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Executive summary

SGMAS met in Lisbon on the 17-22 November 2008. It considered lessons learned
from recent work with management strategies in general and harvest control rules in
particular, as well as input from other Expert Groups. That led to updates of the
guidelines for ICES’ handling of management strategies. The inventory of suitable
computer programs for evaluation of management strategies was also updated.

Examination of recent evaluations revealed inconsistencies in methods used to pa-
rameterise errors and in the use of the risk concept. SGMAS now provides extended
guidelines for carrying out evaluations, with indications of the minimum levels of
complexity ICES should require. Also included are guidelines for the standards of
software, emphasising quality checking of the code and highlighting critical aspects
of the conditioning of models, in particular how uncertainties are specified, and how
risk in relation to the precautionary approach should be evaluated.

SGMAS maintains its view that dialogue between science, industry and managers is
essential in developing management strategies that are relevant and accepted. The
amount of time and work needed in that process is substantial, and underestimating
that effort delays and frustrates the process. The experience so far has been a learning
process for all parties. For science in particular, it is considered essential that it is
well prepared before entering a dialogue, for example by having adequate biological
and error models running at the start. ICES should also recognise that different man-
agers have different ways of relating to both science and industry, and that the form
of the dialogue has to adapt to the kinds of conflicting interests that are present. For
example, the dialogue will be different for ‘domestic’ and ‘international’ stocks,
where for the latter different managers are also negotiators, who may perceive open
participation as not in their interests.

SGMAS considered recent work by WGSAM, WKEFA, SGFIAC, WGMD, SGMIX-
MAN and WGEFS, recent experience by the American Fisheries Society, and recent
studies on generic harvest rules in STECF. Points of importance for the SGMAS
guidelines include: Multispecies interactions lead to different perceptions of achiev-
able objectives, but may mostly be dealt with by influencing parameters in single
species evaluations until such interactions are better characterized. Moderate transfer
of quotas between years has in itself minor effects. Environmental drivers have clear
effects on stock productivity, but since predictions of such drivers in themselves are
highly uncertain, management strategies have to be developed to be robust to plausi-
ble changes in the environment rather than being driven by predicted changes. Fish-
ery-induced evolutionary changes still have to be proven, but their potential for
influencing stock dynamics calls for a precautionary attitude. Tools to simulate har-
vest rules in a mixed fisheries context have matured considerably, and should be
used when appropriate. In particular current mixed fisheries work can provide guid-
ance on the kind of strategy that is likely to fail in its objectives, but it will require
more development before providing guidance for optimal solutions that have a high
probability of working.

SGMAS briefly considered management in data poor situations, highlighting the rela-
tion between stock dynamics, variance and delays in measures of the state of the
stock and the dynamics of manager’s response as the key factors to be considered
when developing plans in such situations.

SGMAS has updated its inventory of simulation software with recent developments.
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The field of management strategies is still rapidly developing, SGMAS can see a
number of ways forward, by a continuation of SGMAS in its present form or by other
EG structures in ICES. There is a need for some stronger coordination, as currently
the standards being applied across evaluations are too inconsistent. Experience sug-
gests that good evaluations are carried with work over several months, and involving
a number of meetings with stakeholders. If this link to stakeholders is to be continued
a management plan working group charged with developing multiple plans seems
unlikely to be successful. Thus it seems more productive for ICES to have a small
group to oversee a template giving guidance and to review work against that tem-
plate.
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Introduction Chairs

Terms of reference

The Study Group on Management Strategies [SGMAS] met in Lisbon (Portugal), 17—
21 November 2008 to address the following terms of reference Council resolution
2007/2/ACOM24).

a) Examine current developments of harvest control rules in particular and
management strategies for inter alia NEA Mackerel, North Sea flatfish,
North Sea haddock, Blue whiting, North Sea herring and Illa herring,
western Horse mackerel, Northern hake, southern hake and Nephrops,
Norway pout, sandeel and anchovy, and the North Sea cod recovery plan.
More generally to assemble experience for further revisions of guidelines
for developing and evaluating for such processes;

b) assemble results from ongoing work in other Expert Groups related to
management strategy development and evaluation, including this year
SGRAMA, WGMG, WKEFA, SGFIAC and WGSAM. and including finding
from internationally coordinated research projects such as EFIMAS,
COMMIT, PRONE, and make recommendations on appropriate methods
to evaluate management plans.

c) explore feasible management strategies that do not rely solely on regular
analytic stock assessments;

d) update the inventory of methods and software to evaluate harvest control
rules, taking into account evaluations of such methods by WGMG.

SGMAS will report within four weeks from the meeting 2008 for the attention of
ACOM.

The group was co-chaired by John Simmonds (UK Scotland) and Dankert Skagen
(Norway). The list of participants is in Annex 1.

Background

SGMAS was created in 2005 to provide guidelines for evaluating management strate-
gies in general and harvest control rules in particular. The incentive was the growing
numbers of requests for evaluating such rules and the unclear standards for such
evaluations. The SGMAS report from 2006 provides such guidelines. A further meet-
ing was held in 2007 to summarize experience and to broaden the scope towards as-
sisting in the development of rules rather than just evaluating proposed rules. This
led to suggestions for improving the dialogue processes with managers and stake-
holders some of which have been applied in the development of several plans in the
last year.

Prior to 2007 the guidelines from SGMAS had been criticized for not taking into ac-
count insight from other Expert Groups that might be relevant. In particular, the im-
pact of environmental research on fisheries management was examined through a
workshop, WKEFA, which was set up in 2007 specifically to provide SGMAS with
insight on that aspect. This group considered the scope of including a wide range of
physical drivers and the potential for bringing in biological interaction into manage-
ment. This year, ToR b was included with the intention that SGMAS should take ac-
count of the work by other ICES EGs, and incorporate them in the guidelines as
relevant. In addition, the intention was to summarize the experience from recent
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work with management strategy development and evaluation both within and out-
side ICES and amend the guidelines accordingly, to further extend the guidelines for
‘non-standard’ stocks and to maintain the inventory of available software.

Structure of the report.

Each term of reference is dealt with in a separate section. Hence, ToR a is dealt with
in Section 2, ToR b in Section 3, ToR ¢ in Section 4 and ToR d in Section 6. Section 5 is
an update of the guidelines, which should be regarded as an extension of those pre-
sented by SGMAS in 2006.

Future of SGMAS.

The future of SGMAS was discussed by the group. ICES has a clear need for instru-
ments that can handle the growing number of requests that it receives. SGMAS has
never considered itself as a ‘computation group’, but concentrated on giving guide-
lines for those who shall do the actual work and those who shall review it. The field
of management strategies is still rapidly developing, SGMAS can see a number of
ways forward, by a continuation of SGMAS in its present form or by other EG struc-
tures in ICES. The experience (Section 2) does suggest that there is a clear need for
some stronger coordination, as currently the standards being applied across evalua-
tions are too inconsistent. However, experience also suggests that good evaluations
are carried with work over several months, and involving a number of meetings with
stakeholders. If this link to stakeholders is to be continued as a method for develop-
ing management plans a working group charged with developing multiple plans
seems unlikely to be successful. Thus it seems more productive for ICES to have a
small group to oversee a template giving guidance and to review work against that
template.
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Review of management existing plans

In this section we briefly document a number of management plans that have been
proposed and in many cases agreed. In section 2.1 we describe the background and
general information on the organisation of the plan, where it is documented and
some comments on content and process. In section 2.2 we draw a number of conclu-
sions from the process of management plan development. In Section 2.3 we provide
some updates on plans under development.

Overview of plans ICES and STECF plans

2.1.1 Sandeel

background

The AGSAN was set up to implement a real time monitoring system for the North
Sea sandeel stock in 2007. The primary aim of the meeting was to agree on the
implementation procedure for a previously established harvest control rule. The
overall objective of the HCR was to ensure that fishing was limited in 2007 so that
SSB in 2008 would be above Blim with a high (95%) probability. Fishing in 2007
would depend on the size of the 2007 year class. The estimate of the 2007 numbers
was to be derived from real-time monitoring using a regression between historical
CPUE observations and “bias-corrected” stock numbers at age 1. This report gives a
summary of the agreed methodology and the procedure for combining data from
the Norwegian and EU monitoring fisheries. A time table of when data and model
estimates would be made available is given.

In addition to that year’s management advice the group was asked to consider
feasible options for future management arrangements. The group agreed that it is
essential to account for substock structuring in future management. This is because
the past management regimes have failed to avoid local depletion in many areas and
account for regional differences in productivity and catch rates. The Ad hoc Group
was not in the position to come up with a definite proposal for future management
plans because of limitations in the knowledge base, although ongoing research is
addressing this.

period 27-28 February 2007

organization | ICES AGSAN 2007

method No evaluation of the proposed HCR. Only provided the parameters for N - CPUE
regression.

expertgroup | AGSAN 2007 ICES CM 2007/ACFM:38 (ICES 2007¢)

review http://groupnet.ices.dk/advice2008/adgsan/default.aspx

advice 6.3.3.4 Harvest control rules and long term management strategies for sandeel in the
North Sea and Skagerrak. (ICES 2007g)

comments No formal evaluation of the management plan.

Long input into future management plans using categories like:

Management objectives, Extended effort regulation, Area closures, Indicator based
management, Fixed quotas, Self-regulation.
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2.1.2 Sandeel

Background

The AGSAN2 was set up in 2008 to address a request dealing with sandeel in the
North Sea and Skagerrak. The EC and Norway requested ICES to provide further
advice on a long term management strategy for sandeel fisheries that ensures
sustainable fisheries, that allows

Maximum Sustainable Yields to be achieved and is consistent with the
precautionary approach; that prevents local depletion of sandeel aggregations and
takes into account the function of sandeel in the ecosystem.

Past meetings of the group agreed that it is essential to account for sub-stock
structuring in future management because management regimes have failed to
avoid local depletion in many areas and to account for regional differences in
productivity and catch rates.

AGSAN?2 considered long term management strategies in terms of an effort control
component, a TAC component and area closures. The potential to use stochastic
short-term projections for estimating the 2009 TAC setting was considered and a
plan proposed. The various objectives of closed areas were considered and in the
short term, emergency measures to promote recovery of commercially extinct
grounds were considered to have the highest priority and would also be the easiest
to implement.

It was not possible for AGSAN?2 to currently recommend a full suite of operational
tools to change sandeel management to a more sustainable system, but the group
proposed changes in the procedures, tools and data bases over the next few years
that would eventually lead to this goal.

Period 25-30 August 2008

Organization | ICES AGSAN 2008

Method No evaluation of HCR.

Expertgroup | AGSAN 2008 ICES CM 2008/ACOM:59

Review http://groupnet.ices.dk/advice2008/adgsan/default.aspx

Advice 6.3.3.8 EC and Norway request on long term management strategies for sandeel in
the North Sea.

Comments No formal evaluation of the management plan.

Management should take into account the spatial structure of sandeels.
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2.1.3 Southern hake and Nephrops in Vllic and IXa

Background

The Southern Hake and Iberian Nephrops stocks are in a severely depleted state
and ICES has advised that a recovery plan should be developed and implemented
to assist the recovery of these stocks (SGMOS, 2003). A Subgroup on Management
Objectives (SGMOS) of the EU Scientific, Technical and Economic Committee for
Fisheries (STECF) was formed to address the topic of Recovery plans of Southern
hake and Iberian Norway lobster stocks. The subgroup met from 9 — 13 June of
2003 at IPIMAR Headquarter in Lisbon. The aim of the meeting was to establish the
scientific framework for recovery plans for southern hake stock and Iberian Nor-
way lobster stocks (FU 26-30 and FU 25-31). The subgroup proposes a recovery
target for Hake of 23 000 t, reducing F towards F0.1 (0.15) without catch constrain.
The implemented plan set a SSB target of 35 000 t Bpa, decreasing F 10% annually
towards 0.27 (Fmax) and a TAC constrain of 15%. Nephrops follow the same F re-
duction than hake.

Recovery plan is in force from 2006 (EC Reg. n® 2166/2005).
Southern hake:
Goal: SSB = 35000 t (Bpa=Blim*1.4) in two consecutive years by 2015

Tactic: decreasing F a maximum of 10% annually until F=0.27 (Fmax) (TAC, effort
control and closed areas)

Constrain: annual change in TAC less than +- 15%
Nephrops in VIIIc and IXa:
Goal: rebuilding the stocks to within safe biological limits by 2015

Tactic: TAC shall be set at a level that will result in the same relative change in its
fishing mortality rate than South hake.

Constrain: annual change in TAC less than +- 15%

Period

2006-2015

Organization

STECF

Method

Stochastic projections

Expertgroup

SGMOS-03

Review

No evaluation of plan yet (“The Commission shall, on the basis of advice from ICES
and STECF, evaluate the impact of the recovery measures on the stocks concerned
and the fisheries on those stocks in the second year of application of this Regulation
and in each of the following years” Art. 3 in EC Reg n® 2166/2005)

Advice

Comments

ICES did not evaluated the recovery plan although it is enforce since 2006. ICES
advice in 2008 is: “ICES has not evaluated the recovery plan in relation to precau-
tionary limits. ICES continues to advise according to the precautionary limits; no
landings should therefore be allowed in 2009.” The same advice than in the previ-
ous three years. This advice has been ignored by EU that sets hake TACs based on
the recovery plan rules and short term projections carried out by ICES.

WGMAS suggest the need of an evaluation of this plan. This evaluation should
have to take into account the bayesian stock assessment, accepted by ICES in 2008, a
revision of reference points and the main sources of uncertainty in the assessment:
stock unit definition, growth and ageing and discards.
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2.1.4 Northern Hake

Background Following concern over the status of the stock, technical measures were introduced
in 2002 followed by a recovery plan in 2004. The situation of the stock has now im-
proved so long term management plan has been proposed by EC. Scientist have
been requested to analyse the plan. Industry has then been asked to give its feed-
back opinion over various possible measures of the plan (How to reduce F, how to
improve selection pattern/reduce discards and protect juvenile etc.).

Period 4-8 June 2007, Lisbon (Management plan)

3-6 December 2007, Brussels (Impact assessment)
February and May 2008 (NWWRAC meetings)

Organization | STECF

Method FLR (full feedback) + EIAA

Expert Group | SGBRE-07-03; SGBRE-07-5

Review by STECF plenary

Advice by STECF plenary

Comments SGBRE-07-03.

The objectives of the plan are based on Johannesburg agreement: Fmsy = Fmax =
0.17 (from historic assessments).

No reference is made to precautionary approach or probability above Blim so the
working group decided to use 50% for the P(SSB< Bpa) and 0% for the P(violating
the 15% yearly TAC change).

Initial attempts were made to address fishing mortality by “metier” (fishery units):
computed from total F at age, the F at age for various FU and/or gear categories.

Multi-species evaluations with megrim and anglerfish have been attempted.

If no discards are included in the assessment then there is not much differences in
equilibrium yield between Fsq and Fmax. However, SSB level is higher at Fmax so
more stability for the stock. With discards included in the assessment, there are
much higher yields at Fmax than at Fsq. Furthermore, if reduction in F is coupled
with improvement in selectivity pattern, a lower reduction in F is needed to get to
Fmax.

SGBRE-07-05

During the economic impact analysis: EIAA model by member state was used.
Based on results of the FLR simulations; No dynamic link between biology and
economy. Similar conclusions as in the first meeting.

RAC meetings

Presentation of the results of the management plan evaluation and of the “non pa-
per” from the EU Commission to the industry. The plan should be implemented in
2009.

No participation of Industry and/or scientist in the initial development of the plan.
For the moment, not much support nor “real” acceptance from stake-holders (This
may imply a lack of ownership of the results).
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2.1.5 Greenland Halibut (NAFO)

Background

This case was chosen as a recent example outside ICES area. A rebuilding plan for
the 2+3KLMNO Greenland halibut stock developed by NAFO Fisheries Commis-
sion (FC) has been in effect since 2004. Under the plan ad hoc TAC reduction steps
were specified until 2007. There was no scientific basis for this, and the NAFO Sci-
entific Committee (SC) was not consulted. SC subsequently reported in research
documents that the approach was not PA-Compliant and unlikely to work. Recent
assessment of this stock indicates that the rebuilding plan has been ineffective in
initiating any recovery. Fishing mortality is still at high levels and spawner biomass
has remained at very low levels.

At the NAFO meeting in 2005 a renewed commitment was made to rebuild the
Greenland halibut stock based on scientific principles and the Precautionary Ap-
proach. This encouraged NAFO Scientific Council to form a study group to evaluate
rebuilding options for the stock using a Management Strategy Evaluation approach.

Period

2007-2008

Method

FLR (full feedback). A reference set of 20 operating models was specified. Five
Management Strategies were investigated, as full MSE against four of these OMs
and as deterministic projections on the other OMs.

Organization

NAFO SC created a study group (NAFO Study Group for Rebuilding Strategies for
Greenland halibut) to develop the MSE. A Wiki was established to garner input and
the Study Group met in Vigo in February 2008 to review progress and to suggest
further development. This meeting was attended by scientists from NAFO member
countries, fishing industry representatives from Canada and the EU, fisheries man-
agers and invited independent experts. No ENGOs had been invited at the Work-
shop.

Expert Group

http://nafo-mse-ghal.wikidot.com

Review

Advice

Since the FC did not endorse the evaluation process, no advice has been given fol-
lowing the scientific work.

Comments

During its September 2008 meeting, The NAFO FC has rejected the SC proposal to
introduce MSE into the management of the Greenland halibut stock, so the "ad hoc"
approach from the 2003 Rebuilding Plan still prevails.

References

Miller, D.CM. and Shelton, P.A.,2008. Risk management within an RFMO - The
case of Greenland halibut and NAFO. ICES CM 2008/0:13

MILLER, D.CM., PA. SHELTON, B.P. HEALEY, W.B. BRODIE, M.]. MORGAN,
D.S. BUTTERWORTH, R. ALPOIM, D. GONZALEZ, F. GONZALEZ, C. FERNAN-
DEZ, J. IANELLI, J-C. MAHE, I. MOSQUEIRA, R. SCOTT and A. VAZQUEZ. 2008.
Management strategy evaluation for Greenland halibut (Reinhardtius hippoglos-
soides) in NAFO Subarea 2 and Divisions 3LKMNO. NAFO SCR Doc., No. 08/25,
Ser. No. N5225.
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2.1.6 North Sea herring

Background | Request from EC to evaluate management plans agreed by EU and Norway.
Period Feb-May 2008
Method STPR3a (Skagen 2008a). FLhms, and a deterministic management tool
evaluation package implemented in SAS. The majority of the analysis was per-
formed using
STPR3a, with the other packages being used to complement and extend this work
where
appropriate.
Organization | ICES WKHMP workshop; 2 stakeholder-observers present at the workshop
Expertgroup | http://groupnet.ices.dk/wkhmp2008/default.aspx
Review during North Sea review 2008.
Advice 6.3.3.4 EC requests on NSea herring management plan.doc
Comments Method and conditioning as for previous evaluations for this stock

Criteria for precautionary nature of plan: Not more than 5% probability of SSB <
Blim in any of 20 years.

ICES has accepted that a harvest rule as such is in accordance with the precaution-
ary approach as long as it implies a low risk to Blim, even if other reference points
may be exceeded occasionally. When a rule is regarded as precautionary, and the
rule is followed, ICES gives its advice according to the rule. Within this framework,
other precautionary reference points generally will be redundant. However, the
precautionary reference points are also used to classify the stock with respect to 'safe
biological limits', which may lead to a conflict that is still unresolved.

Stakeholders present in the workshop; worked well. Ownership of results by stake-
holders.

Problems In
Evaluation

The evaluation was restricted to simulations necessary to address the request, using
software and conditioning similar to previous practice for this stock. However, the
result was very sensitive to the initial settings, and small changes in that would have
altered the conclusions, because many projections were marginally precautionary.
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2.1.7 Western Baltic herring

Background Request from EC to evaluate management plans agreed by EU and Norway, for
both North Sea herring and Western Baltic herring

Period Feb-May 2008

Method HCS

Organization | ICES WKHMP workshop; 2 stakeholder-observers present at the workshop

Expertgroup | http://groupnet.ices.dk/wkhmp2008/default.aspx

Review during North Sea review 2008.

Advice 6.3.3.5 EC requests on management plan for herring in Division Illa and western
Baltic

Comments Evaluation still at a early stage, and only preliminary results obtained, since the
WKHMP took place before the benchmark assessment revision in march 2008.
Therefore, the analyses should be re-run and expanded. Other approaches and fur-
ther exploratory analyses have been suggested by the WG, including possibilities
for area-based TAC.
Stakeholders present in the workshop; worked well. Ownership of results by stake-
holders.
This stock will be further dealt with within the FP7 research project JAKFISH (2008-
2011), including collaborative and participatory modelling with Pelagic RAC and
Baltic RAC, so improved analyses are expected to take place in 2009.

References ICES. 2008. Report of the Workshop on Herring Management Plans (WKHMP), 4-8

February, ICES Headquarters Copenhagen. ICES CM 2008/ACOM: 27. 2 pp.

Report of the Herring Assessment Working Group for the Area South of 62°N, 11—
19 March 2008. ICES CM 2008/ACOM:02.
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2.1.8 Western Horse Mackerel

Background

Initial paper on use of Egg survey (Roel and De Oliveira 2007)

Intensive timetable of activities during 2007 between Pelagic RAC and consortium
of scientists with the compliance of EC. Produced an agreed report and recommen-
dation by Pelagic RAC in June 2007.

Request to ICES by EC: The ICES is requested to evaluate the consequences of im-
plementing the “management plan for western Horse Mackerel” as prepared by the
Pelagic RAC in July 2007. The evaluation should include assessments of:

a) the likely trends in landings, stock size and fishing mortality rates;
b) the risks of transgressing relevant precautionary reference points;
c) the likely inter-annual variability in catches;

d) any added provisions in plans that ICES may consider desirable.

ICES was specifically requested to advise whether the plan conforms to the precau-
tionary approach and to the implementation plan of the World summit on Sustain-
able Development (Johannesburg, 2002), especially in respect of conformity with
maximum sustainable yield.

Period

September 2006 - September 2007

Organization

Pelagic RAC-Science partnership; ICES

Method

FPRESS, bespoke Fortran application

Expertgroup

Pelagic RAC-Science partnership

Review

http://groupnet.ices.dk/ACFM2007/OCT/rgwd/default.aspx

Advice

9.3.2.9 EC Request on evaluation of management plan for Western horse mackerel
(ICES 2007)

“Based on the current perception of the stock dynamics ICES considers that the plan
is consistent with the precautionary approach for a period of 3 years. The current
plan is not precautionary in the longer term, because the risk of the stocks falling
below SSB in 1982 (~Blim) increases towards the end of the simulation period.”

Comments

The objectives of all stakeholders involved were identified and accepted early in the
process.

An iterative process with regular updates and feedback from all parties involved
kept the parties engaged and informed of the status of the development of the man-
agement plan.

Over the period of the process the presentation of the simulation results was refined
in order that the final statistics were presented in a manner stakeholders could
readily and comfortably understand. Dialogue was constructive and non-
judgemental throughout the process.

There was a lack of manager involvment until later in the process when the Com-
mission were present at one of the later meetings. At this point they outlined that
for them to adopt the plan the management and TAC areas would have to be har-
monised and all fisheries would have to be included under the TAC. A harmonisa-
tion of the management and TAC areas is proposed for 2009.

The FPRESS model was used exclusively for the final HCR evaluations. Both mod-
els should have been used throughout the process for verification purposes. The
documentation was lacking with the original report not publicly available (WD to
WGMHSAQ7 (ICES 2007f)), although it was made available for the review process.
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2.1.9 NEA mackerel

Background

Request from EC for evaluation of management plan.

Other coastal states not involved in the request.

Period

April 2007-May 2008

Organization

ICES; series of workshops (April 2007, web conference July 2008, sept 2007, dec
2007, april 2008) Implemented the SGMAS approach: attempted to involve stake-
holders and managers. Two workshops open to stakeholders; no interest from man-
agers.

Method

Three methods:

e FLR (a very slow version; used for sensitivity testing, parameterising observa-
tion errors (Magnitude, correlation and age structure), testing differences be-
tween rules (F, HR, constant TAC regimes) under realist implementation of
assessment and STF errors), FRS Aberdeen

e  F-PRESS (R-code); fast. specifically for fixed TAC strategies. MI, Ireland

e HCM (~STPR like): Harvest Control rules for Mackerel; IMR Norway

Stock operating model based on 1000 populations each with separate S/R relation-
ships and stochastic components based on H-S Normal (41%) H-S Log (29%) Ricker
Normal (23%) Ricker Log(8%). Models chosen using Bayesian analysis and prob-
abilities based on work of Micheilsens and MacAlister (2004).

Expert Group

http://groupnet.ices.dk/NEAMackerel2007/default.aspx

Report

Report on NEA mackerel long-term management scientific evaluation (ICES CM
2008/ACOM:54).

Review

http://groupnet.ices.dk/ACFM2007/OCT/rgwd/default.aspx

Advice

9.3.2.1 EC request on evaluation of management plan for mackerel.doc

Comments

Criteria for evaluating precautionary nature of plan explicitly discussed.

Threshold used: “ICES interprets “consistent with (or conform to) the precautionary
approach” for NEA mackerel to mean less than a 5% probability that the SSB is be-
low 1.7 Mt during the simulation time periods”, and “risk of less than 5% of SSB
being below 1.7 Mt at any time during 11 years of simulation period.” Reference
points found to be inconsistent and re-evaluated during the HCR development.
Problems of formulating S/R relationships required extensive exploration.

Stakeholders present through initial stages of the process; Work on final report
without stakeholders. Interaction with stakeholders and managers with 3 meetings
and reworked data outputs to obtain clear presentation of tradeoffs. Final meetings
increased acceptance of results though ownership of results by stakeholders, was
reduced, partly because process was initiated by only one of managers (EU). The
different objectives of different managers and the interactions among managers
through negotiation process to set a TAC resulted in some difficulties in providing
explanation of results. This necessary part of the process interferes with open and
transparent idealized concept for stakeholder participation.
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2.1.10 Blue whiting - coastal states science group

Background

A Working Group is established by the Blue Whiting Coastal States with the follow-
ing terms of reference: To advise, by means of simulation studies, on the long-term
consequences in terms of yield, stability of yield and conformity with the precau-
tionary approach of implementing the following alternative elements in a longterm
plan before 1 May 2008. Second request to ICES to evaluate a specific agreed plan
wrt. .......

Period

26-30 May 2008

Organization

Coastal states working group

Method

Harvest Control rule Simulation (HCR, Dankert Skagen, Norway), modified to ac-
commodate the rule for gradual reduction of fishing mortality. Conditioning bases
on assessment with SMS: Initial numbers, weight and maturity from short term pre-
diction input. Stochastic terms: Observation model: Noise as product of random
term (CVs of assessment uncertainty by age) and year term, to give CV of SSB in the
first year as in the assessment. Initial numbers: Using the observation model. Stock-
recruitment: Hockey stick with lognormal random variation, based on years before
the period with high recruitments. No implementation error included.

SMS with similar conditioning was used for validation.

Expertgroup

Coastal states science group (ad hoc),, Anon 2008.

Morten Vinther, Denmark (chair); Hegni Debes, Faroe Islands; Jesper Boje,
Greenland; Manolo Meixide, Spain; Afra Egan, Ireland; Dankert Skagen, Norway;
Frans van Beek, the Netherlands; Sergey Belikov, Russia; Asta Gudmundsdottir,
Iceland.

Second request: WGWIDE (ICES 2008 xx).

Review

none

Advice

1. included in the expert report,

2. 9.3.2.9 EC/Faroe Islands/Iceland/Norway request on long-term management of
blue whiting (ICES

Comments

Known experts but intransparent process. Specific focused request from managers,
feasible parameters in a pre-defined rule.

No review. Report not published but available on request.

Precautionary approach: Less than 5% probability for ‘true’ SSB < Blim in every year
2008-2028 was considered to be in accordance with the precautionary approach.

No stakeholder involvement in the work.

The simulations were repeated by WGWIDE in September 2008, after new assess-
ment. The previous advise to reduce the F by at least 30% annually did no longer
meet the precautionary criteria. Indicates that the recruitment model did not cover
recent poor recruitments sufficiently.
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2.1.11 NS flatfish - ICES

Background

The European Commission has established a multi-annual plan for fisheries
exploiting stocks of plaice and sole in the North Sea (Council Regulation (EC)
No 676/2007 of 11 June 2007). ICES advised in October 2007 that it has not been
in a position to review the management plan, and could therefore not conclude
on the precautionary nature of the plan.

An evaluation of the management plan was documented by Machiels et al.
(April 2008), based on a range of scenarios concerning stock dynamics, techni-
cal interaction between sole and plaice fishing, and interpretation of the regula-
tion itself. This will be referred to in subsequent text as the “evaluation report”.
ICES has requested an independent review of the evaluation report. The stated
objective of the review is to “ascertain that the evaluation of the (agreed) flat-
fish management plan has been carried out appropriately and whether the
management plan is in accordance with the precautionary approach.”

Period

April-May 2008

Organization

ICES

Method

FLR; dedicated model developed. Long code.

Expertgroup

No expert group. Report produced by IMARES, Netherlands

http://groupnet.ices.dk/wgnssk2008/Working %20documents/Forms/Allltems.a
spx?RootFolder=%2fwgnssk2008%2fWorking %20documents%2fPlaice %20and
%20s0le&View=%7b85C98B95%2d2584%2d4A79%2d81BB%2dFAF0258429EA

%7d

Review

Two independent reviewers by correspondence. Bundled with a summary
during ADG.

Document: Review of flatfish plan_combined.doc

Advice

No separate advice. Included in the advice sections for North Sea plaice and
sole.

Comments

Two independent reviewers did not agree on the conclusions of the report.

Plan for one stock was accepted as provisionally precautionary; for the other it
was.inconclusive.

Criteria for precautionary nature of plan:

“ICES does not appear to provide an explicit statement of what criteria need to
be satisfied before the flatfish management plan is considered precautionary.
For example is a moderate probability of SSB < Blim acceptable in the short
term if the management plan evaluation indicates a very low long-term risk (as
the evaluation report indicates)?

ICES ACFM advice for Irish Sea cod in 2007 stated that a precautionary recov-
ery plan must include an adaptive element. Specifically, ICES wanted the pos-
sibility of closing the fisheries on a severely depleted stock until an initial
recovery of SSB is proven. The provisions of Article 18 of the Council Regula-
tion for the flatfish management plan allows a larger annual reduction in TACs
and fishing effort limits than specified in Articles 7-9, if the stock has reduced
reproductive capacity (this would be defined by ICES as SSB < Blim). This may
be considered enough to make the plan precautionary, independent of any
simulation studies, if it is interpreted as allowing fishery closures until stock
recovery is proven. The application of Article 18 is not simulated in the evalua-
tion report.”
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Problems
Evaluation

In

The management plan could not be interpreted in one clear way. E.g. How
should F’s in the intermediate year be defined. The managers could not com-
ment on this either.

The management plan could not in total been implemented into a simulation
routine since some decisions in the management plan rely on expert judgment.

The results obtained from the simulation exercise did not fit to the observed
values from assessments. This might mainly be due to the fact that the simula-
tion model simulates a fleet fishing on both sole and plaice at the same time,
while assessments assess each species separately. This setup is unique in its
kind in ICES areas.

Another problem arose when estimating uncertainty of different processes in
the simulation. Estimating uncertainty is probably uncertain as well. Therefore
strict rules should apply to indicate what type of uncertainty should be used.

A final problem in the simulation was the choice of the stock recruitment rela-
tionship. It has already been shown by other studies that this relationship can
determine the major part of the behavior of the simulation model, and hence its
outcomes.
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2.1.12 North Sea Saithe

Background

Request to ICES 2007:

ICES is requested to evaluate the management plans agreed between Norway and
the European Community concerning saithe of North Sea origin (Subarea IV (North
Sea), Division Illa (Skagerrak), and Subarea VI (West of Scotland and Rockall) with
particular respect to :

a) achieving the highest yields long-term from these stocks;

b) ensuring conformity with the precautionary approach;

c) achieving yields as stable as possible, consistent with achieving a high yield from
the stocks and achieving conformity with precautionary principles.

Period

March 2007 — April 2008

Organization

ICES WGNSSK 2007 and chair of WGNSSK

Method

CS_HCR (modification of CS4), FLR full feedback model (XSA assessment) FLR
attempted but failed due to lack of time.

Expertgroup

ICES received the request from the EC and Norway in March 2007. ICES addressed
the request through a subgroup of the ICES Working Group on the Assessment of
Demersal Stocks in the North Sea and Skagerrak (WGNSSK) (ICES 2007c)

Review

ADGMP (31 March - 1 April 2008)

Advice

6.3.3.3 Norway and EC request on management plan for North Sea saithe (ICES
2007b)

“Ensuring conformity with the precautionary approach: Medium-term stochastic
simulations at F = 0.30 indicate that equilibrium SSB will remain stable just above
Bpa, with ~50% probability of being below Bpa. Exploitation with reduced F or a
higher upper SSB threshold would give equilibrium SSB above Bpa and low prob-
ability of being below Blim. A management plan based on a target F of 0.3 when
SSB is above Bpa with a linear reduction to F=0.1 at Blim and a 15% constraint on
interannual changes in TACs is consistent with the precautionary approach in the
short term (<4 years). Because of a lack of manpower, it was not possible to carry
out an evaluation which included full consideration of measurement and imple-
mentation errors.”

Comments

The plan has been in operation since January 1 2005. The evaluation and review
described here is a scheduled re-evaluation. The evaluation was conducted by a
subgroup of WGNSSK 2007 and insufficient resources were allocated to the task.
The evaluation is contradictory, with one of the reviewers commenting

“I concur with the author’s conclusion that ‘[r]eal uncertainties are much larger
than those represented here. The model should not be used to estimate absolute
probabilities but to compare strategies’. Therefore, the analyses do not indicate
that the management plan is in accordance with the precautionary approach, as
described in the second question above. One cannot conclude from these analy-
ses that the MP results in a low probability that SSB will fall below Blim or that
F will exceed Flim. This is different than the 5th conclusion in the report, ‘the
HCR is therefore considered appropriate to maintain the stock within precau-

r

tionary levels’.

The reviewers raised a number of concerns with the evaluation and the review
group concluded that “the limited treatment of measurement and implementation
errors in the assessment and implementation errors in the fishery, the HCR should
be reviewed again within 4 years. In the longer term, discussions between ICES
scientists, managers, and stakeholders should be initiated to further refine the man-
agement plan “
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The period allocated for the review of the evaluation was inadequate (1 week). No
additional work has been carried out since the review. The interpretation of ‘consis-
tent with the precautionary approach’ is not specified. There are issues with the
interpretation of some clauses in the management plan.
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2.1.13 North Sea haddock

Background

The European Community and Norway have agreed to exploit the stock of North
Sea haddock on the basis of a TAC consistent with a fishing mortality rate of no
more than 0.3 for appropriate age-groups (2-4). However, scientific advice from
ICES has led to unexpectedly large variations in the forecast catch that corresponds
to this fishing mortality rate, partly because of the selected age range interacting
with transient dominant yearclasses. It is also relevant that for the stock the stability
of catches (according to ICES estimates) may be substantially greater than the stabil-
ity of the adopted TACs.

The detailed request was as follows:

Develop and evaluate the consequences of alternative options and methods to pro-
vide improved stability in TACs, while maintaining the fishing mortality rate on the
stock on average close to the level decided by managers, and avoiding a high risk of
depletion of the spawning biomass outside safe biological limits.

ICES should develop these options and alternative methods on its own initiative,
but should also evaluate the consequences of applying a 15% limit on inter-annual
variation in TACs.”

Period

2006

Organization

WGNSSK 2006

Method

FLR full-feedback model

The simulation model consists of an operating model and a simulated management
procedure. The operating model simulates the underlying “true” haddock popula-
tion. The simulated management procedure consists of the stock assessment process
and the management decisions that are taken on the basis of the perceived states of
the stock. Fifty iterations of 20 years have been simulated for each HCR. Each of the
iterations had a different simulated recruitment time-series. Within each HCR, itera-
tion and year, the assessment incorporated uncertainties on measurements of catch
(CV =0.1), and on the relationship between survey data and true stock size (CV =
0.2). Code was written for this purpose specifically. No external review of the code

Expertgroup

WGNSSK 2006 + additional work after the ACFM meeting.

Review

First review in North Sea review group (no documentation). Additional work not
reviewed.

Advice

6.3.3.3 Harvest Control Rules for North Sea haddock
Released after post-ACFM work.

ICES evaluated options through simulation studies. A target F = 0.3 with TAC con-
straint +15% leads to a low risk (5%) of B < Blim over 20 years. The simulations are
sensitive to the target F used and increasing the target F increases the risk.

Comments

Precautionary criteria: 5% risk of B < Blim over 20 years. No specification of how the
risk is calculated (thought to be % of populations per year averaged over 20 years)

Only modest fluctuations in stock size observed despite full-feedback model.
Very poorly documented evaluation

Further developed to evaluate banking and borrowing of 10% of TAC. Variability
may depend on the use of simple average F over ages 2-4.
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2.1.14 North Sea cod - recovery plan

Background

EC (DG MARE) requested ICES to evaluate an EC proposal and a Norwegian proposal
for a cod recovery plan.

Period

August 2008 — November 2008

Organization

ICES AGCREMP 2008

Method

FLR using full-feedback model. Stock perception was modelled through XSA (even
though assessment WG uses BAdapt. Stock size trajectories, fishing mortality rates and
yields were simulated for 2008-2025. The results for 2015 are considered most informative
for evaluating the Plans because they are far enough into the future so that stock recovery
is an achievable objective, but they are not so far into the future that simulated stock sizes
are outside of the observed range. Several different scenarios were considered to address
sources of uncertainty in assessments, mainly related to unaccounted mortality. In addi-
tion, the performance of the Plans was evaluated for a “standard” recruitment model that
reflects the long term relationship between spawning stock size and recruitment, and for
a “low” recruitment model that reduces recruitment by 50%. The latter reflects the recent
situation.

Expertgroup

http://groupnet.ices.dk/AGCREMP2008/default.aspx

Review

http://groupnet.ices.dk/advice2008/adgcremp/default.aspx

Advice

6.3.3.7 Request on Cod Recovery Management Plans

Comments

There was no formal usage of precautionary criteria. Because of the full-feedback model,
there was no equilibrium situation during the course of the simulations. Instead, the
simulations indicated a cyclic behaviour in stock and perception. That prevented a clear
expression of the risk to Blim in the medium or long term.

The simulation model was set up using FLR. The code was generated just prior to the
meeting. During the AGCREMP meeting (3 days), an initial check process was carried out
and a number of inconsistencies were discovered. This lead to alternative versions of the
code after the meeting and eventually being finalized around mid September.

During additional work for a French request in November 2008, more inconsistencies in
the code were discovered, some of which had substantial influence on the results.

The interpretation of the management plan=harvest control rule proved to be non-trivial.
Because of the intricacies of the HCR, it took a number of iterations to make sure the code
was doing what it supposed to do.

Conclusion is that insufficient time was allocated for coding complex rules.
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2.1.15 Baltic cod

Background

A multi-annual plan for the two cod stocks in the Baltic has been implemented since
the 1st January of 2008 (EU Commission 2007). These plans are based on a gradual
reduction by 10 % each year in fishing mortalities (‘adaptive F approach’) until
reaching a targeted F level compatible with low risk to of recruitment failure and
high long-term yields as proposed by ICES in 2005 (i.e. 0.3 for the eastern stock; 0.6
for the western stock). Before the plan implementation in 2006, A STECF reporting
was requested by the EU commission to set technical aspects of the plan and con-
duct short-term prediction under some F scenarios. Investigation of the relative
outcomes of setting the HCR with a ‘moving’ F (the last assessed one) versus a
‘fixed’ reference value for F was conducted and the report concludes that the fixed F
should be chosen for the plan (STECF 2006). The plan is however implemented at
this stage using the ‘moving’ F alternative. No formal evaluation of the plan has
been requested (MSE) in order to explore the long term performance of the imple-
mented HCR as well as its robustness against process and implementation errors.
However, to the knowledge of the present WG participants, two independent scien-
tific evaluations have been carried out over the year 2008 on the Eastern Baltic cod
plan conditioning on WGBFAS 2007 data.

Period

mid 2007 — mid 2008

Organization

None

Method

SMS model and FLR model (FLR2M)

Expertgroup

Independent scientific works,

(i) Koster F., Vinther M., Kraus G., and Plikshs M 2007 Baltic cod management plan
evaluation. UNCOVER workshop, Tenerife, 13-16 November 2007

(ii) inside EU CEVIS project:

Francois Bastardie, F., Nielsen, J.R., and Kraus, G. (in submission). Management
Strategy Evaluation framework for the Eastern Baltic cod fishery to test robustness
of management against environmental conditions and fleet response scenarios.

Review

still have to be reviewed

Method

(i)The first method uses the SMS model (Kdster et al. 2007) in a single species way
to run long term projections of the agreed recovery management plan until reaching
equilibrium. Simulations were done using two recruitment models (low / high re-
cruitments) related to the Atlantic inflow of saline and oxygenated water from the
North Sea. Choice of a moving F versus a fixed F was also fully supported. The ro-
bustness of the TAC HCR is evaluated against bias in assessment, TAC settings (i.e.
TAC bounds) and implementation error.

(ii) The second method was designed to focus on the evaluation of the plan against
some presumable fleet response scenarios (implementation error). A FLR full-
feedback model was developed (FLR2M model; Bastardie et al. in submission) ac-
counting for the response of fishermen in terms of misreporting, spatial effort real-
location and technical improvement. A fleet dynamic OM holding heterogeneity of
fishing practices across the Baltic nations participating in the cod fishery, together
with population dynamic OMs (recruitments function of stochastic in-
flow/stagnation years) were conditioned to project forward the evolution of the
stock under a range of management options in isolation or not (effort HCR; TAC
HCR; spatio-temporal closure) including the agreed plan combinations (effort HCR
and closure).
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Advice

None

Comments

The main results of the SMS runs showed that the HCR is able to rebuild the stock
at low level of uncertainties (CV < 0.35). Adding additionally an assessment bias of
1.2 (consistent 20% overestimation of the stock) and an implementation uncertainty
of 0.1 are the limiting conditions at which the harvest control rule can be considered
precautionary. The F target at 0.3 (half of the Fpa) was shown sufficient to get rid of
uncertainties effect in the HCR. The implementation error is shown having a big
effect in reaching the target;

The MSE conducted by the full FLR feedback model showed that the recruitment is

the dominant factor in driving the performance of the plan. The simulations
showed cod recovery inside the 10 years time horizon under the agreed plan if (and
only if) some possible inflow years occur (P inflow = 0.2). Under continuous adverse
conditions, the gradual reduction driven by the effort HCR should initiate the stock
recovery as far as misreporting on effort is inexistent. This recovery seems to be
robust enough against the tested scenarios in changing the spatial fishing pattern
from effort displacement (in these cases, recovery is delayed). The hypothetical TAC
HCR is strongly impaired by the misreported landings while the agreed plan
should limit or remove this effect as the TAC is only use to supplement the effort
HCR.

There has been no evaluation of the plan by ICES, but the concerns of STECF re-
garding the method for calculating F suggest the plan is not robust to errors in the
assessment.
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Common experience from recent work
Types of requests

Except for North Sea flatfish, most of the evaluations that have been carried out re-
cently have been of harvest control rules in the strict sense for single stocks and fish-
eries. The main reason for this narrow scope is that the processes have been driven by
manager’s requests to obtain answers for single species issues. One may consider if
ICES should take on a more active role in developing management plans in the
broader sense as outlined by SGMAS (2006), including at least the knowledge base
and the implementation of the harvest rule. However, this should not be done with-
out clear indications that the scientific capacity to do the necessary substantial
amount of work is available.

The cases studied here differ considerably in the way they have been initiated, which
may in itself have had a strong impact on the process. A few cases have been trig-
gered primarily by science, where scientists have had insight that they considered
promising, which has been conveyed to managers and stakeholders. Often such ideas
have evolved within the ICES Working Group environments. The Western horse
mackerel plan and the early phase of the NEA mackerel case may be examples. In
many cases the ICES advice (on a depleted stock) has been the background for start-
ing to consider management strategies. In these cases ICES as an organization did not
take initiative to develop management strategies, however, but responded to requests
from its formal customers. In a number of other cases, the initiative has come from
managers, wishing to have a firmer basis for their tactical decisions,. Occasionally
cases have been generated by the industry, in particular the EU RACs. Here plans
have been developed in collaboration between industry and science, while managers
and ICES have been brought into the process at a relatively late stage.

In some cases, relatively specific harvest rule has been proposed by managers, and
the task has been to advice on feasible parameters of the rule (e.g. North Sea herring,
Western Baltic herring). These cases have either been revisions of existing manage-
ment plans or plans with pre-decided lay-out according to a more or less standard
template. These evaluations have required modest work once the simulation frame-
work including conditioning of the model was in place. However, cases where the
conditioning of the biological model was inadequate (e.g. Blue whiting ) have led to
questionable advice.

In other cases, the requests have been far more open, asking for exploration of a wide
range of alternatives and searching for something that may satisfy more or less spe-
cific objectives (e.g. NEA mackerel, Western Horse mackerel). In such cases, ICES has
attempted to follow the dialogue policy outlined by SGMAS (2006, 2007). This has led
to long, but fairly productive processes, which has been learning processes for all
parties.

Dialogue with managers and stakeholders

In its 2007 report, SGMAS highlighted that the development of harvest rules, and of
management strategies in general, requires a dialogue process where managers,
stakeholders and science takes part. ICES has attempted to follow that advice. The
experience from recent evaluations is that the kind and level of interaction has varied,
as has the satisfaction by the stakeholders.
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Figure 2.2.1 which summarizes the experience with the dialogue process by one
stakeholder representative from the Pelagic RAC (Olesen WD 2008), is a useful illus-
tration of how the process can be perceived by a stakeholder representative. Several
of the points made here are further discussed below.
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Figure 2.2.1. A stakeholders perception of success and failure factors in various aspects of harvest
rule developments. (M = managers, I = industry, S = Scientists, numbers in 1% column 1,2 refer to

versions of the plans)

The Western Horse mackerel case may be the most successful in terms of stakeholder
interaction. Here, the process was to a large extent been driven by the RAC in close
cooperation with a small group of scientists. Important success factors were regular
meetings, sufficient capacity on the science side to enable both the close cooperation
and to perform the work, and presentation of results in a way that addressed the
RACs questions and problems directly. For NEA mackerel, only by the second ver-
sion of the mackerel plan had satisfaction been achieved. Considerable difficulty was
encountered in parameterising the biological operating model leading to an extended
process and dissatisfaction until extensive efforts were made to explain the results. It
should also be noted that plans that involve increases in catch options may be easier
to accept than those involving reductions.
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The dialogue process has been less successful in other cases. Possible reasons have
been:

1) Science has not been sufficiently prepared to do simulations interactively
in the dialogue process. This has been due to the need to develop software,
to condition the model properly, and general shortage of scientific man-
power.

2) Presentation and explanation of results has been a learning process. The
key to success seems to be the ability to communicate results in a way that
addresses the stakeholder’s questions and problems, which is different
from presenting results in a scientific forum or trying to understand
mechanisms and relations. Many stakeholders prefer condensed tables of
carefully selected options, showing numbers that are important from their
perspective rather than graphical output attempting to include as much in-
formation as possible. This requires interaction to allow appropriate selec-
tion of options.

3) Dialogue with stakeholders is far simpler when there is one representative
stakeholder body to communicate with. Once there are conflicting stake-
holder interests, science will have to be careful to avoid being too heavily
influenced by one party. This is typically the case with stocks exploited
and managed by several nations, including nations outside the EU.

With a few minor exceptions managers have generally not taken part in the dialogue
process. For stocks where the final decisions are made in international negotiations,
managers may prefer not to reveal their positions beforehand. In such cases, the main
task for science is to provide common background information for the negotiators.
Hence, science must attempt to ensure that sufficient ground is covered and ensure
that it remains neutral to specific interests. Examples of such cases are e.g. Mackerel
and Blue whiting.

Managers may also prefer to deal with stakeholders themselves, rather than leaving
that communication to science, in order to control the balance between conflicting
interests. Practice and attitudes vary considerably between nations in this respect.
While the EU encourages direct communication between science and stakeholders in
the development process, the interaction between managers and stakeholders may
operate differently in nations outside the EU. Therefore, EU standards are not neces-
sarily applicable in other parts of the ICES community.

Some lessons learned.

Assembling the experience from recent studies has revealed some points that need
further consideration and improvement which we highlight here. The revised guide-
lines for evaluations, taking these experiences into account are presented in Section 5.

The methods used for evaluating rules has varied across stocks, and the justification
for the choice is not necessarily clear. In general, the simulation tools have the stan-
dard elements:

e An operating model which projects a bundle of age structured stock
trajectories forward representing a plausible range of “true’ stocks,

e an observation model that derives noisy observations that are seen by the
decision maker,

¢ adecision model which simulates the decision process and

¢ an implementation model that converts decisions to real removals form the
operating model stock.
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The tools used differ mostly in the observation model. Two approaches have been
followed: A ‘closed loop” approach, where the observation uncertainty is generated
by running an assessment with noisy observations inside the projection loop, and a
‘shortcut’ approach where observation noise is generated as random numbers with
specified statistical properties. The closed loop evaluations have typically used the
FLR framework, while there are several programs of the ‘shortcut’ type. The choice
between the two has to some extent been person dependent. This may be rational
since modifications of software often is necessary, and modifying programs written
by others is often problematic. Other reasons have been that the assessment proce-
dure used by the assessment WG has not been implemented in the FLR framework,
as well as the need for computation speed when screening over wide ranges of op-
tions.

Rules as presented by managers may have ambiguities, as discussed by SGMAS
(2007). The way such ambiguities have been handled has varied. Such ambiguities
may be deliberate, to give managers some space to adapt to the prevailing conditions,
but the action to be taken has to be assumed in a simulation program. Usually, one
choice has been assumed, and the results are presented as conditional on that as-
sumption, there is a need for this to be dealt with more explicitly.

The concept of risk, i.e. evaluation of the rule according to the precautionary ap-
proach has varied greatly. This problem is further discussed in Section 5.3.

A common experience is that the conditioning of the model, in particular the assump-
tions about distributions of stochastic terms and about the choice of stock recruit rela-
tionships has a strong impact on the conclusions. Documentation and justification of
these assumptions, as well as testing the robustness of the conclusions to these as-
sumptions has varied, and has not always been satisfactory.

More generally, documentation of methods and assumptions has not always been
satisfactory. This has made the review processes carried out by ICES difficult, and
sometimes inadequate.

Software that has had to be developed during the process of formulating and evalua-
tion a rule as caused problems on several occasions. Subsequently bugs in ad hoc
modifications to programs have been encountered on several occasions, and the time
needed to both develop and test the code has delayed dialogue processes and created
frustration.

The time and workload needed in a development process is substantial. In particular,
this is the case in the early phases of development, where time is needed both for en-
suring proper conditioning of models, for programming and not the least for com-
municating with stakeholders. Clearly, developing a management strategy, and even
just a harvest rule is a process, and not a routine run of a program. Hence, a critical
success factor is that sufficient time and manpower is allocated to the task.

Only in cases where the principles of the biological operating model are well estab-
lished, the task is limited to just evaluate a given rule with respect to the precaution-
ary approach, and this can be done with existing software, may the task may be done
rapidly. In most cases a major obstacle is the need to ensure that the model is prop-
erly conditioned, however, and this is not a trivial task. These requirements become
more critical if stakeholders and managers wish to choose regimes that are close to
the specified precautionary criteria.
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On occasion the limit reference points proposed by ICES are incompatible with the
population dynamics implied by the biological operating model for the stock. This
may be because the reference points are based on a different assessment or a different
range of dynamics. It is important to resolve these differences, and to ensure that the
reference points are appropriate. This may mean proposing revisions, or it may imply
testing multiple biological operating models to accommodate changes in dynamics.

Management plans under development

During the meeting two plans which are under development were discussed and the
outcomes of the discussion are included below.

2.3.1 Development of Western horse mackerel management plan

Due to concerns raised during the review of the Western Horse Mackerel manage-
ment plan evaluation, the plan was accepted by ICES as precautionary only in the
short term. Furthermore, the plan is to be reviewed in 2009, prior to the next TAC
setting.

The concerns of ICES centred on the following

e  The recruitment model. It was felt that the recruitment time series warranted
investigation with a view to the incorporation of autocorrelation in the simu-
lations.

o The stability of the simulation outputs. Over the simulation period, the risk
of SSB falling below the SSBiss2 limit point rises.

e Inertia in the harvest control rule. Since the rule is based on a fit to the previ-
ous 3 egg survey results, would the HCR be able to respond with appropriate
speed once a large year class has moved through the fishery?

The recruitment time series was analysed for autocorrelation and was found to have
a significant correlation at a lag of 1 year which should be incorporated into future
simulations. It was also proposed that 2001 should be considered a pulse recruitment
and the plan, which already contains the principle of management of the stock from a
low base i.e. disregarding of intermittent and unpredictable pulse year classes,
should be evaluated in this context. The updated recruitment model will also be used
to test whether the rule is sufficiently flexible to respond to a large year class moving
out of the stock.

The minimum TAC that can result from the application of the current management
plan is 80,250t, regardless of the state of the stock. It was proposed to address the in-
creasing risk over the lifetime of the simulation by the incorporation of a protection
rule in the harvest control rule to allow the rule to set TACs lower than this when
applicable. Initial simulations have indicated that the activation of a protection rule
based on SSB falling below a trigger point can introduce stability into the results.
Additional formulations for the protection rule will be investigated as part of the re-
view, including modified HCR parameters.

New information available includes the stock assessment conducted at WGWIDEO8
(ICES 2008) which is considered to be quantitative rather than indicative of trends
only, as was the case in recent years. This assessment has resulted in an increase in
SSB. Additional applications of the assessment methodology are required before it
can be used as a basis for conditioning of simulations. Future work will also address
the issue of TAC overshoot whereby any overshoot of the TAC will be discounted
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from the following years TAC, as detailed in the management plan, and undershoot
whereby a portion of the TAC can be carried into the following year.

2.3.2 Development of a management plan for sardine

Possible plans to manage the Iberian sardine are in a very early phase at present. The
development of a management plan for this stock was recently re-visited by scientists
involved in the assessment of the stock. Preliminary discussions were held during the
2008 WGWIDE meeting. The proposed development of a plan was discussed with the
Portuguese fishing sector. A presentation reflecting these discussions was presented
to the SG.

The sardine stock is not managed using a TAC. National management plans, includ-
ing limitations to number of fishing days, seasonal closures, and annual quotas (allo-
cated by the Producers Organization in Portugal) were implemented in 1998 by Spain
and Portugal. This followed a request by the EU to decrease fishing mortality, follow-
ing a decline of the stock (after seven years of low recruitment) and a crisis of the
fishery in northern Spain. In Portugal, some of these regulations were discontinued
when the stock was rebuilt to the historic average in the mid-2000s.

SGMAS supports the idea that a long term plan will facilitate management of this
stock by setting rules that will trigger action in the event of prolonged low recruit-
ment. Fishing mortality is presently low for this stock and has been relatively stable
in the past decade, partially due to market constraints. However, the absence of har-
vest rules may lead to an escalating fishing mortality in a scenario of stock decline
which is not immediately reflected in low yields, or if new market opportunities are
found. The long-term declining trend in both the recruitment and SSB seen in the
assessment is an additional concern to the sustainability of the fishery.

The nature of the recruitment to the stock is a fundamental feature that will require
consideration in the development of a management plan, and should be amenable to
implementation within a simulation framework. The SG suggested that this stock
may benefit from a management plan that incorporates a HCR that is less rigid than
the ‘classic’ three stage HCR.

The fact that sardine is caught in a well-organized and targeted fishery and that there
are good relationships between stakeholders, scientists and managers provides a
good opportunity for constructive dialogue on the development of a plan. It was also
noted that up to now, most of the dialogue has been carried out within Portugal, al-
though at the scientific level both Portugal and Spain are collaborating through ICES.
Spanish stakeholders and managers must be involved in the dialogue as early as pos-
sible. A natural forum for the discussion would be the appropriate RAC or ICCAT
WG.
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Contributions of ICES Working and Study groups

In this section we bring together summaries of work relevant to SGMAS from a num-
ber of ICES study and working groups and draw this together in final part of this sec-
tion (3.10). The conclusions are combined with those from Section 2 to give the
guidance in section 5.

Contributions from WGSAM

Background:

WGSAM was asked, as described under its ToR a 2008, to explore the concept of
Maximum Sustainable Yield (MSY) within a multispecies context. The group chose
not to evaluate this concept on a simulation basis, as time and approaches for that
were lacking. However, based upon studies on MSY performed within earlier stud-
ies, the following remarks were made:

e) The high yields predicted at low F by single-species models are almost cer-
tainly unrealistic, as these will be ‘eroded’ by predation pressure and den-
sity-dependent growth reductions.

f) Multi-species models tend to suggest that MSY is achieved at slightly
higher fishing mortalities in comparison with single-species approaches.

g) Itis impossible to attain the high yields predicted by single-species models
for all stocks simultaneously, since achieving Bmsy for one species may re-
sult in stock declines for other species that are prey and/or competitors.

h) System-wide analyses suggest that the optimum strategy to maximise
yield usually involves the elimination of top predators (ecosystem engi-
neering).

i) Management objectives need to be very clear — to maximise overall yield
(protein production), to maximise economic returns or to prevent the loss
of any species (biodiversity objectives). These objectives are almost cer-
tainly mutually incompatible.

j) Predators might provide other ‘services” in ecosystems which could be im-
pacted if system-wide strategies are pursued to maximise yield.

Relevance for SGMAS:

Based upon these remarks, one main discussion point was raised within the SGMAS
meeting.

* How to define a management strategy for multi-species interaction to work
towards MSE

Under the Ecosystem Approach to Fisheries Management there is a growing need for
multi-species management plans. However, as current detailed knowledge on feed-
ing interactions is still lacking, SGMAS considers that the framework developed by
SGMAS for management strategies cannot be adjusted to account for multi-species
management. However, as the multispecies work can provide more realistic ap-
proximations of single species natural mortality rates, it is believed that studying
multi-species management plans can also provide more insight into single species
management strategies. SGMAS wants therefore to stress that action should be un-
dertaken to formulate basic principles on how to manage populations in a multi-
species context. It is very likely that these will deviate from the common concept used
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today in single species management, but in the short run will rather serve these man-
agement strategies than replace them.

Actions:

¢ Design a framework for multi-species management strategies.
e Evaluate this framework and identify where this can be used for single species
management

Contributions from WGMG

Methods WG considered that perception of the impact of harvest-control rules
(HCRs) on the underlying population can change with different levels of approxima-
tion in the MSE, particularly when considering the longer term. Figure 3.2.1 taken
from the WG report illustrates this issue. The changes are not always obvious when
considering only individual distributions of quantities of interest (e.g. SSB and land-
ings yield). It is possible that, using an approximated MSE (e.g. omitting both the as-
sessment and intermediate-year lag) could lead to perceptions of superior
performance of one HCR relative to another in terms of summary statistics that
would not be concluded if a full MSE were conducted. SGMAS considers that this
evaluation is useful, but it would be helpful to know if the use of temporally corre-
lated age structured error, along with a true timescale (intermediate year), similar to
the approach for NEA mackerel would be sufficient to mimic assessment errors.

WG Methods considered that conducting an MSE can be approached in a two-step
procedure.

e The first step would be done among the scientists, and would address the is-
sue of model dimensionality —which factors are important, and how many
levels and/or iterations should be retained for the ‘final’ MSE.

e The second step involves summarizing the information for managers and the
general public, and this should be done graphically. All results of the MSE
could be put into an appendix table for persons interested in the fine details.

Here SGMAS agrees that the first step parameterisation is generally the responsibility
of scientists, but experience (Section 2) has shown the involvement of stakeholders in
this process can improve communication and acceptance of the modelling. However,
we consider that the second step cannot be carried out successfully in the way de-
scribed. We consider that it requires extensive iterative consultation with stake-
holders to establish criteria for selecting potentially suitable HCRs. Once these criteria
are defined scientists should show how a small set are extracted and present a short
set of tabulated results. Examples of this process are the final presentations to stake-
holders of options from Western horse mackerel and NEA mackerel management
plans.

MSE of the EU-Norway management plan for North Sea haddock was used to ad-
dress the question of interannual quota flexibility, allowing countries 10% of next
year’s quota to be fished this year, or bank 10% of this year’s quota to be fished next
year. The evaluation concluded that there is very little change in risk if this facility is
permitted. It is considered that the demonstrated insensitivity to the flexibility may
be generic for stocks with similar or lower exploitation targets, but further evaluation
may be needed for short lived stocks such as Norway pout, or sandeel.
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Figure 3.2.1. Comparison of Simulations taken from WGMG, showing differences between two different
simulation methods for evaluating NS cod recovery plans, a) including XSA assessment and an intermedi-
ate year in the management cycle and b) simulating only random noise as a measurement error and no
intermediate year.

Contributions from SGFIAC

The ICES study group on fisheries-induced adaptive change (SGFIAC) works on
identifying and quantifying potential fisheries-induced trait changes in exploited fish
stocks, as well as on assessing the consequences of such changes. Although the work
on computational tools (e.g. probabilistic maturation reaction norms and eco-genetic
modelling) is rapidly expanding in the scientific literature (REFS needed here), im-
plementation of these methods in the ICES framework of giving scientific advice is
still pending. To make progress in this direction, there are plans to integrate the esti-
mation of probabilistic maturation reaction norms into the FLR framework and to
apply this to North Sea flatfish.

SGFIAC is currently preparing two scientific papers relevant to SGMAS. The motive
of the first paper, “Slipping reference points driven by fisheries-induced evolution,”
is that reference points are likely to shift when a stock’s demographic characteristics
are changing as a result of fisheries-induced evolution. The second paper, “Evolu-
tionary impact assessment (EvolA) in practice,” builds on the publication “Managing
evolving fish stocks” (Jergensen et al. 2007) that resulted from SGFIAC’s inaugural
meeting. For EvolA to be successful, it must work within the current management
systems. When scientists have information on past trait changes in a fish stock, or
when they can predict future trait changes under alternative management measures,
the evolutionary impact should be assessed as the change in a stock’s utility resulting
from fisheries-induce evolution, thus accounting for various utility components such
as yield, profit, ecological services, etc.
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Some uncertainty will always remain as to whether any particular fish stock is actu-
ally undergoing fisheries-induced evolution. This is because evidence for life-history
changes resulting from fisheries-induced evolution is necessarily indirect regarding
its nature (evolution or not) and correlative regarding its driver (fisheries or not).
Model-based results obtained by SGFIAC participants suggest, however, that the re-
covery time for depleted fish stocks that have experienced genetic trait changes can
be significantly longer than for stocks that have experienced merely phenotypic trait
changes. Therefore, SGMAS concurs that in applying the precautionary approach to
fisheries management, precaution should extend to the possibility that fisheries-
induced evolution is indeed occurring for a given fish stock.

SGMAS points out that SGFIAC is perhaps ICES” most productive study group: their
first meeting produced a publication in the journal Science and their second meeting
spawned two new plans for peer-reviewed papers. SGMAS commends the initiative
of SGFIAC to use the ICES study-group framework to facilitate on-going collabora-
tive work for the production of peer-reviewed papers and to bring innovative science
closer to practical management. Indeed this might be a model worthy of being pro-
moted for other ICES study groups.

Contribution from WKMIXMAN

Major progresses have been achieved in mixed-fisheries modelling since last year’s
meeting, and these are summarised here.

SGMIXMAN (originally WKMIXMAN) was established in 2006 with the short-term
requirement of defining a framework for simple models of mixed fisheries which
could be used to obtain consistency between management (TAC and/or effort) advice
for species caught together. Previous trials in that field were mainly about the devel-
opment of the MTAC approach (Vinther et al, 2004). But SGMIXMAN has promoted
the development of another approach, the Fleet and Fishery Forecast approach (F° or
Fcube, ICES_SGMIXMAN 2007, 2008, Ulrich et al., 2008).

The basic structure of Fcube is the separation of fleets (i.e. the vessels) and their activ-
ity (the fisheries or métiers). Fleets (i.e. homogeneous groups of vessels) have a cer-
tain amount of effort each year which is allocated between different métiers. The
fishing mortality that each fleet exerts on each of its target species is then derived
from its total effort, the proportion of that effort allocated to each métier, and the
catchability of each species within each métier. In this way the approach allows the
impact of different fleet efforts and allocations to be modelled, through simple arrays
of partial fishing mortalities. Alternative simple hypotheses about the behaviour of
the fleets (for instance by assuming that all fleets will fish until all of their quotas are
exhausted (the scenario of max. effort), or that they will fish up the quota of their
most valuable species) can be used to show the misreported or discarded catches im-
plied by these scenarios, and thus illustrate the extent to which the single species
TACs are mis-matched.

Major developments in the methodology have taken place in 2007 and 2008, both
during SGMIXMAN meetings and inter-sessionally within the EU-funded FP6 pro-
jects EFIMAS (www.efimas.org) and AFRAME
(http://ec.europa.eu/research/fp6/ssp/aframe_en.htm). Two major works have been
developed in parallel.

First, and in parallel with the general FLR development, Fcube has been translated
and re-coded from an independent and self-contained R script to functions and
methods compatible with the FLR framework. These are stored in a FLFcube function
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in the FLEcon package. As such, FLFcube is only dealing with the estimation of effort,
while other usual FLR features are used for performing the traditional single-stock
projections. This methodology was tested and used during SGMIXMAN 2008 on both
North Sea mixed-fisheries and Northern Hake mixed-fisheries. An example of the
results obtained is displayed on figure 3.4.1 for the North Sea, and detailed descrip-
tion and discussion is available in the SGMIXMAN 2008 report.
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Figure 3.4.1 - estimated 2007 landings by stock for the various Fcube scenarios. Horizontal lines
correspond to base case TAC for cod, haddock, plaice, saithe and sol respectively (whiting TAC
being close to cod TAC level). (From SGMIXMAN, 2008)

The SGMIXMAN was very positive about the results of Fcube runs, as these were
found to be fully consistent with qualitative and quantitative observations. They
could thus be interpreted in the light of current knowledge on the state of the stocks
and the expected effects of main management measures. There has long been evi-
dence and claims from the industry about the negative effects of restrictive cod TACs,
and this could be reproduced quantitatively with a fairly simple model based on
usual logbooks data without complex age distribution by fishery and stock. The
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SGMIXMAN thus considered that the method could potentially be used in the future
to deliver timely mixed-fisheries advice.

Secondly, a complex full feed-back and stochastic mixed-fisheries MSE model has
been developed with FLR (Hamon et al., 2007). Beside including some usual sources
of single-species uncertainty, as well as some single-species HCR, mixed fisheries
issues are considered through technical interactions between fleets and metiers. The
dynamics of all stocks are calculated simultaneously at each time step of the MSE,
depending on a level of effort by fleet and metier common for all stocks. In the cur-
rent implementation, only North Sea cod and haddock are included, and only the
simple scenarios “min effort” and “max effort” are considered (Figure 3.4.2). The re-
sults obtained showed that the recovery of cod, expected from a single-stock ap-
proach, would be dramatically jeopardised by the high quotas of haddock and the
subsequent over-quota catches of cod.
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Figure 3.4.2. SSB, recruitment, Fbar and catches for cod (left) and haddock (right) over the period
2003-2010. Black lines represent the “truth”, and green the perceived system. Full lines correspond
to the median values, and dotted to 25 and 75% quantiles. Left had panels represent the scenario
‘Minimum’ and right hand panels the scenario ‘Maximum’ (From Hamon et al., 2007)

These two approaches have been developed in parallel, using the same data and FLR
objects, and with the ultimate goal of being merged. Current work now is to include
FLFcube into the MSE model, in order to provide a full evaluation framework for the
main North Sea demersal species. This will provide a very valuable tool allowing to
propose ranges of consistent single-species TAC, and to evaluate their outcomes in
the short, medium and long-term perspective. While this should not replace single-
species approaches, it may complement them to ensure a better consistency among
them, as well as providing direct linkages to economic considerations, and to imple-
mentation error (through the imperfect linkage between the parameter to be affected,
the fishing mortality, and the parameter that can be managed, the fishing effort).

SGMAS welcomes this development, which should have the potential to bring the
development of management strategies for mixed fisheries a major step forward. Fur-
thermore, as previously noted by SGMAS in 2007, the concepts behind the approach,
and in particular the need for routine incorporation of fleet and fisheries information
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in the assessment process, have a number of implications. By placing the focus on
fisheries rather than on fish stocks, it becomes necessary to account for other compo-
nents of the catches, and not just those species that are the subject of routine stock
assessments. This might involve simpler models or indicator approaches, rather than
the traditional age-based assessments. This in turns provides a natural link into the
ecosystem approach to fisheries management. This link runs in two directions. Firstly
issues with the impact of fisheries on other aspects of the ecosystem typically involve
the use of specific gears in specific areas and thus involve fleet/fishery information.
Secondly, indicator approaches designed for ecosystem considerations may also have
applications within more fishery-related management contexts. Hence the routine
incorporation of fleet and fishery information into the assessment and advice process
would provide a way of bridging the gap between the traditional single species as-
sessments and the ecosystem approach to fisheries management.

Contributions from WKEFA

Following a preparatory meeting in February which developed a strategy and identi-
fied a number of relevant case studies, the main workshop co-sponsored by ICES,
EUR-OCEANS, and GLOBEC met from 18-22 June 2007. Fourteen cases studies in-
volving a wide range of demersal and pelagic stocks, as well as some generic stock
simulations were presented over the first two days. The main results from the case
studies and the demonstrated influence of environmental change on the stocks are
summarised in the report. Over the remaining 2%z days these cases were then used to
discuss and formulate generic concepts for improving fisheries management strate-
gies and advice considering interactions under four main aspects,

a) Entries and exits from populations (recruitment, natural mortality and mi-
gration)

b) Internal population processes, encompassing a range of aspects associated
with growth maturation and reproduction.

c¢) Location and habitat (including such aspects as vertical and horizontal
movement)

d ) Multispecies interactions

The workshop considered that there was need to take account not only of stochastic
variability but also trends and shifts in the environment as we develop scientific ad-
vice. Changes in physical drivers at many scales of space and time act together and
this will result in changes in habitat. Through complex linkages these changes result
in differences in fish location, growth, maturation and reproductive potential. These
differences may then influence recruitment and abundance leading to changes in
natural mortality due to different species interactions. The workshop concluded that
the effects of environmental change on fisheries management are better addressed by
separating variability according to the time-scale of the changes, where medium and
longer term aspects are considered relevant to the development of management
plans.

There are a number of instances where environmental drivers have been clearly
shown to explain variability in recruitment, but once in use some have shown prob-
lems. This indicates that testing the utility of indicators in management simulations
must be a requirement before they are formally applied, including developing im-
plementation frameworks that are informative and robust to errors. As habitats
changes, spatial distributions of fish change, both horizontally and vertically. These
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changes can interact with surveys, and fisheries leading to the requirement monitor
and account for change in catchability in assessment tuning series.

Medium term change cannot be predicted in the same way as short term effects. The
approach needs to follow two avenues. Where explicit relationships exist between
stock and the environment the mean of stochastic projections can be modified accord-
ingly. Such situations include average temperature dependence, species interactions
and food availability for different exploited stocks. Where no explicit relationships
exist or there is no basis for predicting environmental drivers into the future, advice
should be based on plausible scenario testing, adding additional conditions to those
already included in the guidelines of SGMAS management plans. However, given
the scope of possibilities it is recommended that evaluations don't try to test every-
thing now, just what is immediately plausible between now and next review of HCR.

Scenario testing with plausible scenarios to management HCR testing

¢ Include different S/R models for regime change (incl. habitat)

¢ Include potential changes in growth and maturation as scenarios.

e Testing robustness of HCR to such changes

e  Where possible use of Multispecies models can be used to develop possible
scenarios.

Contributions from WGFS

The main focus of WGES is the fishery system and the role of scientific advice within
that system. This year’s meeting focused specifically on ways of dealing with uncer-
tainty and risk in scientific policy advice, and communicating the uncertainties to
multiple-interest stakeholders. At the time when SGMAS met, the final report of
WGEFS was not yet made available, and therefore could not be fully investigated.
However, the main features of interest for SGMAS are summarized here.

The WGEFS was set up as a dialogue between fisheries and non-fisheries experts rep-
resenting different disciplines and working in the field of uncertainty and risk as-
sessment. Based on presentations from the various fields, the WG developed ideas
and methods for good governance in fisheries. There was a high consistency in the
presented examples on how to tackle complex situations that involve high uncer-
tainty with high stakes and risks, indicating that good practices guidelines are gen-
erically applicable to a wide range of situations. The lessons learnt were fully
consistent with those discussed within SGMAS, in particular with regards to (i) the
importance of involving all stakeholders in the analytical and decision making proc-
ess, as early as possible, and (ii) the crucial importance of communication and presen-
tation skills to effectively solve complex problems and to make interdisciplinary
systems work successfully. On this second point, a major contribution was the pres-
entation from J. van der Sluijs dealing with practical issues and good practices on
reporting uncertainty information (cf also Kloprogge, van der Sluijs and Wardekker
(2007), of direct implication for SGMAS).

A key aspect discussed in WGFS is the concept of “post-normal science”, i.e. the ac-
ceptance that, despite a common belief that more research will reduce uncertainties,
often it will rather increase them (“the more we know the more we know that we
don’t know”). Hence, one needs to accept that uncertainty is intrinsic to the system
and must be worked with. The challenge is to find out what the uncertainties mean
and how we can live with them, and this is why the involvement of the larger panel
of stakeholders acts as an “Extended Peer-review Community (EPC)”. The WGFS
believed that the EPC approach is critical in a situation where fisheries managers are
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confronted with greater challenges, of greater complexity and uncertainty. The WGFS
suggested a number of points for successful fisheries management, in particular the
need to focus less on routine assessments, but to experiment new approaches more
tailored to issues raised by the EPC.

Finally, the WGEFS reflected on the role of scientists in this context. It concluded that
scientists should not limit themselves to being passive providers of information; they
need to be active but thoughtful participants in management discussions, and help
shape management regimes that make realistic use of what they know.

Contributions from STECF HCR studies

STECF (STECF/SGRST-08-02) evaluated a set of rules proposed by the EC, developed
to assure that future fishing opportunities will be sustainable. It further suggested
changes in order to improve long-term yields, reduce costs, and to improve the stabil-
ity of fishing operations and markets.

The evaluation was carried out within the MSE framework, testing different harvest
rules scenarios to set TACs for: (i) two generalised fish stocks with different life his-
tory parameters “cod-oid” and “her-oid”; (ii) two S/R models, Beverton-Holt and
Ricker, with two different steepness, 0.75 and 0.9; in (iii) three different exploitation
situations, well managed, F<= FMSY & SSB>=BMSY, overfishing, F> FMSY but
SSB>BMSY, and overfished, F <= FMSY and SSB<BMSY.

The scenarios evaluation was carried out considering two distinct situations regard-
ing the information available, with and without analytical assessments. With analytic
assessments robust rules could be suggested regarding the data poor situation the
example of a model free HCR that was examined proved to be incapable of maintain-
ing a well managed stock and so could not be recommended.

STECF suggested a rule that set a TAC in line with a fishing mortality rate of F0.1.
This HCR is more reliable in terms of maintaining well-managed stocks and recover-
ing stocks that had experienced overfishing or were being overfished. This recovery
occurred even in the face of a retrospective bias (brought about by a linear increase
imposed on catchability through time), although the improvements and level of re-
building were often reduced. This HCR would often lead to a reduction in yields for
the first few years after the introduction of management. However, the significant
reduction in fishing mortality led directly to a significant reduction in costs so the
profitability of each fishery tended to be maintained. The amount of benefits is likely
to be dependent on the cost structure of the fleet.

The suggested rule was:

Consider y the last data year, y+1 the assessment year, y+2 the TAC setting year, a
the limit on the proportional change in TAC permitted and Fsq = (Fy-2+Fy-1+Fy)/3.

1) Set target F & o
if Fy <F0.1 & SSBy > Bpa then rule 1) a = 0.25 & Fy+2 = F(.1
elseif Fy 2F0.1 & SSBy > Bpa then rule 2) a =0.15 & Fy+2 =F0.1
elseif SSBy < Bpa then rule 3) a = 0.20 & Fy+2 = max(F0.1, 0.7Fsq)
2) Check that (1- ) TACy+1 < TACy+2 < (1+ ) TACy+1
if TACy+2 < (1- o) TACy +1 then TACy+2 = (1- o) TACy+1
elseif TACy+2> (1+ a)TACy+1 then TACy+2 = (1+ a)TACy+1
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3) If SSBy+2 < Bpa and SSBy+3 < SSBy+2 then set TACy+2 = 0.75*TACy+1

Branch 1) relates to the management response to the assessment, branch 2) relates to
the constraints placed in the potential changes in TAC (different depending on stock
status), and branch 3) relates to the stock recovery plan in the case where the stock in
the TAC setting year and the year thereafter is below biological limits.

Regarding the scope of SGMAS the approach taken by STECF can be seen as a way to
introduce and explore, at a moderate level of abstraction, distinct sources of uncer-
tainty, allowing the scientific community to get more knowledge about its effects and
relevance. Secondly, the HCR described by STECF can be used as base line against
which specific HCR could be tested regarding their (i) precautionary performance, (ii)
achievement of management objectives, and (iii) robustness to uncertainty both on
the conditioning of the operating model and implementation of the management pro-
cedure.

American Fisheries Society annual meeting 2008, symposium on
Harvest control Rules: Experiences in modelling and application

At the AFS annual meeting on August 21, 2008, scientists from different countries
gathered to share and discuss experiences and new research on harvest control rules
for fisheries management. This is a summary of highlights considered relevant for
SGMAS compiled from the panel discussion among the symposium’s presenters. :

Summary of Panel Discussion:

HCRs represent a platform on which different scientific specialties can contribute for
the good of society and once a rule is made, all efforts must be focused on firmly
keeping it in place with no “wiggle room” for interpretations. The Management Pro-
cedure (MP) template most commonly used in South Africa and Australia is gener-
ally superior to ad-hoc HCRs more commonly used in Europe and the United States
as stock assessments are pre-agreed and the framework more rigid. Control rules as
we know them can define a TAC, but it is up to the manager to allocate the TAC. A
control rule that could include an allocation algorithm, for example, could have lar-
ger implications on the stock and fishers’ behavior.

There is no overlying recipe for how HCRs should be created and implemented as
each HCR is case-specific. This being said, one may generalize some HCR output, for
example, focusing on changes in output signals as a metric of performance of an
HCR. There is a broad range of control rules used globally, but many of these control

! The panel members included: Doug Butterworth (University of Cape Town),

Laurence Kell (Cefas), Steve Cadrin (University of Massachusetts, Dartmouth, School
of Marine Science and Technology and the Northeast Fisheries Science Center), Doro-
thy Dankel (Institute of Marine Research, Bergen, Norway), Jon Deroba (Michigan
State University), Bjarte Bogstad (Institute of Marine Research, Bergen, Norway),
Fiona Johnston (International Institute for Applied Systems Analysis, Leibniz-
Institute of Freshwater Ecology and Inland Fisheries, Berlin, Germany and Hum-
boldt-University of Berlin, Germany), Jim Bence (Michigan State University) and Ci-
aran Kelly (Marine Institute, Galway, Ireland)
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rules are variations on a theme and tailored to a specific stock, so there’s a high corre-
lation amongst harvest rules.

In order for a HCR to work, stakeholder communication must be in place in order to
identify objectives and rank different strategies. It is important for scientists to recog-
nize that industry stakeholders can make “dangerous” short-term management re-
quests and for this reason perhaps scientists should engage more frequently and
directly with fisheries managers to encourage focus on long-term yields and to dis-
courage short-term approaches from industry and “left field” proposals from maver-
ick scientists.

But sometimes governments do not encourage stakeholder communica-
tion/interdisciplinary science in fisheries management. The Barents Sea capelin was
presented as an example: scientists in Bergen had planned meetings with stake-
holders (the stock collapsed some years ago and a fishing moratorium has been in
place for some years but now the resource is recovering) in order to develop potential
management strategies which may be acceptable to all stakeholders, but the govern-
ment (ministry) apparently has put such plans ‘on ice’ for the time being. Another
issue for all Barents Sea stocks (not only capelin) is that the resources are shared by
Norway and Russia, so any stakeholder contribution has an international dimension.

Multi-species HCRs have a clear need and are a future of HCR research and a stan-
dard modeling approach should be identified. Some work in this area has been done
regarding sardine and anchovy technical interactions in South Africa. It is not clear
yet whether one could formulate and simulate a more complicated multi-species
structure (like that found in the North Sea) in a multi-species HCR like a MSVPA, but
this has been mildly attempted.

One thing is clear: it is important that society democratically chooses clear objectives
in order for scientists to be able to evaluate management strategies that can fulfill
these consensus objectives. However, the largest problem facing scientists is: Who
will assimilate the different viewpoints as a democratic way to make the decisions for
the resource? There is often no formal framework in place for all fisheries for consen-
sus objective making. In order to take a proactive approach to ask stakeholders what
they want out of a certain fishery, Johnston et al. (refer to talk in the symposium) sent
out surveys to recreational anglers. From these surveys, Johnston et al. were able to
quantify utility functions for each angler group in order to rank different manage-
ment regulations. In Europe, the European Commission (EC) produces “non-papers”
to stimulate discussion on fisheries issues. One of these non-papers is a policy state-
ment in how fishing opportunities are proposed to be set by the EC. More recently
these publications have included a set of rules which, when applied to the scientific
advice, constitute a management procedure. This kind of insight to the views and
stated policy of managers is very helpful to the establishment of objectives in any MP
discussions. Typically, only the fishing industry is involved in the on-going man-
agement plan work in Europe (e.g. Western horse mackerel management plan,
Northeast Atlantic mackerel management plan work-in-progress, (see section 2 of
this SGMAS report). The panel agreed that it is very useful to have input from other
stakeholders regarding what they want out of the system, so that the management
plan could more fully reflect their objectives. The panel concurs that this is the only
“real” way we can move towards the much hyped “ecosystem approach”.

However, although we mostly live in a democratic society, there are often great is-
sues with whose opinion/preferences hold more weight than others. Stakeholder’s
opinions are important, but when we start talking ecosystem management, the stake-
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holders may lack a basis to offer informed decisions, in some instances because eco-
system interactions are not understood properly. For example, in South Africa some
stakeholders need to make decisions on the best trade-off between utilization of sar-
dine or anchovy, while other stakeholders fail to consider the longer term adequately
because they are concerned about the security of their property rights in the short
term.

The discussion then took a somewhat philosophical turn by pondering the question
“Should scientists advocate for certain management regimes?” The panel suggested
that scientists should be careful not to lose objectivity, although one may debate if
scientists are indeed stakeholders of the fishery system. On an ideological level, sci-
ence (being objective) cannot be equal to a stakeholder’s right (being subjective). Ad-
vocacy is possible when it comes to methods (i.e. an HCR is the best method for this
management situation). But to understand stakeholders’ views it may be helpful to
identify a common ground; you may not get a consensus, but once a decision is made
it needs to stay for a long time in order to establish trust. Scientists should advocate
for best methods but also understand different stakeholder’s views to help identify a
common ground from which an HCR can be collaboratively developed. Scientists’
role is to communicate the knowledge base of stock dynamics and as well as its limi-
tations and how it affects the perception of biological risk. It can take a decade or so
for people to get in the swing of looking at things in an HCR framework which has
been the experience in both South Africa and in Europe (i.e. North Sea herring)

The panel was posed the question “What is the cost of an HCR?” The panel rhetori-
cally asked in response “What is the cost of not having one?” or rather what is the
benefit of having one? It is clear that the interdisciplinary nature of fisheries man-
agement strategies and their connections to sociology and economics as well as the
biological/ecosystem repercussions is very broad and very important. Scientists are
encouraged to be proactive in pursuing funds in order to further interdisciplinary
research from their respective governments (like the EU) instead of waiting for things
to happen.

Ongoing projects related to management strategies

A large number of EU funded projects have some relation to the development and
evaluation of management strategies. In its previous report, the SGMAS found that it
might be informative to get an overview of ongoing projects, without attempting to
evaluate the content or progress in the projects

The idea of this section is to give an overview of some relevant projects that are
somehow related to improving management strategies and/or policies and that are
ongoing as part of the EU framework programmes (EPs), FP6 in particular. We have
merely collected more general information about these projects, i.e. their research
contexts, their concepts, scopes and foci, as well as their design implementations, to
see what is done so far and how can we learn from them - specifically in the light that
at this time no substantial outcome resulted from all of the projects being considered.

3.8.1 Overview

A good source of finding ongoing EU projects is the EU website itself. There are some
important links that refer to EU projects sorted by themes and being linked to re-
search in fisheries and aquaculture:

. http://ec.europa.cu/research/agriculture/projects/list theme 13_en.htm

. http://ec.europa.eu/research/fp6/ssp/themes_en.htm#188
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. http://cordis.europa.cu/fp7/projects_en.html

Under the first link about 50 fisheries related projects are listed in total of which 28
projects claim an improvement of management strategies; 13 of these are completed,
15 are in an ongoing stage. Under the second link 49 projects are listed of which 18
projects claim an improvement of management strategies. As this link exclusively
refers to projects that are running under the 6% framework (FP6) and that are still in
an ongoing stage, the following table summarizes all 18 projects by acronyms that
claim an improvement of management strategies and that are attached to this link.
For some of them, a specific website exists on the web and is given below (the list
may not be exhaustive).

Acronym Topic

AFRAME Improved fishery management through fleet- and area-based assessments
BECAUSE Improving multi-species fisheries assessment in five European regional seas
CAFE Measurement of capacity, effort and fishing mortality

CEDER Real-time monitoring of fishing activity

CEVIS Evaluating alternative, participatory management models for EU fisheries

http://www.ifm.dk/cevis/index.htm

COMMIT Committing to tailor-made long-term fishery management strategies

Evaluating scientific advice and decision-making processes in fisheries
EFIMAS management systems

www.efimas.org

[Ecosystem conservation and fisheries management through Marine Protected
EMPAFISH Areas
http://www.um.es/empafish/

Taking reliable stock of fish numbers

FISBOAT . .
http://www ifremer.fr/drvecohal/fisboat/

IBEFish Better fishery management through meta-research

IMAGE Integarting the ecosystem into fisheries management
Incorporating non-fishery influences into stock assessments

IN EX FISH L
http://www.inexfish.org/

INDECO Developing environment indicators for assessing fishery management
http://www.ieep.eu/projectminisites/indeco/index.php

ISTAM Improving ﬁ.shery data acquisition, management and analysis
http://projet-istam.org/

POORFISH Developing proba?aility model applications in data-poor fisheries
http://www.poorfish.eu/
(Assessing risk in fishery advice and management decisions

PRONE

http://prone-fish.eu/

[Ecosystem conservation and fisheries management through Marine Protected
PROTECT Areas
http://www.mpa-eu.net/

S AFMAMS Scientific Advice for Fisheries Management on Multiple Scales

http://www.ifm.dk/safmams/

UNCOVER Developing more effective stock-recovery programmes

www.uncover.eu




42 ICES SGMAS REPORT 2008

To give a structured and concise overview of topics, objectives and design of these
projects, the EU web sites related to these projects are all organised in the same fol-
lowing way:

. Overview

. Contribution to policy development
. Project deliverables

. Dissemination

where the point “Contribution to policy development” always contains a statement
on whether and how the project will affect or improve the current EU management
strategy.

Most of these projects are now completed or in the stage of being completed, and it is
the opinion of the SGMAS that these projects have contributed significantly to the
development of tools and approaches for improved management strategies.

Finally, the third link refers to the new research FP, FP7, which started in December
2006. A search after “fisheries management” resulted in 8 projects, of which two ap-
pear of direct interest to SGMAS:

MEFEPO — Making the European fisheries ecosystem operational
JAKFISH - Judgement and knowledge in fisheries including stakeholders

MEFEPO had just started at the time when SGMAS met. MEFEPO will focus on how
best to make current institutional frameworks responsive to an ecosystem approach
to fisheries management at regional and pan-European levels in accordance with the
principles of good governance.

JAKFISH was started half a year ago. It is a socio-biological project, whose main ob-
jectives are to examine and develop the institutions, practices and tools that allow
complexity and uncertainty to be dealt with effectively within participatory decision
making processes. The project will develop these institutions, practices and tools in
respect to European fisheries and marine management via two linked strategies.
Strategy One is to develop tools to facilitate participatory decision making processes
based on recently developed bio-economic modelling techniques. Strategy Two car-
ries out a sociological analysis of the practices and institutional forms that can most
effectively involve the wider community in debates over developing science-based
policies., and aims at involving stakeholders in some participatory modelling exer-
cises for fisheries management plans.

These two projects focus on issues of marine and fisheries management in a context
of good governance. In particular, the guidelines and good practice collected by
SGMAS about stakeholders involvement sill serve as a useful starting point for the
participatory modelling exercises to be conducted in JAKFISH.

In the previous report, it was decided to highlight features of three typical but quite
different approaches that aim to improve management strategies or policies, and de-
tail focus was given on the three following FP6 projects:

. EFIMAS
. CAFE
o PROTECT

These detailed descriptions have not been carried on again in the present report, but
extensive documentation is available on the various project websites (cf above). In
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addition, main results obtained so far with the FP6 project AFRAME are reported
under section 3.4for mixed-fisheries approaches.

Summary of conclusions from other groups

Both WKEFA and WGSAM recommend additional scenario testing for robustness to envi-
ronmental influences on both single and multi-species responses. These should include

e Scenarios with different S/R models for regime change (inc habitat shifts)
e Scenarios examining potential changes in growth and maturation.

e Recruitment / growth / natural mortality scenarios due to multispecies
interactions derived from multispecies models

e For systems with very limited species diversity such as Baltic and Barents
Seas multi species management plan models may be run for several stocks
together.

In addition to these tests for robustness the SGFIAC points out that there may be po-
tential for fishery induced evolutionary change, even though this has not yet been
shown to occur. In the context the precautionary approach for fisheries management,
one should be precautionary towards potential negative events affecting fish stocks,
for example fisheries-induced evolution which could retard stock recovery and affect
economic potential.

The work reported in WGMIXMAN show a number of important single species man-
agement effects due to mixed species fisheries, leading to the following scenarios that
need to be evaluated in testing the likely effectiveness of a single species HCR within
a multispecies fishery.

e Single-species MP (including usual short-term TAC forecast) should be tested
for potential unforeseen outcomes due to mixed-fisheries interactions. Ulti-
mately, these single-species MP should be combined into a consistent man-
agement plan for a whole fishery in an area where mixed-fisheries
interactions occur.

e A way to approach mixed-fisheries interaction is proposed by SGMIXMAN,
through the use of the Fcube method. The data necessary are usual log-
books data of annual catch and effort by fleet and fishery. Detailed catch-at-
age data by fishery are NOT a necessary pre-requisite to perform sensible
analyses, since relative importance by species already provides valuable in-
formation. However, such data can be included if available.

e Mixed-fishery approach can help providing simple advice on other secon-
dary and non-target species, thus helping bridging the gap between single-
species management and ecosystem-based fishery management.

A number of points regarding the interactive consultative process required to de-
velop management plans, these are drawn from diverse sources in Section 3 above.

e It is thought that some consideration should given to scientific advocacy
i.e. it is possible when it comes to methods (such as an HCR is the best
method for this management situation). However, SGMAS considers this
should best be done carefully in the context of the educational iterative
process of management plan development, because scientists need to be
careful that they understand the diverse requirements of stakeholders and
managers, and do not allow their own view of perception of objectives
distort advice.
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¢ To understand stakeholders’ views it may be helpful to identify a common
ground; you may not get a consensus, but the dialogue process itself is
important.

* Once a decision is made on an HCR it needs to stay for a sufficient time in
order to establish trust between managers, scientists and stakeholders.

e Some people might wonder whether an HCR is appropriate for a given
situation. In such a case, it might be possible to examine the utility of an
HCR by analyzing the costs and benefits occurring with and without an
HCR in place.

¢ Communicating uncertainty is one important additional role for science ---
again involving the dialog process

We draw these points together with those from Section 2, where there is some over-
lap, to develop the guidance we give in Section 5.
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Data poor stocks

As an extension of the general ideas on indicator based management in last year’s
report, we here briefly outline some guidelines for developing management strate-
gies for data-poor stocks. We also reflect on some recent work in the area of giving
scientific advice to fisheries and describe an example where a data-poor stock has
been managed successfully. The development of indicators based on surveys and
catch attributes has been dealt with in a series of studies such as FISBOAT (EU 2007,
Petitgas 2007, Cotter 2007, Woilleza 2007)

Guidelines:

Developing a management for a data poor stock will generally require more thought
than just developing a harvest control rule, because the kind of rule that is possible
depends strongly on the knowledge that is available. Therefore, the task typically will
be to develop a management plan in the wider sense (SGMAS 2005), specific to the
knowledge base and the possibilities for implementation, in addition to decision
rules.

Data poor stocks here include all stocks where a harvest control rule requiring regu-
lar reliable assessments is not applicable. Management decisions will then have to be
based on other kinds of information. The concept as used here includes a wide range
of situations, from those where there is abundant information, although not what is
needed for an analytic assessment, to those where there is hardly any information at
all.

The reasons why a stock is considered data-poor are diverse. Commonly encountered
cases include those where collecting sufficient information has not been a high prior-
ity, for example in small scale fisheries or with species with limited commercial inter-
est. It also includes stocks that have only been exploited recently. Another category
are those stocks where the information is unreliable because large parts of the fishery
is unrecorded, as with illegal, unreported and unregulated (IUU) fisheries, but also
may artisanal and recreational fisheries. The guidelines below apply mostly to where
the information about the stock is insufficient for an analytic assessment, but where
there still is some information relating to the biologic properties of the stock. Stock
where managers actions are not effective, as when IUU fisheries dominate, are not
further considered here.

There is still quite limited experience with development of management strategies for
data-poor stocks, and the properties of candidate decision rules are still not well un-
derstood. Therefore, the guidelines given here necessarily are rather general, and
should be regarded as an attempt to lead the work in a rational direction rather than
a detailed recipe.

In general terms, to be precautionary the management of a stock must adjust the re-
movals from the stock if the stock tends to develop outside the range where a full
productivity can be expected. To achieve that, the strength and timing of manage-
ment response must be adequate compared to the rapidity of change in the state of
the stock. The crucial factors therefore are the dynamics of the stock, i.e. how fast its
state can change, potential measures of the state of the stock and the link between
such measures and the actual state of the stock in terms of signal to noise ratio. A
management rule that responds strongly enough to the signal embedded in the in-
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formation should have the potential to be successful. In this context strongly enough
implies with sufficient effect and timeliness to avoid risks to the stock.

On the other hand, it must be assumed that the state of the stock is imprecisely
known, therefore there is no scope for micro-management. Rather, one should think
of decision rules providing stability of action where changes are only made if there
appears to be a need for them. However, it also implies action is taken on the basis of
weak information and that exploitation rates will inherently be lower in recognition
of poorer information.

On this background, it is suggested that the development process should start with
assembling insight in:

e Stock dynamics

0 The range within which the stock can be expected to vary with a
sustainable exploitation (‘bandwidth’).

0 The turnover rate in the stock, as an indicator of how fast the stock can be
expected to change.

e Potential measure of the state of the stock

0 The kinds of indicators or combinations of indicators that are or can be
made available to provide measures of the state of the stock and trends in
stock development

0 The link between stock and measures in terms of:
0 Statistical properties of the measure
0 Delay in recognizing changes in the stock

Some indications of both stock dynamics and possible range of variation can to a
large extent be deduced from information about likely life-span, growth rates, fluc-
tuations in historical catches, length distributions etc. If precise information about the
stock is not available, some indications of plausible levels will still be possible to ob-
tain, for example from known properties of other stocks or species with presumably
similar properties.

The potential measures of stock abundance and fluctuations cover a wide range, from
dependencies on hydrographic conditions via length distributions to CPUE data, and
information from the fishing industry. Combinations of indicators, e.g. as developed
in the FISBOAT (EU 2007) project, may be relevant to consider. What matters for the
present purpose is to characterize the link to the population in a way that can be rep-
resented as a distribution of observation noise in a simulation framework.

The next step would be to set up a simulation framework with an operating model
with stock dynamics (bandwidths and turnover rates) in a realistic range and an ob-
servation model with realistic links between stock and selected measures. This
framework provides a workbench to experiment with possible management decision
rules. The population part of such a simulation model could be designed according to
the general outline where the ‘bandwidth’ and turnover rate can be adjusted through
recruitment variation, growth rates and mortality level. The observation model
should include realistic ranges of uncertainty in measures of the stock and allow
evaluation of both delay and probability of false detection in recognizing changes in
the stock.



4.2

ICES SGMAS REPORT 2008 47

Recognizing that micro-management is not a realistic option in such cases, a possible
decision rule can be to keep either catches or exploitation rates at a fixed level unless
there is reason to change them. Alternatively one may also consider rules where the
exploitation is changed according to trends in indicators rather than their values.

The choice of regulatory tools depends on what is possible to implement and control.
A fixed exploitation rate at a safe level can generally be expected to give higher aver-
age catches than a fixed catch regime because a safe fixed catch must correspond to
the low range of catches under a fixed exploitation regime. However, a regime with
fixed exploitation rate requires that the effective effort can be controlled, and that the
fishery is controlled such that the exploitation rate is clearly regulated by effort con-
trol. On the other hand, a fixed catch regime requires that the actual removals can be
controlled through TACs.

In brief, what matters for a management strategy to function is that it responds ade-
quately to fluctuations in nature, preventing the exploitation from bringing the stock
to a stage where its productivity is impaired. Even in a data-poor situations informa-
tion about likely fluctuations in the stock can be inferred. Hence, efforts should be
concentrated on these aspects. Using this information in a simulation framework as
outlined should give the following

e indications of necessary and sufficient properties of managers decision rules,
e limitations to what can be achieved,

e a basis for selecting such rules taking into account other priorities and how
decisions can be implemented.

According to the precautionary approach, the less one knows about the stock the
more cautious management should be. As a general rule, the average catch for a data
poor stock will always be lower than the average catch for the same stock if it was
data rich, because the catches can be better adjusted to fluctuations in the stock pro-
ductivity in a data-rich situation. Also as a rule of thumb for all fisheries one should
avoid quick expansion of fishing capacity, even if the stock produces a positive signal
(e.g. good recruitment).

Cadrin and Pastoors (2008) complied a review of stocks in the ICES and in the United
States, and found that the stocks that have the least amount of knowledge are the
ones whose management plans do not adhere to the precautionary approach. This
“uncertainty paradox” needs to be confronted. The guidelines outlined here would
probably be helpful in that respect.

STECF Working Group Report on Harvest Control Rules

A subgroup of the STECF (STECF/SGRST, 2008) was requested to evaluate the likely
consequences of applying a set of harvest control rules in a range of biological stock
situations currently encountered in Community waters, including stocks in data poor
situation. To address the latter situation, it was assumed that only a time series of
catch and effort were available from the fisheries, i.e. there was no absolute estimate
of biomass or of exploitation level and the following rule was applied:

if recent CPUE decreases then a TAC is set consistent with an effort decrease and ,
if recent CPUE increases then a TAC is set consistent with an effort increase.

This HCR was found to be dysfunctional. Its effect was to increase fishing mortality
leading to an initial increase in yields but this was quickly followed by accelerated
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increases in fishing mortality, reductions in SSB, yield, revenue and eventual stock
collapse. The particular arrangement used in the HCR was clearly unsuccessful and
alternatives are required. Insufficient time was available to explore alternative ar-
rangements. However, the use of a constant multiplier on fishing effort (and hence
fishing mortality) was obviously not sufficiently adapted to changes in observed
CPUE levels. Implementing a variable multiplier to prevent run-away increases in
fishing mortality may correct that failure and provide time for the CPUE to change
and the HCR to adapt to changing conditions within the fishery.

On-going work on data poor stocks in other areas

Dankel et al. (2008) included some examples of current management conditions of
different case studies of fish stocks from around the world, including some data poor,
long-lived, low-fecund stocks like Southern bluefin tuna (managed by CCSBT) and
Patagonian toothfish (managed by CCAMLR). For both of these stocks, IUU fishing is
a major contributor to the data uncertainty that stands as a roadblock to sound man-
agement advice. Despite lack of biological knowledge for toothfish, rough stock as-
sessments are carried out using production and recruitment models aid in setting catch limits
in the CCAMLR area. (Dankel et al. 2008) But for toothfish, added uncertainty in the
stock comes from whale predation after the fish are hooked by longlines, for example
(Butterworth et al. 2008). The management plan for Southern bluefin tuna gives man-
agement advice on catch levels after assessing the stock by fitting a discrete age-
aggregated Fox dynamic production model to historic CPUE and catch data from a
section of the long line fishery. However, after realization of extensive IUU fishing,
the MP was unable to move forward due to uncertainty in the stock and the man-
agement. For both these data uncertain stocks, management is severely compro-
mised, mainly due to IUU issues directly related to the high market value of the
species. (Dankel et al. 2008) These are examples of how scientists operating with in-
ternationally managed, biologically data poor stocks were able to produce some
management advice. Unfortunately for these stocks, biological data poor sets are ad-
ditionally hampered by IUU uncertainties, therefore making these stocks among the
most difficult in the world to manage.

Butterworth et al. (2008) give a comparative example between “data rich” and a “data
poor” generic stocks which demonstrates the advantages of additional information
(CPUE data) when the mean length of catches is already known. The study perhaps
most importantly shows that, except in the worst case scenario simulated, the mini-
mum data (mean length of catches) was sufficient to control the decline in SSB and on
average to generate recovery, at the expense of a 15% reduction in catch and in-
creased catch variability. In relation to this study, one could point out that CPUE
monitoring may perform better than monitoring mean length of catch for the impor-
tant reason that if a population becomes severely depleted it is difficult to find
enough fish to get a reliable mean length estimate, whereas at such low abundance
the CPUE measurement is still reliable. This working paper is part of an international
symposium in Berkley with other papers dealing with data poor issues which will
come out in a special issue in AFS's Marine and Coastal Fisheries in 2009.

In 2005 an ICES working group (WGNEW) was founded to deal with several species
for which ICES (with the exception of sea bass) had never previously provided man-
agement advice. However, the working group has only been able to summarize the
information available on stock status and data collection programs. As there is the
ambition to work towards more understanding of the status of these stocks, they re-
quested the EU to provide financing to analyze available survey data. The EU re-



ICES SGMAS REPORT 2008 49

cently responded by bringing out a tender for: “Improving the knowledge of the bi-
ology and the fisheries of the new species for management”.

The EU has funded a 6t Framework project called POORFISH whose objective is to
create an advisory system (assessment, advice, and/or management) approach based
on methods able to deal with data poor systems (utilizing both expert knowledge and
published information in addition to existing data sets). More information as well as
specific case studies can be found on their project website: www.poorfish.eu.

In the United States there is a formal Data Poor Working Group based from NOAA's
Northeast Fisheries Science Center who are also working on these types of issues.
FAO has a long standing objective to further the research of fisheries management
with data poor stocks. A useful overview of the world status of data-limited fisheries
is contained in Vasconcellos and Cochrane (2003).


http://www.poorfish.eu/
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Update of guidelines.

In the 2006 SGMAS report provided detailed guidelines for the management plan
development process. This section is intended to add to the landscape described in
the 2006 report and to give operational guidance for development of procedures or
plans and testing of suitable harvest rules. In particular here we address issues of
complexity and the process of interaction of scientists with stakeholders and manag-
ers.

The development of plans involves many diverse activities and involves more than
testing of harvest rules. It is expected that it will involve a dialogue process which is
discussed in greater detail in section 5.4. Within section 5 we discuss the setting of
objectives for a plan and the criteria for choosing between different plans.

Regarding the methods that can be employed for evaluation, we bring out a concept
of providing a minimum standard approach and then advice on where more com-
plexity may be required. We consider both the development of specific plans and the
testing of these in a precautionary framework. We consider testing for robustness to
give advice on the types of conditions that might cause a plan to fail.

Finally drawing on the experiences of the development of plans documented in sec-
tion 2 we discuss the iterative process between scientists and stakeholders that is re-
quired to allow stakeholders to choose amongst a wide range of alternatives so as to
develop plans that are precautionary but that best meet the needs of stakeholders.

Choosing plans to deliver different objectives

Choosing a suitable plan is an involved process. There are diverse objectives for a
management plan, from biological objectives of maintaining a stock in a healthy state
to economic objectives of revenue and profitability to social objectives of employ-
ment. Clarifying achievable objectives may not be possible at the outset, but early
ideas of the types of requirements are extremely helpful for those trying to present
options. Testing of rules in the final phase, can only be done on the basis of agreed
procedures to be checked. Selecting the type of criteria that will be used is important
as these help to inform the complexity of the evaluations that are required.

For plans that are to be evaluated on purely biological criteria such as mean long
term yields these can be obtained from relatively simple approaches.

Information on year to year variability in yield requires more complex methods, spe-
cifically including the way restrictions on change are included. Care should be taken
to show how different rules may give different magnitude of change up and down. If
users require asymmetric changes, (faster increases than decreases, or visa-versa) this
must be explicitly included by choosing and testing a suitable range of rules.

Expressing yields in terms of revenue may be relatively simple if assumptions of pric-
ing are available. However, the extension of revenue to profitability may be much
more complex. If evaluations are to give information on economic and social objec-
tives, this may require development of new modelling methods, in collaboration with
other disciplines and is outside the scope of this document.
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Methods - when to use what

Here we discuss simulation methods, dealing with the different approaches. We de-
scribe how to select methods with sufficient complexity to give acceptable realism,
while keeping the complexity to a minimum. While fully stochastic approaches are
required for the main investigation, it may be possible to use simple approaches to
evaluate whether the variability resulting from a range of potential variables is im-
portant for simulating the stock and fishery, or if fixed values are sufficient because
the variability is swamped by more important factors. If extreme values do not influ-
ence the results then including this source of variability is not necessary. Here in this
section we comment on methods, in Section 6 we discuss coding quality standards
and provide information on software that can be used to implement these methods.

5.2.1 Conditioning models

We start by considering single species models, for mixed species fisheries, all the
single fishery aspects need to be considered, along with implementation considera-
tions in a mixed species context. If it is not possible to evaluate a mixed species fish-
ery, but this is still considered important, robustness testing (Section 5.2.3) should be
included to evaluate the possible consequences of fishery interactions.

Biological operating model

The biological operating model represents a collection of “true’ stocks with properties
mimicking the actual stocks that are considered. The chosen simulations define how
these ‘true’ stocks are considered to respond to the management measures. Therefore,
conditioning the biological operating model is to create a sufficiently plausible range
of realities, which are then tested to ensure that the majority of them behave in a sat-
isfactory way. The key aspects of conditioning are discussed below.

Initialization: It is important to appropriately include information on the uncertainty
in the initial state of the true stock being simulated. However, the problem is com-
plex. There are three approaches:

1) Using assessment values with uncertainty derived from parametric
bootstrap or Bayesian posterior distributions may lead to unrealistically
large variability in the stock if the full range of observation error is then
added in the following year.

2) The use of similar uncertainty to that implied into the future, by
comparing errors at the start, middle and end of the simulation and
assigning starting populations accordingly (perhaps the simplest method).
Or starting the simulation from a number of years from the past to allow
the model to converge to reasonable range of values for the starting year,
though this may not reproduce the present very well.

3) Selecting a range of scenarios to test for sensitivity to starting assumptions.

Forward projection: The biological model must account for sufficient variability /
uncertainty in future to provide a reasonable range of plausible biological outcomes.

A minimum standard is a single stochastic stock recruit model and a stochastic range
growth and maturation to reflect potential variability. These can be obtained by fit-
ting to data. Accounting for temporal dynamics (eg. autocorrelation, periodicity and
occasional extreme values) is important if this is observed in the data even when not
significant. Tests (such as S/R fits from FLR) should be presented to show that this
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has been checked. If a single S/R model explains the data well over the full range of
biomass covered by the simulation it would be sufficient to continue on this basis.
The stochastic component can be obtained through bootstrap of residuals or use of a
fitted statistical distribution (truncated as necessary). If bootstrap methods are used
care needs to be taken to ensure autocorrelation is included. Comparison of observed
and simulated distributions should be provided.

If the choice of S/R model is uncertain or where growth may follow trends or density
dependence this simple approach would not be sufficient to capture the necessary
complexity. In this case a range of scenarios should be tested to cover a range of plau-
sible possibilities by fitting alternative growth and S/R models and testing a range of
HCRs under each circumstance. In particular if there is a great deal of uncertainty in
the slope of the S/R relationship near the origin different options must be tested. If
the HCR results are relatively insensitive to these choices one model may be chosen
for further work.

If following this investigation it is found that the performance of the HCRs being
tested are critically dependent on the choice of S/R or growth models, then multiple
models with different parameters can be selected using for example the method of
Michelsens and MacAlister (2004) and described in the NEA Mackerel evaluation
(ICES 2008). This method provides a formal way of including uncertainty in the form
of the S/R functional relationship, parameters and stochasticity in the evaluation, and
can easily be used to provide a set of growth models. In this case simulated “popula-
tions” should each follow only one of the selected models of the full duration of each
evaluation.

If it is known that growth or recruitment are dependent on environmental drivers
then a plausible range of possible scenarios should be included. If climate models
with forecasts are available, then stochastic variability due to environmental drivers
should be included in the growth or recruitment models. If climate models, without
being able to provide forecasts indicate that major shifts in stock productivity,
through carrying capacity, reproductive capacity or growth may occur, such alterna-
tives should be included as robustness tests (See 5.2.4).

Limit Reference Points

The limit reference points, (Blim and Flim) should reflect appropriate SSB or F to be
avoided with a high probability. To test if a plan is in accordance with the precau-
tionary approach the precautionary Blim is particularly important (See Section 5.3).
Its important that Blim (and Flim) are compatible with the operating model and any
differences are resolved or understood in the early stages. In most cases Blim should
be compatible with points of inflection on the S/R relationship(s) chosen for the S/R
maturation and growth functions in the operating model, and Flim compatible with
the slope to the origin. However, there may be occasions where multiple regimes are
considered and in these cases the appropriate Blim may be the higher of those to be
considered, or linked to transition between states. In any case Blim should be checked
and if necessary an alternative proposed.

Fishery Operating model - Variation in selection

The fishery model must include sufficient variability or responsiveness (or lack of it)
to management to be realistic. The action of the fishery model, in addition to total
catch, is primarily through changes in selectivity of the simulated fishery. The role of
selectivities is two-fold: To translate real removals in biomass into removals in num-
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bers at age from the population model, and to translate fishing mortalities into bio-
masses in the managers decision process. The first may be regarded as part of the
implementation model and the latter as part of the observation model, or one or both
may be assumed a priori.

As with growth, the selectivity of catches may vary from year to year, and from year-
class to year-class. Selectivity may be due both to process error, natural variability in
the catching process (spatio-temporal distribution of the fishery, mean size at age of
the fish) and to observation error in samples. This variability is combined in the as-
sessment model (for example, some assessment models assume a fixed selectivity
pattern (separability) in their fitting procedure while others estimate independent
selectivity-at-age parameters).

Variability in the selectivity may potentially affect the outcomes of the simulations,
since the TAC may not correspond anymore to the target F used in the short-term
forecast, resulting in implementation error in a full feed-back model. Therefore, if the
issue is considered important, it is suggested to use a single selection with some sto-
chastic variability, for example by fitting a lowess smoother with stochastic variabil-
ity (cf. example in Kell et al., 2005).

Observation error model

The observation model generates the basis for manager’s decisions as a noisy repre-
sentation of the true stock in the population model. Two approaches are being used:

1. An assessment is performed as part of the simulation loop. The observation
error model generates the data that go into the assessment

2. The assessment is mimicked by adding noise to measures of the true stock
with specified distributions. The observation error model then becomes a
representation of the noise created by doing an assessment with uncertain
data.

The first approach is necessary to evaluate extent to which the assessment (method
and data) is adequate and to uncover unforeseen interactions between assessment
and management actions. The second approach is often sufficient for screening over
options in the development process, and may be adequate for a final evaluation if the
stochastic properties of the assessment are sufficiently known, e.g. through parame-
terisation based on the use of the full feed-back in the preparatory phase.

Whatever approach is used, observation error must reflect sufficient and adequately
error for all variables in a consistent way and mimic, as far as possible, the global ob-
servation uncertainty. In practice, this will require more complexity than adding un-
structured random noise.

Minimum requirement in selecting variables to take into account are to include all
abundance indices that are the main source of uncertainty in both initial state and any
necessary short term forecasts.

Error model structure may be simulated under two different paradigms: frequentist
or Bayesian. In the frequentist paradigm variable distribution may be defined with a
parametric statistical model (normal, lognormal, etc) where parameters (mean, vari-
ance, etc) may be estimated from data or models, or with non parametric distribu-
tions from conditioned or non conditioned bootstrap. In the Bayesian paradigm
variables distributions are direct sampled from posterior distribution. Statistical bias
is also of main consideration dealing with non-linear models since it affects sampling
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distributions, their effect on frequentist methods have been studied and bias-
correction solutions proposed. A full review on how to reproduce uncertainty in fish-
eries may be found in Patterson et al. (2002). Correlated errors will often be important
and a Bayesian approach should give these directly, A frequentist approach may
need additional terms to account for correlation.

When a full assessment is performed as part of the simulation loop, the variables that
should be considered on the observation error model depend on the OM structure
but should include: total catch and catch at age, natural mortality, indices of abun-
dance, weight and maturity at age. For a full simulation of these variables the error
structure should have to take into account also correlations among abundance at age,
between abundance and biological parameters like weight or maturity, i.e. dense-
dependent effects.

For methods where the assessment component is replaced by a distribution mimick-
ing the error, this is likely to require age structured temporally autocorrelated ap-
proaches to error generation, such as those used in NEA mackerel. It is not
recommended to use simple random errors to characterise observation error in an
assessment.

Implementation error

Implementation error model reflect differences between management decisions and
its practical implementation. As a minimum these include error and bias terms in the
TAC taken. The HCR usually provides a requirement for the management year in the
form of fishing mortality that is based on the “observed” population but applied to
the “true’ population. For a TAC the magnitude of this implementation error should
be based on historical observations of management decisions and the corresponding
landings and catches from an appropriately selected number of years in the recent
past fishery, since recent years probably reflect better what is expected to happen in
the future. If the HCR is based on effort reduction implementation error takes the
form of a stochastic F / effort relationship which may be non linear and varying with
time. When misreporting and discarding respond to management actions in an un-
predictable manner, this can be applied but it is extremely difficult to parameterise
the uncertainty, yet this can be crucial in predictions. Identification of factors affect-
ing the relationship between catch and quota assignment in TACs based fisheries
may be critical for fluctuating stocks responding to changing recruitment. Under-
standing how these factors interact with each other may help to a better definition of
implementation error model and their use for evaluating management plans.

Modelling Economic / social objectives

The use of economic modelling can add considerably to the relevance of management
plan evaluations, the computation of revenues is encouraged as a indicator of the
economic outcome of different management strategies. This indicator can also illus-
trate how the potential for socio-economic objectives may be eroded if the biological
capability is exceeded or pushed to an unstable situation.

Where economic models are included SGMAS considers that a minimum level of
socio-economic modelling should be implemented, computing economic metrics, like
revenue or profit, based on simple and clear assumptions so that different economic
outcomes for similar biological risks can be identified (STECF 2008), giving the stake
holders the opportunity to choose from a set of possibilities.
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Convergence of results

Convergence is a desirable property in a random variable when we make statistical
simulations. Convergence may be defined as the approach of an infinite series to a
finite limit. Translated to MSE simulations we could say that “true” value of per-
formance measures are achieved with infinit iterations. These performance measures
include two sources of errors: statistical error, coming from error model (observation,
process, implementation), and simulation error, coming from sampling size simula-
tion, i.e. number of iterations. Simulation error is reduced when iterations increases
and disappear totally with infinite iterations. Since this is not possible a criteria to
decide how many iterations to perform is needed. A simple approach is repeating
your simulation with a different random seed and check you get the same results. But
this can be done in a more conclusive way by performing a large number of iterations
and checking that performance measures are stable at a level that does not compro-
mise your conclusions. For example, with a MSE simulation with 5000 iterations, first,
estimate the Pr[SSByear<Bim] for the first 50,100,200 ... 5000 iterations and then, plot
these probabilities against iterations number. Looking at this plot we can see how
stability is achieved as the number of iterations increase. We can decide the number
of iterations needed to achieve the required stability. If the number of scenarios is
large, this exercise should be done at least with some representative scenarios. Dur-
ing SGMAS some illustrative examples were presented and the plot functions pro-
posed will be included in next version of FLR.

5.2.2 Robustness of HCR

The impact on results due to departures from the assumptions made to condition the
operating model must be computed in order to have an indication of the sensitivity of
the HCR being tested. Such an analysis will give information about how confident
one can be regarding the underlying dynamics of the stock and the fishery and must
be considered as first step before exploring alternative HCRs, but also as a series of
final tests to establish conditions that the rules are not expected to deal with.

As a concluding step in an evaluation, the HCR must be tested regarding its robust-
ness to violations of the assumptions about

1) the fleet dynamics in face of specific management actions, i.e. effort
reduction schemes may not decrease fishing mortality as expected if
implementation error is considered, Fleet dynamics in a mixed fishery may
reduce the effectiveness by increased discarding, robustness to this can be
tested,

2) unexpected events regarding the population dynamics, i.e. recruitment
failure, changes in M.

3) Poor parameterisation. Parameters likely to be important for most stocks
and/or fisheries are stability of discard practices, IUU catches, fisheries
interactions (such as the type of technical interaction discussed in Section
3.4 - Mixman), extreme biological events and multispecies interactions
(Section 3.1. - WGSAM and 3.5 - WKEFA)



5.3

56 ICES SGMAS REPORT 2008

5.2.3 Documentation and accessibility:

There are a range of minimum standards of reporting required to document an
evaluation of a management plan.

The basis for the initial starting conditions should be provided, including:

e the specific stock assessment used

¢ how input data to the assessment are derived,

¢ uncertainties in the source of data that are regarded as known and

e characteristics of the uncertainty in starting conditions used in the
simulations.

For each part of the simulated process, such as biological operating model, fishery
model and observation model etc. the following should be provided:

e  Full description of the method selected.

e Source of data used to parameterize the method.

e Software used to implement the method including version number and
source of documentation, or a copy of the routine.

e Anexample using the method showing its performance.

e Sufficient information to allow somebody else to implement the method.

If there are any special cases; like handling of exceptions such as stocks that crash
completely or assessments that do not converge, then it must be clearly explained
how these are dealt with and how many such instances are encountered.

If multiple software approaches are used to evaluate HCRs, then results of a subset of
comparable procedures should be compared.

If in the report subsets of the results are presented, for example in table form, the ba-
sis for selecting these subsets needs to be specified.

As an overall requirement it must be possible for others to reproduce the results.

Precautionary Approach

The SGMAS was established with the specific task to “define a framework based on
long-term considerations for management strategy evaluations in a Precautionary
Approach context”.

The precautionary approach in fisheries management has been defined in two inter-
national instruments, the FAO Code of Conduct for Responsible Fisheries (CCRF);
and the Agreement for the Implementation of the Provisions of the United Nations
Convention on the Law of the Sea of 10 December 1982 relating to the Conservation
and Management of Straddling Fish Stocks and Highly Migratory Fish Stocks
(UNIA). The Precautionary Approach was summarised in the UN Straddling Fish
Stocks Agreement (UN 1995) as follows: “States shall be more cautious when infor-
mation is uncertain, unreliable or inadequate. The absence of adequate scientific in-
formation shall not be used as a reason for postponing or failing to take conservation
and management measures.”

In 1997, ICES was asked by its clients to suggest an approach for implementing the
precautionary approach into fisheries management in the North East Atlantic. The
precautionary approach suggested by ICES consists of a dual system of conservation
limits (limit reference points) and a buffer to account for the uncertainty of the
knowledge about the present and future states relative to the conservation limit (pre-
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cautionary approach reference points). The reference points are expressed in terms of
single-stock exploitation boundaries (limits on fishing mortality) and biomass
boundaries (minimum biomass requirements). In practice the precautionary ap-
proach currently used by ICES is based on the following reference points (table from
ICES 2007):
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Spawning stock biomass (SSB) Fishing mortality (F)

Limit reference point Biim: minimum biomass. Below Fum: exploitation rate that is
this value recruitment is expected to be associated with
expected to be ‘impaired’ or the | stock ‘collapse’ if maintained
stock dynamics are unknown. over a longer time.

Precautionary reference point | Bpa: precautionary buffer to Fypa: precautionary buffer to
avoid that true SSB is at Biim avoid that true fishing

when the perceived SSB is at Bpa. | muortality is at Fim when the
perceived fishing mortality is
at Fpa.

The buffer safeguards against natural variability and uncertainty in
the assessment. The size of the buffer depends upon the accuracy
of the projections (of SSB and F) and the risk society accepts that
the true SSB is below Biim and the true F is above Fim. The accuracy
of the projections depends on the magnitude of the variability in
the natural system and of the accuracy of the population estimates.

The PA points provide conservation points which are designed to be avoided, in con-
trast management plans provide targets to be achieved. The distinction between
limit and target points is important as on occasions the limit reference points Bpa and
Fpa, have sometimes been used as target reference points. If target points are chosen
well they become desirable outcomes, such as MSY (ICES, 2008).

When advice on management plans is given by ICES in response to requests by man-
agers this needs to be shown to be in accordance with the Precautionary Approach.
While those standards are not, in themselves, scientific standards and should not be
presented as such (SGMAS 2006), it is helpful to establish guidelines that are com-
patible with the current conservation reference points. In this context SGMAS rec-
ommends the following approach:

4)

5)

Selecting a point to be avoided: Management plans should be developed
with the principal of avoiding an unacceptable situation with a high prob-
ability. In the ICES context of the PA system Biim is the appropriate biologi-
cal limit reference point to be avoided, but if necessary some alternative
suitable could point could be selected.

Selecting probability limit: When considering the number of occasions in a
simulation that populations fall below Bim there are a number of factors
that affect the numerical outcome, such as variability in recruitment, life-
span and target harvest rates. The simulations provide a set of plausible
‘populations’. Counting the proportion of populations that are seen to fall
below Biim in a defined period provides a criteriumthat is reasonably com-
parable across stocks with different biological characteristics. This is be-
cause a count of populations collapses time and removes the need to
account for correlation between years that is different for differing popula-
tion and fishery dynamics. Average values over years derived from simu-
lations of different populations with different dynamics may imply
different probabilities of avoiding such an event over the period when a

plan is in force. Evaluation of risk of SSB< Biim against most main exploita-
tion criteria such as yield of F show a sigmoid relationship. The 5% point
on this sigmoid curve is usually well defined with a reasonable slope, in
contrast lower values will be on a very shallow part of the curve and the
outcomes will be very sensitive to the choice of value (see NEA Mackerel
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report ICES 2008). Contrastingly a higher value would not provide the
necessary high probability of avoidance.

6) Defining time periods: Accepting these criteria it is necessary to select a
period of time over which to obtain the necessary value, and 10 years
would seem an appropriate value, long enough to include a typical range
of observations, and exceeding the duration of review periods of most
plans. However, different situations would imply that different values
should be considered. On occasions the initial starting values for a popula-
tion used in the simulations, which may be very uncertain, may cause in-
creased risk in the early years. For this purpose it would be helpful to
evaluate the first few years (3-5 years) separately. Also separate values
should be obtained for 1st and 2nd 10 year periods (years 1-10, 11-20), By
comparing these it can be established if the HCR is causing increased or
decreased risk with time. On a few occasions the biology of the stock may
indicate different periods would be more appropriate, if so a case could be
made for exceptions.

This leads to the following definition of a precautionary plan

Given that the documented evaluation of the plan can be judged to include suffi-
ciently variable correctly parameterised operating, error and implementation models
and given the definition of risk as the percentage of simulated populations that go
below Blim at least once in a 10 year period, a plan would be defined as precaution-
ary if the risk (of SSB<Biim) was less than 5% in both 1st and 2 10 year periods. If the
aim is for a long term plan and risk was less than 5% in the 27 period but not the first
due only to uncertainty in the starting values the plan could also be accepted. If risk
(of SSB<Biim) is below 5% in the 1st 10 year period but risk in the 27 period is signifi-
cantly higher than in the 1 this suggests long term deterioration and the plan should
only be precautionary in the short term.

The dialogue process

Experiences documented in Section 2 have lead to a number of clear conclusions,
which depend on the types of players in the system.

Scientists carry out a number of functions in the management plan development sys-
tem, and they are perhaps best characterised as facilitators. There is an educational
and communication role, explaining the concepts the need for objectives and criteria
and the selection and meaning of outputs as well as carrying out most of the work.

For local stocks, evaluations can readily form the background for decisions, where
fairly rapid discussions with a single decision maker and representative stakeholders
can be used to develop criteria for evaluation and a small number of iterations in
presentation of results.

For shared stocks, the process may be much more complex with diverse players who
have different needs may require a much wider range of scenarios. Here the process
is likely to be longer requiring many more meetings and good communication be-
tween scientists, stakeholders and managers.

It is important to recognize that development of acceptable management plans may
take extensive resources with many man months or years of time required in order to
carry out the process. If insufficient resources are available, it may be counterproduc-
tive to start the process, raising unrealizable expectations amongst stakeholders. If
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ICES is the contractor then it is important that ICES identifies and obtains agreement
for appropriate resources from the start.

Where evaluations form the background for negotiations amongst players such as in
Coastal States, the process is much more complicated. Here managers may be unwill-
ing to participate in consultations in case aspects of the negotiations are affected by
participation. In this case the concept of an open and transparent process involving
stakeholders may be perceived by some participants as counter to their interests. In
this case there is a need for even clearer communication and for an understanding of
the sensitivities of the different players.

ICES' has a dual role, first as neutral unbiased advisor providing an interactive forum
to define the criteria and to carry out the analysis. However, ICES may also be asked
to participate as a judge as well as a guide by one or more players, as such its impor-
tant that this role is recognized early and where possible both roles are carried out in
harmony. This implies that ICES should participate to develop precautionary plans
directly.

During this process there needs to be an awareness that some stakeholders may quite
legitimately lobby for specific outcomes. Here it is important for ICES to clearly rec-
ognize the need for an independent science boundary.

Some practical issues that have proven to be critical to a successful dialogue process
need to be established from the start:

¢ Identification of sufficient manpower

e Agreement on criteria

e Regular communication

e Iteration in the process of presentation of results

e Effort to present carefully selected options in tables rather than clever
graphs.
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Software

Coding Quality Standards

The adoption of quality control procedures for the development of models and their
application in management plan evaluation is a necessary prerequisite for successful
implementation and is discussed by the Methods WG (ICES 2006).

The process of coding can generally be broken down into three phases: design, build
and test.

The design phase is the most critical. In general, seek to reduce the overall require-
ment into functional units that can be coded and tested individually. Attempt to
write generic code and reuse existing code if it is available. The use of pseudo code or
flowcharts can be helpful at this stage. The design phase should also establish the
inputs and outputs for the function in terms of both type and value. The identifica-
tion of these parameters will help in the development of a test plan.

During the coding (build) phase, the design is translated into the appropriate lan-
guage. Regardless of the language employed, use a naming convention for variables
and reduce complexity wherever possible. Employ lots of whitespace, comment the
code liberally and use sensible, descriptive variable names. This will aid reuse of the
code. Defensive coding is an appropriate method to employ. This implies attempt to
identify any exceptions that may occur during execution (e.g. divide by zero) and
either test for them prior to execution or trap and handle them. Should the applica-
tion or function be forced to terminate, it should do so cleanly. In addition, pay atten-
tion to possible performance issues and attempt to eliminate any unnecessary or
inefficient processes.

There are a number of methodologies for the testing of computer code. Unit testing is
a widely used technique appropriate for testing software that can be subdivided into
functional units. Ideally, unit test plans consist of a series of tests and should be con-
structed during the design phase of development. Packages such as RUnit can be
helpful for executing unit tests on software written and packaged in R. System testing
involves running a number of predefined tests once unit testing of all components
has been completed. Should any code be changed, the appropriate unit test and the
system tests should be re-run. All tests should be repeatable.

6.1 FLR update and development principles

6.1.1 Principles and issues regarding FLR development and use

The objective of FLR is to implement packages in R to run Management Strategies
Evaluation, promote engagement of stakeholders and promote transparency and peer
review. FLR aims to be a tool for fisheries scientists, and the feedback from ICES sci-
entists is an important information to improve and extend the framework according
to future scientific requirements.

FLR development follows some principles layed down by Eric Raymond on his essay
"The cathedral and the Bazaar"

(http://www.catb.org/~esr/writings/cathedral-bazaar/cathedral-bazaar/). In particular
"release early, release often and listen to your customers” and "given enough eyeballs,
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all bugs are shallow". Although well accepted and understood within the open
source community, these principles, and the corresponding licensing and openness
issues, are far from being fully comprehended and accepted within the ICES commu-
nity. Those not used to be engaged on the software development cycle expect all re-
leases to be fully functional and, in those cases, FLR development looks chaotic, the
packages' features difficult to understand and the documentation outdated.

FLR development follows the common alpha-beta-production cycle. The alpha status
is unstable, not functional, with inconsistent code, it works most of times as a con-
tainer for prototyping and experimental code and may or may not evolve to a beta
status. The beta status is still unstable but already functional although some (or lots)
of features are still missing and the code is expected to have critical bugs. The pro-
duction releases are stable, well documented, with all features previewed on the de-
sign phase implemented and critical bugs are not expected. However, one must bear
in mind that writing bug-free code is impossible.

The expectation from the FLR development team is that if more people get involved
with the software and given the opportunity to look into code, the probability of
identifying bugs and submit corrections will be higher, ultimately leading to better
software.

At the moment of this meeting the latest FLR stable release is "The Golden Jackal" for
R 2.4.1 and R 2.5.0 with the following working packages which can be dowloaded

from sourceforge:

pkg R241 R25.0
FLCore 1 4.3 144
FLAssess 1.4.1 1.4.2
FLBayes 1.4.1 1.4.1
FLEDA 1.4.2 1.4.3
FLSTF 1.4.2 NA

FLXSA 1.4.2 NA

6.1.2 FLR 2.0

At the time of this SGMAS, FLR Version 2.0 is still on beta status but is already func-
tional for most needs, although additional testing is still ongoing for possible remain-
ing bugs and missing features.

Since the early stages, FLR was meant to address MSE problems. However, in prac-
tice, much of its use had been both for running stock assessment in ICES WG and
management simulations. But the growing focus on MSE has raised new issues, in-
cluding:

The need to run multiple iterations for stochastic analyses

The diversity of OM and MP addressed, calling for more flexible and extended “lego
blocks”

The increased focus on multiple units, e.g. several stocks, several fleets

The increased focus on economic and fleet behavior issues
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The diversity and complexity of HCR to be evaluated
The need for improved computing speed and documentation

Accounting for these new issues, and building on the increasing experience of the
FLR development team, a complete new design has been proposed for version 2.0,
which now is being developed. This imples strengthening the Object Oriented ap-
proach and improving the internal consistency and computing efficiency. Some of the
new features of version 2.0 are briefly described below :

The basic class for data storage, FLQuant, is now a 6 dimension array including
quant, i.e. age or length or other user-defined quantity, year, unit, season, area and
iter,

The FLFleet object has moved from a fairly simple tuning-oriented design to a com-
plex bioeconomic design, with a 3-levels hierarchical tree structure related to 1) the
Fleet, i.e. the group of vessel, 2) the Metier, i.e. the type of activity of the fleet in terms
of gear and mesh size, and 3) the Catch, i.e. the catch of the species obtained by the
given fleet using the given metier.

An improved package for forward projection and generic HCR using automatic dif-
ferentiation, Flash. This package includes extended features for optimizing HCR un-
der any type of constraints and underlying OM, and could ultimately solve
simultaneous HCR for several stocks and/or several fleets in a mixed fisheries con-
text.

In addition, some effort is being put in improving the documentation on the various
components, in testing them, and in providing some working examples on how to
construct simple full feedback MSE. The objective is that FLR 2.0 will be more con-
sistent, more flexible, faster and better documented, and will thus act as a better basis
for the users-developers interface.

6.2 FPRESS Update

The FPRESS model and subsequent developments have been documented in previ-
ous SGMAS reports (ICES2006, ICES2007a). Since the meeting in 2007, the model has
undergone further development, testing and application. The principal developments
implemented are

A full simulation audit trail. The version number of each source code file, all simula-
tion options (as specified in the simulation options file) and run statistics (start and
finish times and any debug information written to the console) are recorded in a log
file. Users should adopt a rigorous approach when modifying source code. If simula-
tions have been completed (and need to be retained) using the current version and
users wish to alter the source code files then an new version of the file should be cre-
ated containing the code updates and an updated version number. Use of version
control software is appropriate, although not required, for this purpose.

Further performance improvements have been implemented through code updates
and the (optional) ability to operate the model in a parallel framework. The parallel
operation on multi processor machines is implemented using DeinoMPI middleware.
The setup involved is minimal. A control file containing a list of calls to the simula-
tion execution function is used to schedule the runs. The middleware will initiate the
(predefined) number of R processes which will execute the runs specified in the con-
trol file. It is not possible to execute a single model run in parallel.
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Further development of the options file creator application. Users can now create ad-
ditional input parameters for use in the model framework.

Version 2 of the software with a full manual is available as an R package. The
changes described above will be incorporated into a later version once development
and testing has been completed.

6.3 HCS

The program HCS (‘harvest control simulation’) is a recently developed simple gen-
eral purpose program for stochastic simulation of management decision rules (har-
vest control rules). It originates from software made for generic studies, (e.g. Skagen
and Dankel (2007), Skagen (2007)), but has been adapted to routine use in HCR simu-
lations. A more detailed description of HCS was presented to SGMAS in a working
document (Skagen, WD2008), which also summarizes some experience with its use
during the last year.

The program follows the standard layout of a harvest control rule simulation, with a
'true’ model population from which noisy observations are generated, decision rules
using the noisy observations and an implementation model that derives real catches
from those decided by the decision process. These catches are removed from the real
stock. The models are age-structured, for single fleet and single area fisheries.

The program is run as a bootstrap (1000 iterations as a standard), with the following
stochastic elements:

Initial numbers

Recruitments

Observation noise

Implementation noise

No assessments are included in the loop.

The range of options for each of the stochastic elements, as well as the options for
harvest rules are relatively wide, to serve a broad range of needs. The observation
and implementation noise is made as a product of random noise and optionally bi-
ased year factors, all with several options for their distributions. The decision models
include options to cover most rules that have been proposed recently. This includes
options for F- rules, TAC rules and Harvest Rate rules, constraints on year-to-year
variation in TAC, options for the timing of the advice relative to the ‘assessment’ year
with built in projections if needed and options for the interval between decisions.
Hence, the program is intended to imitate the normal advisory process as far as pos-
sible without running actual assessments as part of the simulations.

The program is primarily made to allow screening over a large number of manage-
ment rule options. For several rule options, a range and step size can be specified,
and the program is run automatically for all the options. To serve this purpose, high
computation speed has been a priority. Typically, 1000 iterations with one choice of
rule options take 10-30 seconds to run, depending on the options and the speed of the
computer. The results are presented partly as annual means and fractiles, partly as
detailed data of the resulting distributions, but also as assembly tables allowing per-
formance measures to be compared across options.

The program is written in Fortran 77 and can be compiled on any standard F77 com-
piler. No external libraries are needed. Input and output is through ascii-files. Al-
though it does not follow all the standards laid out in Section 5.2.1 completely, the
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code is strictly modular and the program has been tested quite extensively with real
and artificial data.

The code, as well as a user manual with full description of all components is distrib-
uted with the program, is freely available from the author (dankert@imr.no).

6.4 SMS

The Stochastic Multi-Species model (SMS) (Levy P. & Vinther M., 2004) has been used
by some ICES study groups during last several years (SGMAB, 2006, WKREFBAS,
2008, WGBFAS, 2008).

It provides estimates of estimates stock sizes, fishing mortality and predation mortal-
ity from observations of catch at age, survey CPUE and stomach contents data, but
can also be used as a tool to evaluate harvest control rules. SMS has a separable
model for the fishing mortalities. Parameters are found by the maximum likelihood
method, Uncertainty of the parameters and some other values can be calculated by
analytical method (inverse Hessian approach) and by MCMC. As a multispecies
model, SMS is semi age-length structured where stomach content observations and
the food selection model are length based. The difference between XSA and SMS is
that SMS fits the model to the catch data, while XSA just uses the catch to estimate the
stock numbers from the terminal F (and catches). SMS estimates an exploitation pat-
tern of the commercial catches with an assumption that the pattern has been stable
over the year range specified. Based on that assumption the catch data alone can be
used to give estimates of the terminal F and stock numbers, the exploitation pattern
and year factors. The survey CPUE data are additional data to estimate stock num-
bers.

SMS model was used to redefine reference point for the Baltic cod stock: In this case,
SMS was used to estimate stock sizes, fishing mortality and predation mortality from
observations of catch at age, survey CPUE and stomach contents data from 50,000
cod for the eastern Baltic Sea. The model included the predator species cod, and the
prey species herring and sprat. Cod cannibalism was also included. Compared to the
4M model presently used for the Baltic Sea, SMS allows for more realistic food selec-
tion models and the use of the originally sampled length based stomach data. The
SMS for the Baltic Sea has been developed under the EU BECAUSE project and de-
velopment is continued under the EU UNCOVER project.
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