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Rochet and Rice, while recognizing management strategy evaluation (MSE) as an important step forward in fisheries management,
level a number of criticisms at its implementation. Some of their points are sound, such as the need for care in representing uncer-
tainties and for thorough documentation of the process. However, others evidence important misunderstandings. Although the diffi-
culties in estimating tail probabilities and risks, as discussed by Rochet and Rice, are well known, their arguments that Efron’s non-
parametric bootstrap re-sampling method underestimates the probabilities of low values are flawed. In any case, though, the focus
of MSEs is primarily on comparing performance and robustness across alternative management procedures (MPs), rather than on
estimating absolute levels of risk. Qualitative methods can augment MSE, but their limitations also need to be recognized.
Intelligence certainly needs to play a role in fisheries management, but not at the level of tinkering in the provision of annual
advice, which Rochet and Rice apparently advocate, inter alia because this runs the risk of advice following noise rather than
signal. Instead, intelligence should come into play in the exercise of oversight through the process of multiannual reviews of MSE
and associated MPs. A number of examples are given of the process of interaction with stakeholders which should characterize MSE.
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Introduction
Management strategy evaluation [MSE, also known as the man-
agement procedure (MP) approach] was developed to address
problems identified with more traditional management
approaches (e.g. Kirkwood, 1992, 1996), initially with respect to
the management of commercial whaling by the International
Whaling Commission (IWC). Critical appraisals of MSE are
opportune, particularly given the slow but steady moves towards
increased application of the approach at both national and inter-
national (e.g. Regional Fisheries Management Organization,
RFMO) levels (Punt, 2006).

As developers of and hence advocates for MSE, because of the
great improvements the approach can bring to fisheries manage-
ment (e.g. Butterworth and Punt, 1999; Smith et al., 1999;
Parma, 2002; Kell et al., 2006; Punt and Donovan, 2007; De
Oliveira et al., 2008; Bentley and Stokes, 2009), we welcome

pertinent warnings offered by Rochet and Rice (2009; hereinafter
referred to as R&R) concerning some aspects of the approach
that are potentially subject to poor implementation. Their criti-
cisms centre on some of the ways in which uncertainty is rep-
resented and risk levels are estimated in MSE, although they do
note that “these tools improve practice compared with ignoring
uncertainty and applying ad hoc decision-making”.

However, in welcoming R&R’s critique, we also consider that it
is important to draw attention to some important misunderstand-
ings evident in their paper that bring some of their conclusions
under question. Further, we are concerned that some of the
issues raised by R&R may be misconstrued as basic flaws of
MSE, rather than concerns about some technical aspects of its
implementation.

The most important misunderstanding seems to be what pre-
cisely is meant by the term “management strategy evaluation”. It
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is essential to be clear about the concept and implementation of
MSE, which has come to have a specific meaning in a fisheries
context (see the Glossary in Rademeyer et al., 2007). MSE is a
process for the evaluation of decision rules for providing scientific
recommendations for management measures (such as total allow-
able catch, TAC, or total allowable effort) for a marine renewable
resource, or a set of linked species. This evaluation is made against
user- and resource-orientated objectives set by managers that
should take into account the various stakeholders’ views and
needs. Importantly, the data inputs to such rules are prespecified,
and in line with the precautionary approach (FAO, 1996; Richards
and Maguire, 1998), the rules are checked using simulation to
ensure that they are likely to provide reasonably robust perform-
ance given the plausible range of scientific and operational uncer-
tainties considered to apply to the resource and associated fishery,
group of fisheries, or even ecosystem (Sainsbury et al., 2000; Smith
et al., 2007). It is especially this simulation testing, which takes
proper account of feedback effects, which differentiates MSE
from the more traditional “best assessment” approaches to provid-
ing fishery management advice (Butterworth, 2007).

MSE can be applied at three levels:

1. development of the specific and operational MP for a particular
fishery, e.g. those for the major South African fisheries sum-
marized in Plagányi et al. (2007), or the strike limit algorithms
developed for subsistence fisheries by the IWC (IWC, 2002,
2004);

2. the evaluation of generic MPs, such as the IWC’s revised MP
(RMP) for baleen whales on their feeding grounds (IWC,
1999), which can be applied to a number of stocks [note that
specific implementations of the generic RMP are also evaluated
using the simulation approach, e.g. IWC (2008)];

3. more broadly the evaluation of management strategies in the
form, for example, of general formulations for harvest control
rules where, as R&R state, the process can inter alia be used
to identify some formulations that will not work and can
hence be eliminated.

For brevity of expression in what follows, we will use the
acronym “MP” to refer to the outcome from MSE at all three of
these levels. Nevertheless we note that MSE does not extend to
broader concepts still, such as those underlying, for example, the
European Common Fisheries Policy, which R&R also term a
“management strategy”, or national “harvest strategy standards”
such as the US National Standard Guidelines that expand upon
the Magnusson–Stevens Act (NMFS, 1998). However, MSE
could, and we would suggest should, be used to evaluate how
well a specific MP, with its embedded monitoring, assessment
method, and decision rule, could be expected to achieve these
broader goals (Kell et al., 2005a).

In what follows, we comment first on some positive and then
on some questionable viewpoints advanced by R&R and argue
that most of the problems raised concerning MSE are addressed
through its proper interpretation and implementation.

Features of a poorly implemented MSE
Some of the criticisms made by R&R do not apply to MSE per se.
Rather they reflect instances of poor implementation of MSE, as
elaborated below.

If MSE is to address the requirements of the precautionary
approach so as to identify MPs that are robust to scientific uncer-
tainties, which was the key factor behind the development of that
approach, those uncertainties have to be realistically reflected in
the simulation “trials” on which the testing of proposed MPs is
based. Among other things, care needs to be taken not to input
probability distributions, e.g. Bayesian priors, that are unrealisti-
cally narrow, or misleadingly low estimates of risk would result.
Equally, problems can arise if questionably high levels of uncer-
tainty are input to the process—see the debate in Kolody et al.
(2008) and Butterworth (2008a), as well as in Butterworth et al.
(1996). The proponents of MSE have never suggested that it can
compensate for poor data inputs or inappropriate assumptions,
nor has it been suggested that it can calculate very precisely the
differences in outcomes expected under marginally different strat-
egy selections, any more than can other quantitative analyses. In
essence, these, and a number of other reservations raised in the
Discussion section of R&R, are drawing attention to the GIGO
(garbage in garbage out) principle, with which we naturally
concur.

Similarly, we agree with R&R that the complete MSE process
must be thoroughly documented for each application, particularly
the details of the simulation trials considered and their motiv-
ations, so that the reliability of eventual outputs from the
process is susceptible to thorough independent review. The docu-
mentation that accompanies IWC reports of the implementation
reviews of their MPs for both commercial and aboriginal
whaling (e.g. IWC, 2009—see Appendix 6 for North Atlantic fin
whales, Balaenoptera physalus; IWC, 2004—see Appendix 3 for
eastern North Pacific grey whales, Eschrichtius robustus) provides
useful benchmarks for best practice for such documentation.

The whole exercise involves an assessment of risk in some way,
and this necessarily requires inferences about the lower portions of
probability distributions (typically 5 or 10%). It would be a poor
analyst who showed no cognizance of the difficulties of estimating
tail probabilities, and the sensitivity of such estimates to the
probability distribution shapes assumed, particularly for low
percentiles.

The above alone should be sufficient to confirm that MSE, pro-
vided properly applied to avoid poor practices such as those dis-
cussed above, does not remove “intelligence” from the fishery
management process, a concern raised by R&R in their
Discussion section. However, there are different places where
“intelligence” can be applied to modify intermediate outcomes
in the multistep process of MSE, and here we have some reser-
vations concerning R&R’s suggestions about when such interven-
tions should occur, for reasons on which we elaborate in the
penultimate section of this manuscript.

Paradoxes or misinterpretations?
R&R assert that stochastic modelling of uncertainty, which applies
to Bayesian assessments of stock status as well as to MSE, is para-
doxical because “it implies knowing more than deterministic
approaches: to know the distribution of a quantity requires
more information than only estimating its expected value”.
However, use only of a deterministic value, such as an expectation,
ignores the facts that that value had to be estimated in some way
and that estimation would not have been exact; there may be
associated bias and certainly lack of precision. Surely, analyses
that assume uncertainty does not exist cannot be argued to be pre-
ferable in a management context to others that attempt to take
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some account of such uncertainty, though imperfectly? Certainly,
the former would be totally at variance with the precautionary
approach, and ignoring uncertainty has been a major cause of
the failure of some natural resource management attempts, e.g.
not accounting for uncertainty about the value of natural mor-
tality M for orange roughy (Hoplostethus atlanticus) in New
Zealand (Mace et al., 1990), and about the productivity of ground-
fish species off the west coast of North America (Ralston, 1998,
2002). The argued paradox seems to us a consequence rather of
a mis-focus away from the basic question: which of a range of
possible MPs or strategies best meets management objectives? Or
conversely, what is the basis for considering that a particular MP
is likely to achieve its intended outcome in the context of the infor-
mation and uncertainties in the observation, assessment, and
management processes?

R&R also claim that non-parametric bootstrap re-sampling, a
method which provides probability distributions without the
need to assume parametric forms and which has been widely
applied in statistics since being introduced by Efron (1981,
1987), “underestimates the probabilities of low values”, and
hence also of the risks of undesirable outcomes. However, their
justification for this conclusion is flawed. (Furthermore, the
results shown in Figure 3 of R&R demonstrate an overestimation
of risk, not an underestimation, as they state.) The sparser distri-
bution of observations farther from the centre of their distribution
will certainly lead to a lower proportion of resamples drawn from
those outer compared with central regions, but that is exactly in
line with the relatively lower level of the distribution in such
outer regions. Therefore, this in no way implies a necessary bias,
as argued by R&R. It simply means that the bootstrap process esti-
mates probabilities near the centre of distributions more precisely
than near the tails, a problem that may be severe when the sample
size is small, as in the examples provided by R&R. Bootstrap per-
centiles can be biased because the bootstrap distribution is centred
on the estimated rather than the true value of the parameter in
question, and methods exist to correct for this (Efron and
Tibshirani, 1993), but the issue raised by R&R relates to variance,
not bias.

Although R&R’s critique that the tails of distributions are often
poorly estimated may be true in absolute terms, MSE is almost
always concerned with relative performance among alternative
MPs (and the trade-offs involved across multiple objectives),
rather than in absolute levels of performance for a particular MP
(Smith et al., 1999).

MSE does not purport to know more about issues that are
uncertain, but instead addresses uncertainty by concentrating on
evaluating the robustness of MP performance to that uncertainty.
R&R state that “Robustness may be tested by combining the full
suite of related simulations probabilistically into a combined prob-
ability density function of possible outcomes, and evaluating the
risk of an undesirable outcome from each management option”.
Of course this could be done, but it is certainly not, in our experi-
ence, a standard practice in MSE implementations. Most MSE
studies integrate across uncertainty in some parameters/variables,
such as variation in future recruitment and future observation
error, and some go an extra step to integrate over a plausibility-
weighted reference set of operating models (OMs) describing a
range of highly plausible scenarios (e.g. CCSBT, 2005a).
However, when it comes to evaluating robustness, one wants to
demonstrate this robustness in anticipated performance under
simulation across different OMs, not to consider only some

tail-probability risk criterion being met for a single probability dis-
tribution generated from a weighted set of all OMs. The relative
plausibility of different scenarios (OMs) has to be taken into
account to some extent, because clearly no MP can be robust to
every conceivable situation (Butterworth et al., 1996). However,
although there are standard methods for calculating relative prob-
abilities associated with parameter estimation uncertainty within a
single model structure, assigning plausibility weightings across
different model structures, e.g. how many stocks of the species
are present in the area under management, is recognized as a far
more difficult and certainly as yet not fully solved problem.

Probably the most advanced approach to date is that developed
in the IWC, which accords scenarios corresponding in particular
to different model structures a high, medium, or low plausibility
on qualitative grounds (“intelligence”). It then disregards the
low ones and requires the performance of candidate MPs to
satisfy less stringent conservation-related criteria for trials with
medium plausibility weighting compared with the criteria that
apply for those given high weighting (IWC, 2005). The focus is
therefore on consistency across stocks and over time in evaluating
risk, rather than claiming a single integrative measure of risk as a
probability calculated in absolute terms.

If indeed MSEs are not “powerful at discriminating the best
approach” (R&R), is that of great consequence? As indicated
above, the priority in selecting management approaches is robust-
ness to unavoidable uncertainty rather than seeking an optimality
that is in any case difficult to define given the inevitable trade-offs
in performance between catch on average, catch variability, and
the risk of depleting the resource to too low a level. We are there-
fore somewhat bemused by R&R’s concern that MSE is being used
“as if small differences in analytical results are meaningful biologi-
cally and in management”. We equally would be concerned if this
was common practice in MSE, but we are not aware of any
instances where the outputs from an MSE process have been
used in that manner. If such instances do exist, they are the excep-
tion rather than the rule. Indeed, in our experience, the far greater
problem in current stock assessments is for small differences in
estimated values, e.g. the estimated current fishing mortality F
compared with a target F each year, to be treated as meaningful
despite the stock assessment model not including important
sources of uncertainty. The resulting scientific overconfidence
and lack of robustness have arguably contributed to overexploita-
tion of several fisheries (see, e.g., Mace et al., 1990; Ralston, 1998,
2002).

Finally, R&R’s argument that “implementation uncertainty is
very likely to greatly exceed any nuanced quantitative differences
amongst simulation results” is hardly an argument against MSE
per se. If implementation issues are among the major of the set
of uncertainties that apply in a particular situation, the trials
used for testing associated candidate MPs should certainly be
attempting the not always straightforward task of making appro-
priate allowance for implementation error. For example,
Dichmont et al. (2006) characterized implementation uncertainty
in Australia’s northern prawn fishery (NPF) based on historical
decision-making, and incorporated that source of uncertainty in
the scenarios considered in the simulation trials used to
compare MPs for the two commercially important tiger prawn
species (Penaeus esculentus and P. semisulcatus) in the NPF.
The implementation of MSE for the management of a tropical
trawl fishery (Sainsbury, 1991) explicitly included a high level
of implementation uncertainty. The evaluation of alternative
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composite fishery management scenarios by Fulton et al. (2008)
goes to considerable lengths to represent both implementation
uncertainty and the response of fishers to changes in management
arrangements. Open source software available to apply MSE to
fisheries explicitly includes implementation uncertainty in
several of the management processes (Kell et al., 2007). In any
case though, the feedback nature of MPs will, at least partially,
adjust for implementation error such as failure to take account
of unreported catches (e.g. IWC, 1992).

Alternatives?
R&R admit that they can offer no cure to a number of problems
they raise in relation to MSE. They suggest that MSE be augmented
by alternative methods to evaluate risks, including qualitative
methods and post hoc analyses. However, much of this is already
accepted and implemented best practice where MSE is used. The
Multi-Criteria-Decision-Making context of the interpretation of
outputs from the simulation-testing process, which incorporates
more than one measure of risk and emphasizes the key role of
trade-offs among conflicting objectives, is widely recognized.
Regular reviews are frequently mandated, e.g. five-yearly in the
IWC (IWC, 1999) and four-yearly in South Africa (Appendix 2
of Rademeyer et al., 2008), and these allow further knowledge
and experience gained in the interim to be taken into account.

We agree that qualitative methods (e.g. Smith et al., 2007) have
a useful supplementary role to play alongside more quantitative
approaches, from several perspectives, including facilitating stake-
holder engagement, and the speed and cost with which analyses
can be completed. However, qualitative methods tend to be less
adept at incorporating uncertainty and can be poor at capturing
the often unexpected effects of feedback, including future learning
(Smith et al., 2009). Post hoc analyses can be even more proble-
matic, because the limited number of real world “experiments”
to hand, combined with severe problems of attribution of cause,
make learning from such analyses difficult. Ongoing contention
over explanations for the failure of NW Atlantic cod (Gadus
morhua) to recover (Shelton et al., 2006), and for the decline of
Steller sea lions (Eumetopias jubatus) in the North Pacific
(National Research Council, 2003), are cases in point. Moreover,
analyses that provide only qualitative or directional management
insight are necessarily incomplete; the first question that will be
asked by a manager when advised that the TAC needs to be
reduced is going to be: “By how much?”.

More to the point, we believe, are the advantages that MSE
brings over previous approaches, an aspect that R&R do acknowl-
edge partially. These are elaborated in more detail in Punt (2006),
Butterworth (2007), and Punt and Donovan (2007), but it is worth
re-emphasizing some of the more important ones, such as a struc-
tured approach to taking uncertainty into account, being able to
make allowance for the feedback (learning) contribution forth-
coming from future data as the MP is put into practice, and pro-
viding a basis to consider trade-offs between interannual catch
variability and resource risk, or between short-term pain and
achieving resource rebuilding targets, so that the aim of socio-
economic stability can be factored in more objectively.

R&R quote the Sparholt et al. (2007) observation that despite
the implementation of the precautionary approach by ICES for
providing scientific advice, demersal stocks have still declined.
However, Cadrin and Pastoors (2008) showed that of 137 manage-
ment units for which advice is provided by ICES, only 17% actu-
ally have the necessary estimates to implement a precautionary

control rule, and 61% have no estimates of reference points at
all. The failure has been related to not implementing scientific
advice in an effective management context, and to not evaluating
the extent to which management strategies are able to meet the
objectives set out for them, given uncertainties. MSE has helped
address these failings by developing management advice for
stocks for which detailed assessments have yet to be developed
(Kell et al., 2005a, b; STECF, 2008).

The appropriate role for “intelligence”
We certainly agree with R&R that MSEs provide a mechanism for a
desirable strengthening of “the use of intelligence in developing
approaches to fisheries management”. As discussed above, the
properly conducted process of setting up the simulation trials
required for MSE and the interpretation of the results already
requires full exercise of that attribute.

R&R subsequently comment, however, that few OMs “can
simulate the acts of scientists, managers, and fishers making
choices in each year of an ongoing cyclic process of
fishery-assessment-advice-management plan-fishery” and that
“this is the wrong time to remove intelligence from the process.
If all their quantitative details are taken as reliable, then
simulation-based MSEs can only evaluate impoverished pro-
cedures, those without the need for human intervention. This is
not the type of management procedure we want”.

What R&R apparently advocate is, we believe, unwise and
indeed quite the reverse of the philosophy underlying levels 1
and 2 of MSE (see above), which insists on the MPs adopted
being exactly of the form that has been simulation-tested, and to
be implemented in the “auto-pilot” mode, i.e. the management
measures they output to be applied unchanged unless there is
compelling evidence for the need for some amendment (what
are termed exceptional circumstances). Jurisdictions such as
Australia that use the MSE at level 3 to inform both policy and
choice of fishery-specific harvest strategies without fully adopting
an MP do provide more room for human intervention in annual
decision-making, but even this is formulated as the application
of meta-rules that constrain the freedom of decision-makers to
simply override application of the strategy without sound justifica-
tion (Smith et al., 2008).

R&R motivate their position on Punt (1997) having used
Laurec–Shepherd tuning rather than ADAPT to simulation-test
VPA-based management “because the latter requires making edu-
cated choices that cannot be simulated in an operating model”. If a
procedure cannot be simulated, how can one have confidence that
it will perform better than one which has been? A counter-example
is provided by Punt’s (1993) simulation-based comparison of the
age-aggregated production model and the VPA-based manage-
ment. The educated choice would surely be for VPA, because
this can make use of additional information (catch-at-age data).
Yet as the case investigated showed, compared with the production
model, VPA added nothing in terms of greater catches on average,
or less risk to the resource, but led to far greater interannual varia-
bility in the catches, i.e. the addition of “intelligence” led to a
deterioration in performance in meeting one management objec-
tive without any compensating gains for others. It is surely far
better to develop an MP that can be simulated, and thus that
can be shown to be likely to meet the user- and resource-based
objectives identified.

The philosophy apparently espoused by R&R of, even after con-
ducting an MSE, returning to the annual cycle of scientifically
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debating the management action to follow an assessment process
which itself may be contested, reintroduces many of the problems
that levels 1 and 2 of MSE are intended to avoid, by providing a
default decision rule which has been tested and proved to be
robust. On what bases could one claim that “intelligence” routi-
nely entered at the stage of developing management advice leads
to improved performance in the longer term? Or does it instead
only “tinker”, by providing management recommendations that
follow noise rather than signal in the data, and reopen the door
to ad hoc decisions that lack a clear and consistent basis? A particu-
lar problem with this last approach is that it admits a role for
strengthening advocacy positions over time as resource indices
deteriorate, resulting in the necessary management response of
adequate reductions in catch and/or effort being enacted too
little too late. Avoiding such problems underlay the IWC’s (and
subsequently a number of other organizations’) decision to opt
instead for the MP auto-pilot route of levels 1 and 2 of MSE.

Even when advocacy is not a problem, frequent changes in
models or data are often introduced in an effort to provide the
best stock assessment every year. Such changes may lead to
unnecessary disruptions in the management advice, when a
simpler, consistent decision rule applied every year might
perform better in the long term (e.g. Parma, 2002). Relatively
simple estimation models are often both sufficient and more
robust than their “more realistic” counterparts as the basis for
MPs, because of the high noise-to-signal ratio typical of fisheries
data. For example, in the development of the IWC’s RMP, the rela-
tively simple Cooke population estimation model that was even-
tually adopted performed at least as well in simulations as other
MPs based on more complex models that attempted to match fea-
tures of the underlying OMs of whale population dynamics, such
as time-lags, more closely (IWC, 1992). This is not to deny any role
for such more realistic models, but this is generally at the OM level
in providing necessary realism for the possible underlying
dynamics of the system in the simulation trials used for testing
purposes, rather than in calculating management measures to be
applied in practice. Therefore, for example, a recent FAO work-
shop on modelling ecosystem interactions for informing an eco-
system approach to fisheries concluded that although such
ecosystem models were not yet at the stage where they might be
used directly to provide management recommendations, they
did have a role to play as OMs in evaluating the performance of
simpler models used as the basis for MPs (FAO, 2008).

There is a role for “intelligence” at the stage of implementing an
MP for either of levels 1 or 2, but it is rather in the oversight role of
a pilot regularly checking that his autopilot continues to achieve
the results planned. This includes checking that exceptional cir-
cumstances have not arisen in the form of compelling scientific
evidence that the resource has moved outside the range of circum-
stances (including implementation error) spanned by the simu-
lation testing, which necessitates that the advice provided by the
MP be overruled (for level 3 of MSE as applied in Australia, the
constraints on human intervention provided by the meta-rules
play a similar role). This should be a rare occurrence—it is not a
mechanism to allow annual “tinkering” with the scientific rec-
ommendations output by an MP. Best practice for MSE
implementation includes documentation of an agreed process
for such an eventuality, as well as a regular MP review process
during which “intelligence” can be brought to bear in considering
whether amendments to an MP are required [Butterworth, 2008b;
and see specific examples in CCSBT, 2005b, and Appendix 2 of

Rademeyer et al., 2008; the 5-year regular IWC MP review
process (IWC, 1999) includes the option to call for an “excep-
tional” review under certain circumstances].

Stakeholder participation
R&R admonish a frequent absence in MSE publications of details
of how stakeholders were involved in the MP development
process, given that the opportunity that MSE provides for such
involvement, and hence for more likely acceptance of the
product, is often advanced as one of its major benefits.

Indeed, an interesting feature of the growing application of
MSE and MPs is increasing acceptance by industry of the
process, because it provides them with greater planning security
by removing the uncertainty associated with the outcome of the
annual assessment/TAC scientific debate. Failures to report
details of these interactive processes may reflect the fact that in
many fora, these processes settled down some time ago and are
now fairly routine.

At an international level, in the IWC, there has been a concerted
effort to ensure stakeholder participation. This is normally carried
out via national delegations, which often include representatives of
environment and fisheries ministries, industry, and NGOs. With
respect to the development of the MPs for subsistence whaling,
the chair of the scientific group working on development talked
directly with representatives of the subsistence communities
throughout the development process. The primary interests of
stakeholders have been: determination of the user- and resource-
orientated objectives and the balance between these; performance
measures of proposed procedures against those objectives; and
data and analysis requirements and availability. Technical details
of approaches have rarely been the focus of concern of the stake-
holders. The Commission for the Conservation of Antarctic
Marine Living Resources (CCAMLR) has so far adopted the
approach of a broad interchange between scientists and managers
(Commissioners) at its annual meetings in its work towards devel-
opment of an MP to govern spatial allocation of the krill (Euphausia
superba) catches allowed in the Scotia Sea (CCAMLR, 2008).
Moreover, stakeholders such as the fishing industry and NGOs
have been party to relevant discussions by virtue of the fact that
they are either involved as members of national delegations or
serve as observers at the Commission or Scientific Committee
level. In the Commission for the Conservation of Southern
Bluefin Tuna (CCSBT), where adoption of an MP is nearing finality
(though after some hiccoughs—see Kolody et al., 2008), there have
been several special meetings held to allow for interaction between
scientists, managers, and industry representatives on the details of
the MP as it is developed (e.g. CCSBT, 2005c), and an initiation
of this process at NAFO for Greenland halibut (Reinhardtius hippo-
glossoides) took a similar route (NAFO, 2008).

In Europe, there is increased emphasis on stakeholder partici-
pation and the ecosystem-based approach to fisheries management
in the reform of the CFP (Gray and Hatchard, 2008). The develop-
ment of MSE is therefore an important tool because it allows a
broad array of European, national, and local stakeholders to be
involved. For example, MSE is being used in a participatory mod-
elling process in the JAKFISH project (http://www.imares.wur.nl/
UK/research/marinefisheries/projects/jakfish/), so that scientists
and stakeholders can jointly develop flexible and transparent
models to evaluate alternative management strategies before
implementation. This will allow stakeholders to decide upon the
best assessment, monitoring, and MPs, based upon incomplete
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knowledge of stock structure and subpopulation catches for the
management of the herring (Clupea harengus) meta-population
(Kell et al., 2009), and to help perform bioeconomic evaluation
of different management measures (Tserpes et al., 2009).

Nationally, in South Africa, the primary discussions take place
in species-specific scientific working groups on which industry and
managers are present as observers, but in practice can and often do
participate fully in discussions (Butterworth, 2008b). These dis-
cussions have focused particularly on the trade-off arising from
restrictions on interannual TAC variability that industries seek
for reasons of stability, and the associated lesser average fishing
mortality levels and hence lower catches on average over time
that such restrictions require.

Involvement of stakeholders, including environmental NGOs
as well as the fishing industry, is a basic and widespread feature
of the Australian system of fisheries governance. This stakeholder
participation has been an important aspect of developing and
applying the MSE approach in Australia (Smith et al., 1999).

Cox and Kronlund (2008) used MSE to develop practical
stakeholder-driven harvest policies for groundfish fisheries in
British Columbia, Canada. They found that MSE helped in devel-
oping co-management, because in traditional stock assessment
there is only a scientific choice of what constitutes the best assess-
ment method, and the long-term policy consequences of particu-
lar assessment model choices are rarely evaluated. Therefore, MSE
offered a potential vehicle for addressing both policy and process
conflicts in fishery co-management.

In New Zealand, stakeholder (commercial, recreational, cus-
tomary Maori, and environmental) involvement in scientific and
management meetings is the norm for all fisheries. In addition,
all decision-making, including the setting of TACs, is subject to
statutory public consultation. Although most stocks are managed
using the traditional assessment approach, MPs have been devel-
oped to guide TAC-setting for some rock lobster stocks since the
mid-1990s (e.g. Starr et al., 1997). MP development and rec-
ommendations and consequent TAC advice have been provided
by a national multistakeholder group with responsibility for pro-
viding advice directly to the Minister of Fisheries in place of the
usual government-led processes. The MP development processes
have been highly collaborative involving stakeholders, scientists,
and government officials. Based on advice from the multistake-
holder group (http://www.nzrocklobster.co.nz/rl-mandocs)
reflecting changing stakeholder goals, successive ministers have
decided upon a sequence of 5-year MPs since 1996 and have also
implemented TAC cuts and increases as indicated by the adopted
MPs and advised on annually by the multistakeholder group.
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