the Commonwealth Trawl Sector and Gillnet, Hook and Trap Sector
(Kompas et al. 2011). However, as the bioeconomic model used stock models that were
developed in isolation of the fishery’s accepted stock assessment models, the MEY targets were
not applied. This demonstrates a point noted by Larkin et al. (2011): MEY is more likely to be
achieved when economic information is incorporated into stock assessment models for fish
stocks during their initial development.

Since the introduction of the harvest strategy policy, the Great Australian Bight Trawl Sector
(GABTS) of the SESSF is the only Commonwealth sector that has developed a bioeconomic model
to determine total allowable catches (TACs) for its key target species—deepwater flathead and
bight redfish (Kompas et al. 2012). The bioeconomic model was integrated with the accepted
stock assessment models for both species. Estimation of the model involved close collaboration
with scientists and industry to obtain relevant data. The authors noted that the model would
benefit from further work to capture supply dependent market price sensitivities, a major
influence on the expected revenue and, therefore, profit associated with different catch levels.
This obviously has implications for the final MEY estimates of the model.

For the remaining SESSF species, proxy target reference points for MEY have been applied as
recommended by the policy. While this should be considered an appropriate approach for stocks
where bioeconomic models are not available (given the approach’s low cost), the policy’s
recommended proxy of 0.48 By (i.e. 48 per cent of unfished biomass) or 1.2 Busy has generally
been applied across the board, irrespective of a stock’s biological and economic characteristics
(with the exception of tiger flathead as explained below). There are likely to be some cases
where informed adjustment of the target proxy according to a stock’s characteristics may lead to
improved performance against the MEY objective.
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Setting targets

It is expected that knowledge and experience in operationalising MEY will grow with the
estimation of MEY for more Commonwealth stocks and ongoing research on alternative
approaches to targeting MEY. As knowledge increases, it is likely that better informed decisions
around the selection of appropriate MEY proxies will be possible. Communicating research
results to RAGs, management advisory committees (MACs) and AFMA will be a priority. The
updating of the policy’s guidelines with new research findings may also assist with targeting
MEY. If proxies can be set more reliably, the relative benefits of using a bioeconomic model to
accurately estimate MEY are likely to be reduced.

Where the development of a bioeconomic model is being considered, there has to be
acknowledgement that the model (like any stock assessment model) is going to be updated and
improved as techniques and data availability improves. Communication of this to stakeholders is
essential to manage expectations around what can be delivered in the first instance.

For low-value fisheries, the application of proxies will continue to be the only feasible option for
targeting MEY. While the policy allows for the recommended Bumey proxy of 0.48B, to be altered
to better achieve a stock’s MEY given its characteristics, this has rarely been done. One example
where it has been done is for tiger flathead in the SESSF. Shelf Resource Assessment Group
(RAG) members incorporated some assumed economic parameters (e.g. prices received for
catch and per unit effort costs based on ABARES survey results) into the stock assessment to
provide an estimate of likely profitability under different biomass ratios relative to Busy
(Galeano D. 2011, pers comm.). The RAG was then able to select the biomass ratio that was
expected to be associated with the highest fishery profitability, an outcome that is consistent
with the economic intent of the policy. Guidance on the appropriate setting of proxies provided
by recent work on data-poor fisheries (Zhou et al. 2013) and current work on mixed-species
fisheries may also better allow such adjustment of proxies in the future (refer to Sections 4 and 5
for more information).

While biologically focused MSEs have been applied in Commonwealth fisheries such as the Bass
Strait Central Zone Scallop Fishery (Haddon 2011) and the Small Pelagic Fishery (Giannini et al.
2010), the addition of economic parameters to the MSEs could have provided information about
the relative profitability of different management strategies. The advantages of undertaking
bioeconomic assessments in tandem with MSEs and stock assessments in terms of reduced
research costs and accessing data can be significant (Larkin et al. 2011).

Data

Options also exist to more easily obtain relevant economic data to support targeting of MEY.
Aggregated annual price information for fishery species is often readily available from ABARES.
More detailed monthly export price data can also be used to augment information on catch
prices for export focused fisheries. The greater challenge is obtaining boat cost information,
which is generally confidential. ABARES surveys key Commonwealth fisheries (Table 2) and
provides estimates of boat-level costs. Given that the ABARES surveys rely on finalised profit
and loss statements, there is a delay in getting this information. However, these surveys can still
provide detailed information on fishery revenues and costs at relatively low cost.

The NPF industry undertakes its own economic survey to update its bioeconomic model due to
lags between ABARES’ surveys and the timing of the annual stock assessment process,
illustrating the advantages of obtaining industry buy-in for targeting MEY. This requires a high
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amount of industry support and trust; the strong engagement of the NPF industry in the
management process has assisted in the implementation of MEY in that fishery.

Where survey information is not available, approaches outlined in Zhou et al. (2012) to estimate
fishery level costs based on easily observed fishery characteristics (such as fishing method,
vessel size and days fished) may also provide an option (refer to section on data-poor stocks for
more detail).

Table 2 Commonwealth fisheries recently surveyed by the Australian Bureau of
Agricultural and Resource Economics and Sciences

2005- 2006- 2008- 2009- 2010-

Fishery 06 07 09 10 11
Bass Strait Central Zone Scallop Fishery v v
Northern Prawn Fishery v v v v
Commonwealth Trawl Sector of SESSF v v v v v
Gillnet Hook and Trap Sector of SESSF v v v v v
Torres Strait Prawn Fishery v v

Eastern Tuna and Billfish Fishery v v v v v

SESSF = Southern and Eastern Scalefish and Shark Fishery

Processes

Dichmont el al. (2010) suggest that the approach taken to implementing MEY in Commonwealth
fisheries to date has been ad hoc. This suggests that there may be benefits to providing greater
practical guidance on best practice; in particular, around the circumstances under which an MEY
target should be estimated and how it should be developed. This could be in the form of a
checklist or set of principles that, if used appropriately, could assist in addressing issues created
by the low input of economic expertise into RAG processes and allow for a more cost-effective
approach to implementing MEY.

AFMA'’s framework for delivering cost-effective research (AFMA 2008) also provides a broader
overarching framework that can be drawn upon to make decisions on what research activities
should be pursued at the fishery level to meet the MEY objective. A key element of the
framework is the recognition that management decisions need to be made in the face of some
level of uncertainty and there needs to be some consideration of risk. This framework is
structured around four key questions, three of which are most relevant here, and include:

What decisions will AFMA need to make about a fishery?

What options are available to AFMA to ensure that the risks of not achieving objectives are
within ‘acceptable’ levels?

Is purchasing research the most cost effective option to make a management decision?

Regarding the MEY objective, the answer to the first question is that AFMA needs to make
harvest-level decisions that meet the MEY objective. For the second question, the options
currently are, in order of decreasing certainty and decreasing research cost:

develop a bioeconomic model of the stock or fishery to estimate an MEY target
use additional information to adjust the policy’s recommended proxies for MEY

adopt the policy’s recommended proxies.
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Each option involves trade-offs between the risks of not achieving the MEY objective (associated
with lost economic returns) and research costs. The process of selecting an option should also be
undertaken on the basis of substantial industry consultation. As has already been suggested, the

last two low-cost options will potentially become more reliable and beneficial with time as more
research is undertaken to estimate MEY for a wider variety of fishery types and scenarios.

The third question provides the impetus to compare the costs and benefits of the options to
pursue MEY with the intention of ensuring that the option likely to deliver the greatest net
benefit is selected. The costs of pursuing alternative options will involve both up-front costs and
ongoing costs. The up-front costs for the investment in a bioeconomic model to estimate MEY
are likely to be relatively high. Ongoing costs include two components. The first component
relates to the cost of monitoring performance and updating the target, which would once again
be higher with a bioeconomic model. However, the second ongoing cost is the cost associated
with not achieving MEY and the losses in net economic returns that result. The latter costs
would be expected to be higher where options that exhibit higher uncertainty (such as proxies)
are implemented to target MEY.

[t should be noted that RAGs and MACs have found the framework outlined in AFMA (2008)
difficult to apply in practice at the fishery level and investment decisions on acquiring economic
and scientific information have remained inconsistent (AFMA 2011).

Stakeholder knowledge

Improving stakeholder understanding of MEY should be a focus that occurs on two fronts. First,
in terms of providing a better understanding of the MEY concept and what it is trying to achieve.
A greater understanding amongst stakeholders will provide for a more engaged debate and
discussion around how to achieve MEY. The second front is in terms of understanding what
managing to MEY means in a practical sense for fishery management decision making.

Achieving this increased understanding is a key issue and a multifaceted approach is likely
needed. Some potential options include:

The formation of an economic technical working group—as recommended by the Review
of AFMA’s arrangements for obtaining and using scientific and economic information and
advice (AFMA 2011) this group would focus on identifying where bioeconomic models
would be cost-effective; establishing processes to ensure cost-effective collection of relevant
economic data; considering the use of proxies for Bugy and determining the required
information to do this; and considering which RAGs require economic expertise. While this
recommendation from the review had broad support, it has not yet been implemented.

Ensuring availability of economic expertise and advice—in the absence of a technical
working group, efforts to ensure economists are available to provide input to the RAG
processes may improve decision making with reference to the MEY target. Economists with
an adequate understanding of MEY as a concept and an ability to communicate effectively
with all stakeholders (particularly those with a non-economist background) offer the
greatest opportunity for providing input to RAG processes. For the actual estimation of MEY,
this additionally requires a more technical level of expertise. Similarly, there may be benefits
associated with providing fishery managers with relevant economic training. These
requirements, together with the small pool of fishery economists within Australia, mean that
this is not necessarily a straightforward outcome to achieve.

Improving definitions, explanations and guidelines in the policy—while definitions are

already provided in the policy’s guidelines, the lack of understanding amongst stakeholders
suggests that there may be merit in revisiting these. More broadly, there may be benefits to
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having the guidelines updated more regularly as new research is completed to inform the
policy, such as work on datapoor fisheries and mixed species fisheries.

Given the short amount of time in which MEY has been an explicit management target,
understandings regarding some of the specific issues that occur on a fishery by fishery basis are
also relatively poor. The remaining sections of this paper consider some of these issues and what

the potential options may be for dealing with them.
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4 Data-poor species

There is recognition that improved decision support methods and tools are needed for the
general management of data-poor fisheries (Defeo & Seijo 1999; Dowling et al. 2008; Johannes
1998; Kelly & Codling 2006). While the literature provides some examples of such approaches
for data-poor fisheries, the majority have a biological focus, with few covering economic factors
and, more specifically, MEY management.

Zhou et al. (2012) provide one of the few examples of research with a focus on MEY reference
points for data-poor fisheries. Their research developed a rule-of-thumb-based approach to
determining MEY proxy reference points based on easily observed fishery characteristics. The
MEY reference points are presented in terms of a ratio to a known equivalent (effort- or
biomass-based) MSY reference point (e.g. Buey = 1.2Bwmsy). This work builds on additional work
presented by the authors focused on determining biological reference points (including Bo, MSY,
Bumsy and Fusy) for data-poor stocks.

The approach developed to derive MEY proxy ratios involved two stages. For the first stage, a
relationship between MSY and MEY reference points was estimated using a simulation method.
Key fishery bioeconomic parameters were allowed to vary randomly across simulations within
some assumed acceptable ranges. The relevant parameters were:

intrinsic growth rate
catchability
carrying capacity
costs

output price
discount rate.

Out of a total of 10,000 simulations, 5897 had parameter value combinations that were deemed
to be realistic and acceptable. The optimal MEY-MSY ratio (in terms of both effort and biomass)
was then estimated for the combination of parameter values that occurred in each accepted
simulation. Regression analysis was then used to quantify the relationship between the
estimated MEY-MSY ratios and the parameter values that occurred across all simulations.

The estimated relationship demonstrated that the cost share of revenue (defined as the cost per
unit catch divided by the price) served as the most important and influential parameter on the
optimal MEY proxy ratio. This result is presented by the authors in terms of a decision tree that
guides how the MEY proxy ratio should be set using information about a fishery’s cost share. The
derived decision trees for the optimal MEY proxy ratio in terms of biomass and effort are
summarised in Table 3.

Given the importance of fishery cost share, the second stage of the analysis focused on
approaches to estimating a fishery's cost share given that such information is typically not
readily available for data-poor fisheries. Vessel level cost data from 16 Australian fisheries were
used to quantify relationships between key costs (variable costs, repairs and maintenance, fixed
costs, capital costs) and easily observed fishery characteristics (e.g. approximate vessel size,
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fishing method, days fished and management instrument). The estimated relationships then
provided a means to estimating a fishery's cost share based on these easily observed
characteristics also using a decision tree. Vessel length, fishery type and the price received for
landed fish were shown to be the major influences on cost shares. In summary, with knowledge
of key variables for a particular fishery, a fleet’s likely cost share can be estimated, followed by
its likely optimal biomass (Bumey to Busy) or effort (Emey to Emsy) ratio as is shown in Table 4.

Table 3 Summary of regression tree results showing the likely optimal maximum economic
yield ratios in terms of biomass (Byey/Bmsy) and effort (Emey/Emsy) for different fishery cost
shares. For example, if a fishery's cost share of revenue is greater than 45 per cent and less
than 55 per cent, the ratio of Byey to Bysy would be 1.23 and the ratio of Eyey and Eysy
would be 0.77.

Cost share Optimal Bvey/Busy ratio | Optimal Evey/Ewmsy ratio
<0.25 1.05 0.95
>0.25,<0.35 1.12 0.88
>0.35,<0.45 1.17 0.83
>0.45,<0.55 1.23 0.77
>0.55,<0.65 1.28 0.72
>0.65,<0.75 1.33 0.67
>0.75,<0.85 1.38 0.62
> (.85 1.45 0.55

Note: the above decision tree results were derived using a 5 per cent discount rate. However, various discount rates were
tested by Zhou et al. (2012).

Source: (Zhou et al. 2012)

Table 4 Summary of regression tree results for cost share and the determination of
Emey/Emsy ratio

Average first | Estimated Emey/Emsy
sale price of | costshare at5%
Vessel length fish landed of revenue discount
Main fishing gear | class (%) at MSY Cost share class | rate
Longline <13.5m Any 0.85 >0.85 0.55
Active gear >13.5m <155 0.86 > 0.85 0.55
Active gear >13.5m >15.5 0.77 >0.75,<0.85 0.62
Active gear <13.5m >10.5 0.66 > 0.65,<0.75 0.67
Active gear <13.5m <10.5 0.72 > 0.65,<0.75 0.67
Other static gear >20.5m Any 0.73 > 0.65,<0.75 0.67
Other static gear [13.5-20.5 m] Any 0.56 >0.55,<0.65 0.72
Dive <13.5m Any 0.48 >0.45,<0.55 0.77

Source: (Zhou et al. 2012)

The approach was tested on two fisheries for which MEY had previously been estimated.
Application to the NPF gave a proxy Bmey/Busy ratio of 1.38 (across all species). This compared to
bioeconomic model based estimates for the fishery’s three key species of 1.15, 1.255 and 1.38
(Punt et al. 2011), which the authors concluded was consistent for one species and not
substantially greater for the other two. Application to the Commonwealth Trawl Sector (CTS)
also derived a ratio of 1.38 that compared to previously estimated ratios ranging from 1.06
(flathead) to 1.53 (orange roughy) and an average ratio of 1.26 across species (Kompas & Che
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2006), representing an overestimate for some stocks and an underestimate for others. However,
given that the approach was developed for single-stock fisheries, such divergences are expected
as both fisheries catch multiple species (and for the CTS, using multiple gears). The overfished
status of some of these stocks may have also contributed.

More generally, the distribution of optimal ratios for the likely range of fishery parameter values
suggests that the harvest strategy policy’s recommended proxy values for Bugy may more
appropriately be 1.3-1.4 Busy as opposed to the currently recommended 1.2 Busy. This higher
1.3-1.4 Busy ratio is expected to be more relevant to the ‘average’ stock type. The authors also
suggest that optimal effort levels are most likely to fall between 55 per cent and 65 per cent of
MSY effort (Zhou et al. 2012).4

Where reliable proxies cannot be derived, harvest control rule evaluation using MSE can be
useful in testing the likely effectiveness of data-poor harvest strategies (Smith et al. 2009). Most
MSE applications to Australian fisheries have not explicitly included economic factors. However,
Plaganyi et al.’s (2012) application of MSE to the Torres Strait Rock Lobster Fishery provides an
example where economic objectives were incorporated. This evaluation tested a range of
management scenarios against biological, economic, cultural and social objectives. In terms of
economic factors, the MSE evaluated the likely impact of different quota management
arrangements on processing sector activity, employment, fleet structure, efficiency and
profitability. While some data collection was undertaken, significant assumptions about key
economic parameters were still required and tested. The analysis provides a good example of
how the trade-offs between economic profitability objectives (such as MEY) and other biological,
social and cultural objectives can be quantified and presented in an economic data-poor setting.

While data-poor fishery management against economic objectives is not well covered in the
literature, experiences meeting biological objectives are; these can provide guidance on how to
better meet economic objectives. Dowling et al. (2008) worked with Commonwealth fishery
managers and stakeholders to develop harvest strategies that would apply in data-poor
contexts. The authors identified four broad principles that should be followed for the pragmatic
development and implementation of harvest strategies in data-poor fisheries. These include:

developing sets of triggers with conservative response levels, with progressively higher data
and analysis requirements at higher response levels

identifying data gathering protocols and subsequent simple analyses to better assess the
fishery

archiving biological data for possible future analysis

using spatial management, either as the main aspect of the harvest strategy or to augment
other measures.

The authors provide no discussion of the link between these principles and economic objectives.
While examples of trigger-based approaches that implicitly consider economic factors do exist,
these don’t explicitly include economic analysis. Examples include the data-poor Spanner Crab

4 More recent preliminary analyses focusing on multispecies measures have found that both
economic and biological information is an important determinant of Bmey/Bwmsy ratios. Optimal
ratios within multispecies fisheries ranged from 0.5 for species with a small revenue share (of
total revenue), slow growth and high catchability; to 1.7 for species with higher revenue shares,
moderate growth rates and low catchability.
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Fishery in Queensland, Australia (Dichmont & Brown 2010; O'Neill et al. 2010), and the banana
prawn component of the NPF.

Kelly and Codling (2006) propose the use of simple empirical indicators as an approach for
informing harvest strategy rules in North Atlantic fisheries that have unreliable data. Drawing
on the field of process management and work by Scandol (2003, 2004) who used a similar
approach for fisheries in New South Wales, Australia, the suggested approach uses direct
empirical measures of stocks status to simply track whether ‘things are getting worse’, or are
‘out of control’. They note that the approach would not replace traditional stock assessments,
but ‘would allow a rationalisation of the cost of the current system while fulfilling the
requirement for stock monitoring and advice provision’, particularly for data-poor fisheries.
Similar principles might potentially be applicable to economic objectives for low value data-poor
stocks.

Bentley and Stokes (2009a, 2009b) call for a shift of focus for data-poor fisheries from
assessment to procedural based approaches, drawing on experiences in New Zealand.
Furthermore, they recommend generic management procedures that depend on easily observed
characteristics of a fishery, including biological, economic and social attributes. The authors
demonstrate the potential benefits of monitoring even in low-value fisheries and show, in
principle, the gains that can be made through the use of management procedures that include
adaptive monitoring.

The harvest strategy policy’s guidelines state that ‘[i]n cases where Bwgy is unknown, a proxy of
1.2Bwsy (or a level 20 per cent higher than a given proxy for Busy) is to be used’ (DAFF 2007),

p. 22). Furthermore, in cases where Busy is unknown, the policy’s guidelines suggest a proxy for
Bumsy be 40 per cent of adult virgin biomass (Bo). Applying the Buey proxy to the latter Busy proxy
results in a target of 48 per cent of Bo. The guidelines also state that ‘AFMA may approve the use
of an alternative proxy for Bury' and, further, that ‘alternative approaches to setting proxies for
reference levels will need to be formulated and applied using the available information’ (DAFF
2007), p- 36). Despite this, there have been few cases where alternative proxies have been
developed.

More generally, a tiered approach to control rules that caters for different levels of stock
uncertainty is recommended. Furthermore, where economic data are minimal, it is
recommended that decision rules may need to be empirical and involve monitoring of fishery
profitability, productivity indices, or profit decompositions or through analysis of other
indicators such as latent effort and analysis of sale and lease prices of fishing rights (DAFF
2007).

As noted by Dowling et al. (2008), the policy was developed with a focus on biomass, which has
made applying the policy to data-poor stocks difficult. Where harvest strategies have been
developed for data-poor stocks, their design has focused on biological requirements (i.e. to
prevent overfishing) (Smith et al. 2009). The low gross value of production (GVP) of many data-
poor stocks means that such an approach is likely to be consistent with the intent of the policy,
but is dependent on the degree to which including an economic objective and measures to meet
it impose additional research and management costs on the fishery.
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The SESSF harvest strategy uses tiers for different levels of uncertainty. It is one of the few
fisheries that attempts to target MEY for relatively data-poor species, currently assessed under
Tiers 3 and 4 (AFMA 2009). Tier 3 applies to stocks for which catch, age composition and basic
biological parameters are available to generate catch-curves. These allow current fishing
mortality (Fcur) to be compared to limit (Fzo) and target (Fag) reference levels. Tier 4 applies
where only catch and effort data are available. Statistically standardised catch rates are
compared to target and limit catch rates, which are assumed to correspond to Buey and Bui,
respectively. However, the setting of the target catch rate is quite subjective, being the average
catch rate that occurred in a reference period when the species was considered to be fully fished,
catch rates were relatively stable and the fishery was considered profitable and sustainable.

For both Tier 3 and Tier 4, the link between their respective target reference points and fishery
profitability has not been explored. For the majority of Tier 3 and 4 species that exhibit a low
value, a high uncertainty, low cost approach is justified. However, some lower tier species are
associated with high GVP such as blue-eye trevalla, which has accounted for up to $5.0 million or
5 per cent of SESSF GVP (2006-07). If such species cannot be assessed at a higher tier,
improving the reliability of the reference points used in these lower tiers may be beneficial.

Overall, while the approaches taken to managing data-poor Commonwealth fisheries since the
implementation of the policy have been arguably pragmatic in meeting sustainability
requirements in some cases (Dowling et al. 2008), the development of data-poor harvest
strategies have typically been unsuccessful in addressing the MEY objective. This partly reflects
a lack of understanding on how this objective can be met under these settings.

Given that many data-poor fisheries are low value, the application of any approach in a data-
poor environment requires careful consideration of the trade-offs between the costs, benefits
and risks associated with reducing management uncertainty. Practical guidance on the
appropriate level of research investment for data-poor stocks and what constitutes meeting the
MEY objective for such stocks may also be warranted.

Application of the approaches used in Zhou et al. (2012) to develop MEY proxies represents one
relevant option that could be associated with a relatively low cost. Further development of the
approach may improve its reliability and usability. A second related project that is currently
underway aims to develop the approach to estimate MEY proxies for stocks in multispecies
fisheries, making the approach more relevant to Commonwealth fisheries, which are typically
multispecies.

Building on current data-poor approaches such as the SESSF Tier 3 and Tier 4 assessment
approaches to better incorporate economic factors may also be an option. In the case of Tier 3
species, the approach used by Defeo and Seijo (1999) (discussed here on page 10) has similar
data requirements and may offer an alternative approach to developing harvest controls for
these species that moves beyond simply using the recommended policy proxies.

A range of other indicators exist that provide information about the potential excess level of
capacity in fisheries when bioeconomic models are not available. These do not necessarily
equate to either biological or economic reference points, but contribute to an estimation of
fishery level performance (rather than individual species reference points). The use of data
envelopment analysis (DEA) to estimate capacity utilisation and the level of excess capacity has
been used to assess fishery performance in a wide range of fisheries (Dupont et al. 2002; Fare et
al. 2000; Hoff & Frost 2007; Lindebo et al. 2007; Pascoe et al. 2003; Pascoe & Tingley 2006;
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Tingley & Pascoe 2005; Tingley et al. 2003; Tsitsika et al. 2008; Vestergaard et al. 2003). An
advantage of DEA approaches is that they can be used when only catch and effort data are
available (e.g. Tingley et al. 2003), but ‘better’ estimates can be derived including prices (e.g.
Lindebo et al. 2007) and costs (e.g. Pascoe & Tingley 2006).
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5 Mixed species

The additional complexity in determining MEY in fisheries characterised by technical
interactions (i.e. the same gear catches several species simultaneously) has been long
established in the fisheries economic literature (e.g. Anderson 1975; Clark 1976; Silvert & Smith
1977).5 This is further complicated when different fisheries (in terms of gear types) are spatially
overlayed, catching different combinations of the same sets of species. In such a case, deriving
estimates of MEY requires taking into account the impacts of one fishery on the other, as well as
the effects of a given level of effort on the sustainable yields of all species caught (Anderson
1975). A result of this is that each species’ biomass at fishery MEY will be less than or equal to its
individual Buey level if each was caught independent of the others (Duarte 1992).

This is illustrated for a four-species fishery in Figure 1. The upper panel shows a fishery's
revenue earned from four individual species and its total costs for different effort levels. The
lower panel depicts total revenue (summed across the four species), total costs and total profit.
For each effort level, each species will be associated with a given biomass level (with effort and
biomass being inversely related). The level of fishing effort that maximises total sustainable
fishery profits is around six units (shown by the dark green vertical line). At this level of effort,
each species is associated with a given biomass that achieves fishery-wide MEY (denoted Bemey).
For example, species 1 is fished beyond its MSY such that its Bemey < Busy on a ‘single species’
basis, species 2 is close to its Busy (such that Bemey ® Bumsy), and Bemey for species 3 and 4 are
below Busy and close to what may be considered their single species Buey. In this example, profits
are also maximised at a level close to maximum sustainable revenue, although this is not always
the case.

Deriving general analytical models to identify conditions for MEY in multispecies fisheries has
been described as a formidable, if not impossible task (Chaudhuri 1986; Silvert & Smith 1977).
Most attempts to estimate MEY in multispecies fisheries have been empirically based, using
bioeconomic models to estimate MEY across the set of species in the catch (e.g. Holland &
Maguire 2003; Placenti et al. 1992; Sandberg et al. 1998; Ward 1994). In Australia, multispecies
bioeconomic models have been developed for several fisheries and used to provide management
advice and estimates of fishery-level MEY (e.g. Kompas & Che 2006; Kompas et al. 2009; Punt et
al. 2011; Punt et al. 2002).

The development of bioeconomic models requires considerable biological information on each
individual species, which is often unavailable. In some data poor fisheries where only catch and
effort data are available (plus some indicative economic variables), aggregated yield functions
have been used. That is, total catch of all species is modelled as a function of total effort. These
have been deployed largely in developing countries (e.g. Lorenzen et al. 2006) but have also
been used in more developed countries where fisheries are based on a large number of species,

5 This section will focus on species that have technical interactions rather than biological
interactions. That is, the species are caught together as either ‘target’ and ‘byproduct’ species, or
as a mixed-bag of species with no specific target. Numerous other studies exist looking at
fisheries with biological interactions e.g. predator-prey interactions. These contain similar
challenges in determining MEY, although most models assume that the species can be separately
targeted (e.g. Anderson 1975; May et al. 1979; Silvert & Smith 1977).
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each contributing a relatively small proportion to revenue (e.g. Chae & Pascoe 2005; Jin et al.
2012).

Figure 1 Example of multispecies definition of MEY based on four individual species caught
together based on concepts presented in Anderson (1975) and Clark (1976). The upper
figure illustrates the individual sustainable revenue curves (i.e. sustainable yield times
price) for a given level of fishing effort. In the lower figure, the fishery total revenue curve
is derived by the vertical summation of the individual species revenue curves shown in the
upper figure. Total profits are derived from total revenue less total costs at each level of
effort.
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True joint production in fisheries—where species are caught in fixed proportions—is relatively
rare. The relatively small numbers of studies that have empirically tested for joint production in
fisheries have found that the ability to target some individual species may be limited, but not
impossible. Most fisheries are characterised by a mix of both substitution relationships (where
fishers can target and substitute between species) and complementarity relationships (where
catches are taken in combination under joint production) (Pascoe et al. 2007; Pascoe et al. 2010;
Squires 1987). Studies of fisher behaviour also suggest that apparent targeting behaviour (or
lack of) may be an artefact of the management schemes, and changing management may change
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this relationship as fishers respond to the new incentives created (Christensen & Raakaer 2006).
In such cases, changes in catch composition can be achieved through either gear change or
spatial fishing pattern changes.

Several empirical models have addressed the spatial component of mixed fisheries through
modelling the fishery at the ‘metier’ level (Pascoe & Mardle 2001; Pelletier et al. 2009; Ulrich et
al. 2002). Metiers are defined as a fishing activity that is defined spatially (i.e. a given location),
using a given gear and catching a given combination of species. The models estimate catches,
costs and profits based on effort allocation across these different metiers, capturing both
multigear interactions as well as mixed species (technical interactions).

The harvest strategy policy’s guidelines (DAFF 2007) recognise that MEY applies to the fishery
as a whole (i.e. optimised across all species) and not necessarily to individual species, and that
secondary (lower valued) species may be fished at levels that result in biomass levels lower than
their own individual Bumgy.

The guidelines stress, however, that all species should be maintained above their limit reference
point (generally taken as 20 per cent of the unfished biomass). The guidelines also stress that
consideration should also be given to:

demonstrating that economic modelling and other advice supports such actions

confirming that no cost-effective alternative management option is available (i.e. gear
modifications or spatial management) that can more effectively separate the species

ensuring the associated ecosystem risks have been considered in full.

Estimating MEY in multispecies fisheries in Australia has been complex. The work in the NPF is
the culmination of over 30 years of bioeconomic analysis involving mostly Commonwealth
Scientific Industrial Research Organisation (CSIRO) and ABARES.¢ The most recent versions of
the model (Punt et al. 2011) represent a substantial investment by scientists, managers and
industry (Dichmont et al. 2010), but is based on only three species.

In contrast, modelling work in the SESSF has been less successful due to the large number of
species in the fishery, and the number of different gears that catch these species in differing
combinations. An analysis of catch combinations in the fishery (Klaer & Smith 2012) suggests
that a substantial proportion of most quota species in the SESSF are caught as byproduct when
targeting other species. Further, nearly all species are caught to varying degrees with all other
species (Klaer & Smith 2012). This in itself is not an issue, as other bioeconomic models with
similar levels of technical interaction have been developed and successfully deployed (Pascoe &
Mardle 2001; Pelletier et al. 2009; Ulrich et al. 2002). In these models, however, key biological
parameters were available for almost all of the species, with the residual species included as
fixed proportions in order to determine the full fishery revenue.

6 The first bioeconomic modelling analysis in the fishery was undertaken by Clark and Kirkwood
(1979).
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In the case of the SESSF (e.g. Kompas & Che 2006), the reverse is the situation—with only a
relatively small proportion of the key species having appropriate biological parameters available
for bioeconomic analysis. This limits the usefulness of the model as a management tool,
especially in relation to estimating target reference points. However, the cost of determining
appropriate biological parameters for all species in the fishery is likely to be prohibitive.

Developing appropriate bioeconomic models to allow multispecies estimates of MEY is complex,
but a more fundamental problem is the general lack of bioeconomic models for most
Commonwealth fisheries (multispecies or otherwise). With the exception of the NPF, activity in
developing bioeconomic models has been sporadic and usually linked to particular research
projects than undertaken as ongoing investments in fisheries management.

A Fisheries Research and Development Corporation (FRDC) project (FRDC 2011/200) is
underway, with a focus on MEY proxies for species (particularly secondary, non-target species)
in multispecies fisheries. As reported by Zhou et al. (2012) (a previous FRDC project, 2010/044),
which had a single species focus, the aim of the project is to develop rules of thumb to guide the
modification of the currently applied ‘Bmey=1.2 Busy’ proxy, but in the multispecies context. The
general results from the multispecies project are likely to be available in mid-2013, but
preliminary results suggest that the additional complexity of multispecies fisheries makes
deriving robust rules of thumb substantially more complicated than for single species fisheries.

An alternative option is to consider the use of aggregated yield functions (where catch across
species is aggregated) in cases where only total catch and effort information is available. While
these are less than ideal at identifying target reference points at the species level, they may be
beneficial in identifying target effort levels for the fishery as a whole. Applications elsewhere
have found that the estimate of effort at fishery level MEY is less sensitive to assumptions about
the combined yield function than catch-based target reference points (Chae & Pascoe 2005).

Abandoning the use of MEY as a target reference point would not resolve these issues. Biological
reference points such as MSY result in similar problems. While MSY may be easier to determine,
it would still result in a set of incompatible reference points, resulting in discarding, biological
overexploitation of some species as well as levels of fishing effort that result in lower net
economic returns. Further, if individual species MSY were considered acceptable in the absence
of credible multispecies bioeconomic models, then individual species MEY estimates could be
readily derived using data-poor methods. These would have the same consequences as the
individual species MSY in terms of being incompatible, although the loss in economic returns
may not be as great. In any case, achieving MSY or single species-based MEY reference points at
an individual level in a multispecies fishery will not be possible for all species, so management
would be destined to fail.

A range of other indicators exist that provide information about the potential excess level of
capacity in multispecies fisheries (Pascoe 2007). The use of DEA to measure capacity utilisation
has already been discussed for data-poor fisheries. These approaches do not necessarily equate
to either biological or economic reference points, but contribute to an estimation of fishery level
performance (rather than individual species reference points). Target levels of CU could be
introduced as a proxy measure of short term economic performance for multispecies fisheries,
but do not necessarily infer sustainability or a long run optimal level of output (see footnote 3).
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6 Highly variable stocks

Highly variable stocks are referred to here as those stocks that exhibit substantial variation in
biomass between years and for which the relationship between biomass in the current period
and biomass in the next period is relatively weak. Most of the fisheries economic literature
regarding such stocks is concerned more with the choice of management instrument rather than
the appropriate level of harvest. Several authors have compared the use of taxes versus catch
quotas (Androkovich & Stollery 1991; Hannesson & Kennedy 2005; Weitzman 2002), input
controls versus catch quotas (Kompas et al. 2008; Yamazaki et al. 2009), or constant versus
variable escapement targets (Clark & Kirkwood 1986; Reed 1979).

Relatively few studies have addressed the issue directly regarding optimal catch levels given
variable stocks. Clark and Kirkwood (1986) found that a constant low catch may result in loss of
benefits when recruitment was high without necessarily preventing stock collapse when
recruitment was low. As a result, higher catch rates were optimal even though these also
involved a higher risk of stock collapse. In this regard, information on recruitment was
important, such as stock surveys. Without such information, a risk averse strategy would result
in lower catch rates and lower benefits to the industry (Clark & Kirkwood 1986). Other studies
have included stochastic variation in stock levels to estimate optimal catch and effort levels
given stock uncertainty (e.g. Kugarajh et al. 2006; Pascoe & Mardle 2001).

An alternative to setting target reference points with highly variable stocks was to determine
viable sets of catch or effort levels that were considered acceptable given this uncertainty.
Models using the viability analysis approach are relatively limited in fisheries (Béné et al. 2001;
Doyen et al. 2012; Eisenack et al. 2006), and are based on achieving a given level of economic
performance and not necessarily maximising economic performance.

Of more importance in the Australian fisheries context are not just variable stocks, but highly
variable stocks of short-lived species such as prawns, squid, scallops and small pelagics.
Recruitment in these fisheries is often environmentally driven, and the ability to forecast
recruitment is limited. Studies elsewhere have focused on estimating fixed capacity/effort levels
that maximise the net present value over time given highly variable stocks from year to year (e.g.
Maravelias et al. 2010). Other studies suggest an adaptive management approach is more
appropriate, with in-season updating and pre-season surveys being critical components
(Hoshino et al. 2012). Simulations within a management strategy evaluation framework suggest
that in-season updating of a catch target provides greater benefits than a fixed effort target with
a trigger mechanism to stop fishing if necessary, with both having the same potential downside
risks (i.e. in terms of percentage of years that a loss would be made and the magnitude of any
losses) (Hoshino et al. 2012).

For short-lived, essentially annual species, fishery production is essentially a ‘fish down’
operation. That is, provided that subsequent recruitment is not affected (i.e. spawning has taken
place or a minimum level of escapement has been allowed for), the optimal strategy is to fish
down the available stock until it is no longer economically viable to continue fishing. The
criterion for maximising economic profits in such a case is to harvest until marginal revenue (the
revenue earned from an additional unit of effort) is equal to marginal cost (the cost of the
additional unit of effort). This is illustrated in Figure 2 for an annual fishery in both a good and
poor year. Marginal revenue declines with effort as the available stock is fished down and the
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criterion is met at around 12 units of effort (blue vertical line) in the good year and 5 units (red
vertical line) in the poor year. This equates to the levels that maximise economic profits in each
year.

In such a case, MEY should be achieved without the need for additional intervention. In theory,
fishers should have no incentive to continue fishing beyond the point where marginal revenue
equals marginal cost, as to do so would result in the additional cost exceeding the value of their
additional catch.” In such a case, management needs only to focus on ensuring that subsequent
years’ recruitment is not jeopardised by ensuring sufficient escapement of spawners.

In practice, however, high levels of economic profit generated in the start of the year are likely to
attract additional resources into the fishery, with a subsequent race to fish. This is likely to
result in considerable excess capacity. The effect of these additional fixed costs in the fishery is
to lower the level of profits, although the point at which these profits are optimised is the same
(Figure 3). A mechanism to rationalise excess capacity in the fishery is consequently still
required if economic returns are to be maximised.

7 In practice this is not always the case as will be discussed later.
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Figure 2 Maximum economic yield (MEY) for a short-lived species. Total fishery profits are
optimised with marginal revenue per unit of effort equal to cost per unit of effort. As catch
rates decline over the year, there is a natural 'stopping’ point that is essentially equivalent
to MEY. This point adjusts with stock abundance automatically correcting for good or bad
years.
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Figure 3 The impact of excess capacity on fishery profit. Excess capacity results in higher
total costs and lower profits due to the fixed cost component. However, as marginal costs
per unit of effort are the same, the optimal effort level is the same in both cases.
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Current guidelines and assumptions

The harvest strategy policy’s guidelines (DAFF 2007) recommend an adaptive management
strategy through:

e conducting pre-season surveys to provide estimates of abundance that then determines the
harvest control rule response

¢ undertaking within-season monitoring and the use of catch triggers (e.g. as used in the
banana prawn component of the NPF)

¢ allowing a set number of spawning events prior to harvest (e.g. as used in the Bass Strait
Central Zone Scallop Fishery).

The aim of the pre-season survey is to provide an estimate of the initial stock size, from which
catch or effort targets can be set.

What the issues have been

To date, MEY has only been applied as a functional target reference point to tiger prawn stocks
and the blue endeavour prawn stock in the NPF. So experiences with applying MEY to highly
variable stocks have been limited. However, recent work in the same fishery to investigate the
appropriate setting of a TAC for the fishery's highly variable banana prawn stocks has provided
some insights. Over recent years (while still an input-controlled fishery), trigger reference
points have been imposed on this component of the fishery.

In theory, as illustrated above, trigger points should not be necessary as fishers should stop
fishing once it becomes unprofitable. The trigger point applied in the NPF was a proxy for this
condition, but did not vary from year to year with changes in fuel costs and prices. Analysis of
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logbook information suggests that many fishers stopped fishing before the trigger point was
reached, consistent with profit maximising behaviour and reflecting individual variations in
costs. Some fishers, however, continued to fish until the forced closure, and individuals have
expressed a desire to continue to fish beyond this point. While lower cost producers could
potentially fish longer than higher cost producers, much of the push to extend fishing time
relates to the incentives created by the crew share system and the need to retain good crew.
Crew (including hired skippers) are generally paid a percentage of catch revenue, and hence
have an incentive to fish even if marginal revenue is less than marginal costs. Changing the crew
payment system to one based on a percentage of profits rather than revenue would better align
the crew incentives with those of the vessel owners and fishery managers. Profit-based crew
payment systems are common worldwide (McConnell & Price 2006), and Australia is in the
minority using revenue-based crew share payments.

The trigger-based method also encourages the race to fish, in that expectations of early closure
encourage all fishers to operate. While individually they may operate as profit maximisers, the
greater involvement of capital in the fishery may reduce the overall level of economic profits
achieved (as per Figure 3).8 This is less of an issue for the NPF as the fleet has been reduced to a
level at which excess capacity is likely to be minimal. A recent MSE of management options for
the banana prawn fishery concluded that a trigger reference point may be developed that is
consistent with MEY and may perform better than current trigger mechanisms in terms of
maximising industry profits (Buckworth et al. 2013).

The proposed move to individual transfer quotas in the NPF has caused further difficulty in that
a TAC is required for banana prawns. Pre-season surveys in the fishery have been undertaken by
CSIRO for several years. These have mostly been designed to provide information for the tiger
prawn component of the fishery, but also provide an index of banana prawn availability.
Attempts at estimating a banana prawn TAC using these data, however, have proven difficult,
and would have potentially resulted in a substantial loss of economic profits if actually
implemented. More recently, attention has focused on improving the ability to forecast using
rainfall information (current CSIRO project), although the relationship between catch and
estimates of availability has appeared unreliable in recent years (although this could also be due
to changes in economic conditions in the fishery).

It is important to separate the use of a management target from the management instrument
used to achieve the target. In the case of the NPF, estimating a TAC for MSY is just as difficult as
estimating a TAC for MEY.

Assessment of levels of excess capacity remains an option, although this is also complicated in
highly variable fisheries. Some excess capacity is optimal in ‘average’ years to allow sufficient
capital to take advantage of the high years, although determining this optimal level of excess
capacity is problematic (Squires et al. 2003).

8 The impact of this on overall fisheries performance is uncertain. Boats that operate in the
banana prawn fishery also operate in the tiger prawn fishery, so fixed costs are still incurred
irrespective of whether they operate in the banana prawn fishery or not. However, excess
capacity could still exist in the banana prawn component of the fishery if fewer boats could still
take the same the level of catch over a longer period of time.
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For many highly variable, short-lived species, it is likely that MEY can be achieved by ensuring
appropriate incentives are in place (rather than attempting to impose a particular catch or effort
limit), provided that escapement is sufficient to reduce the impact of the catch on subsequent
recruitment (e.g. through ensuring that spawning as already taken place). This includes
removing incentives created under the race to fish to harvest the animals at too small a size

(e.g. by imposing pre-season closures). While beyond the control of managers, but within the
control of industry, changing the way in which crew are paid from a revenue share model to a
profit share model would also help align incentives in the fishery.

Without some form of property right, however, incentives still exist to race to fish. An option
may be to introduce some form of individual quota share, and encourage fishers to pool quota
and profit share. This will create incentives to reduce fishing capacity while ensuring that all
fishers retain benefits from their allocation. Again, this is an industry solution rather than a
solution that can be imposed by management. Potentially, the fishery would be self regulating in
terms of fishing effort and arbitrarily high TACs could be set to establish quota shares.
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7 Market power

Most bioeconomic modelling analyses assume that prices are independent of the quantity
landed, such that a constant price can be imposed in the model (e.g. Kompas et al. 2010; Punt et
al. 2011). This assumption is largely supported by demand studies of fish species that conclude
that prices are relatively inflexible® with regard to quantity supplied at the fishery level (e.g.
Bose 2004; Burton 1992; Fousekis & Revell 2005; Jaffry et al. 1999; Smith et al. 1998),10
although more recent analyses suggest that prices for some species are more responsive to
quantity landed in the longer term, even if relatively unresponsive in the short term (e.g.
Andersen et al. 2008; Pascoe & Revill 2004).

The ability to affect the price through varying the catch has implications for the definition of
MEY. In Figure 4 (a), the traditional supply and demand model is presented for the case of a
price setting fishery with a downward sloping demand curve. That is, the unit price it receives
(which represents average revenue, defined as total revenue divided by catch) decreases as the
quantity supplied by the fishery increases. The marginal revenue curve (which shows the extra
revenue earned with each additional unit of output) lies below the average revenue curve. The
industry supply curve is given by the marginal cost of sustainable catch (defined as the extra
cost associated with an additional unit of catch) which is shown to increase. This differs from the
marginal cost per unit effort in the traditional model (which is generally assumed to be
constant), as the sustainable catch per unit of effort decreases as effort increases, with fish
becoming more difficult to catch with decreasing biomass. Hence the marginal cost per unit of
sustainable catch increases as catch increases, and as it cannot increase beyond maximum
sustainable yield (by definition), the marginal cost curve asymptotes at this point.

The fishing industry would maximise its profit at the point where its marginal cost is equal to
marginal revenue, depicted by MEY; in Figure 4(a). This is equivalent to the point Emey; in
Figure 4(b). At this level of output, prices are P1. However, while producer profits are maximised
here, society’s total benefits (the sum of consumer and producer surplus) are not. Rather, these
total benefits are maximised where average revenue equals marginal cost, with a higher
production quantity (MEY2) and a lower price (P*). The benefits to society at this optimal
production point are depicted by the shaded areas in Figure 4(a). The yellow area represents
consumer surplus, which is the difference between what consumers are willing to pay and what
they are required to pay. The green area is producer surplus—the difference between the price
received and the marginal cost of production.

9 Price flexibility is measured as the percentage change in price given a 1 per cent change in
quantity supplied. The own-price flexibility is the inverse of the price elasticity, which is the
percentage change in quantity demanded due to a 1 per cent change in price. The measure of
price flexibility is more appropriate when dealing with highly perishable products with (to some
extent) exogenously determined output, as the price adjusts to clear the market. Fisheries falls
into this category as output is a function of stock and fleet size, and the price adjusts depending
on the resultant catch (although there is feedback in that effort is likely to decline at lower price
levels). A product’s price is inflexible if it does not change with quantity supplied (which is
equivalent to a perfectly elastic demand).

10 A review of studies of price elasticities (c.f. price flexibilities) has also concluded that fish
prices, in general, are elastic (i.e. inflexible) (Asche et al. 2007).
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Figure 4 Effects of variable prices on optimal output. Figure 4(a) represents the traditional
market model (i.e. supply and demand) and illustrates the degree to which consumer
benefits are affected by fisheries production decisions. Figure 4(b) represents the fishery-
centric bioeconomic model with variable prices. In such a model maximum economic yield
(MEY) may result in a lower revenue than lower catch levels.
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Ignoring consumer surplus and producing at MEY; maximises benefits to the industry and
represents a net transfer of benefits from consumers to producers. That is, producers capture
additional producer surplus benefits associated with areas C and D in Figure 4 (a) at the lower
MEY; quantity (given that the higher price P, prevails). These are benefits that would be
captured by consumers if the efficient MEY; catch was produced. In addition, by not producing at
MEY>, areas A and B are not captured by anyone and represent an actual loss of benefits to
society, traditionally referred to as a net ‘deadweight’ loss.1! Therefore, in order to maximise the
benefits to society as a whole, the more appropriate target is the natural ‘market’ equilibrium
given by MEY> (Anderson 1973, 1980), with the equivalent level of effort Emey; in Figure 4 (b).
At this point, the sum of consumer and producer surplus is maximised (Turvey 1964). However,
industry profits are less than they might be at lower effort and catch levels.

11 [n contrast, when producers are price takers and prices are relatively inflexible (i.e. invariant
to the quantity supplied), the demand curve is effectively flat, and consumer surplus does not

exist. Hence, maximising producer benefits in such a case is an appropriate strategy for
achieving MEY.
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With globalisation of world fisheries markets, the ability of fishers (or even a fishery at an
aggregate level) to influence their price is limited for most species. Too high a price would
attract imports, while higher prices overseas would attract exports. Conditions under which the
scenario depicted in Figure 4 could occur are limited, and rely on the case where the fishery was
the main (or ideally sole) supplier to a domestic market with little competition from imports.

As noted previously, relatively few bioeconomic models include price variability as a component.
Many of these ignored consumer surplus implications (e.g. Danielsson et al. 1997; Gillig et al.
2001; Onal et al. 1991; Shalliker 1987), although others considered consumer surplus as a key
component of economic benefits from fisheries management when estimating optimal yields
(e.g. Blomo et al. 1982; Cook 1990; Edwards & Murawski 1993; Grafton et al. 2012).

The policy (DAFF 2007) does not refer to issues of market power. Implicit in the guidelines is
that MEY is defined in terms of industry profitability only. Descriptions in the policy refer to
variations in prices only in the context of inter-annual variability, and assume that price is
exogenously determined (external to the fishery).

For most Commonwealth fisheries, the assumption of exogenous prices (and associated with
this the assumption of perfectly elastic demand, or inflexible prices) is reasonable. Most fisheries
produce products that compete either on the domestic market with other domestically produced
and/or imported substitutes, or on the export market with other countries; in both cases,
market share is generally small.

There are, however, a small number of fisheries in which price-quantity relationships may be an
important consideration when determining MEY targets. In particular, the recent shift in the
supply of banana prawns from the NPF to the domestic market is believed to have had an
adverse impact on its own price (Buckworth et al. 2013).

Anecdotal evidence suggests that the recent reopening of the Bass Strait Central Zone Scallop
Fishery and the subsequent increase in fresh scallops on the domestic market has also
potentially had an influence on market prices—both for this fishery as well as the adjacent
Victorian and Tasmanian State fisheries (AFMA 2010). However, this effect has not been
formally quantified

Incorporating the effects of changes in quantity on price and subsequently the appropriate
definition of MEY first requires an understanding of the demand relationship for the species
(including cross-species price interactions); second, it requires a bioeconomic model with an
integrated demand component in order to determine the appropriate target reference point.
From the diagrammatic model in Figure 4, the optimal yield will generally lie somewhere
between the catch that maximises industry profits, and MSY. The more inflexible the price, the
closer the optimal yield will equate to that which maximises industry profits.

Given that most empirical studies (in Australia and elsewhere) have found that fish prices are
generally inflexible, a default position may be to estimate MEY as the yield that maximises
industry profits at the prevailing price—as is current practice. However, where there is evidence
of flexibility, research needs to be undertaken to derive more appropriate catch-price
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relationships to further refine the model and ensure that the target reference point reflects the
yield that maximises total benefits to the broader society (industry and consumers).
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8 Internationally shared fisheries

Most studies of international fisheries have focused on approaches to estimate non-cooperative
(or cooperative) outcomes between fishing nations under different conditions (Abbott et al.
2010; Bailey et al. 2010; e.g. Klieve & MacAulay 1993; Lindroos 2004; McWhinnie 2009; Munro
2009). These have included theoretical studies to identify the necessary conditions for
‘international MEY-like’ catch levels to evolve across nations (Chiarella et al. 1984), assuming all
nations share the same objective of maximising economic returns. These conditions are
relatively restrictive, requiring homogeneity in technology (the fishing fleets of all nations use
similar technology) and also the absence of market externalities (i.e. each nation's catch is sold
on its respective domestic market with no import competition from other harvesting nations)
(Chiarella et al. 1984). Subsequent studies have focused on asymmetry in production as a more
realistic assumption (i.e. differences in harvesting costs), and concluded that the ‘natural’ state
of international fisheries is effectively the open-access situation (Munro 2009) and shared
stocks are more prone to overexploitation (McWhinnie 2009).

For high-valued, highly migratory species such as tuna, cooperation between coastal states has
been improving since the early 1990s (Munro 1990). However, where formal allocations are
made between member states, these are often based on historical catch levels rather than a
specific target reference point (Grafton et al. 2011). The Commission for the Conservation of
Southern Bluefin Tuna (CCSBT) has, in some instances, failed to provide an agreed total quota
and allocation due to differences in objectives of the member countries (Kurota et al. 2010). In
international waters, new individuals can enter the fishery and potentially undermine any
allocations agreed between co-operating parties. For example, in the case of Southern Bluefin
Tuna, non-members of the CCSBT have previously taken as much as one third the total harvest
(Polacheck et al. 1999).

A substantial complication in the management of international fisheries is the problem of
disparate social-value systems, which in turn may be driven by local needs and dependencies on
the marine environment (Crutchfield 1973). In the case of Australian fisheries, the stated
objective is the maximisation of the net economic returns from the resource. However, for other
adjacent jurisdictions, the management objective may be substantially different. The objectives
of international fishery management must be modified to accommodate different national
objectives (Crutchfield 1973).

The fisheries economic literature has not addressed the issue of how to best use any allocation
once determined. From an economic perspective, when output is given exogenously, economic
returns can only be maximised through minimising the cost of production. These maximum
returns to the state may (but most likely will not) equate to what could be achieved if a global
maximum economic yield is imposed in the fishery as a whole. While considerable work has
been undertaken on cost minimisation by individual fishers (e.g. Jensen 2002; Nostbakken
2006), most of the relevant literature relates to capacity and capacity utilisation described in
previous sections (e.g. for data-poor species fisheries).

The policy does not prescribe management arrangements in the case of species managed by
international management bodies and/or arrangements or for fisheries managed under a joint
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authority. However, the policy states that the Australian Government will negotiate with the
relevant bodies to ensure sustainable fisheries (DAFF 2007). In this sense, the policy recognises
implicitly that an MEY target is an unrealistic expectation for such fisheries at the international
level. However, as noted above, maximising economic returns from the Australian allocation is
still achievable, but is not identified as a target for these Australian fisheries in the policy. This
notwithstanding, the Australian share of the fishery is subject to the Fisheries Management Act
1991 that still specifies maximising the net economic returns as an overall management
objective.

For all intents and purposes, the Australian components of international fisheries have been
managed as any other fishery. The exception is that catch and/or effort limits are exogenously
determined or, at the very least, influenced by negotiations with international agencies or joint
authorities.

The fact that international stocks are being shared with other countries implies that the returns
to targeting a biomass level will be dependent on the relative share of catch. If the Australian
share dominates, then management actions may have some power to influence stock size (and
future economic returns). But if Australia only takes a small share of the international catch,
then its influence over future stock levels (and the fishery’s profitability) is reduced. In the latter
case, a biomass target for the domestic fishery is not going to be appropriate. In such cases, it has
then been unclear how harvest strategies can best meet the MEY intent of the policy.

For example, the Eastern Tuna and Billfish Fishery targets some stocks for which the Australian
catch makes up a relatively small proportion of the total international catch. The fishery’s
harvest strategy control rules utilise a target catch rate that is equivalent to the rate that
prevailed during a historically profitable period (1997 to 2001). However, this period was also
associated with a relatively favourable terms of trade (high fish prices, low fuel prices). This
means that achieving the same catch rate now may not necessarily result in positive profits and,
therefore, may not be consistent with targeting MEY (Ward et al. 2013).

In cases where catch is determined under a separate international negotiation process, target
reference points for management of the Australian component may be better expressed in terms
of capacity utilisation (instead of biomass). As noted previously, underutilised capacity
represents an opportunity for a more efficient fleet configuration, although some
underutilisation is desirable given fluctuations in stock and price conditions from year to year.
Identifying an optimal level of underutilisation in such fisheries is an area for future research.

Related to the use of capacity utilisation measures is the use of profit functions (e.g. Pascoe et al.
2011) and cost functions (e.g. Asche et al. 2009) to identify optimal levels of individual catch,
and from this the possible extent of excess capacity.

While not a reference point per se, the harvest strategy policy could also advocate the use of
management instruments that encourage cost minimisation, such as individual transferable
quotas.
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