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Management Strategy Evaluation and Management Procedures:

Tools for Rebuilding and Sustaining Fisheries

Daniel S. Holland
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Abstract?

Fisheries management is complicated in nearly all cases by a high degree of
uncertainty about the current state and expected growth of fish stocks and about the
economic and social factors that affect the desirable harvest levels. Even for fisheries
with excellent data collection programs, scientific surveys and sophisticated assessments,
the estimates of catch levels that will maintain healthy fisheries or rebuild depleted ones
are often far from accurate. Consequently recommended catch levels often fluctuate more
than necessary in response to error in assessments rather than true stock variability and
frequently react too slowly due to lags in data collection, assessment and implementation.
Overly optimistic estimates of stock size and future growth have often led to allowing
catch levels that undermine rebuilding. Fishery management strategies also rarely include
specific objectives developed with stakeholder involvement which can undermine
stakeholders’ support for conservation even when it may be in their best interest.

In this paper | discuss an approach for evaluating and implementing fishery
management strategies known as management strategy evaluation (MSE), also sometimes
referred to as the management procedure (MP) approach that is designed to identify and
operationalise strategies for managing fisheries that are robust to several types of
uncertainty and capable of balancing multiple economic, social and biological objectives.
When implemented correctly an MSE should result in clear and measurable objectives
and a robust process for achieving them that fishery managers and stakeholders have
jointly developed and agreed to. | review several examples of MSEs that have been used
to evaluate, and in some cases implement, rebuilding strategies for overfished fisheries.
These case studies demonstrate how the MSE approach has been applied and some of its
advantages and limitations

Keywords

Management Strategy Evaluation; Fisheries Rebuilding; Fisheries Economics; South African Hake;
New Zealand Rock Lobster; Fisheries management.

2. I am grateful to Rebecca Rademeyer and Doug Butterworth for assistance with the case study of the
South African Hake MPs and to Paul Starr and Nokome Bentley for assistance with the cases studies of
the New Zealand Rock Lobster MPs. I'm also grateful to Saba Khwaja and anonymous reviewers from
the OECD Committee for Fisheries for helpful comments that greatly improved the manuscript.

MANAGEMENT STRATEGY EVALUATION AND MANAGEMENT PROCEDURES © OECD 2010






TABLE OF CONTENTS - 5

Table of contents

EXECUTIVE SUMMARY ..ottt st ste st sae st enaenaaneans 7
I [ 0T [0 Tod o S OTTPRPPRSRPR 16
2. What is MSE and Why Consider USING It .........cccccoviiieiiiiiicic e 19
3. MSE and Bioeconomic Modelling.........cccooiiiiiiiiiiieceee s 23
4. Experiences With MSE and MPS..........cccoi ittt 27
4.1 Rebuilding the South African Hake FIShery ..o 27
4.2 Rebuilding New Zealand NSS Rock Lobster FIShery ... 34
4.3 Use of MSE in the United STAteS.........cccooveiiiiiiiiirese e 40
4.4 Use OF MSE iN EUFOPE .....ooiiiece ettt sttt sttt sttt na e 42
5. Conclusions and RECOMMENUALIONS ........c.oiveveiriiini e 47
BIBLIOGRAPHY ..ottt sttt sttt enaaneaneas 51
ANNEX 1: MPs for South African Hake ..........ccccooviiiiiiiii e 57
The First Hake MP 1990-1995..........ccoiiiiiiiieieisesesie st 57
THE 1998 IMIP ...ttt sttt et s e b e b et st e bt e sttt neene e 57
TRE 2007 IMIP.....eeece ettt st et e et e et e e st e e s ae e et e e be e sbeesaeesaeeaaes 58
ANNEX 2: MPs for New Zealand ROCK LODSEEN .........ccccoieieiiiiiiiieie e 61
TRE 1997 IMIP.... e e b e et et e et e e s ar e e ab e e e be e sbeesaeesaaeenes 61
THE 2003 IMIP....co ettt ettt s e b e e b et et e et ettt neene e 61
THE 2007 IMIP....eice ettt sttt r ettt ettt neene e 64
Figures

Figure 1: Schematic of a management strategy evaluation model ...........c..cccoceviiieienns 20
Figure 2: Management units and species distribution for southern African hake ............. 29
Figure 3: Trajectories of Spawning DIOMASS ...........ccoiriiiiirieieise e 34
Figure 4: New Zealand NSS Rock Lobster Management Areas CRA7 and CRAS........... 35
Figure 5: CPUE, TACs and Catch for the CRA7 and CRAS8 rock lobster stocks

INNEW ZEAIANG.........eiiviiie et re e e 36
Figure Al. Trajectories of M. paradoxus resource abundance............ccccocevevrveirieaiennnns 60
Figure A2: Rebuilding Trajectory for NSS Rock Lobster MP ... 64
Figure A3. 2007 MP fOr CRAB .....c.ooiiiiiieee e 66

MANAGEMENT STRATEGY EVALUATION AND MANAGEMENT PROCEDURES © OECD 2010






EXECUTIVE SUMMARY — 7

EXECUTIVE SUMMARY

The depletion and collapse of fisheries is widespread and economic mismanagement
of fisheries still more commonplace, but there is increasing resolve in many OECD
countries to end overfishing, rebuild fisheries and improve economic performance of
fisheries. Unfortunately, the political resolve to rebuild and more effectively manage
fisheries, and even the support of fishery stakeholders for doing so, is not a sufficient
condition for achieving success. Effective fisheries management is nearly always
hindered by uncertainty in the size, composition and spatial distribution of stocks;
uncertainty in stock dynamics; stochastic and unpredictable variation in growth of the fish
stock; error in implementation of management prescriptions; and variations in economic
parameters such as costs and prices that effect optimal management. This can be
particularly problematic for rebuilding fisheries for which managers must balance the
need reduce catches to ensure rebuilding with the need to meet social and economic needs
of fishery stakeholders in the short term as well as the long term. A methodology known
as management strategy evaluation (MSE), also referred to as the management procedure
(MP) approach, is explicitly designed to indentify fishery rebuilding strategies and
ongoing harvest strategies that are robust to uncertainty and natural variation, and that
balance biological and socioeconomic objectives. This paper describes MSE and reviews
several examples of MSE that demonstrate how the approach has been applied and some
of its advantages and limitations. It also compares MSE with bioeconomic modelling and
suggests ways each approach can be improved by drawing from the other.

MSE is a general framework aimed at designing and testing a MPs, which specify
pre-agreed decision rules (heuristics), assessment methods and data used for setting and
adjusting TACs or effort levels to achieve a set of fishery management objectives. Note
that an MP is not simply a harvest control rule (HCR) which might be simply a policy to
set the TAC to achieve a constant specific exploitation rate; an MP must also specify the
data and assessment methods for determining how the TAC is calculated. While use of
HCRs in fisheries is relatively common, use of MPs is rare. A prototypical MSE
incorporates a number of interlinked model structures including: population dynamics;
data collection; data analysis and stock assessment; an HCR that dictates a specific
management action (e.g., the TAC); and implementation of the HCR. An operating model
is typically used to generate ‘true’ ecosystem dynamics including the natural variations in
the system. Data are sampled from the operating model to mimic collection of fishery
dependent data and research surveys (and their inherent variability). These data are
passed to the assessment model. Based on this assessment and the HCR, a management
action is determined (e.g., a change in the TAC). Fleet effort and catch are then modelled,
potentially allowing for error in implementation, and resulting catches are fed back into
the operating model. By repeating this cycle the full management cycle is modelled. It is
possible to test the effect of modifying any part of this cycle including changes to the
operating model, assumptions about noise, etc. Alternative MPs can be compared by
running many stochastic simulations, each for several years, to identify the performance
of a rule according to different metrics under the likely range of conditions.

The MSE approach is expressly aimed at identifying MPs that are robust to natural
variation in the system and to uncertainty and error, both in stock assessments and
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implementation of management controls. The choice of the MP generally involves a
compromise between various objectives since they are often at odds. The objective of the
MSE is to identify MPs that performs acceptably under a range of conditions and
uncertainties rather than try to identify a harvest strategy that is maximizes yield or profit
on average. For some fisheries, it is possible to find an empirically-based, model-free MP
that makes use of fishery-dependent data or simple indices from surveys as inputs to the
HCR requiring less frequent stock assessments and thereby reducing management costs.

A primary goal of the MSE approach is to assess the performance of different rules in
balancing multiple and sometimes competing objectives (e.g., low risk of overfishing and
stock collapse; stability in TACs over time; and maximum catches or profits). The lack of
clear and precise objectives is a common cause of failure in fisheries management. The
MSE process, if done correctly, should lead to explicit definition of, and agreement on,
management objectives. Ideally this should involve all participants in the fishery. This
can help foster a long-term view as well as ensure acceptance and adherence to
management advice. Stakeholders often find it difficult to put explicit, quantitative
weights on multiple performance indicators that can be used to quantitatively rank
different MPs. For this reason, MSEs typically report on a variety of indicators and give
stakeholders the opportunity to consider the trade-offs subjectively relative to the agreed
objectives. Using and MP to adjust catch of effort levels using pre-agreed decision rules
can be more transparent and appear more fair to stakeholders than the traditional
management under which scientists produce harvest recommendations from complex
stock assessments that stakeholders typically do not understand and have had not been
involved in.

MSE and Bioeconomic modeling

MSE and bioeconomic modeling are similar in purpose and are not necessarily
mutually exclusive. However, there are typically important divergences between them in
practice. Consequently each tends to lack some of the important advantages of the other,
though this need not be the case. There are very few examples of MSEs that have
explicitly incorporated economics, either in modeling behaviour or in evaluating MPs
against explicit economic objectives. However, a more realistic depiction of economic
behaviour and consideration of economic objectives could improve the accuracy and the
utility of MSEs to stakeholders. Bioeconomic models on the other hand, often use overly
simplistic models and fail to provide specific and directly usable advice to fishery
managers. Incorporating more realistic biological models that explicitly consider the
various types of uncertainty typically considered in an MSE and provide more specific
management advice would make bioeconomic models more useful to fishery managers. A
merging of the two, i.e., incorporating bioeconomic models in the MSE framework, is
likely to be the most useful approach for providing management advice to fishery
managers and stakeholders. The will require more collaboration between economists and
fishery scientists.

Rebuilding the South African Hake Fishery

The South African hake fishery was the first marine fishery anywhere in the world to
apply the MSE approach and actually implement an operational management procedure
that specifies the data, assessment methods and the specific decision rule that produces
explicit and directly useable management advice (e.g., the TAC). The hake fishery is
South Africa’s most important fishery both in terms of revenue and employment

MANAGEMENT STRATEGY EVALUATION AND MANAGEMENT PROCEDURES © OECD 2010



EXECUTIVE SUMMARY -9

accounting for about half of the landed value of all South Africa’s fisheries. Since 1990,
the hake fishery has been managed (except for transitional periods) with MPs which use
catch per unit effort (CPUE) and research trawl survey abundance indices as inputs to the
HCR to determine the TAC. The MPs, the models they are based on, and the nature of
recommendations have changed several times as new information about fish stock
structure and new assessment methods have emerged. The need for changes to the MP
was expected and planned for with agreed schedules for re-evaluation and procedures for
dealing outcomes that suggested the MP was not working as planned. What has remained
consistent during the post 1990s period is a close congruence between the TACs
recommended by the MP and the actual TACs set by the Minister of Fisheries. Although
the offshore hake stock is not yet rebuilt, the hake fishery was certified as sustainable by
the Marine Stewardship Council in 2004 and has retained that certification since.

The institutional and legal setting of the South Africa hake fishery was particularly
suited to development and implementation of MPs, and no doubt was important in
maintaining support for this approach over time even though the MPs did not always
work as planned. The official recognition of MPs in the Marine Living Resources Act as
a preferred management approach is unique and ensures that the Minister will at least
consider this management approach. The planning process for MPs in the South African
hake fishery was facilitated by having an identifiable set of quota holders who are, in
turn, represented by industry organizations that have the legally recognized right to make
management recommendations on behalf of the industry and resources to participate in
the management process. This not only facilitates industry engagement in the process, it
gives the Minister more assurance that an OPM that is agreed upon will not be undercut
politically by disaffected parties.

Despite the commitment to an MP approach and the resources dedicated to
implementing it, the experience with use of MPs in the South African hake fishery has
been mixed. MPs have not be successful in rebuilding the fish stocks as planned although
this is arguably due to poor recruitment rather than misspecification of TACs resulting in
excessive exploitation rates. Over time the MPs have been improved to utilize new data
and assessment techniques and to account for changes in understanding of the stock
structure. The process of developing, testing and selecting MPs has clearly been costly in
terms of time and human resources, but it has also led to a better understanding of the
fishery and how available data can be used to manage it. It also reduces the required
frequency of full stock assessments. Without the counterfactual it is not possible to say
how conventional management without MPs would have performed, but there is little
reason to believe it would have done better. It is likely that annual adjustments of TACs
based on the “best assessment” each year would have resulted in wider swings in TACs
over time which is clearly something that industry has been keen to avoid.

Perhaps the most important aspect of implementing MPs is engaging stakeholders in
their development to ensure that management meets their objectives to the extent
possible, particularly a reduction in uncertainty and variation of future catches to the
extent that is possible. As noted by one commercial stakeholder in the South African hake
fishery, stakeholder involvement in a planning process such as MSE not only allows
stakeholders to ensure their objectives are considered, it can enable them to reduce risk
and can help create a cooperative atmosphere between fishery manager and industry that
is critical to ensuring scientific management advice is accepted and adhered to by
decision makers and industry.
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Rebuilding New Zealand NSS Rock Lobster Fishery

The NSS (Otago and Southland) rock lobster stock in New Zealand has been
managed with individual transferable quotas (ITQs) as part of the quota management
system (QMS) since 1990. Although it is assessed as a single stock, the NSS rock lobster
stock is divided into two quota management areas, CRA7 and CRAS8, with separate
TACs, seasons and minimum legal sizes. Rebuilding the NSS stock to safer and more
productive levels was an agreed management goal when the fishery was introduced to the
QMS. In the mid 1990s, the National Rock Lobster Management Group (NRLMG),
which advises the Minister of Fisheries on rock lobster management issues, began to
explore the use of MPs to manage the fishery as a way to ensure fishery rebuilding while
also meeting stakeholder objectives including predictability and stability of TACs. The
fishery has been managed with a series of MPs since 1997. Whether due to good luck or
good management, these MPs are arguably the best example of successful application of
the MP approach in rebuilding a depleted fishery. The fishery rebuilt ahead of schedule
and a new set of separate MPs for the two management areas has been implemented to
maintain the fisheries at desired levels. These two MPs work quite differently reflecting
different biological characteristics and socio-economic objectives in the two areas, but
they have been evaluated to ensure sustainability of the fish stock that supports both
areas.

As in South Africa, development and implementation of an MP in the NSS rock
lobster fishery was facilitated by the institutional structure for fishery management in
New Zealand. Of particular importance was the existence of commercial stakeholder
organizations (the New Zealand Seafood Industry Council, SeaFIC, and the National
Rock Lobster Industry Council (NRLIC)) with legal ability to levy funds for research
from quota holders and legitimacy as representatives of quota holders in consultations
with the government over setting objectives and choosing a particular MP. This enabled
the industry groups to contract and pay for the development and evaluation of the MPs
that would likely not have occurred as part of the normal Ministry science and
management process.

In New Zealand's Quota Management System, TAC changes are relatively rare and
are extremely time-consuming for all parties. With over 97 species grouped into over 600
separate quota stocks, each with its own TAC, it is difficult to adjust TACs for many of
them in any given year with the limited resources of the Ministry and the stakeholders.
MPs greatly simplify this process and allow the system to be much more responsive. The
NSS MPs produced both increases and decreases in TACs that were accompanied by very
little debate and controversy. As note earlier, however, MPs do have large up front
development costs and require extensive human resources (i.e., modellers) that are in
short supply. So, while getting more MPs in place might improve the effectiveness and
responsiveness of management, it will undoubtedly be a long process for this small
country with such a large and complex system of fisheries.

Use of MSE in the United States

Although there is growing interest in applying the MSE approach in the US, there are
very few examples of an MSE framework being used to evaluate a realistically
implementable MP for fishery rebuilding. One notable exception is an MSE designed to
explore rebuilding strategies for overfished rockfish stocks managed by the Pacific
Fishery Management Council (PFMC). The analysis was not designed to lead to
implementation of an MP, but it did demonstrate the performance of alternative HCRs
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that would be practical and would meet legal requirements, and that were based on the
current stock assessment approach and data streams and the biological models underlying
them. This MSE is interesting because it deals with fish stocks that cannot be rebuilt
within 10 years thereby allowing and requiring an extended rebuilding plan up to 80 years
for some species. The MSE demonstrated conflicts between the different management
goals which included: a high probability of stock recovery by the target date, high
average catches during rebuilding, low inter-annual variability of catches, low probability
of having to redefine the rebuilding plan, and simplicity of the management approach.

Use of MSE to test and implement MPs in the US is inhibited by a number of factors.
As in most countries, fisheries managers typically lack the resources to undertake an
MSE on top of the normal data collection and stock assessment process. Most US
fisheries also do not have commercial stakeholder organizations that can legitimately
represent the interests of the overall commercial fishery and agree on a particularly MP.
This is important because a lack of agreement on the MP up front could lead to political
pressure to drop it if it leads to greater TAC reductions or slower increases than desired
by some groups. It is also not clear whether an MP would legally be allowed if it could
result in fishing mortality exceeding Fmsy at some points. This might inhibit use of
common stabilizing mechanisms in MPs such as limits on how much or how often TAC
can be changed year to year, and it is these stabilizing mechanisms that often have the
greatest appeal to fishery stakeholders. Nevertheless there is growing interest in MSE in
the US, at least as a means to evaluate HCRs for robustness to uncertainty. It is likely as
more fisheries adopt catch share systems with clearly defined stakeholders and hard catch
limits, interest in developing MPs will grow.

Use of MSE in Europe

There has been considerable interest in the MSE approach in Europe for many years
and there are a number of examples of MSE that have been conducted to evaluate MPs
(or at least HCRs) including a few examples that evaluate rebuilding strategies for
depleted fisheries. However, moving beyond MSE to actual implementation of MPs is
only now starting. The Icelandic cod was an early example of an MSE that was used to
test various HCRs but did not actually test and implement and MP. In 1992 the minister
of fisheries appointed a working group to provide advice on the harvest control rules
including their most important fishery, Icelandic cod. They conducted an MSE that
explored the economic and biological performance of alternative HCRs allowing for
stochastic variability and uncertainty in stock assessments that the HCR would use to set
TAC. The HCR implemented could not really be considered an MP since it did not pre-
specify the assessment process for determining the stock biomass which, through the
HCR, determines the TAC. Use of HCRs in the Icelandic cod fishery over a period of
more than 15 years failed to lead to rebuilding of the fishery. While this was partly due to
poor recruitment uncertainty in stock assessments, implementation failure (e.g. catches in
excess of TACs) and ad hoc changes to the HCR at times allowed much higher
exploitation rates than were envisioned by the rule and this clearly played a role in the
failure to rebuild. It is notable also that a more conservative rule was not chosen despite
the demonstration by the MSE that it would greatly increase the net present value of the
fishery. This suggests that there may have been insufficient involvement of key
stakeholder in the MSE process to create sufficient buy-in to choose and implement a
strategy.
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Kell et al. (2005a) applied an MSE approach to evaluating HCRs for the North Sea
flatfish fishery which provided a basis for implementation of a new HCR for the North
Sea plaice and sole fishery in 2008. A long-term management plan adopted by the
Council of the European Union in June 2007 and first implemented in 2008 implements a
version of the HCR explored by Kell et al. (2005a) though it might not be considered an
MP since it does not specify the specific data and analytical process that will be used to
determine the TAC. The plan consists of two stages. The aim of the first phase is to
ensure the return of the stocks of plaice and sole in the North Sea to within safe biological
limits. This should be reached through an annual reduction of fishing mortality (F) by
10% in relation to the fishing mortality estimated for the preceding year. The plan sets a
maximum change of 15% of the TAC between consecutive years. This has been carried
out with 10% reductions in fishing mortality in 2008 and a recommendation for another
10% reduction in 2009, although this would actually allow an increase in the TAC since
the stock has grown. SSB for this plaice stock is now estimated to have increased above
the precautionary target level Bpa. An analogous set of mortality reductions were also
implemented for sole. Like plaice this has actually allowed increase in the TAC since the
stock is growing, despite the fact that the sole stock has not yet recovered to target levels.

Despite longstanding interest in applying an MSE framework to evaluating HCRs,
implementation of full MPs in Europe has been hindered and complicated by the fact that
many of the fisheries are shared between multiple countries each of which makes and
implements their own management decisions. While ICES provides an institutional
framework for undertaking an MSE, adopting an MP, at least in multistate fisheries,
requires a relinquishment of control over domestic fishery policy that may be difficult to
persuade member counties to agree to. Furthermore the fishery stakeholders often include
disparate groups of fishermen from several countries that may be fishing under different
management systems. However agreement on an implementation of an HCR for North
Sea plaice and sole suggests that there may be a growing role for MPs in Europe. Like
most European fisheries these stocks are shared by several countries making it complex
and difficult to agree on a strategy, yet this was accomplished. The test will be to see if it
is adhered to if, in the future, it triggers TAC reductions. Despite the added political
difficulties of reaching agreement on an MP, doing so for shared stocks in Europe would
be particularly important and useful if it served to strengthen resolve to stick to
management advice.

Conclusions and Recommendations

Designing and implementing effective management strategies for rebuilding and
maintaining fisheries to meet the objectives of fishery stakeholders and the broader public
concerned with sustainability is an important but an extremely difficult task. The
unpredictable variability of fisheries and the high level of uncertainty about both current
state and future growth inhibit good management even when there is a strong resolve to
limit catches or effort to rebuild and maintain fish stocks at sustainable levels. Despite the
fact that fishery stakeholders often would benefit from more conservative harvest
strategies that build fish stocks to higher biomass levels, there is often a lack of support
for these strategies when they require reductions in catch. This is no doubt due in large
part to those stakeholders being uncertain that short term sacrifices will be rewarded by
long term gains. MSEs that involve stakeholders in determining objectives and choosing
management strategies to achieve those objectives can be an effective way to achieve
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buy-in for rebuilding and sustainable management and continued support even when
catch reductions are required.

The institutional setting is of critical importance in promoting the development and
successful implementation of MPs. To date, MPs have only been implemented in
fisheries managed with individual quota systems where the stakeholders are clearly
indentified and there is a formal and legally recognized process for involving them in
determining management advice. The long term right to a share of the fish catch can be
particularly important for rebuilding fisheries where short term sacrifice is required for
long term gain. However, there may still be a diversity of interests and objective amongst
fishery stakeholders, particularly when the interests of non-commercial stakeholders must
be considered. Therefore, the importance of creating a formal institutional structure for
stakeholder representation in the management process is critical to developing MPs that
will endure political pressure to abandon them. The necessity to get several stakeholder
groups or politicians from several countries, to agree on an MP and stick by it even when
it operates to their disadvantage clearly increases the difficulty of implementing an MP,
or any effective management for that matter. However, the MSE framework does at least
provide an objective way of evaluating a management strategy against objectives, and, by
forcing stakeholders to clarify objectives, it may increase the chance that a fishery
management plan will be designed to achieve them.

Recommendation: Stakeholders should be consulted in the early stages of
developing an MSE to determine the appropriate objectives and performance metrics, and
they should be involved in selecting an MP to ensure that it balances objectives
appropriately and to create buy-in. It is useful to clearly define the stakeholders or
stakeholder groups that have standing and create a formal institutional structure for their
participation in the decision process.

The MSE framework is well suited to addressing many of the challenges of
identifying fishery management strategies that are precautionary in the face of
uncertainty, but also serve the economic and social interests of fishery stakeholders. First
and foremost MSE is designed to indentify management strategies that are robust to
multiple types of variability and uncertainty — a characteristic of almost all fisheries.
Finding strategies that are robust to uncertainty, work reasonably well in good times and
bad, and balance competing objectives will generally mean choosing a strategy that
appears suboptimal in term of maximizing yield or profits.

Recommendation: While a primary criterion for selecting an MP is likely to be low
risk of fishery collapse or high probability of rebuilding, it is also important to identify
MPs that reduce social and economic risks which typically mean finding MPs that reduce
the frequency and magnitude of TAC changes.

Explicit modelling of different types of uncertainty including model error,
observation error and implementation error not only allows for design of MPs that work
well in the face of these errors, it can help identify where it may be most useful to reduce
uncertainty through more research, better data collection or tighter management controls
that reduce implementation error. These means of reducing uncertainty are often costly,
and MSE provides a tool to evaluate the benefits of reduced uncertainty relative to the
gains, either explicitly in terms of higher monetary benefits that can be realized or
qualitatively in terms of greater achievement of competing objectives such as lower
biological risk and both higher and more stable yields.
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Recommendation: MSEs should be used as a tool to determine the value of reducing
specific types of uncertainty (e.g. on key parameters, model assumptions, implementation
error, etc.) so as to target scarce research and monitoring resources where they create the
most value.

Most MSEs could be improved with inclusion of integrated economic models that
track economic performance indicators such as costs and revenues and their variability
along with biological outcomes. In addition, few MSEs do a good job of modelling
implementation error which can be facilitated by modelling human behaviour in response
to the economic incentives. Economists may also be able to suggest and test MPs that
create incentives for fisheries to use or reveal private information which can improve
fishery performance in the face of uncertainty.

Recommendation: MSEs should incorporate bioeconomic models that provide
information on economic performance metrics and account for possible errors in
implementation due to human behaviour.

MPs have primarily been implemented in and been most effective for single species
fisheries. In these fisheries it is more likely that empirically based (model free) MPs that
rely on commercial CPUE to determine TAC decisions will be effective. These model-
free MPs may allow savings in management costs as also make management more
understandable to fishery stakeholders which can promote acceptance. Multispecies MPs
may be more difficult to design and test and are more likely have to rely on formal stock
assessments to determine the TACs.

Recommendation: Although they will not be appropriate for many fisheries, model-
free MPs that reduce reliance on frequent stock assessment models should be considered.
Model-free MPs are more likely to be appropriate for single-species fisheries where
fishery dependent data can be effectively used. It may make sense to focus initial
implementation of MSE and MPs on single species fisheries before tackling multispecies
fisheries for which MSEs and MPs will be more complex to model and implement.

While MSE and MPs have some clear advantages over traditional approaches to
developing and implementing management advice, they are not a panacea. A number of
MPs and HCRs that were tested for robustness in an MSE framework failed to achieve
their objectives. Clearly it will not generally be possible to design a perfect MP, and it
will be necessary to adapt the MP as new information and unforeseen events emerge. It is
probably fair to say that the more we learn about fisheries the less certain we are that we
can predict what will happen to them. Therefore it is essential that a schedule and process
for re-evaluating an MP be determined along with meta rules that determine how to react
if appears the MP is not functioning correctly. The process must allow adaptability
without opening the MP up to tinkering any time results are not going the way some
stakeholder group likes.

Recommendation: When an MP is implemented a schedule for reviewing and
potentially changing the MP should be clearly stated along with a procedure for
identifying and reacting to a failure of the MP prior to the schedule review.

Undertaking an MSE and developing and testing an MP will generally require a large
upfront cost. Fishery management authorities” budgets and human resources are generally
stretched thin just keeping up with regular stock assessments. Without additional funding
specifically dedicated to undertake MSEs, use of this analytical framework and of MPs is
likely to grow only slowly. Yet there may be substantial long term gains from greater use
of MSE and MPs as a result of superior management that better meets stakeholder
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objectives. Use of MPs can reduce rent seeking behaviour focused on management
decisions and engender a long term management focus. In some cases, MPs will reduce
ongoing assessment and management costs by reducing the required frequency of stock
assessments. Therefore greater investment in MSEs and implementation of MPs is
justified and OECD countries would do well to follow the example of South Africa and
make MSE and MPs an integral part of fishery management.

Recommendation: Government authorities responsible for fishery management
should consider making strategic investments to increase capabilities to undertake MSEs
and implement MPs. While this may increase management costs in the short run it should
reduce them in the long run as well as improve the effectiveness of fishery management.

MANAGEMENT STRATEGY EVALUATION AND MANAGEMENT PROCEDURES © OECD 2010



16 - WHAT 1S MSE AND WHY CONSIDER USING IT

1. Introduction

The depletion and collapse of fisheries is widespread (Myers and Worm, 2003; Worm
et al., 2009). Economic mismanagement of fisheries is still more commonplace as the
examples include but are not limited to most cases of depletion and collapse (Grafton et
al., 2007). The Food and Agriculture Organization (FAO) estimates that globally between
25 and 30% of assessed fish stocks are overfished (FAO, 2009). In the US the National
Marine Fisheries Service estimated that 24% of assessed fish stocks were in an overfished
state in 2007 (NMFS, 2008). Since, in most cases the economically optimal stock size is
higher, and the fishing mortality rate lower, than levels defined as overfished and
overfishing, the number of economically overfished stocks is almost certainly higher.

There is increasing resolve in many OECD countries to end overfishing and rebuild
depleted fish stocks. Several countries have passed legislation that mandates an end to
overfishing and includes requirements for rebuilding of depleted stocks above levels that
support maximum sustainable yield (i.e., above Bmsy) in specified time frames. Although
the trend toward overfishing and depletion of fish stocks has yet to be reversed, many
depleted stocks have been or are being rebuilt and many fisheries are now being managed
sustainably (Worm et al., 2009). New “catch share” management systems being
implemented in a number of fisheries using individual quotas or harvest cooperatives
create incentives for increased efficiency and may also promote rebuilding and better
biological management (Costello, Gaines and Lynham, 2008).

Unfortunately, the political resolve to end overfishing, and even the support of fishery
stakeholders for doing so, is not a sufficient condition for achieving rebuilding and
effective sustainable management of depleted fisheries. Effective fisheries management is
nearly always hindered by uncertainty in the size, composition and spatial distribution of
stocks; uncertainty in stock dynamics; stochastic and unpredictable variation in growth of
the fish stock; error in implementation of management prescriptions; and uncertainty and
variation in economic parameters such as costs and prices (Francis and Shotton 1997;
Jensen 2008). Even the best fishery stock assessments are highly uncertain. While
scientists often understand fairly well what level of exploitation will drive a fish stock
toward depletion, there is much less understanding of how stocks rebuild and how
rebuilding is impacted by species interactions, climate, and loss of biodiversity and
habitat (Worm et al. 2009). Even determining appropriate catch levels for healthy fish
stocks can be extremely difficult due to natural variability in their productivity that is
often hard to assess in a timely fashion.

For logistical, legal, and political reasons, many if not most fisheries attempt to
implement a constant harvest rate policy based on mean or median model predictions
from the “best” current assessments of the fish stock. However, when total allowable
catches (TACSs) are set on the basis of the best assessment each year they can lead to
TACs trending almost independently of the fishery biomass because recommendations
reflect noise arising from choices of data sets, assessment model assumptions, and
analytical methods rather than actual changes in the fish population (Butterworth, 2007).
This problem is aggravated by the fact that there is typically at least a two year lag
between the data used for the assessment and the implementation of the management
recommendation based on it (De Oliveira et al., 2008). This is particularly important for a
fishery concentrated on a few year classes since estimates of the undersized year classes
in the pipeline are typically highly uncertain. As a consequence the fish stock, and the
fishing mortality rate, may be allowed to stray far from the target level. Not only does this

MANAGEMENT STRATEGY EVALUATION AND MANAGEMENT PROCEDURES © OECD 2010



EXECUTIVE SUMMARY - 17

increase the risk of depletion, it tends to lead to unnecessary variation in TACs that is
economically and socially disruptive.

In recognition of the uncertainty and natural variability of fish stocks and the risk that
they will not rebuild easily when depleted, a precautionary approach has been
recommended by the FAO (FAO 1996) and is incorporated in legislation and regulatory
guidelines in some countries. However, the precautionary approach is typically
implemented through an ad hoc reduction of the target fishing mortality rate from the rate
associated with maximum sustainable yield (Fmsy) rather than a rigorous evaluation of
the adjustments needed to reduce risks of overfishing or collapse to specified levels. In
fact this is essentially the approach for setting annual catch limits prescribed in recent
U.S. regulations (Federal Register, 2008). The precautionary approach is typically applied
to reduce biological risk, but economic risk associated with unnecessary or extreme
reductions and high variation in catches is not usually considered. As a result there is
often political pressure against reductions in TACs even when those reductions may be in
the direct economic interest of the fishery participants and the communities they live in.

It is clearly desirable to design fishery rebuilding strategies and ongoing harvest
strategies that are robust to uncertainty and natural variation, and that balance biological
and socioeconomic objectives. A methodology known as management strategy evaluation
(MSE), also referred to as the management procedure (MP) approach, is explicitly
designed for this purpose. MSE is a simulation-based methodology that is meant to
identify harvest strategies with “adequate, albeit potentially suboptimal, management
performance with respect to multiple criteria over a wide range of model assumptions
about the dynamics of the resource” (Cooke 1999). MSE can help identify and facilitate
effective implementation of management strategies that balance a variety of stakeholder
objectives including limiting biological risk but also increasing profitability and stability
of harvest over time.

Like bioeconomic modelling, MSE is a tool for evaluating the potential performance
of particular management strategies and indentifying strategies that meet objectives. In
fact, MSEs can and generally should include bioeconomic models to provide assessments
of economic along with biological performance and to account for the impact of human
behaviour which can cause catches to deviate from target levels. However, unlike many
bioeconomic models, MSE is specifically designed to realistically account for error and
uncertainty in data and model structures and to provide explicit quantitative management
advice that can be directly applied by fishery managers to set catch or effort limits. MSEs
also generally assess performance based on multiple objectives rather than focusing
solely on optimal economic performance.

In this paper | review several examples of MSEs that have been used to evaluate, and
in a few cases implement, rebuilding strategies for depleted fisheries. These case studies
demonstrate how the MSE approach has been applied and some of the advantages and
limitations of the approach. | also compare and contrast MSE with bioeconomic
modelling and suggest ways each approach can be improved by drawing from the other.

MANAGEMENT STRATEGY EVALUATION AND MANAGEMENT PROCEDURES © OECD 2010






WHAT IS MSE AND WHY CONSIDER USING IT - 19

2. What is MSE and Why Consider Using It

MSE is a general framework aimed at designing and testing MPs which specify
decision rules (heuristics) for setting and adjusting TACs or effort levels to achieve a set
of fishery management objectives. Simulation testing is used to determine the extent to
which an MP is robust to uncertainty, and MPs are usually selected so that there is a
reasonable likelihood that the (pre-specified and quantified) management goals can be
satisfied (De Oliviera et al. 2008). Butterworth, Cochrane and De Oliveira (1997) define
an MP, as a simulation-tested set of rules used to determine management actions, in
which the data, the methods for analysing the data (including any method of stock
assessment) as well as the harvest control rule (HCR) are pre-agreed and pre-specified.
Note that an HCR, which might be something like setting the TAC to achieve a specified
constant fishing mortality rate, is not itself considered an MP. An MP must also specify
the data and assessment methods for determining how the TAC that achieves that fishing
mortality rate is actually calculated.

The MSE framework and MPs were first developed by the Scientific Committee of
the International Whaling Commission (IWC) during the 1980s (Punt and Donovan 2007)
and have been applied to a number of fisheries since, predominantly in South Africa,
New Zealand and Australia. MSE has been applied primarily to single-species fisheries;
however, an MSE was conducted for the Southeast fishery in Australia, a multispecies
and multigear fishery spanning a large and diverse geographic range (Smith, Sainsbury
and Stevens, 1999; Smith et al., 2007). Some of the most illustrative examples of the
MSE approach are the MPs implemented to rebuild the South African hake fishery and
the New Zealand NSS rock lobster fishery which are discussed in more detail later in this
paper. Both of these cases are examples of full implementation of the MSE approach
involving joint determination of objectives with stakeholders, simulation-based
evaluation of an MP, and actual implementation of the MP for an extended period of time
(though with adjustments made to it over time).

A prototypical MSE incorporates a number of interlinked model structures:
population dynamics; data collection; data analysis and stock assessment; an HCR that
dictates a specific management action (e.g., the TAC); the harvest decision process; and
implementation of that management action (McAllister et al. 1999). An operating model
is typically used to generate ‘true’ ecosystem dynamics including the natural variations in
the system (Figure 1). Data are sampled from the operating model to mimic collection of
fishery dependent data and research surveys (and their inherent variability). These data
are passed to the assessment model. Based on this assessment and the HCR, a
management action is determined (e.g., a change in the TAC). Fleet effort and catch are
then modelled, ideally accounting for potential error in implementation, and resulting
catches are fed into the operating model. By repeating this cycle the full management
cycle is modelled. It is possible to test the effect of modifying any part of this cycle
including changes to the operating model, assumptions about noise, etc. Alternative MPs
can be compared by running many stochastic simulations for several years to identify the
performance of a rule according to different metrics under the likely range of conditions.
The objective is to identify MPs that perform “well” under the range of conditions based
on the pre-determined objectives and constraints. For example, we might be looking for a
rule that leads to stock collapse less than 1% of the simulation runs, a low average
variance in TACs over time, and relatively high average catch and stock size. The choice
of the MP generally involves a compromise between various objectives since they are
often at odds.
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Figure 1: Schematic of a management strategy evaluation model
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MPs specify actions contingent upon the values of a set of indicators from the fishery.
Such indicators may be output from a formal stock assessment, but in some cases the MP
can utilize simpler more directly observed measures such as commercial CPUE or a
research survey biomass index. The MP may use a combination of indicators and could
use results from a formal assessment only occasionally (e.g. every second or third year).
MPs may combine current states and trends of indicators with seemingly ad hoc rules,
such as not allowing changes in the TAC in consecutive years. Although such rules may
seem ad hoc, they are tested to determine whether they achieve the desired results.
Ideally, managers and stakeholders agree a priori on the indicator data, the HCR, and the
period over which the rule will be used. Often this may be after reviewing a number of
alternative MPs with different performance attributes.

A timeline is typically agreed upon for re-evaluation of the MP. For example, an MP
might be followed for four years then re-evaluated, unless it becomes clear it is not
working correctly prior to that. Ideally, the MP should include a set of meta-rules that
specify in advance the actions in response to unexpected circumstances such as CPUE
changes outside bounds of the operating model, substantial changes in biological
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parameters, or external impacts not accounted for in the model (Rademeyer, Butterworth
and Plaganyi, 2008b).

The MSE approach and use of MPs to determine regular management actions has
several potential advantages over the traditional pattern of regular or periodic stock
assessments followed by TAC determination (Geromont et al. 1999). The MSE approach
is expressly aimed at identifying MPs that are robust to natural variation in the system
and to uncertainty and error, both in stock assessments and implementation. The analysis
usually attempts to identify rules that perform well under a variety of potential future
circumstances and with uncertainty in assessments. Often, when there are uncertainties
about the underlying stock structure or important processes such as migration or
recruitment, an MP may include simulations with multiple variations of the operating
model to test the robustness of the MP given alternatives model structures.

For some fisheries, it is possible to find an empirically-based model-free MP with an
HCR based directly on fishery-dependent data or simple indices from surveys requiring
less frequent stock assessment. This can reduce the required frequency of full stock
assessments and thereby save time and resources. Using a model-free MP to adjust TACs
or effort levels can be more transparent and appear fairer to fishers than the traditional
approach which relies on a complex stock assessment model that few if any stakeholders
understand. Note that this is not meant to suggest that full stock assessments are not
necessary. They must still be done periodically to evaluate the performance of the MP
and whether changes are needed, but full stock assessments may be not be needed as
often and the TAC or effort level may be determined in most years by a simpler
procedure.

A primary goal of the MSE approach is to assess the performance of different rules in
balancing multiple and sometimes competing objectives (e.g., low risk of overfishing and
stock collapse; stability in TACs over time; and maximum catches or profits). The lack of
clear and precise objectives has been described as one of the major causes of failure in
fisheries management (Cochrane, 2002). The MSE process, if done correctly, should lead
to explicit definition of management objectives. Ideally this should involve all
participants in the fishery. This can help foster a long-term view as well as ensure
acceptance and adherence to management advice. There are typically conflicts and trade-
offs between objectives. For example, a workshop fishery scientists held with the
National Rock Lobster Management Council in New Zealand (a group that includes
recreational and Maori stakeholders as well as commercial quota holders) held in 2000
agreed upon six primary management objectives for their fisheries (Bentley et al. 2003b):
maximize catch, maintain high abundance, minimize frequency of catch adjustments,
minimize risk of low biomass levels, maximize the rate of rebuilding and maintain a wide
size range of lobster. Some management strategies may result in lower average yields but
maintain higher average CPUE and thus lower harvest costs. Some strategies may provide
better long term performance at the expense of lower catches or profits in the short run.
Stakeholders often find it difficult to put explicit, quantitative weights on multiple
performance indicators that can be used to quantitatively rank different MPs. For this
reason, MSEs typically report on a variety of indicators and give stakeholders the
opportunity to consider the trade-offs subjectively (Bentley et al. 2003b). Ideally,
stakeholders reach a consensus on which rule balances the objectives rather than ranking
and selecting an MP based on a particular metric such as maximum average catch of
profit.
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Standard fishery assessments and projections often provide error bounds on
predictions based on bootstrap methods that sample from the observations used to fit the
assessment model or allow for stochastic future recruitment, but these projections often
fail to account for the full range of uncertainty in the assessment, particularly errors in
model structure. The simulation-based methodology of MSE allows for evaluation of
complex biological systems, complicated management strategies and constraints, and
multiple sources of uncertainty. It can be used to test the ramifications of alternative
plausible assumptions about stock structure and fish biology. It allows for direct
incorporation of the models and stock assessment processes already used to assess and
manage the fishery. An MSE typically provides outcome information to inform a variety
of performance metrics, and generally produces information on the full distribution of
potential outcomes from hundreds if not thousands of stochastic trials (i.e., a Monte Carlo
approach).

The flexibility and informational richness of the MSE approach comes at a cost
however. Butterworth (2007) notes that development of an MP can be very time-
consuming and that MP can reduce the flexibility of managers after implementation. Paul
Starr, who has worked on several MPs, estimates that developing an MP on average takes
twice the resources and time of an ordinary stock assessment, but, once it is in place, it
can yield real savings by not having to repeat the assessments as often (Paul Starr,
personal communication September 2009). Nevertheless, the front-end costs and the time
to develop an MP can be considerable and should be factored in before opting to adopt
this approach.

In the end, the MP is only as good as the underlying models and assumptions it is
based on. The success or otherwise of the MSE framework depends on the extent to
which the true range of uncertainty can be identified and represented in operating models
(De Oliveira et al., 2008). These uncertainties include: natural variation in dynamic
processes such as recruitment, growth, natural mortality and the selectivity of the fishery;
errors in data collected on the fishery (e.g. age sampling, catches, surveys); error in
estimating parameters of the operating model and the assessment model; misspecification
of the model structure; and implementation error associated with differences in prescribed
versus actual catches (Kell et al. 2006a). Rochet and Rice (2009) note that “the use of
complex mathematics and statistical tools risks giving users a false sense of rigor
implying a degree of precision and accuracy that may be misleading, particularly for low
probability outcomes”. If undesirable outcomes have not been experienced enough times
to know the conditions that cause them, and MSE may not bracket the range of possible
outcomes and is unlikely to accurately determine the probability of their occurrence.
Since a common focus of MSE analyses is to identify MPs with a very low probability of
very bad outcomes, the choice of the MP may be driven by the potential outcomes whose
probability of occurrence is least well understood.
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3. MSE and Bioeconomic Modelling

MSE and bioeconomic modelling are similar in purpose and are not mutually
exclusive; however, there are typically important divergences between them in practice.
Consequently each tends to lack some of the important advantages of the other, though
this need not be the case. There are very few examples of MSEs that have explicitly
incorporated economics either in modelling behaviour or in evaluating MPs against
explicit economic objectives. However, there are many ways in which economics can
strengthen the MSE methodology. Bioeconomic models on the other hand, often use
overly simplistic models and fail to provide specific and directly usable advice to fishery
managers.

MSEs and the MPs they evaluate should take into account variation and uncertainty in
economic variables that effect behaviour and how biological performance translates into
economic performance. MSEs ideally include, as part of the suite of connected models,
an implementation model that allows for a divergence in the desired level of catch (e.g.,
the TAC or target catch) and the actual catch. This is likely to be affected by fishing
behaviour driven by economic considerations and responses to regulation. Most MSEs
have focused on management using TACs and often assume prescribed catches are
simply taken, perhaps with some random variation. Implementation models that account
for behavioural responses to the economic incentives created by regulations, input and
output prices and biological and physical characteristics of the fishery may be better able
to predict how future catches will compare to target catches or at least provide better
insight into how much and in what way they may diverge.

While most MSEs have evaluated output controls to regulate catch, MSEs that
consider effort-based management strategies (e.g. Christensen 1997) may be preferable in
some fisheries. For these analyses the importance of modelling behaviour and
implementation error will increase the need to involve economists. MSEs might also be
used to evaluate tax-based management instruments. Although tax-based management
approaches appear to have advantages over quota-based strategies in many fisheries, they
are almost never used. MSEs may provide a framework to convince stakeholders of the
benefits of such an approach as well as to provide necessary assurances to managers that
it can achieve biological objectives and meet legal constraints. Even for quota-based
strategies, understanding economic behaviour may be critical. Christensen (1997) found
losses due to high-grading with a quota based HCR for Greenland shrimp to be four times
the magnitude due to biological uncertainty. Implementation error that allowed catches to
exceed TACs of Icelandic cod is one of the factors that undermined the success of the
HCR implemented in that fishery (ICES 2005).

The MSE approach could also be strengthened by incorporating explicit economic
objectives and performance metrics, including measures of social and economic risk (e.g.
loss of markets if a fishery is closed or effects on employment). MSEs could be designed
to predict how harvest costs, revenues, producer and consumer surplus, or other welfare
measures will be impacted by the MP choice. Holland and Hererra (2009) note that
assumptions about cost structure, price flexibility and risk preferences can alter optimal
strategies substantially and if ignored may lead to selection of strategies that perform
more poorly that the model projected. For fisheries that are rebuilding, determining the
present value of alternative rebuilding schedules could be very useful information to
stakeholders, particularly in fisheries managed with individual quotas where the value of
future fishery profits should be capitalized in the value of quota. It is not uncommon that
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a quicker rebuilding strategy and a higher final biomass target can increases the long term
value of the fishery and providing this information in a clear and understandable format
to stakeholders might generate support for more conservative management.

MSEs are designed to provide explicit advice on how to adjust TACs or other
regulations in response to pre-agreed indicators that can be derived with existing data
collection programs and assessment methods. They often incorporate sophisticated and
complex operating models that match up with the stock assessment models used in the
fishery providing some confidence that the simulated biological system is consistent with
the current state of knowledge. Bioeconomic models, in contrast, are typically not
designed to provide explicit management advice that can be directly implemented by
fishery managers, often seeking to provide somewhat generalisable results. But the focus
on the general may undermine the applicability to any particular fishery with specific
characteristics and objectives that can substantially alter the “optimal” management
approach.

Bioeconomic models are often geared more toward providing qualitative advice such
as the relative advantages of alternative rebuilding rates or harvest strategies, or the
effectiveness and efficiency of alternative regulatory approaches (e.g., output vs. input
controls) and management tools and actions (e.g., area closures or capacity reduction).
Bioeconomic models are often based on simplified biological models much different from
those underlying the stock assessments used to make management recommendations.
They rarely take into account the degree and nature of uncertainty associated with the fish
stock biomass and growth, often assuming that fishery managers have perfect knowledge
of the biology. While there are many examples of bioeconomic models that explore how
to adjust management in the face of various types of uncertainty (see Holland and Herrera
2009 for a review), these models tend to provide qualitative rather than specific
quantitative advice on how to adjust harvest recommendations and incorporate very
simplified biological models to make them tractable to dynamic optimization. Because
they do not explicitly model how data is collected and used to implement the HCR,
bioeconomic models do not provide a test of robustness of the overall stock assessment
and management process.

Bioeconomic models, particularly those designed to identify the optimal harvest
strategy, often tend to focus on maximization of profits or fishery rents rather than trying
to identify management strategies that balance alternative and sometimes competing
objectives such as low biological risk, low variability of catch, and high profits.
Identifying strategies that balance these objectives can be particularly important for
rebuilding fisheries where objectives and concerns for maintaining fishing communities,
infrastructure and access to markets may constrain the acceptable reductions in catch
levels. While these might be included as constraints in a bioeconomic model it may
difficult or impossible to incorporate their economic value into a single objective
function. By providing information on a variety of performance indicators and testing a
range of strategies with different performance characteristics, MSE allows stakeholders to
identify management strategies that truly balance objectives in contrast to strategies that
focus on one objective and satisfy other constraints. Other modelling techniques such as
multi-objective programming can also provide information on trade-offs between
objectives (as can an examination of shadow values of constraints in constrained
optimizations). The important thing is to provide stakeholders with the opportunity to
evaluate trade-offs subjectively rather than relying on a decision process based solely on
guantifiable and comparable metrics.

MANAGEMENT STRATEGY EVALUATION AND MANAGEMENT PROCEDURES © OECD 2010



MSE AND BIOECONOMIC MODELLING - 25

In sum, MSEs and bioeconomic models are not mutually exclusive and are sometimes
overlapping. A more realistic depiction of economic behaviour and consideration of
economic objectives could improve the accuracy and the utility of MSEs to stakeholders.
Incorporating more realistic biological models that explicitly consider the various types of
uncertainty typically considered in an MSE and provide more specific management
advice would make bioeconomic models more useful to fishery managers. A merging of
the two, i.e., incorporating bioeconomic models in the MSE framework, is likely to be the
most useful approach for providing management advice to fishery managers and
stakeholders. The will require more collaboration between economists and fishery
scientists. It may also increase the complexity of an MSE and the cost and time associated
with its development. Since MSEs are already typically complex and costly, the benefits
of including economics may not always outweigh the costs particularly if there is
expected to be little behaviour-associated error in implementation of the HCR and if
stakeholders are primarily interested in biological outcomes or those outcomes provide
acceptable indicators of economic performance.
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4. Experiences with MSE and MPs

Although the IWC began developing MPs in the 1970s, the earliest
implementation of an MP for marine fisheries did not take place until the early
1990s when South Africa began to utilize MPs in a number of fisheries (De
Oliviera et al. 2008). MPs are now formally incorporated in South Africa’s
national approach to fishery management through the Marine Living Resources
Act which stipulates that the responsible Minister should be advised on “the
establishment and amendment of operational management procedures, including
management plans” (Marine Living Resources Act, 1998). They are now
routinely used for most of the major fisheries in South Africa and are updated at
regular intervals (3-5 years). Importantly, since the late 1990s, fishery managers
have not modified TAC recommendations based on MPs unless motivated by
scientific justification based on new information (Punt, 2006; Plaganyi et al.,
2007).The South African hake fishery was the first marine fishery anywhere in
the world to implement an MP (Rademeyer, Butterworth and Plaganyi, 2008b).
The case study on that fishery below provides an excellent example to illustrate
how MSE is applied, its pros, cons, and pitfalls, and how to improve its
application.

No other countries have adopted the MSE and MP approach to managing
fisheries as completely as South Africa, but there are examples of its use and there
is growing interest in applying these methods. New Zealand began implementing
MPs in the mid 1990s, starting with a rock lobster fishery on the South Island
which we review below. The MSE approach to evaluating fishery management
strategies has also been used in several Australian fisheries though not to
implement a true MP. In Europe, there are a number of examples of
implementation of HCRs that were evaluated with an MSE framework and a few
from the US as well. Though none of these have led to implementation of what
could accurately be called an MP, they illustrate the potential of the MSE
approach as well as some of the institutional factors that can make it difficult to
move from a purely evaluative MSE to a fully implemented MP.

4.1 Rebuilding the South African Hake Fishery

Background on the South African hake fishery

The hake fishery is South Africa’s most important fishery both in terms of
revenue and employment (Rademeyer, Butterworth and Plaganyi, 2008a)
accounting for about half of the landed value of all South Africa’s fisheries
(Butterworth and Rademeyer, 2005). The fishery is actually comprised of two
different species of hake, the shallow-water Cape hake Merluccius capensis and
the deep-water Cape hake M. paradoxus (Figure 2). However, the two species
look very similar and cannot easily be differentiated and, consequently,
assessments treated the two species as one until recently. The deep-water species
is harvested primarily by the offshore trawl fleet which accounts for around 85%
of total combined species catch. The offshore trawl fleet also catches a significant
amount of shallow-water hake which intermixes with the deep-water hake. A
longline fleet, which has landed and increasing share of the catch over time,
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accounts for about 6.5% of total catch and also takes a mixture of the two species.
An inshore trawl and a handline sector take 6.5% and 2% of total catches, almost
solely shallow-water hake. The fishery has Western and Southern components
that have been assessed separately and were considered at one point to be separate
stocks for both species. It is now believed that the Western and Southern
components of each stock are actually single populations (Rademeyer,
Butterworth and Plaganyi, 2008a).

The fishery was essentially an open access fishery until 1977 when South
Africa extended its EEZ to 200 miles. Between 1917 and 1977 the combined
species biomass was fished down from around 2 million metric tons (t) to around
300 thousand t (around 15% of the original biomass) (Rademeyer, Butterworth
and Plaganyi, 2008a). After that point annual hake TACs were set by the South
African authorities and a conservative rebuilding plan was implemented.
Although it did not become clear until later, the deep-water hake species had been
fished down considerably more (to less than 10 % of the pristine biomass) while
the shallow-water hake has remained well above Bmsy at over 50% of the pristine
level. While catches of the shallow-water hake remained roughly steady after
1940 at around 50,000 t annually, catches of deep-water hake were nearly three
times that in the 1960s and early 1970s.

Since the late 1970’s the hake fishery has been controlled largely by means of
company-allocated quotas within a TAC as well as limitations on the number of
vessels, and closed areas. Historically the offshore trawl fishery, which accounts
for 85% of catch, was dominated by a few large operators, but ownership has
broadened over time, from six companies in 1979 to 57 in 2001. However, the
three largest companies still control 55% of the quota (Powers et al., 2004). The
inshore trawl fishery, comprised of mostly small side trawlers, also has a
relatively small number of quota holders. The inshore longline fishery, which
began in 1994, adopted an effective individual quota rights system in 2002, and
the handline fishery for hake, which has operated since 1992, was granted quota
rights in April 2003. The quota owners in the offshore trawl fishery formed an
industry association, the South African Deepsea Trawl Industry Association
(SADSTIA), in 1974 (www.sadstia.co.za). In 1994, SADSTIA became a
“Recognized Industrial Body” in terms of the then Sea Fisheries Act, enabling it
to make management recommendations on behalf of the entire offshore hake
industry including on choices of the MPs used to manage the fishery.
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Figure 2 Management units and species distribution for southern African hake
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The fishery was been managed with a combined TACs for both species since
1977. Through 1990, TACs were set to achieve an F0.1 strategy based on surplus
production model-based assessments (Rademeyer, Butterworth and Plaganyi,
2008Db). Since 1990, the hake fishery has been managed (except for transitional
periods) with MPs which use catch per unit effort (CPUE) and research trawl
survey abundance indices as inputs (Plaganyi et al., 2007). The MPs, the models
they are based on, and the nature of recommendations have changed several times
as described below. What has remained consistent during the post 1990s period is
a close congruence between the TACs recommended by the MP and the actual
TACs set by the Minister of Fisheries (Rademeyer, Butterworth and Plaganyi,
2008Db). Although the offshore hake stock is not yet rebuilt, the hake fishery was
certified as sustainable by the Marine Stewardship Council in 2004, and has
retained that certification since.

Hake MPs from 1990-1995

Over the period 1990-1995, separate TAC recommendations for both West
and South Coast hake (for both species combined) were provided by an MP based
on a dynamic Schaefer model in combination with a F0.2 harvesting strategy
which effectively set a target fishing mortality at around 60% of the MSY level
(see Annex 1 for details). The MP used separate but structurally identical models
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to provide TAC recommendations for the Western and Southern stock areas;
however, the TAC implemented by the Minister, for this and later MPs, was for
both coasts and species combined based on adding the TAC recommendations for
each coast (and later species). The industry, however, agreed to operate to achieve
roughly the split between coasts indicated by separate TAC recommendations
(Butterworth and Rademeyer 2005).

Although the 1990 MP itself provides annual TAC recommendations based on
an assessment done with a simpler age-aggregated surplus production model, the
MP was tested and selected with an MSE that used an age-structured operating
model. Alternative MPs that used age structured assessment models to provide
annual TAC recommendations were tested but were found to lead to greater inter-
annual variability in catches with no compensatory gains in terms of either
increased average catch or decreased risk. In other words, these MPs were more
likely to respond to noise in the data instead of the true abundance trends.

In the mid-1990s, problems started to arise with the MP when the assessment
scientists began to use a GLM-standardised commercial CPUE index which
suggested that CPUE was not increasing as much as predicted. It was also realised
that there had been a change in selectivity toward larger fish due to reduced use of
illegal net liners (Geremont et al. 1999). If the existing MP had been applied
using the new GLM-standardised CPUE data, it would have led to a severe drop
in TAC, largely because the age-aggregated model was unable to take the change
in fishing selectivity into account.

Given the problems apparent with continued use of the original MP, a search
was begun for new MP that would provide acceptable socio-economic stability
for industry while at the same time resulting in biological risks that were deemed
acceptable. The three main objectives considered in selecting the new MP were:
(a) a high probability for the resource to recover to Bmsy within the next 10 years,
(b) a low probability of a net decline in the spawning biomass over this 10-year
period and (c) a low probability of a decrease in the TAC early in the 10-year
period (Rademeyer, Butterworth and Plaganyi, 2008b). For 1996 and 1997, while
a new MP was being developed, the TAC was frozen at the 1995 level.

Hake MPs from 1999-2007

A new MP for the West Coast hake stock was developed first since the
problems with the West Coast MP seemed greater. The new MP switched to a
Fox production model which was found to perform better than the Schaefer
model. Decision makers were presented with results on performance of the MP
with different target fishing mortalities and ultimately opted for an f0.075 (see
Annex for details).The candidate MPs were checked for robustness to: (1)
different levels of recruitment variability; (2) bias in CPUE as an index of
abundance; (3) absence of future surveys; (4) regime shifts (reflected by a
changing value of the underlying carrying capacity) (5) different natural mortality
schedules; and (6) allowance for discarding. Punt et al. (1995) had previously
conducted tests of the consequences of misplacement of the boundary between the
West and South Coast stocks. The MP was found to be relatively robust except
for a combination of a positive CPUE bias and an absence of future surveys.
Unfortunately the survey was interrupted two years later due to mechanical
problems which apparently did lead to problems with the MP.
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A new South Coast hake MP was developed subsequent to the new West
Coast MP and first implemented in 2000. It was targeted first at the M. capensis
component of the resource only. The South Coast M. paradoxus component was
computed as an ad hoc proportional addition to the West Coast MP output based
on the average ratio of the catches from these two components of the overall
resource for the preceding 5 yrs. Its primary objective was to maintain the CPUE
at its current level for reasons of economic viability, even though this was
expected to maintain abundance well above Bmsy. The new South Coast shallow-
water hake MP was of the same form as the one used for the West Coast (based
on a Fox-form age-aggregated production model) but implemented an 0.3
harvesting strategy which results in a considerably more conservative exploitation
rate than the West Coast MP. This was necessary to keep the biomass at a high
level. This MP was used to recommend the South Coast M. capensis contribution
to the overall hake TAC from 2000 through 2006.

Hake MPs from 2007-2010

In 2001, it was planned to move over the next 2-3 yrs towards separate MPs
for M. capensis on the West Coast and South Coast (as in 2001), and a single MP
for M. paradoxus on both coasts. The reason for the planned change was to
account for the growth of the longline fishery which changed to age selectivity of
the fishery. In 2006, a new coast- and species-combined MP was adopted as the
default basis for TAC recommendations for the next four years, starting in 2007.
This description of the new MP summarises a more detailed discussion that can
be found in Rademeyer, Butterworth and Plaganyi (2008b).

New candidate MPs were evaluated against three primary objectives. (1)
They should improve catch rates quickly in the short-to-medium term. Catch rates
for offshore trawlers have decreased appreciably since the turn of the century, and
given an increasing fuel price, it would become increasingly difficult for this
fishery to operate profitably unless catch rates improve substantially. The selected
MP is tuned to increase the CPUE of the offshore trawl fleet by 50% over the next
10 years to enhance the economic viability of the fishery. (2) In recognition of the
poor status of M. paradoxus, the MP should lead to recovery of that stock to
Bmsy over 20 years. (3) Finally, accepting some potentially large initial cuts to
achieve increased CPUE, the MP should lead to greater TAC stability over time.

Following some initial evaluations of model-based MPs, it was decided to
focus on empirically based MPs under which the TAC is increased or decreased
directly in relation to the magnitude of recent trends in CPUE and survey indices
rather than fitting an assessment model with that information and then deriving
TAC recommendations from the assessment model. The choice of an empirical-
based MP was made because it performed better than computationally feasible
model-based MPs and because it could be easily understood by stakeholders
which would facilitate acceptance.

Alterative candidate MPs were intensively evaluated. Given key uncertainties
regarding major considerations of resource status and productivity, a Reference
Set (RS) of 24 Operating Models (OMs) reflecting alternative assumptions about
the true populations dynamics of the fish stocks rather than a single OM, was
constructed for the South African hake resource. The performance of each
candidate MP was assessed using a number of robustness tests including scenarios
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with different assumptions concerning discards and past catch series, biological
information (including natural mortality, recruitment, maturity-at-age), changes in
carrying capacity, current status of the resources and future data. The sensitivity
testing of the implementation model was somewhat less robust — it was assumed
that the split of the catches by species and fleet is known without error. The
selection process led to the recommendation that MP1,, (detailed in Figure Al
of Annex 1) be adopted for the 2007-2010 period until the next scheduled major
review. The new MP is targeted to increase biomass of deep-water hake species to
20% of the pristine biomass by 2027. Application for 2007 saw the TAC reduced
from 150 000 t to 135 000 t.

As noted above, this MP, like past MPs is not meant to set management of the
fishery on autopilot indefinitely. A major review is scheduled in four years, and
there are agreed upon procedures, “meta rules” to identify and act on ‘exceptional
circumstances’ that indicate the need for recommendations to deviate from the
outputs from such MPs, or necessitate bringing the regular review forward. These
meta rules can be thought of as ‘rules’ that pre-specify what should happen in
unlikely, exceptional circumstances when application of the TAC generated by
the MP is considered to be highly risky or highly inappropriate. They are not a
mechanism for making small adjustments, or ‘tinkering’ with the TAC from the
MP. The need for invoking a meta rule is evaluated by the scientific working
group according to specified procedures (see Rademeyer, Butterworth and
Plaganyi, 2008b for details). Examples of what might constitute an exceptional
circumstance include: survey estimates of abundance or CPUE trends that are
appreciably outside the bounds predicted in the MP testing; changes in catch
species composition in major components of the fishery or surveys that differ
markedly from previous patterns (and so may reflect appreciable changes in
selectivity).

An Evaluation the Use of MPs in the South African Hake Fishery

The institutional and legal setting of the South Africa hake fishery was
particularly suited to development and implementation of MPs, and no doubt was
important in maintaining support for this approach over time even though the MPs
did not always work as planned. The official recognition of MPs in the Marine
Living Resources Act as a preferred management approach is unique and ensures
that the Minister will at least consider this management approach. The planning
process for MPs in the South African hake fishery was facilitated by having a
fixed set of quota holders who are, in turn, represented by industry organizations
that have the legally recognized right to make management recommendations on
behalf of the industry. This not only facilitates industry engagement in the
process, it gives the Minister more assurance that an OPM that is agreed upon will
not be undercut politically by disaffected parties.

Despite the commitment to an MP approach and the resources dedicated to
implementing it, the experience with use of MPs in the South African hake fishery
has been mixed. MPs have not be successful in rebuilding the fish stocks as
planned (Figure 3) although this is arguably due to poor recruitment rather than
misspecification of TACs resulting in excessive exploitation rates. Both the
original MP and those implemented in the late 1990s failed to adjust for changes
in the fishery and/or the data informing the MP; however, these problem were
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recognized and acted upon and new MPs were developed and implemented. Over
time the MPs have been improved to utilize new data and assessment techniques
and to account for changes in understanding of the stock structure. The process of
developing, testing and selecting MPs has clearly been costly in terms of time and
human resources, but it has also led to a better understanding of the fishery and
how available data can be used to manage it. It also reduces the required
frequency of stock assessments.

Without the counterfactual it is not possible to say how conventional
management without MPs would have performed, but there is little reason to
believe it would have done better. It is likely that annual adjustments of TACs
based on the “best assessment” each year would have resulted in wider swings in
TACs over time which is clearly something that industry has been keen to avoid.

Perhaps the most important aspect of implementing MPs is engaging
stakeholders in their development to ensure that management meets their
objectives to the extent possible, particularly a reduction in uncertainty and
variation of future catches to the extent that is possible. As noted by one
commercial stakeholder, stakeholder involvement in a planning process such as
MSE not only allows them to ensure their objectives are considered, it can enable
them to reduce risk and can help create a cooperative atmosphere between fishery
manager and industry that is critical to ensuring that scientific management advice
is accepted and adhered to by decision makers and industry. There are very few
fisheries in the world for which management objectives are as clearly identified as
the South African hake fishery. An industry stakeholder sums up the advantages
of this planning process as follows:

“It is my view that controllable uncertainties can only be managed
successfully, i.e. risk be reduced, if they form the basis of an integrated
comprehensive fishery management strategy that embraces socio-economic
considerations, political imperatives, harvesting strategies, and economic
realities.....The aim of the process is to minimize controllable uncertainties, and
this is achieved by stakeholders participating in the forward-planning process
that leads to the strategy. Strategies should have long- and medium-term goals
and plans of action to achieve them. Members of industry will therefore be aware
what the future likely holds for them and will be able to make informed decisions,
so reducing the element of risk and developing cooperation among all parties to
achieve the mutually agreed goals.” (Penhorn 1999).
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Figure 3: Trajectories of spawning biomass
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4.2 Rebuilding New Zealand NSS Rock Lobster Fishery

The NSS (Otago and Southland) rock lobster (Jasus edwardsii) stock in New
Zealand has been managed with individual transferable quotas (ITQs) as part of
the quota management system (QMS) since 1990. The NSS rock lobster stock is
divided into two quota management areas (QMAS), the Otago-CRA7 QMA and
the Southland-CRA8 QMA (Figure 4). The two QMAs have separate TACs,
seasons and minimum legal size (MLS). However, they have been treated as a
single stock for assessment purposes, primarily because of irregular migrations of
immature animals from CRA7 to CRAS8 (Street 1973, Kendrick and Bentley
2003). In the 2007/2008 fishing year, catches from the CRA7 and CRAS8 areas
were around 120 t and 752 t respectively with a combined ex-vessel value in
excess of NZ$33 million (around EUR 17 million) (http://fs.fish.govt.nz) . Like
most lobster fisheries in New Zealand the great majority of the catch is exported
live, primarily to Hong Kong. Catches are concentrated in winter months (July-
September) for market considerations.
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Figure 4: New Zealand NSS Rock Lobster Management Areas CRA7 and CRA8
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Figure 5: CPUE, TACs and Catch for the CRA7 and CRAS rock lobster stocks in New Zealand
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Rebuilding the NSS stock to safer and more productive levels was an agreed
management goal when the fishery was introduced to the QMS. Upon
introduction into the QMS, the TACs for the two QMAs were set well below
average catch levels in prior years and were subsequently reduced further. In the
mid 1990s, catch per unit effort (CPUE) was still low relative to historical levels,
and it was determined that an increased stock size could likely support higher
sustainable catches (Breen and Kendrick 1998, Starr and Bentley 2002). In the
mid 1990s, the National Rock Lobster Management Group (NRLMG), which
advises the Minister of Fisheries on rock lobster management issues, began to
explore the use of MPs to manage the fishery as a way to ensure fishery
rebuilding while also meeting stakeholder objectives including predictability and
stability of TACs. The fishery has been managed with a series of MPs since
1997.These MPs are arguably the best example of successful application of the
MP approach in rebuilding a depleted fishery (Figure 5).

MPs for rebuilding the NSS stock

In 1997, an MP was adopted with an HCR that was based on standardized
CPUE from the commercial fishery (CRA7 and CRA8 combined) as an index of
abundance, and acted on the TACs for both QMAs in concert (Starr et al. 1997).
Operation of the MP led to reductions in the TACs in 1999 and again in 2001.

After a few years of operation several concerns with the 1997 MP were
identified (Bentley, Breen and Starr, 2003a). First and foremost assessment
scientists came to the conclusion that the target trajectory, which was based on a
1996 assessment, was becoming dated and the final target of 3.61 kg/potlift was
unrealistic. While CPUE was growing in parallel to the trajectory it was
considerably lower. Although CPUE was growing, indicating the fishery was
rebuilding, continued operation of the MP would have led to further cuts in the
TAC. Finally, the appropriateness of basing the rule on combined CPUE data
from CRA 7 and CRA 8 was brought into doubt and was not supported by quota
holders. CRA 8 fishers complained that CRA 7 had always had low CPUE,
depressing the combined CPUE, while CRA 7 fishers complained that the 1997
rule would deny them access to any good recruitment that arrived in CRA 7.

The NRLMG began to explore refinements of MPs for the NSS stock and
incorporated new information from a stock assessment in 2001 to evaluate the
MP. This led to implementation of a new revised MP in 2002. The new procedure
set a lower CPUE target for rebuilding and utilized a revised MP that was found
to adhere to the rebuilding trajectory with less variation in the TAC. A single
HCR based on CPUE in Southland triggered changes in the TACs for both areas.
The MP was designed to achieve a CPUE based rebuilding target by 2014.The
target CPUE level of 1.9 kg/potlift was chosen because it reflected a CPUE level
from a past stable period of the fishery which stakeholders agreed was an
appropriate biomass. It did not reflect an estimate of Bmsy which was somewhat
problematic since New Zealand law prescribes Bmsy as a target biomass.
Nevertheless, this target has withstood challenges and remains the target CPUE.

The 2003 MP calculated a multiplier that determined the percentage decrease
or increase in the TAC for the next year. The formula for the multiplier took into
account both past CPUE (an average of the last three years) relative to the target
rebuilding trajectory and the rate of change (or gradient) of CPUE relative to the
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target rate of change (see Annex 2). A summary indicator of these two measures
would then lead to a TAC that was 75% of the previous TAC if it suggested the
biomass was not keeping pace with the rebuilding trajectory or an increase to
125% of the previous TAC if it was growing faster than the rebuilding trajectory.
The inclusion of the recent rate of change of CPUE in the MP was designed to
make the rule operate more smoothly. A correction might not be required if
CPUE was moving in the right direction even if it was below the target, but,
alternatively, a correction could triggered it the biomass was moving in the wrong
direction even if CPUE was above the target. The MP also contained a provision
prohibiting changes to TAC in two consecutive years just as the 1997 MP had.

An unsuccessful bid for an MP change

Although the 2003 MP was not due for a formal review and update until 2007,
by 2004, the NSS stock was apparently rebuilding on or ahead of schedule, and
managers and stakeholders began exploring further refinements to the MP to
make it more suitable for maintenance of the fishery once it was rebuilt (assuming
that might well occur before 2007). Furthermore, the 2003 MPs use of only CRA8
CPUE as an indicator was considered as a temporary measure subject to future
review. A simulation model was developed to assess both the biological and
economic effects of alternative management strategies relative to the then current
one (Holland, Bentley and Lallemand 2005). Performance under the current MP
was compared with alternative MPs that included alternative CPUE targets and an
alternate MP for adjusting the TAC over time that was expected to be more
effective at maintaining biomass and CPUE at the target level. The simulations
also explored alternative stock management structures including: joint
management with an MP using a weighted average CPUE from both areas to
adjust TACs in both areas, and, separate management of the two QMAs, allowing
the TAC in CRAY to be adjusted in-season in response to CPUE during the
season. Amalgamation of the two quota management areas into a single area with
one TAC and consistent size limits and seasons in both areas was also considered.

Unlike previous analyses, the simulations done in this study included an
economic sub-model that calculated revenues, costs and net revenues and
projected impacts of the value of quota shares. The simulations showed relatively
small differences in performance (both biological and economic) across the
alternative MPs and stock management strategies. The analysis did however
indicate substantial distributional differences of the different management
strategies. While the simulations suggested that the net value of the combined
CRAY and CRAS fishery would be increased by amalgamating the two areas, it
also appears that the gains from this policy would accrue to CRA7 quota owners
while CRA8 quota owners might in fact be slightly worse off than they would
with joint management. When presented with these results, quota owners in
CRAS8, most of whom were also active fishers, expressed concern that the shift of
guota might lead to more fishing in the area they fish which could decrease their
catch rates. Although this appeared unlikely given that overall effort was
predicted to decline, the model was not able to address this question directly. It
also appeared that there could be negative effects on non quota owners as a result
of shifting catch from CRA7 to CRAS8. Part-time lobster fishers in CRA7 that
relied on leasing of quota would probably no longer be able to continue fishing
lobster. They would lose a significant portion of their income which they might
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have found difficult to replace. Changes to the MP were not taken up until the
scheduled review in 2007, which produced a new set of separate MPs for the two
fisheries.

The 2007 Maintenance MP

In 2007 a new set of separate and independent MPs for the CRA7 and CRA8
fishery were introduced aimed at maintaining the now rebuilt fishery at
sustainable and profitable levels. Both MPs use the most recent standardized
CPUE estimate as input. However, in contrast to the 2003 MP which used three
years of CPUE data, the 2007 MPs use only CPUE data from the most recent
twelve months including 6 months of the current fishing year. Both of the new
MPs produce TAC recommendations that are allowed to change every year unlike
previous MPs which did not allow a TAC change in two consecutive years. The
2007 CRA 7 MP calculates TAC as a simple linear function of standardised
CPUE from the most recent twelve months. The new CRA 8 MP, however, is not
a simple linear function of CPUE. The TAC is held constant over a wide range of
CPUE; it decreases at a faster rate than CPUE when CPUE is below a threshold
and it increases slowly when CPUE is above a threshold. The plateau creates
stability in the TAC which was a primary objective of the CRA 8 commercial
industry, outweighing the possibility of a higher average TAC.

Implementation of the MPs led to increases in the TACs in 2008/2009 for
both CRA7 and CRAS8. The CRA7 TAC was raised from 140 to 144 t, and the
CRAS8 TAC was raised from 842 t to 1053 t. The most recent annual standardized
CPUE estimate in 2009 for CRA 7 was 2.09 which, under the CRA 7 MP,
allowed for a 2009/10 TAC of 209 t, a substantial increase from the 2008/09
TAC of 143.9 t. In 2009, the standardized CPUE estimate for CRA 8 for the
previous 12 months was 3.84 kg/pot allowing for another increase of 57 t to give
a 2009/10 TAC of 1110 t. The Minister of Fisheries increased the 2009/10 TACs
for both CRA7 and CRAS in accordance with the new MPs.

An evaluation of the use of MPs in the New Zealand Rock Lobster Fishery

As in South Africa, development and implementation of an MP in the NSS
rock lobster fishery was facilitated by the institutional structure for fishery
management in New Zealand. Of particular importance was the existence of
commercial stakeholder organizations (the New Zealand Seafood Industry
Council, SeaFIC, and the National Rock Lobster Industry Council (NRLIC)) with
legal ability to levy funds for research from quota holders and legitimacy as
representatives of quota holders in consultations with the government. This
enabled the industry groups to contract and pay for the development and
evaluation of the MPs that would likely not have occurred as part of the normal
Ministry science and management process.

In New Zealand's Quota Management System, TAC changes are relatively
rare and are extremely time-consuming for all parties. With over 97 species
grouped into over 600 separate quota stocks, each with its own TAC, it is difficult
to adjust TACs for many of them in any given year given the resources of the
Ministry and the stakeholders. MPs greatly simplify this process and allow the
system to be much more responsive. The NSS MP produced both increases and
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decreases that were accompanied by very little debate and controversy (Breen et
al. 2009). As noted earlier, however, MPs do have large up front development
costs.

The perceived success of MPs for managing the NSS rock lobster stock led to
development and voluntary implementation of an MP in the CRA4 (Wellington-
Hawke’s Bay) quota management area on the South end of the North Island.
Although the MP was not yet officially adopted by the Minister in the 200809
season, the CRA 4 quota owners abided by the MP and shelved 60% of their
guota (Breen et al. 2009).

Despite the apparent success of the MPs implemented for rock lobster, there is
no indication that MPs will see widespread use in New Zealand any time soon.
An MSE was initiated to explore an MP for hoki in 2003, but was tabled after a
decline in the stock due to poor recruitment forced large reductions in the TAC.
The modelling work required the design and evaluation of a new MP and the lack
of monetary and human resources to carry them out is likely to inhibit all but a
gradual uptake of MPs in the management system.

4.3 Use of MSE in the United States

For fish stocks that are determined to be overfished, it is common practice in
the US to simulate rebuilding trajectories associated with alternative harvest
strategies to find ones that meet legal requirements to rebuild by the target date
with at least a 50% probability. Rebuilding timelines are typically limited to 10
years unless the biology of the stock makes this infeasible in which case the
rebuilding schedule can be lengthened by one mean generation time (16 U.S.C.
1854 MSA § 304). The forward projecting simulations carried out to evaluate
rebuilding plans typically allow for stochastic future recruitment and may also
account for uncertainty in the current size and age structure of the fish stock. In
some cases these simulations are coupled with economic analysis that compare
the net present value of alternative rebuilding schedules (e.g. by comparing
average outcomes with alternative constant fishing mortality rates that lead to
rebuilding more quickly than required).

These simulations generally cannot be considered MSEs and, although fishery
management plans may adopt HCRs such as constant fishing mortality policy,
these HCRs could not be considered MPs since they do not generally specify the
data and assessment methods used to determine the TAC and they do not attempt
to simulate the application of those methods in determining HCRs taking into
account the potential for error in assessments and implementation. Evaluations of
the HCRs do not typically assess the performance of the harvest strategy against a
set of performance measures reflecting objectives determined by mangers and
stakeholders. Since they do not model the variability and error in application of
the harvest strategy that can be expected due to error in assessments and
implementation or error in the biological model underlying the simulations, they
generally do not provide an adequate means to evaluate the robustness of the
harvest strategy to uncertainty or an assessment of how well it can be expected to
balance potentially competing management objectives such as the speed and
certainty of rebuilding and the average level and variability of catches during
rebuilding.
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Although there is growing interest in applying the MSE approach in the US,
there are very few examples of using an MSE framework to evaluate a
realistically implementable MP for fishery rebuilding. One notable exception is an
MSE designed to explore rebuilding strategies for West coast rockfish. Punt and
Ralston (2007) used an MSE framework to evaluate potential MPs for rebuilding
several overfished rockfish stocks managed by the Pacific Fishery Management
Council (PFMC). The analysis was not designed to lead to implementation of an
MP, but it did demonstrate the performance of alternative approaches to adjusting
HCRs that would be practical and would meet legal requirements, and that were
based on the current stock assessment approach and data streams and the
biological models underlying them. This MSE is interesting because it dealt with
fish stocks that could not be rebuilt within 10 years thereby allowing the
rebuilding schedule to be extended one mean generation. Simulated rebuilding
schedule ranged from 15 to over 80 years for different species. The simulations
allowed not only for adjustment of the fishing mortality rate that determines
catch, but also for the redefining the entire rebuilding plan if, during the course of
the simulation run it becomes apparent that the rebuilding could not be achieved
with at least 50% probability with any positive fishing mortality rate.

Consistent with the MSE approach, the simulations modelled uncertainty and
stochastic variability in the underlying biological system and uncertainty in the
assessments used to set TACs in the simulations. The analysis did not, however
attempt to model implementation uncertainty (i.e., deviation of actual catch from
the TACs specified by the MP). The base case MP began by choosing a fishing
mortality rate that achieved rebuilding to 40% of the unfished spawning potential
with 60% probability. The simulations modelled an assessment every four years at
which time the fishing mortality rate was adjusted downward (to maintain the
60% rebuilding probability) only if the probability of meeting the rebuilding
target by the target date fell below 50%. Otherwise it was left unchanged until the
next assessment. If it became apparent that rebuilding was not possible with any
positive fishing mortality, the rebuilding schedule was redefined and the
simulation continued with a new target date. Alternative MPs were also
considered including: a fixed fishing mortality maintained throughout the initially
determined rebuilding period, MPs with either higher target rebuilding
probabilities or higher thresholds requiring a change in fishing mortality, an MP
that adjusts fishing mortality up or down every four years to achieve the target
rebuilding date, and an MP that prohibits large changes to fishing mortality when
the stock is perceive to be nearly rebuilt.

The MSE demonstrated conflicts between the different management goals
which included: a high probability of stock recovery by the target date, high
average catches during rebuilding, low inter-annual variability of catches, low
probability of having to redefine the rebuilding plan, and simplicity of the
management approach. The MPs that either fixed the fishing mortality or adjusted
it up or down every four years led to higher average catches than the other MPs
but also to the longest recovery times. The MPs that adjusted fishing mortality
every four years also led to greater interannual variability of catches and more
frequent occurrences of having to redefine the rebuilding plan during the
simulation run. The MPs that only adjusted fishing mortality when the rebuilding
probability fell below a threshold (no upward adjustments) led to lower average
catches but shorter rebuilding times.

MANAGEMENT STRATEGY EVALUATION AND MANAGEMENT PROCEDURES © OECD 2010



42 - EXPERIENCES WITH MSE AND MPs

Because the rebuilding timeframes are so long, the stock assessment methods
and data streams and potentially the management objectives and legal
requirements are likely to change during rebuilding. For these reasons there is
probably limited utility in attempting to implement an OPM designed to see the
fishery through to rebuilding. Nevertheless the MSE provides guidance on how to
design a procedure for revising fishing mortality targets in light of changing
assessments and forces managers to explicitly consider the trade-offs between
objectives. Although the results were, for the most part, unsurprising they did
serve to demonstrate explicitly the trade-offs associated with different approaches
including the likelihood of having to completely redefine the rebuilding plan.

Use of MSE and particularly MPs in the US is inhibited by a number of
factors. As in most countries, fisheries managers typically lack the resources to
undertake an MSE on top of the normal data collection and stock assessment
process. Most US fisheries also do not have commercial stakeholder organizations
that can legitimately represent the interests of the overall commercial fishery and
agree on a particular MP. This is important because a lack of agreement on the
MP up front could lead to political pressure to drop it if it leads to greater TAC
reductions or slower increases than desired by some groups. It is also not clear
whether an MP would legally be allowed if it could result in fishing mortality
exceeding Fmsy at some points. This might inhibit use of common stabilizing
mechanisms in MPs such as limits on annual TAC changes or rules that only
allow TAC changes every other year, and it is these stabilizing mechanisms that
often have the greatest appeal to fishery stakeholders. Nevertheless there is
growing interest in MSE in the US, at least as a means to evaluate HCRs for
robustness to uncertainty. It is likely as more fisheries adopt catch share systems
with clearly defined stakeholders and hard catch limits, interest in developing
MPs will grow.

4.4 Use of MSE in Europe

There has been considerable interest in the MSE approach in the ICES
community in Europe for many years and there are a number of examples of MSE
that have been conducted to evaluate MPs (or at least HCRs) including a few
examples that evaluate rebuilding strategies for depleted fisheries. Two special
issues of the ICES Journal of Marine Science (issues 56(6) and 64(4) from 1999
and 2007 respectively) are dedicated largely to MSE and include several MSE
examples from European fisheries as well as a number of others from around the
world. To date there are no examples of a true MP being implemented in Europe -
- one that specifies an HCR that has been simulation tested and dictates the
specific data and analytical process or formula for using that data to directly
determine the TAC. However there are examples of MSE that have led to
implementation of the HCRs evaluated by the MSE including two illustrative
examples discussed here; Icelandic cod and North Sea Plaice and Sole. The MSE
for Icelandic cod is one of the few that explicitly evaluated the economic
performance of the HCR.

Icelandic Cod

The Icelandic cod fishery has been managed under Iceland’s individual quota
system since 1984. In 1992 the Minister of Fisheries appointed a working group
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to provide advice on the “exploitation of fish stocks in Icelandic waters so
maximum yield from Icelandic waters would be reached in the long run” (ICES
2005). The group, which included economists as well as fishery scientists,
conducted an analysis of HCRs for cod and also for capelin and shrimp. Some of
their work is described in Baldursson et al. (1996) and in Danielsson et al. (1997).
The analysis can be considered an MSE in that it used simulations to explore the
HCRs that attempted to mimic the stochastic variability of the fishery and the
uncertainty in stock assessments that the HCR would use to set the TAC.
However, Butterworth and Punt (1999) note that the HCR could not be considered
an MP since the simulations do not explicitly model an agreed process for
determining the biomass which in turn determines the TAC. They note that this
can be problematic since stock assessments may in fact be biased, and that bias
can change over time. Rather the MSE assumes an estimate of current biomass is
available with a given level of uncertainty. The MSE also did not model
implementation error -- catches were assumed to equal TACs — though this has
been the case with other MPs.

The MSE described in Baldursson et al. (1996) and in Danielsson et al.
(1997) incorporated a stochastic with an age-structured simulation model of cod
into a bioeconomic model that calculated revenues, costs and profits and enabled
determination of the net present value of returns over the period modelled (1993-
2005). The HCRs evaluated set the TAC as a specified percentage of spawning
stock biomass less some reserve amount over a range of estimated stock sizes(e.g.
TAC=.45[SSB - 50,000 t]). In addition a minimum TAC was set as a floor, and
also a maximum fishing mortality rate was set as a constraint. Symmetric limits
on the maximum annual percentage change in the TAC were also included in the
HCR. The HCR was tested with different TAC floors and exploitation rates.

The analysis indicated that the long term economic value of the fishery would
be increased by setting a low floor for TACs (e.g. 125,000 t) and a low fishing
mortality, thereby letting the stock rebuild. This not only led to higher catches in
future but also much lower costs as a result of increased CPUE. The relationship
between available biomass and catch per effort unit in the fishery was such that
doubling of available biomass would lead to a 63% increase in CPUE (ICES
2005). However, the final recommendation that was given by the working group,
did not directly reflect a version of the MP evaluated in Baldursson et al (1996)
and in Danielsson et al. (1997), but was for a simpler HCR. Nor did that advice
recommend a curtailment of fishing to quickly rebuild the fishery. Rather they
recommended setting the TAC at 22% of catchable biomass (ages four years and
older) which was meant to lead to a fishing mortality of 0.35 (ICES 2005). The
working group recommendations left some flexibility stating that a catch rule of
20-25% of catchable biomass would be beneficial (Gunnar Stefansson, Iceland
Marine Research Institute, personal communication Oct. 6, 2009).The HCR
included a stabilizer so the TAC for the next year was the average of the TAC for
the current year and 22% of the catchable biomass in the beginning of current
year. The HCR also included a minimum TAC floor.

In any event, the government opted in 1995 to adopt a somewhat different
HCR from that recommended. It chose to set the TAC at 25% of the catchable
biomass (which according to the working group did not substantially increase risk
of collapse) and set a floor of 155,000t (ICES 2005). ICES advice notes that this
rule was tested with simulations and found to be robust and was considered
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“precautionary”; however, the evaluation of the HCR was based on simulations
that lacked implementation error and there were in fact significant TAC overruns
in subsequent years.

Soon after the HCR was adopted CPUE started to increase and the estimated
stock size grew faster than predicted in the simulations done in 1994. Fishermen
claimed that the stock was much larger than the Marine Research Institute
estimates (ICES 2005). There was also substantial high grading reported. This
rule was used until 2000 when a new stock assessment indicated biomass was
much lower than had been thought. With the new assessment, the rule would have
triggered a very large drop in the TAC. The minister instead implemented a new
policy that limited inter-annual TAC changes to 30 KT but removed the TAC
floor. This new rule operated to reduce the TAC from 250 kT to 190 KT over a
two year period after which point application of the 25% rule was used to set the
TAC over the next several years (as it did not lead to TAC changes greater than
30 KT). Failure to reduce the TAC more quickly lead to high fishing mortality
rates in 2001 and 2002, and error in the assessment had allow high mortality rates
previous to 2000. ICES advice notes that this rule with the 30 KT limit on TAC
changes had not been tested and therefore could not be considered precautionary.

In 2002 the original working group was reconvened and did some additional
modeling with a new and somewhat more sophisticated model (ICES 2005). The
simulations included assessment error and random variations in weights at age,
both with serial autocorrelation. The economic model allowed for size dependent
price of cod. Although the group considered trying to model implementation error
this was not done in the end. The analysis suggested that that fishing mortality
around 0.3-0.35 (18-25% of the catchable biomass) maximized current value of
the profit and the group recommended 22% as they had in 1994.

In 2006 a change was made to the HCR, keeping the 25% rule, but making the
TAC the average of 25% of current catchable biomass and the previous year’s
TAC. Then, in 2009, a new HCR was adopted which set the TAC at an average of
20% of catchable biomass and the prior year’s TAC, a rule very similar and
slightly more conservative than the original advice from the working group in.
This rule as designed to achieve a new management objective (>95% probability
that spawning stock biomass will be above the present size of 220 KT by 2015)
which was adopted in 2009 as well.

Use of HCRs in the Icelandic cod fishery over a period of more than 15 years
failed to lead to rebuilding of the fishery. While this was partly due to poor
recruitment uncertainty in stock assessments, implementation failure (e.g. catches
in excess of TACs) and ad hoc changes to the HCR at times allowed much higher
exploitation rates than were envisioned by the rule that clearly played a role in the
failure to rebuild. It is notable also that a more conservative rule was not chosen
despite the demonstration by the MSE that it would greatly increase the net
present value of the fishery. It is not clear from any published documents whether
quota holders in the fishery that would have benefited economically from a more
conservative rebuilding strategy, supported a more conservative HCR originally,
nor is it clear whether the industry was involved in setting objectives and
selecting an HCR that met their objectives.

MANAGEMENT STRATEGY EVALUATION AND MANAGEMENT PROCEDURES © OECD 2010



EXPERIENCES WITH MSE AND MPs — 45

North Sea Plaice and Sole

Kell et al. (2005a) applied an MSE approach to HCRs for the North Sea
flatfish fishery which provided basis for implementation of a new HCR for the
North Sea plaice and sole fishery in 2008. The simulations used stochastic age-
structured operating models based on ICES assessment models and simulated
MPs that mimicked data collection and assessment procedures used for the
flatfish stocks, taking into account error in observations and assessments. The
MSE did not, however, model implementation error, assuming that catches
equalled the TACs determined by the HCR. The HCR for adjusting TACs were
evaluated against performance measures of the probability of SSB falling below
limit reference points and mean yield. The HCRs that were explored set TACs to
achieve fixed fishing mortality targets subject to symmetric limits on how much
TACs could be increased or decreased each year. The MP relied on conducting an
annual stock assessment in order to determine the TAC that achieved the desired
fishing mortality. For each stock, five different fishing mortality targets were
investigated, and for each different limits of inter-annual variability of TAC
(10%, 20%, 30%, and 40%) were simulated. The bounds on TAC variability
between 20% and 40% had little impact on yields or sustainability, but limiting
TAC variability to below 10% was found to affect the ability to achieve
management targets. The authors noted that large fluctuations in yields and effort
could result from the MP itself (i.e. in data collection, stock assessment, and the
management framework), and that simply trying to cap the fluctuations in TACs
would not therefore address problems created by time-lags between the collection
of data, performing the stock assessment, implementing management advice, and
detecting the effect of a given management action.

A long-term management plan proposed by the Commission of the European
Community was adopted by the Council of the European Union in June 2007 and
first implemented in 2008 (EC Council Regulation No. 676/2007). The new
management plan effectively implements a version of the HCR explored by Kell
et al. (2005) though it arguably could not be considered and MP since it does not
specify the data and analytical process that will be used to determine the TAC.
The plan consists of two stages. The aim of the first phase is to ensure the return
of the stocks of plaice and sole in the North Sea to within safe biological limits.
This should be reached through an annual reduction of fishing mortality (F) by
10% in relation to the fishing mortality estimated for the preceding year. The plan
sets a maximum change of 15% of the TAC between consecutive years. This has
been carried out with 10% reductions in fishing mortality in 2008 and a
recommendation for another 10% reduction in 2009, although this would actually
allow an increase in the TAC from 49,000 t to 55,000 t since the stock has grown.
SSB for this plaice stock is now estimated to have increased above the
precautionary target level Bpa. An analogous set of mortality reductions were also
implemented for sole. Like plaice this has actually allowed increase in the TAC
since the stock is growing, despite the fact that the sole stock has not yet
recovered to target levels.

A future for OPMs in Europe?
Despite longstanding interest in applying an MSE framework to evaluating

HCRs, implementation of MPs in Europe has undoubtedly been hindered and
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complicated by the fact that many of the fisheries are shared between multiple
countries each of which makes and implements their own management decisions.
While ICES provides an institutional framework for undertaking an MSE,
adopting an MP, at least in multistate fisheries, requires a relinquishment of
control over domestic fishery policy that may be difficult to persuade member
counties to agree to. Furthermore the fishery stakeholders often include disparate
groups of fishermen from several countries that may be fishing under different
management systems (e.g. some fish under 1TQs while others fish under a
competitive TAC). However agreement on an implementation of an HCR for
North Sea plaice and sole suggests that there may be a growing role for MPs in
Europe. Like most European fisheries these stocks are shared by several countries
making it complex and difficult to agree on a strategy, yet this was accomplished.
The test will be to see if it is adhered to if, in future, it triggers TAC reductions.

Use of quotas (by country and in some cases by company or industry) has not
been entirely successful in Europe. In the summer of 2009, Europe’s fisheries
chief suggested scrapping annual catch limits in favour of effort limits based
vessel days-at-sea (Forsyth 2009). It is not clear that this will in fact occur, but it
would clearly inhibit the use of MPs based on HCRs that set catch limits. MPs
could be developed based on effort controls, but it would be complicated to
evaluate them. Involvement of economists in developing realistic implementation
models that reflect the potential for implementation error would be critical for
evaluating effort-based MPs. If on the other hand, the EC continues to rely on
hard catch limits, and particularly if this leads to increased used of catch share
management systems the opportunities for and utility of MPs will be enhanced
and interest in them will likely continue to increase.
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5. Conclusions and Recommendations

Designing and implementing effective management strategies for rebuilding and
maintaining fisheries to meet the objectives of fishery stakeholders and the broader public
concerned with sustainability is an important but an extremely difficult task. The
unpredictable variability of fisheries and the high level of uncertainty about both current
state and future growth inhibit good management even when there is a strong resolve to
limit catches or effort to rebuild and maintain fish stocks at sustainable levels. Despite the
fact that fishery stakeholders often would benefit from more conservative harvest
strategies that build fish stocks to higher biomass levels, there is often a lack of support
for these strategies when they require reductions in catch. This is no doubt due in large
part to those stakeholders being uncertain that short term sacrifices will be rewarded by
long term gains. MSEs that involve stakeholders in determining objectives and choosing
management strategies to achieve those objectives can be an effective way to achieve
buy-in for rebuilding and sustainable management and continued support even when
catch reductions are required. This is a primary benefit of MSE, but one that is often not
realized because insufficient attention is given to involving stakeholders up front in
determining objectives and in the evaluation and selection of the MP. Rochet and Rice
(2009) note that relatively few MSE publications indicate whether and how stakeholders
were included in the process.

The institutional setting is of critical importance in promoting the development and
successful implementation of MPs. To date, MPs have only been implemented in
fisheries managed with individual quota systems where the stakeholders are clearly
indentified and there is a formal and legally recognized process for involving them in
determining management advice. The long term right to a share of the fish catch can be
particularly important for rebuilding fisheries where short term sacrifice is required for
long term gain. However, there may still be a diversity of interests and objective amongst
fishery stakeholders, particularly when the interests of non-commercial stakeholders must
be considered. Therefore, the importance of creating a formal institutional structure for
stakeholder representation in the management process is critical to developing MPs that
will endure political pressure to abandon them. The necessity to get several stakeholder
groups, or politicians from several countries, to agree on an MP and stick by it even when
it operates to their disadvantage clearly increases the difficulty of implementing an MP,
or any effective management for that matter. However, the MSE framework does at least
provide an objective way of evaluating a management strategy against objectives, and, by
forcing stakeholders to clarify objectives, it may increase the chance that a fishery
management plan will be designed to achieve them.

Recommendation: Stakeholders should be consulted in the early stages of
developing an MSE to determine the appropriate objectives and performance metrics, and
they should be involved in selecting an MP to ensure that it balances objectives
appropriately and to create buy-in. It is useful to clearly define the stakeholders or
stakeholder groups that have standing and create a formal institutional structure for their
participation in the decision process.

The MSE framework is well suited to addressing many of the challenges of
identifying fishery management strategies that are precautionary in the face of
uncertainty, but also serve the economic and social interests of fishery stakeholders. First
and foremost MSE is designed to indentify management strategies that are robust to
multiple types of variability and uncertainty — a characteristic of almost all fisheries.
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Finding strategies that are robust to uncertainty, work reasonably well in good times and
bad, and balance competing objectives will generally mean choosing a strategy that
appears suboptimal in term of maximizing yield or profits.

Recommendation: While a primary criterion for selecting an MP is likely to be low
risk of fishery collapse or high probability of rebuilding, it is also important to identify
MPs that reduce social and economic risks which typically mean finding MPs that reduce
the frequency and magnitude of TAC changes.

Explicit modelling of different types of uncertainty including model error,
observation error and implementation error not only allows for design of MPs that work
well in the face of these errors, it can help identify where it may be most useful to reduce
uncertainty through more research, better data collection or tighter management controls
that reduce implementation error. These means of reducing uncertainty are often costly,
and MSE provides a tool to evaluate the benefits of reduced uncertainty relative to the
gains, either explicitly in terms of higher monetary benefits that can be realized or
gualitatively in terms of greater achievement of competing objectives such as lower
biological risk and both higher and more stable yields.

Recommendation: MSEs should be used as a tool to determine the value of reducing
specific types of uncertainty (e.g. on key parameters, model assumptions, implementation
error, etc.) so as to target scarce research and monitoring resources where they create the
most value.

Most MSEs could be improved with inclusion of integrated economic models that
track economic performance indicators such as costs and revenues and their variability
along with biological outcomes. In addition, few MSEs do a good job of modelling
implementation error which can be facilitated by modelling human behaviour in response
to the economic incentives. Economists may also be able to suggest and test MPs that
create incentives for fisheries to use or reveal private information which can improve
fishery performance in the face of uncertainty.

Recommendation: MSEs should incorporate bioeconomic models that provide
information on economic performance metrics and account for possible errors in
implementation due to human behaviour.

MPs have primarily been implemented in and been most effective for single species
fisheries. In these fisheries it is more likely that empirically based (model free) MPs that
rely on commercial CPUE to determine TAC decisions will be effective. These model-
free MPs may allow savings in management costs as also make management more
understandable to fishery stakeholders which can promote acceptance. Multispecies MPs
may be more difficult to design and test. Empirically based (model free) MPs that rely on
commercial CPUE to drive TAC decisions may be problematic for multispecies fisheries
since species targeting is likely to change with changes in prices as well as species
availability. Therefore CPUE for a given species is unlikely to track its biomass.
Multispecies MPs are more likely have to rely on formal stock assessments to determine
the TACs but MSE and MPs may still be useful in these fisheries. Modelling
implementation error in an MSE will also be particularly important for multispecies
fisheries since the likelihood of catches of particular species being either under or over
target levels is generally higher.

Recommendation: Although they will not be appropriate for many fisheries, model-
free MPs that reduce reliance on frequent stock assessment models should be considered.
Model-free MPs are more likely to be appropriate for single-species fisheries where
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fishery dependent data can be effectively used. It may make sense to focus initial
implementation of MSE and MPs on single species fisheries before tackling multispecies
fisheries for which MSEs and MPs will be more complex to model and implement.

While MSE and MPs have some clear advantages over traditional approaches to
developing and implementing management advice, they are not a panacea. A number of
MPs and HCRs that were tested for robustness in an MSE framework failed to achieve
their objectives. Clearly it will not generally be possible to design a perfect MP, and it
will be necessary to adapt the MP as new information and unforeseen events emerge. It is
probably fair to say that the more we learn about fisheries the less certain we are that we
can predict what will happen to them. Therefore it is essential that a schedule and process
for re-evaluating an MP be determined along with meta rules that determine how to react
if appears the MP is not functioning correctly. The process must allow adaptability
without opening the MP up to tinkering any time results are not going the way some
stakeholder group likes.

Recommendation: When an MP is implemented a schedule for reviewing and
potentially changing the MP should be clearly stated along with a procedure for
identifying and reacting to a failure of the MP prior to the schedule review.

Undertaking an MSE and developing and testing an MP will generally require a large
upfront cost. Fishery management authorities’ budgets and human resources are generally
stretched thin just keeping up with regular stock assessments. Without additional funding
specifically dedicated to undertake MSEs, use of this analytical framework and of MPs is
likely to grow only slowly. Yet there may be substantial long term gains from greater use
of MSE and MPs as a result of superior management that better meets stakeholder
objectives. Use of MPs can reduce rent seeking behaviour focused on management
decisions and engender a long term management focus. In some cases, MPs will reduce
ongoing assessment and management costs by reducing the required frequency of stock
assessments. Therefore greater investment in MSEs and implementation of MPs is
justified and OECD countries would do well to follow the example of South Africa and
make MSE and MPs an integral part of fishery management.

Recommendation: Government authorities responsible for fishery management
should consider making strategic investments to increase capabilities to undertake MSEs
and implement MPs. While this may increase management costs in the short run it should
reduce them in the long run as well as make management more effective.
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ANNEX 1: MPs for South African Hake

The First Hake MP 1990-1995

Over the period 19901995, separate TAC recommendations for both West and South
Coast hake (for both species combined) were provided by an MP based on the dynamic
Schaefer model in combination with a fo, °harvesting strategy (Butterworth and
Rademeyer 2005). The MP provides TAC recommendations based upon annual
assessments of biomass estimated with a Schaeffer production model. The model
assumed biomass, B, was at carrying capacity, K, when the fishery commenced in 1917
and was fit with commercial CPUE and winter and summer research survey indices. The
assumed dynamics of the Schaefer model are described by:

By
B, =B, +1B,(1--1)-C,

The MP set the TAC on the basis of the fitted estimates of B and r from the
assessment model using the following HCR that was designed to implement an Fg,
harvest strategy.

AN

TAC, =0.8r /(r/2) 2 Bt

The MP used separate but structurally identical models to provide combined species
TAC recommendations for the Western and Southern areas. However, the TAC
implemented by the Minister, for this and later MPs, was for both coasts and species
combined based on adding the TAC recommendations for each coast (and later species).
The industry was, however, requested to operate to achieve roughly the split between
coasts indicated by separate TAC recommendations (Butterworth and Rademeyer 2005).

The 1998 MP

A new MP for the West Coast hake stock was developed and implemented in 1998.
The 1998 revised MP for South African west coast hake provided a combined species

Note that and fy, strategy does not imply a fishing mortality of 0.2. In the context of a surplus
production model an £y, is calculated by determining the catch level on the effort-yield function where
its slope is 20% of the slope at the origin. The exploitation rate associated with that catch when the stock
is in equilibrium (and above Bmsy) is then applied to the current estimated stock size to yield a TAC.
With the yield-effort function estimated for this fishery An fq, for this fishery results in effort levels
(i.e., fishing mortality rates) about 63% of the MSY level. By comparison and fo; or and f,3 would
mean effort levels of 78% and 50% of the MSY effort respectively.
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TAC recommendation for the Western areas based on an annual estimate of Fg 475 from a
Fox production model fit with a standardized commercial CPUE index and winter and
summer research survey indices (Geromont and Glazer, 1998). In addition, the TAC in
1999, the first year using the new MP, was not allowed to be less than the TAC in 1998.

TAC, =ATAC, ; +(1-A)FOX, ;5

where
By + By+l
I:Oxy,fO.075 =0.828r /(In K)T

The dynamics of the Fox production function are described by the following equation
where F(B,)is the annual surplus production of the stock, which if harvested

theoretically leaves the stock in equilibrium.

In By
B, =B, +B, (-

-C
nK )=C,

A smoothing factor of A, which is set a 0.5, moderates how much the TAC can be
changed from year to year.

A similarly structured MP for the South Coast shallow-water (M. campensis) hake
stock was implemented beginning in 2000. The new South Coast shallow-water hake MP
was of the same form as the one used for the West Coast, based on a Fox-form age-
aggregated production model but incorporating an f0.3 harvesting strategy.

TAC, =ATAC, ; +(1-A)FOX, 44

Note that this is a considerably more conservative exploitation rate than was used by
the West Coast MP. This was necessary to keep the biomass at a high level which was
desired by stakeholders.

The 2007 MP

In 2006, a new coast- and species-combined MP (MP-2007) was adopted as the
default basis for TAC recommendations for the next four years, starting in 2007. A large
number of candidate MPs were investigated during the development of MP-2007, but
final evaluation focused on five empirically based MPs for which summary results are
presented in Figure Al. The selection process led to the recommendation that MP120%
be adopted as the basis for recommending hake TACs over the 2007-2010 period until
the next scheduled major review. The 20% refers to the target biomass in 2027 as a
percentage of the pristine biomass (i.e. estimated biomass in 1917) Application for 2007
saw the TAC reduced from 150 000 t to 135 000 t.

The formula for computing the TAC recommendation with the new MP is
determined as follows:

aradoxus capensis
TAC, =C; +CJ*
with
CP =CP[L+A, (s —tgt™)] if y<2006+Y

MANAGEMENT STRATEGY EVALUATION AND MANAGEMENT PROCEDURES © OECD 2010



ANNEX 1: MPs FOR SOUTH AFRICAN HAKE - 59

and
ijp = C;ﬁﬁp [1+ ﬂy (s;”p)] if y>2006+Y
where

TAC, is the total TAC recommended for year'y,
C)? isthe intended species-specific TAC for year y

C;i‘f’ is the achieved catch for that species in year y-1,

A, is a year-dependent tuning parameter that is itself a complex function of

several parameters,

Y is a tuning parameter that adjusts the trend target Y years (set at 10 for the MP
selected)

tgt™ s the target rate of increase for species spp

sj”p is a measure of the immediate past trend in the abundance indices for species

spp as available to use for calculations for yeary.
The trend s} measure is computed based on predetermined functions of GLM

standardized commercial CPUE and research survey indices. There are also constraints
put on how much the TAC can increase and decrease with the maximum decrease kept
low unless CPUE falls below a specified threshold.
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Source: (copied with permission from Rademeyer, Butterworth and Plagany (2008hb))
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ANNEX 2: MPs for New Zealand Rock Lobster

Since 1997 the New Zealand rock lobster (Jasus edwardsii) in the Northland CRA 7
and CRA 8 areas have been managed using MPs based on the observed CPUE in the
fishery. The MPs have been revised over the years, most recently in 2007 when separate
MPs were accepted by the Minister for each of CRA 7 and CRA 8 for the 2008-09
fishing year.

The 1997 MP

The first MP, implemented in 1997 and was in place until 2002. The 1997 MP was
specifically designed to rebuild the fishery along a target rebuilding trajectory with
standardized CPUE acting as proxy for the fishery biomass. Standardization of CPUE
accounts for changes in the spatial and temporal distribution of effort. The MP compared
observed standardized CPUE for CRA 7 and CRA 8 combined with a target trajectory
(Bentley, Breen and Starr, 2003a).

For each year indexed by t, the rule calculates the position of observed CPUE relative
to the target trajectory of CPUE (Starr et al., 1997):

__p obs pred
A=1710 1

where A is the CPUE comparison for year t, 1" is the expected CPUE from the

target trajectory, If’bs is the CPUE observed in year t. These are then averaged for three

years to obtain a mean difference:
— 1 d
A== A
34

If Ac was greater than 1.25, then the TAC would be increased by 20% and if A
was less than 0.75 the TAC would be decreased by 20%. No change would be made to

the TAC if A: fell between 0.75 and 1.25. There was also a "latent year" provision
allowed catch to be changed only if catch was not changed in the previous year. This
provision was meant to allow catch adjustments some time to take effect in an effort to
stop the rule from "over-correcting". There was also a one year lag in applying the rule
because of lags in getting the CPUE data and in consulting on proposed TAC changes.
Application of the rule resulted in reductions in the TAC in 1999 and again in 2001.

The 2003 MP

After a few years of operation several concerns with the 1997 MP were identified
(Bentley, Breen and Starr, 2003). First and foremost assessment scientists came to the

MANAGEMENT STRATEGY EVALUATION AND MANAGEMENT PROCEDURES © OECD 2010



62 - ANNEX 2: MPs FOR NEW ZEALAND ROCK LOBSTER

conclusion that the target trajectory, which was based on a 1996 assessment, was
becoming dated and the final target of 3.61 kg/potlift was unrealistic. While CPUE was
growing in parallel to the trajectory it was considerably lower. Although CPUE was
growing, indicating the fishery was rebuilding, continued operation of the MP would
have led to further cuts in the TAC. Finally, the appropriateness of basing the rule on
combined CPUE data from CRA 7 and CRA 8 was brought into doubt and was not
supported by quota holders. CRA 8 fishers complained that CRA 7 had always had low
CPUE, depressing the combined CPUE, while CRA 7 fishers complained that the 1997
rule would deny them access to any good recruitment that arrived in CRA 7.

The NRLMG explored refinements of MPs for NSS stock and incorporated new
information from a stock assessment in 2001 to evaluate the MP. This led to
implementation of a new revised MP in 2002. The new procedure set a lower CPUE
target for rebuilding of 1.9 kg/potlift and utilized a revised MP that was found to adhere
to the rebuilding trajectory with less variation in the TAC. A single MP based on CPUE
in Southland triggers changes in the TACs for both areas. The current MP was designed
to achieve a CPUE based rebuilding target by 2014 (A2).

The 2003 MP calculated a multiplier that determined the new TAC based on the old
TAC:

TAC,,, =Z,TAC,,,

The Z, is calculated from observed and target values for CPUE and from three

parameters of the rule: N, the number of years used for averaging CPUE in the rule; W,
relative weight given to the distance between observed and target CPUE, relative to the
difference between target and observed gradients; and S, a scaling or sensitivity parameter
used to determine the rule’s response. These three parameters thus define a large family
of candidate MPs.

The difference between target CPUE, 1", and observed CPUE, |1 is calculated in
a “status indicator” for each year of data.

s __ obs tar
A[_It /It -1

During the rebuilding stage, the predicted CPUE is taken from the linear rebuilding
trajectory shown in Figure A2 with the 1.9 kg/potlift final CPUE target. Once the
rebuilding target has been reached the target CPUE remains at the rebuilding target.

The difference between the target and observed gradient is calculated in a “gradient
indicator”:

(057 1)) (0 1))

Each is averaged for N years:

ZAd

=t—-N+1

and similarly for A’to obtain A°. The mean gradient and status indicators are
combined, using the relative weight W:
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A =WA' +(1-W)A?

Now the combined mean indicator is used with the scalar S to determine a response:

*

R, =SA

Then this response is used to determine the multiplier Z, , taking into account the sign

of R, and limiting the magnitude with minimum and maximum thresholds. The minimum
threshold was 0.05, and the maximum is 0.25.

Z =1 for-0.05<(R,)<0.05
Z, =1+R for-0.25 <(R,) <-0.05and for 0.05< (R, ) <0.25
Z, =0.75 for(R,)<-0.25

Z, =1.25 for(R,)>0.25

The MP also contained a provision prohibiting changes to TAC in two consecutive
years just as the 1997 MP had.
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Figure A2: Rebuilding Trajectory for NSS Rock Lobster MP
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In 2007 a new set of independent MPs for the CRA7 and CRAS8 fishery were
introduced. Both MPs use the most recent standardized CPUE estimate as input.
However, in contrast to the 2003 MP which used three years of CPUE data, the 2007 MPs
use only CPUE data from the most recent twelve months including 6 months of the
current fishing year. Both of the new MPs produce TAC recommendations that are
allowed to change every year unlike previous MPs which did not allow a TAC change in
two consecutive years. The 2007 CRA 7 MP calculates TAC as a simple linear function
of standardized CPUE from the most recent twelve months as follows.

TAC,,, =1001,

where |, is the standardised commercial fishery CPUE from the most recent 12
months in the CRAY fishery.

The CRA 8 MP (Figure A3) is not a simple linear function of CPUE. The TAC is
held constant over a wide range of CPUE; it decreases at a faster rate than CPUE when
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CPUE is below a threshold and it increases slowly when CPUE is above a threshold. The
plateau creates stability of TAC which was a primary objective of the CRA 8 commercial
industry, outweighing the possibility of a higher average TAC. The formal MP for CRA8

IS .
max{o,(1053—1.2(1.9— m%ﬂ, l, <19
TAC,,=1{ 1053, 1.9<1<32
1053+ 0.16(1, —3.2)%, |, >32

where | is the standardized commercial fishery CPUE from the most recent 12
months in the CRAB8 fishery.

The most recent annual standardized CPUE estimate for CRA 7 is 2.09 kg/pot for the
period 1 October 2007 to 30 September 2008. Under the CRA 7 MP this allowed for a
2008/09 TAC of 209 t, a substantial increase from the 2007/08 TAC of 143.9 t. The
standardized CPUE estimate for CRA 8 for the previous 12 months was 3.84 kg/pot
allowing for a 57 ton increase in the TAC to 1110 t under the CRA8 MP. These TACs
based on application the MP were recommended to the Minister and implemented in
April 2008 for the 2008/09 fishing year.
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