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Executive summary
The Workshop on the Development of Quantitative Assessment Methodologies based
on Life-history traits, exploitation characteristics, and other relevant parameters for
stocks in categories 3–6 (WKLIFE VI), chaired by Carl O'Brien (UK) and Manuela
Azevedo (Portugal) met in Lisbon, Portugal, 3–7 October 2016 to further develop
methods for stock assessment and catch advice for stocks in categories 3–6, focusing
on the provision of sound advice rules and ICES technical guidelines.
With respect to ICES advice for category 3 stocks, the simulations undertaken both in
preparation for, and during, the WKLIFE VI meeting indicate the following:
•

The 20% uncertainty cap remains appropriate.

•

The 20% PA buffer should increase to 25%.

•

With the increase of the PA buffer to 25%, the re-application of the PA
buffer should be checked after FIVE years. During discussions at WKLIFE
VI, however, it was noted that the current recommended practice of applying a PA buffer of 20% that is checked after three years may remain appropriate depending on the level of risk accepted.

•

Even without the application of the PA buffer, the currently used 2-over-3
rule generally leads to a lower probability of SSB<BMSY/2 compared to the
3-over-5 rule. When a PA buffer was included, deterministic runs show
that the 3-over-5 rule leads to a longer mean recovery time and higher instability in catches and stock development.

Evaluations undertaken of the appropriateness of using F = M as a proxy for FMSY indicate that a more precautionary FMSY can be advised to prevent SSB falling below
SSB0 and to reduce catch variability. WKLIFE VI investigated a harvest control rule
based on the with a reference point at F = M and concluded that this is not conservative enough to prevent stock collapses. While catches were adjusted slowly and
without causing oscillation, recovery speed was low. A precautionary reference point
of F = 75%M, reduced the risk to fall below biomass thresholds and reduced catch
variability.
ICES technical guidelines for stock assessment and advice for category 3–6 stocks
were revised during this workshop meeting. These guidelines and the methodologies investigated during the WKLIFE VI meeting will be of interest to various Advisory Councils (ACs), international scientific and management organizations, ICES
clients and observers.
There remains an urgent need for ICES to have an objective way to evaluate different
data-limited assessment methods and harvest control rules. This can be achieved using a management strategy evaluation toolkit which is a combination of an operating
model, an observation model and a management procedure; i.e. an assessment method combined with a harvest control rule. Such an approach was explored during
WKLIFE VI and from these initial investigations, WKLIFE VI recommends the future
exploration of several operating models corresponding to different life-history characteristics to ensure that ICES future advice is robust to uncertainties.
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1

Introduction

1.1

Terms of reference
The Workshop on the Development of Quantitative Assessment Methodologies based
on Life-history traits, exploitation characteristics, and other relevant parameters for
stocks in categories 3–6 (WKLIFE VI), chaired by Carl O'Brien (UK) and Manuela
Azevedo (Portugal) met in Lisbon, Portugal, 3–7 October 2016 to further develop
methods for stock assessment and catch advice for stocks in categories 3–6, focusing
on the provision of sound advice rules and ICES technical guidelines.
Specifically, the workshop was tasked with addressing the following Terms of Reference (ToRs):
1 ) Develop an operational advisory framework for stocks in categories 3–6,
focusing on advice rules that will provide precautionary advice consistent
with the objectives of achieving MSY.
1.1 )

Advance fish stock assessment methods that utilize available lifehistory information and fisheries-dependent and -independent data
to provide stock status relative to MSY reference points (i.e. MSY
Btrigger and FMSY or proxies for these) and quantify possible risks,

1.2 )

Review the advice rules currently used for categories 3–6 stock including guidance on the application of the precautionary buffer and
the uncertainty cap,

1.3 )

Develop rules for providing precautionary advice for categories 3
and 4 stocks consistent with achieving MSY,

1.4 )

Evaluate the appropriateness of using F = M as a proxy for FMSY and
guidance for when a more conservative proxy should be used.

2 ) Update the ICES technical guidelines for stock assessment and advice for
category 3–6 stocks.
WKLIFE VI will report to ACOM no later than 21 October 2016.
1.2

Background
ICES provides advice on more than 260 stocks on an annual basis and more than sixty
percent of these stocks are in categories 3–6 (see Figure A.6.1). Further developments
of the approaches used in providing advice on fishing opportunities for these stocks
are needed. WKLIFE is the premier venue for method development and discussion of
stock assessments and advice approaches for stocks in categories 3–6.
Commenting on each ToR in turn:
ToR 1a: The intention with this ToR is to evaluate and further develop the current
methods developed to provide MSY reference points or proxies and how these reference points should be used in the evaluation of the stock status and the implications
to the advice rule. Recognising the need to further progress ICES science and advice
from single species approaches to ecosystem-based ones, investigate the feasibility of
applying current fish community models that are length-based to DLS; especially,
categories 3 and 4. Due a clash of meetings, the investigation of fish community
models was not possible at this meeting.
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ToR 1b: With this ToR, WKLIFE VI is requested to review advice rules currently used
with special focus on how the precautionary (PA) buffer and uncertainty cap have
been used.
ToR 1c: The advice rules currently used for category 3 and 4 stocks have been questioned and WKLIFE VI is requested to explore alternative advice rules that are consistent with the precautionary approach and the objective of achieving MSY.
In connection with ToR 1), several aspects were detected during the application of the
standard 2-vs.-3 advice rule for category 3 stocks, on which WKLIFE feedback is
sought:
For some stocks; e.g. in the Baltic, the advised catches have increased substantially in recent years, well above observed recent catches (and sometimes
even above the maximum of the available time-series); questions may be
raised about the appropriateness of this advice. This seems to be the case particularly for stocks with the following characteristics: (a) the stock size indicator is continuously increasing, (b) advice has been updated every year instead of either biennially or triennially, for example, (c) since 2015, the advice starting point is the previously provided advice, not the recent catches,
and (d) the actual catches are well below the advice. Presumably, the opposite situation may also occur if, under (a), the stock size indicator was continuously decreasing instead of continuously increasing.
The WCANW web conference requested that WKLIFE VI explores and provides guidance on the appropriateness of the use of an uncertainty cap for
category 3 stocks where large interannual variation in fishable biomass may
be expected; e.g. due to migration issues, which may affect the fishable biomass in the area. The stock cod-segr is the example that gave rise to this issue, but similar issues have sometimes occurred for other stocks, for example
stocks with recruitment spikes and fast growth, and other biological changes.
Further investigation of this stock was not possible at this meeting.
In addition to the above, further investigation of the properties of Fproxy-based rules
for category 3 stocks, and their advantages and disadvantages relative to the standard
2-vs.-3 rule, would be welcome.
With respect to ToR 2, ACOM agreed to issue Technical Guidelines covering all the
areas related with the ICES advice. There is a need to update the document published
in 2012 with a description of the methods used to assess category 3–6 stocks and the
application of the advice rule. The work conducted by WKLIFE VI under this ToR is
highly relevant to finalise the Technical Guidelines.
1.3

Conduct of the meeting
No working documents were received prior to the meeting but a number of presentations were made by the participants which subsequently, formed the basis of the
workshop’s investigations during the week.
The following speakers presented the talks indicated:
•

Tanja Miethe: Simulation-testing of harvest control rules using lengthbased indicators;

•

Simon Fischer: PA buffer MSE simulations;

•

William Lart: The RASS approach to data-limited stocks;
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•

Quang Huynh: Management strategy evaluation in DLMtool;

•

Quang Huynh: Assessment and management of fisheries based on meansize statistics;

•

Martin Wæver Pedersen: SPiCT with time-varying intrinsic growth;

•

Alexandros Kokkalis: ManDaLiS: Improving the management basis for
Danish data-limited fish stocks.

The workshop participants were divided into four subgroups during the meeting: a
subgroup focused on ToR 1b; a subgroup focused on ToRs 1a and 1c; a subgroup focused on ToR 1d; and a subgroup focused on modelling and forecasting issues with
SPiCT.
Additionally, participants at the workshop provided suggested edits and comments
on the ICES technical guidelines for stock assessment and advice for category 3–6
stocks.
1.4

Structure of the report
The structure of the report is as follows:
•

Section 2 focuses on the application of the precautionary buffer and uncertainty cap (ToR 1b);

•

Section 3 focuses on the advancement of fish stock assessment methods
that utilize available life-history information and fisheries-dependent and independent data, and quantification of risks; together with development
of rules for provision of advice for category 2–6 stocks (ToRs 1a and 1c);

•

Section 4 focuses on the appropriateness of using F = M as a proxy for FMSY
and guidance for when a more conservative proxy should be used (ToR
1d);

•

Section 5 focuses on updates to the ICES technical guidelines for stock assessment and advice for category 3–6 stocks (ToR 2); and

•

Section 6 focuses on forecasting issues with SPiCT.

Instead of providing conclusions from the workshop at the end of the report, each of
the Sections 2–6 provides a synthesis of the material presented within each chapter in
either a conclusions, discussion or recommendations section.
1.5

Follow-up process within ICES
It is recommended by WKLIFE that there be a seventh meeting of WKLIFE in Lisbon,
Portugal 2–6 October 2017.
Proposed major issues for WKLIFE VII:
•

ICES provides advice for a number of skates, rays and elasmobranch species for which life-history information is available but for which category 1
analytical assessments and forecasts are generally not available. It is proposed that the next meeting of WKLIFE investigate all category 3–6 skates,
rays and elasmobranch stocks for which ICES provides advice in order to
provide a consistent framework (assessment, harvest control rule, and
management evaluation) for the provision of future advice on these stocks.
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There remains an urgent need for ICES to have an objective way to evaluate different data-limited assessment methods and harvest control rules.
This can be achieved using a management strategy evaluation toolkit
which is a combination of an operating model, an observation model and a
management procedure; i.e. an assessment method combined with a harvest control rule. Such an approach was explored during WKLIFE VI and
from these initial investigations, WKLIFE VI recommends the future exploration of several operating models corresponding to different lifehistory characteristics to ensure that ICES future advice is robust to uncertainties.

With respect to the first major issue, it is proposed that a specific ToR be included for
next year’s meeting of the WGEF; namely,
Update life-history parameters and sources of such information for WGEF
stocks/species on ICES categories 3–6. This information should be included in
the WGEF report and made available to WGBIOP, and WKLIFE that will focus on methods for data-limited elasmobranchs in a future meeting.
With respect to the second major issue, it is proposed that ICES establish a mechanism to promote the use of software for evaluation of stock assessment methods and
management procedures. ICES has embarked upon the project: Transparent Assessment Framework (TAF) and WKLIFE’s proposal should be considered in the context
of ongoing ICES initiatives.
This WKLIFE VI workshop recommends that a two-staged approach be adopted to
facilitate the evaluation of stock assessment methods and management procedures
through management strategy evaluations. First, a subgroup of the WKLIFE VI participants should be established to provide a resource for people wishing to use
toolkits. This subgroup will provide technical assistance in the creation of operating
models and the linking of software (for assessment methods and harvest control
rules) to the toolkit. The subgroup will also keep track of limitations in the toolkit and
enhancements that are needed to advance ICES work within WKLIFE. Membership
in the subgroup is open to everyone; initial members will be José, Carl, Manuela,
Alex, Quang, Simon and John. The ICES coordinator for the work will be Anne
Cooper.
1.6

Follow-up process outside ICES
ICES technical guidelines for stock assessment and advice for category 3–6 stocks
were revised during this workshop meeting. These guidelines and the methodologies investigated during the WKLIFE VI meeting will be of interest to various Advisory Councils (ACs), international scientific and management organizations, ICES
clients and observers.

8 |

ICES WKLIFEVI REPORT 2016

2

Investigations of the precautionary buffer and uncertainty cap

2.1

Introduction to simulation work
The simulation testing of the ICES framework for category 3–6 stocks requires extensive resources both in personnel and computing time for a comprehensive evaluation.
Initial simulations of the approach date back to the work of De Oliveira et al. (2010)
conducted as part of a scientific evaluation of TAC (Total Allowable Catch) setting
rules proposed in the European Commission (EC, 2010), in the Communication, Consultation on Fishing Opportunities for 2011 (COM (2010) 241, Annex 4). Subsequently,
further simulations have been undertaken which have investigated different aspects
of the ICES framework for category 3–6 stocks and these have been summarised in
the WKLIFE IV report (ICES, 2014). Although the uncertainty cap (±20%) and the Precautionary (PA) buffer (-20%) have been included as part of some of the simulation
work conducted to date, the appropriateness of the size of the uncertainty cap, and
the size and duration of the PA buffer have themselves never been evaluated. The
work presented here is intended to evaluate these aspects.
The simulation work is based on the same dataset as used by Jardim et al. (2015),
apart from some length–weight parameters that were sourced from FishBase, and
some differences in t0 value used (see Table A2.1 in Annex 2). Only 41 of the original
50 stocks in Jardim et al. (2015) were selected because either FMSY values were unrealistic, or the assessment model (SPiCT – Stochastic Production model in ContinuousTime) did not converge. The stocks used and associated parameters are listed in Annex 2.
The operating model is adapted from Jardim et al. (2015) and is generated using the
FLR package FLBRP (Kell et al., 2007). An age-structure model is constructed from a
set of life-history parameters (length–weight, age at 50% retention, growth and natural mortality), with recruitment following a Beverton–Holt relationship with two
steepness values (0.75 and 0.9), and growth modelled with the von Bertalanffy function. For each of the 41 stocks, a historic fishing pattern is created by first reducing
the virgin population to BMSY, then changing fishing mortality to one of three targets
so that populations are either lightly exploited (0.5FMSY), exploited at FMSY or overexploited (2FMSY) at the start of the management period. Management is then initiated
(for 100 years) by applying the 2-over-3 rule to a biomass index (drawn from the operating model) with uncertainty cap and PA buffer (method 3.2. from ICES DLS
Guidance report 2012; ICES, 2012). Annex 2 gives a more detailed description of the
operating model and management strategy evaluation (MSE).
The decision about whether to apply the PA buffer relies on the application of an assessment model (SPiCT; Pedersen and Berg in press): if the stock is assessed to be
undesirable by SPiCT (B<BMSY/2 or F>FMSY), the PA buffer is applied once, otherwise
the PA buffer is not applied and the stock is checked the following year again and
every year thereafter until the PA buffer is applied. Once the PA buffer is applied, the
stock is not checked again until a certain period (governed by the duration of the PA
buffer) has passed.

ICES WKLIFEVI REPORT 2016
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PA buffer size and duration
2.2.1

Deterministic runs

Deterministic runs could be done reasonably quickly and included no recruitment
variation or observation error in the biomass index (i.e. perfect data). A total of 3280
scenarios were run (41 species, two steepness values [0.75, 0.9], 8 PA buffer sizes [5,
10, 15, 20, 25, 30, 40, 50%] and 5 PA buffer intervals [1, 2, 3, 4, 5 years]). For the deterministic runs, only the initial exploitation level of 2FMSY is shown because for the other two (FMSY and 0.5FMSY) the PA buffer would never be applied. Figure 2.2.1.1 shows
the effect of increasing the buffer size for a buffer interval of one year (i.e. the stock is
checked every year for application of the buffer), with the general trend being that a
bigger buffer leads to earlier recovery and a higher final biomass level. Figure 2.2.1.2
shows the effect of increasing the buffer interval for a buffer size of 20%, and this
shows that longer intervals result in a later recovery and lower final biomass.

Figure 2.2.1.1. Deterministic runs for the cod-iceg-like stock, where the initial exploitation is
2FMSY. The effect of different levels of PA buffer size are shown for a PA buffer interval of one
year.
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Figure 2.2.1.2. Deterministic runs for the cod-iceg-like stock, where the initial exploitation is
2FMSY. The effect of different levels of PA buffer intervals are shown for a PA buffer size of 20%.

The effect of a different steepness values is shown in Figure 2.2.1.3. This shows that
higher steepness values (i.e. the stock is more productive) lead to quicker recovery
times.

Figure 2.2.1.3. Deterministic runs for the cod-iceg-like stock with initial exploitation of 2FMSY.
Recovery times (given in each cell) for combinations of PA buffer size (y-axis) and interval (xaxis) for steepness values of 0.75 (left) and 0.9 (right). Recovery times are taken as the first time
the stock is at or above BMSY/2.

Figure 2.2.1.4 provides a summary of recovery times for all 41 stocks, where stocks
are grouped by species types. Similar patterns as shown in Figure 2.2.1.3 (left) are
seen, with no particular trends evident for species types, although it can be noted that
there were some flatfish and pelagic stocks that failed to recover to BMSY/2 or above
for some PA buffer size-interval combinations, likely due to a mismatch between the

ICES WKLIFEVI REPORT 2016
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rate of stock response to catch levels and inherent inertia in the 2-over-3 rule combined with the uncertainty cap and a too small PA buffer size and too long PA buffer
interval, which cause a stock collapse.

Figure 2.2.1.4. Deterministic runs with initial exploitation of 2FMSY and steepness 0.75. Summary
of recovery times for all 41 stocks grouped by species type (deep, demersal, flatfish, pelagic and
shellfish) for different PA buffer sizes (y-axis) and intervals (x-axis). Recovery times are taken as
the first time the stock is at or above BMSY/2. Grey cells indicate that the stock was not able to recover to BMSY/2 or higher.

2.2.2

Stochastic runs

Stochastic runs included recruitment variation (CV=0.2) and observation error in the
biomass index (CV=0.3). A total of 250 iterations were conducted per scenario, and
because each scenario took a long time to run (several hours), the number of stocks
were reduced, but selected to cover a representative range (e.g. at least one stock per
species type). The selected stock-types were arg-comb-5.a, cod-iceg, dab-2232, her-31,
lin-comb other areas, nep-25, ple-2232, pol-8.9.a, san-ns4., tur-nsea, whg-scow and
wit-nsea. A single steepness value was selected (0.75), but all three initial exploitation
levels were tested (0.5FMSY, FMSY and 2FMSY). There were a total of 1440 scenarios (12
stocks, one steepness, three initial exploitation levels, eight PA buffer sizes, five PA
buffer intervals).
Figure 2.2.2.1 shows the performance of the 2-over-3 rule combined with 20% uncertainty cap, but no PA buffer. The probability of being below BMSY/2 is high when the
stock is initially overexploited (2FMSY), confirming a known feature of the 2-over-3
rule that it fails to recover overexploited stocks because of a lack of target in the rule
(it simply keeps the stock roughly where it is).
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Figure 2.2.2.1. Stochastic runs for all stocks for the case where no PA buffer is applied for three
levels of initial exploitation (0.5FMSY, FMSY and 2FMSY). The probability of SSB being below BMSY/2
(average over all 100 management years) is shown in the y-axis (note the difference in y-axis
scales).

Figure 2.2.2.2 illustrates a stochastic run for a PA buffer size of 20% and interval of
one year. Apart from the very start of the management period, the third column
shows that SPiCT successfully captures stock status relative to MSY levels (compare
second and third columns). The behaviour at the very start is likely due to feeding
SPiCT deterministic data (from the historic period, to the left of the vertical grey line)
where it is a stochastic model; as more stochastic data are added, the behaviour of
SPiCT improves.
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Figure 2.2.2.2. An illustrative stochastic run for the cod-iceg-like stock for a 20% PA buffer size
and PA interval of 1 year, where the initial exploitation is 2FMSY. The first two columns show operating model values, whereas the final column shows SPiCT estimates of exploitable biomass
and F. The 100-year management period is shown to the right of the grey vertical line, and MSY
values and estimates are shown in red.

A comparison between the deterministic and stochastic runs for recovery time is
shown in Figure 2.2.2.3. The additional recruitment variability and observation error
in the stochastic runs means that it is possible for the PA buffer to be applied more
often, and this results in the faster (median) recovery times shown.

Figure 2.2.2.3. A comparison of deterministic (left) and stochastic (right) runs for the cod-iceg-like
stock with initial exploitation of 2FMSY. Recovery times (given in each cell) for combinations of PA
buffer size (y-axis) and interval (x-axis) for steepness values of 0.75. Recovery times are taken as
the first time the stock is at or above BMSY/2, and are calculated as the median across all simulations for the stochastic runs (right).
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With the stochastic runs, it is possible to evaluate the probability of SSB being below
BMSY/2, P(SSB<BMSY/2), and an illustrative example is shown in Figure 2.2.2.4. This plot
also illustrates the benefit of applying even a small buffer (5%) over a long interval (at
least every five years), which in this example reduces P(SSB<BMSY/2) from 79% when
no PA buffer is applied to 33%.

Figure 2.2.2.4. Stochastic runs for the cod-iceg-like stock with initial exploitation of 2FMSY. The
probability of dropping below BMSY/2 (P(SSB<BMSY/2), given in each cell) for combinations of PA
buffer size (y-axis) and interval (x-axis) for steepness values of 0.75. P(SSB<BMSY/2) is the average
over all 100 management years. For comparison, this probability is 0.79 for the case where no PA
buffer is applied.

Figure 2.2.2.5 summarises the stochastic runs, showing P(SSB<BMSY/2) for different
combinations of the PA buffer size and interval, for the 12 selected stocks and three
levels of initial exploitation. They indicate reduced P(SSB<BMSY/2) for larger buffer
sizes and smaller buffer intervals, although for the larger buffer sizes, results are less
sensitive to the buffer interval. Conversely, a more regular application of the PA
buffer means a smaller PA buffer is required.
Figures 2.2.2.6–2.2.2.7 show the same results as Figure 2.2.2.5, but across transects by
PA buffer size and interval respectively. These show that the duration of the PA buffer interval no longer matters if the PA buffer size is large enough (minimum of 25%);
there is not much improvement in P(SSB<BMSY/2) for PA buffer sizes 30% or larger
across all stocks tested.
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Figure 2.2.2.5. Stochastic runs with steepness 0.75 and three levels of initial exploitation (top:
0.5FMSY, middle: FMSY, bottom: 2FMSY). Probability of SSB being below BMSY/2, P(SSB<BMSY/2), for 12
selected stocks for different PA buffer sizes (y-axis) and intervals (x-axis). P(SSB<BMSY/2) is the
average over all 100 management years.

Figure 2.2.2.6. Same results as shown in Figure 2.2.2.5, but illustrated as transects per PA buffer
size, with a PA buffer size of 20% illustrated with “x”.
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Figure 2.2.2.7. Same results as shown in Figure 2.2.2.5, but illustrated as transects per PA buffer
interval.

Figure 2.2.2.8 shows correlations among key life-history parameters and simulation
output statistics to investigate the extent to which results are affected by these lifehistory traits, or whether any inferences can be drawn about species groups. Correlations are evident: there is a negative correlation between k and both recover time and
P(SSB<BMSY/2), meaning the faster growing stocks recover more rapidly and have
lower probability of dropping below half BMSY. Weaker positive correlations are evident for Linf and M/k (i.e. species with lower values for these recover more rapidly
and have a lower P(SSB<BMSY/2)). However, species groups are spread throughout the
range for these parameters, so that species-group-specific inferences are less clear.
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Figure 2.2.2.8. Correlations between three parameters (k, M/k and Linf; x-axis) and three output
statistics (recovery, median recovery and P(SSB<BMSY/2); y-axis) for the deterministic (first column) and stochastic (second and third columns) set of results. Stocks of the same species type
share the same colour.

Figure 2.2.2.9 shows statics related to the application of the PA buffer. Not unexpectedly, SPiCT often misses an undesirable state when the stock has been exploited
around FMSY because of the proximity of stock status to the reference points. When the
stock is in an overexploited state, SPiCT more often than not correctly assesses the
stock as in an undesirable state and the PA buffer is applied, particularly when PA
buffer sizes are small and therefore have a more limited effect on stock status. As
seen before, when the stock is overexploited, a more frequent application of the buffer (for lower buffer sizes) and a larger buffer both contribute to a reduction of
P(SSB<BMSY/2).
For a detailed accounting of the application of the PA buffer in 2016, see Table A.6.2.
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Figure 2.2.2.9. Statistics related to the application of the PA buffer when the PA buffer is due (i.e.
these statistics ignore the years when the PA buffer cannot be applied). The frequency of undesirable stock status that SPiCT correctly assessed is in red, that which SPiCT missed (i.e. assessed
the stock was in a desirable state when it wasn’t) is in green, and that which SPiCT got wrong (i.e.
assessed it was in an undesirable state when it wasn’t) is in blue. Results are given for a combination of PA buffer sizes (columns) and intervals (x-axis), and for the three initial exploitation levels
(top: 0.5FMSY, middle: FMSY, bottom: 2FMSY). Note the differences in scale on the y-axis.

2.3

Uncertainty cap
The uncertainty cap was increased from 20% to 30% for two levels of PA buffer sizes
(20% and 30%) and for two levels of PA buffer intervals (three and five years). Generally, as shown in Figure 2.3.1, an increase in the uncertainty cap lead to an increase in
P(SSB<BMSY/2) when the stock was initially overexploited (note the values of
P(SSB<BMSY/2) for the initially underexploited stocks remained very low). However,
there was a notable exception for the dab-2232-like stock, where P(SSB<BMSY/2) decreased for a PA buffer size of 20% and interval of five years when the uncertainty
cap was increased from 20% to 30%.
Figure 2.3.2 shows stochastic results for a dab-2232-like stock where an uncertainty
cap of 20% is used with a PA buffer of 20% and PA interval of five years. Figure 2.3.3
shows similar results but with the uncertainty cap increased to 30%. A comparison
shows that catches are allowed to drop further for an uncertainty cap of 30% compared to 20%, and this is enough to avoid the collapse that happens under an uncertainty cap of 20% for some simulations. Increasing the buffer size from 20% to 30%
(Figure 2.3.1) avoids this anomaly and provides support for a higher buffer size if the
uncertainty cap is kept at 20%.
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Figure 2.3.1. Comparison of the uncertainty cap for two PA buffer sizes (red: 20%, blue: 30%) and
two PA buffer intervals (solid: three years, hashed: five years) for two levels of initial exploitation
(0.5FMSY and 2FMSY) and for four stocks. Note the differences in scale on the y-axis.

Figure 2.3.2. Stochastic results for a dab-2232-like stock for a 20% PA buffer size and PA interval
of five years, where the initial exploitation is 2FMSY. The uncertainty cap is 20%. The first two columns show operating model values, whereas the final column shows SPiCT estimates of exploitable biomass and F. The 100-year management period is shown to the right of the grey vertical
line, and MSY values and estimates are shown in red.
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Figure 2.3.3. Stochastic results for a dab-2232-like stock for a 20% PA buffer size and PA interval
of five years, where the initial exploitation is 2FMSY. The uncertainty cap is 30%. The first two columns show operating model values, whereas the final column shows SPiCT estimates of exploitable biomass and F. The 100-year management period is shown to the right of the grey vertical
line, and MSY values and estimates are shown in red.

2.4

Comparing 2-over-3 and 3-over-5
The 3-over-5 rule was tested and compared with the 2-over-3. Due to time limitations,
full stochastic simulations could not be performed during WKLIFEVI. The basic performance of the 3-over-5 rule was tested without the application of the PA buffer for
all 41 stocks for the high initial fishing pressure (2 FMSY) with stochastic simulations.
Figure 2.4.1 compares the risks for the harvest control rules. For the majority of the
stocks, the 2-over-3 resulted in a lower risk.

Figure 2.4.1. Stochastic runs for all stocks for the case where no PA buffer is applied for the case
where the stocks are initially overexploited (fished at 2FMSY). The probability of SSB being below
BMSY/2 (average over all 100 management years) is shown in the y-axis. The comparison is between
the 2-over-3 rule (red) and the 3-over-5 rule (blue).
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Deterministic runs were performed for all 41 stocks and combinations of PA buffer
sizes and intervals, but could not be used to compare performance of the 2-over-3 and
3-over-5 rules (for which stochastic runs would be needed). Nevertheless, these deterministic simulations could be used to comment on general behaviour of the two
rules. The mean recovery time (in years) over all scenarios was 3.1% higher for the 3over-5 rule. Figure 2.4.2 shows a comparison of the stocks dynamics for the rules for
one example stock.
The time until the stock recovered was similar for the rules but the 3-over-5 rule led
to more pronounced and longer lasting oscillations in the stock and a steady state
was reached later in the simulation period. This feature seemed to be characteristic
for the 3-over-5 rule. Compared to the 2-over-3 rule, the TAC multiplier derived from
the survey index uses a longer time period (eight compared to five years). This results
in smoother trends in the TAC multiplier and further increases the time-lag between
actual stock trends and the time when these trends have an impact on the TAC, ultimately leading to the observed oscillations.

Figure 2.4.2. Comparison of application of the 2-over-3 rule (left set of plots) with the 3-over-5 rule
(right set of plots) for a deterministic run for a cod-iceg-like stock with steepness 0.75, with a PA
buffer size of 20% and interval of one year.

Earlier work performed by Fischer (2015) illustrates the effect of increasing uncertainty in the survey index on the performance in terms of the probability of dropping below a biomass threshold (here BPA) of the 2-over-3 and 3-over-5 rule (Figure 2.4.3). In
the MSE simulation for a North Sea cod-like stock, increasing uncertainty did not influence the performance of the 2-over-3 rule but led to a strong deterioration in the
performance in the 3-over-5 rule.
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Figure 2.4.3. Eﬀect of survey index uncertainty on the risk for the 2-over-3 and 3-over-5 rule (figure extracted from Fischer, 2015).

2.5

Conclusions
These conclusions refer to five stock types (deep, demersal, flatfish, pelagic and shellfish) for which SPiCT can be used:
•

Results for the probability of SSB falling below 0.5BMSY were treated qualitatively because results are only based on simulated stocks and scenarios
with a limited range of uncertainty, although a wide range of stock-types
were tested;

•

The application of a PA buffer, even if small and infrequently applied, improves stock status for overexploited stocks;

•

Larger PA buffer sizes and/or more frequent application of the PA buffer
leads to earlier recovery and reduces the probability of SSB < BMSY/2;

•

Results were generally similar for the different life-history groups tested
(deep, demersal, flatfish, pelagic and shellfish);

•

For overexploited stocks, SPiCT is mostly able to correctly identify an undesirable state, and hence appropriately invoke the PA buffer when needed.

With respect to ICES advice for category 3 stocks, these simulations indicate the following:
•

The 20% uncertainty cap remains appropriate;

•

The 20% PA buffer should increase to 25%;

•

With the increase of the PA buffer to 25%, the re-application of the PA
buffer should be checked after five years. During discussions at
WKLIFE VI, however, it was noted that the current recommended practice
of applying a PA buffer of 20% that is checked after three years may remain appropriate depending on the level of risk accepted;

•

Even without the application of the PA buffer, the currently used 2-over-3
rule generally leads to a lower probability of SSB<BMSY/2 compared to the
3-over-5 rule. When a PA buffer was included, deterministic runs show
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that the 3-over-5 rule leads to a longer mean recovery time and higher instability in catches and stock development.
2.6
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3

Advancement of fish stock assessment methods

3.1

Evaluation of MSE toolkits – DLMtool and FLR
3.1.1

Introduction

WKLIFE needs an objective way to evaluate different data-limited assessment methods and harvest control rules (HCR). This can be achieved using a management strategy evaluation (MSE) toolkit which is a combination of an operating model (OM), an
observation model (ObsM) and a management procedure (MP); i.e. an assessment
method combined with a harvest control rule.
However, there are a number of advantages and disadvantages of adopting a standard computational platform for this work as discussed below.
3.1.1.1 Advantages and disadvantages

Advantages for the developer of a new assessment method or management procedure:
1 ) It may not necessary to develop an operating model because several
agreed upon models will be available.
2 ) It is not necessary to programme up all competitor methods or procedures
because many will already be in the toolkit.
3 ) Many quality control checks will already be in place through the previous
experience with the toolkit.
4 ) If a commonly used software platform is adopted, the developer of new
methods will have a large pool of expertise to call upon for assistance.
Advantages for ICES in obtaining results from a toolkit:
1 ) In evaluating various methods and procedures, ICES needs to strive for a
level playing field; i.e. methods are compared under comparable situations. This is promoted through the use of a common operating model.
2 ) ICES needs to have confidence in the reliability of the software being used
to evaluate and compare methods. This is promoted by the adoption of a
common suite of software.
Disadvantages of using a toolkit:
1 ) Everyone needs to become familiar with the toolkit (though not necessarily
with all components of the toolkit).
2 ) There is an inherent trade-off between simplicity of use and flexibility in
implementation. For example, DLMtool offers great flexibility but this
places a burden on the user to understand all the parameters going into the
operating model. This burden of flexibility is somewhat reduced by the
provision of default values but, nonetheless, someone has to judge the reasonableness of default values.
3 ) No toolkit contains unlimited flexibility. Therefore, while extensibility may
be a convenient feature of a package, it is likely that at some point fundamental modifications to the toolkit itself may be needed to accommodate
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new needs. Two of the major toolkits available are written in open source
R so that modification to the code is possible but may not be trivial to do.
Next, we attempt to evaluate two available MSE toolkits, the DLMtool and FLR and
give a recommendation towards the use of one of them (or putting some effort to create a custom one where we have full flexibility of the operating model).
3.2

DLMtool
Operating model

The DLM toolkit has a relatively flexible operating model that is split into three input
objects:
•

Stock: contains parameters that affect the population stock dynamics (natural mortality, von Bertalanffy growth, maturation (specified in terms of
length) and stock–recruitment relationship). The parameters are specified
as a vector of minimum and maximum of Uniform distributions.

•

Fleet: contains parameters that describe the fleet selectivity, catchability coefficient and effort levels.

•

Observation: contains parameters about the precision (interannual variation) and bias (inaccuracy of observations).

Management procedure

A management procedure (MP) is a combination of an assessment method and a harvest control rule. New management procedures can be added to the DLMtool by programming a function that takes an Operating Model object (or DLM_data object),
returns the TAC for the terminal year, and has class DLM_output. Hence, it is relatively straightforward to add a management procedure to the DLMtool.
Management strategy evaluation

The management strategy evaluation is run for a specified subset of available management procedures (MPs). The user can specify the number of simulations (nsim),
number of TAC replicates (reps), number of projected years (proyears) and the interval
between TAC recommendations (interval).
Caveats

•

Most of the implemented procedures take as input the life-history parameters that are not known in reality for data-limited stocks (e.g. natural mortality, growth, asymptotic length, …) from the operating model. Methods
like that are favoured over methods that only take as input data that are
usually available (e.g. total catch, effort).

•

The implemented methods (management procedures) are very inconsistent
in terms of quantifying uncertainty of the TAC advice (reps). For example,
in the delay difference management procedure (DD) the estimated parameters are resampled from normal distributions with hard coded CV of 0.1.
Other methods take lognormally distributed random values for the input
variables and repeat the assessment for each variable set.

•

Natural mortality equal for all ages.
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•

Bias of the observation process cannot be set to be in the same direction for
all simulations.

•

All parameter values in each simulation are randomly selected and there is
no correlation between them (Harford et al., 2016 (and the SEDAR49 working group)) have an extension that allows correlated von Bertalanffy parameters
and K that is available but not part of the published version of
DLMtool).

•

Bin size of length distribution observation is fixed and equal to 0.03 * Linf +
2 * 0.1 * Linf.

SPiCT based management procedure

During the WKLIFE VI meeting, a new management procedure was developed and
was included into the SPiCT package. A basic harvest control rule is implemented as
an example and proof of concept: the TAC for the next year is set by projecting the
catch corresponding to constant fishing mortality equal to 80% of the estimated FMSY.
This is just an example to illustrate how a control rule can be implemented. The implementation was tested using an example operating model from the DLMtool.
To investigate if the implementation produces reasonable results, we made an MSE
and compared our management procedure to the most similar available management
procedure in DLMtool, the Delay Difference (DD). The results for the two procedures
are comparable (Figure 3.2). Nevertheless, these results are not to be used as an MSE,
or to compare the two management procedures as very few simulations were run (20
repetitions) and an example operating model is used.
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Figure 3.2. Preliminary comparison of the newly implemented SPiCT based management procedure against a delay difference (DD) based management procedure. The relative yield is plotted
against the probability of overfishing (top left), the probability of the biomass being below three
levels of BMSY: 100% BMSY (top right), 50% BMSY (bottom left) 10% BMSY (bottom right).

An MSE using SPiCT is now easily run using the DLMtool package and the implemented management procedure management procedure in the alko989/spict package.
This is done using the following R code:
library(spict)
library(DLMtool)
## Put together
toolkit examples

an

operating

model

from

the

stock <- DLMdat[[6]] ## Herring
fleet <- DLMdat[[22]] # Generic_IncE
observation <- DLMdat[[34]] # Precise_Unbiased

## Remove changes in life-history parameters
stock@Mgrad <- c(0,0)
stock@Kgrad <- c(0,0)

available

DLM
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stock@Linfgrad <- c(0,0)
stock@Prob_staying <- c(1,1)

## Set the depletion level
stock@D <- c(0.3, 0.4)

OM.example <- new("OM", Stock = stock, Fleet = fleet,
Observation = observation)
MP.vec <- c("SPiCT_Feq08Fmsy", "DD")
MSE.example <- runMSE(OM.example, MPs = MP.vec, nsim = 20,
proyears = 20, interval = 1, reps = 100,
timelimit = 150, CheckMPs = FALSE)
3.3

FLR
ICES (2014) provides a comprehensive review of simulation work undertaken with
respect to data-limited methods, principally using the FLR framework. The choice of
simulation software to adopt can be a personal choice but WKLIFE VI proposes
standardizing its activities on DLMtool in order to avoid unnecessary re-coding of
models and methods; and ease of comparing outputs of MSEs.

3.4

3.5

Future directions
•

Creating several operating models (in DLMtool or alternatively, FLR) corresponding to different life histories.

•

Creating operating models that correspond to specific stocks.

•

One management procedure is implemented in SPiCT. Next steps include
implementing different HCRs to be tested against each other and against
the rest of the implemented procedures.

•

Most of the MPs have evaluated situations where output controls, primarily catch limits, are estimated. Future simulation testing should be extended to include MPs that also generate input recommendations, such as
effort levels and gear selectivity, to enhance the range of options considered (Carruthers et al., 2016).

Recommendations
The workshop recommends that a two-staged approach be adopted to facilitate the
evaluation of stock assessment methods and management procedures through management strategy evaluations. First, a subgroup of the WKLIFE VI participants
should be established to provide a resource for people wishing to use toolkits. This
subgroup will provide technical assistance in the creation of operating models and
the linking of software (for assessment methods and harvest control rules) to the
toolkit. The subgroup will also keep track of limitations in the toolkit and enhancements that are needed to advance ICES work within WKLIFE. Membership in the
subgroup is open to everyone; initial members will be José, Carl, Manuela, Alex,
Quang, Simon and John. The ICES coordinator for the work will be Anne Cooper.
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The second stage recommended by the workshop is for ICES to establish a mechanism to promote the use of software for evaluation of stock assessment methods and
management procedures. ICES has embarked upon the project: Transparent Assessment Framework (TAF) and WKLIFE’s recommendation should be considered in the
context of ongoing ICES initiatives.
3.6
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4

Appropriateness of using F = M as a proxy for F MSY

4.1

Introduction
Older and larger individuals become fewer as cohorts accumulate the effects of mortality through time. High mortality truncates the age and size distribution. When only length–frequency distributions from sampled commercial catches or landings are
available, a number of methods are available to allow a data-limited assessment.
Maximum sustainable yield (MSY) is often used as a target for fisheries management.
Proxies have been developed for FMSY in data-limited situations. In this chapter, we
simulation-tested the length-based indicator and the mean length total mortality
estimator in harvest control rules. We evaluated whether FMSY proxy F=M can be used
in harvest control rules to support sustainable management of data-limited stocks.
We tested alternative more precautionary reference points. For the modelling exercise
we simulated a stock with a M/k≈1.5. Different values of M/k ratio can affect the indicators and estimate of total mortality and the efficacy of their harvest control rules.
We evaluated the harvest control rules in terms of the risk to fall below a SSB threshold, variability of catch advice, and recovery speed from overexploitation. The effect
of life-history ratios, such as M/k and Lc/L∞, on length-based indicators and their reference points are discussed.

4.2

Methods
A length-based sex-structured population model parameterized for European lobster
Homarus gammarus, was used to simulation-test the suitability of the length-based
indicator mean length in the catch ( ). The population dynamics were modelled using
discrete time and discrete size classes. The length bin width was set such that individuals grew to the next length class within a time-step (Andrews et al., 2006; Gurney
et al., 2007; Speirs et al., 2010). The model is described in detail in Annex 3 (Working
Document). Fishing selectivity was assumed to be asymptotic with a minimum landing size (MLS) of 90 mm, which is above the length at 50% maturity (Lmat = 80 mm).
Recruitment was inferred from SSB following a stochastic Beverton–Holt stock–
recruitment relationship. The harvest control rules (HCR) were implemented after
30 years of overexploitation with a constant catch. Harvest control rules (HCR) using
the mean length in the catch and the mean length Z estimator were tested in the
management strategy evaluation (MSE). The HCR proposes that the total allowable
catch (TAC) in the following year y+1 is:

TAC y +1 = αTAC y −1
where TACy-1 is the TAC in the previous year and α is an adjustment factor of the
TAC.
The annual change in TAC was limited to ±15%. The simulations were run for 100
time-steps starting at equilibrium underexploited condition. After ten years, a constant catch of 2000 t was removed from the stock. The stock was overexploited for
30 years. In year 40, the respective HCR was initiated. Management procedures were
developed using length-based indicators and mean length-based mortality estimators.
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Length-based indicator

The indicator was calculated annually from the length distribution on the catch, and
the mean of the previous four years entered the indicator ratio to determine adjustment parameter the catch for the next four years. As reference points for the indicator the MSY proxy LF=M.

The MSY proxy LF=M is based on the assumption of a M/K ratio of 1.5 using indicator
values of the previous four years of available data.

where Lc is the length at first capture in commercial catches, indicating the length at
which 50% of the individuals in a stock become vulnerable to fisheries (ICES,
WKLIFE 2012). And L∞ is the asymptotic size, a parameter from the von Bertalanffy
growth equation.
Precautionary reference point for the indicator was set at F = 0.75 M. The reference
point was calculated following Jardim et al. (2015):

with
.
4.2.2

Mean Length Total Mortality Estimator

The mean length-based mortality estimator of Gedamke and Hoenig (2006) is a
nonequilibrium extension of the Beverton and Holt (1957) mean length mortality estimator. Gedamke and Hoenig (2006) derived the transitional behaviour of the population mean length following a change in instantaneous total mortality Z and then
generalized the derivation to include length changes due to multiple changes in total
mortality. From a time-series of mean length data and von Bertalanffy growth parameters K and L∞, total mortality rates are estimated in blocks of time as well as the
years in which the mortality changed. The model uses a maximum likelihood approach to obtain parameters that maximize goodness-of-fit to the mean length data.
Application of the mean length estimator can be repeated with a different number of
change points (the years in which mortality changes) and AIC can be used to find the
best model balancing parsimony (the number of estimated parameters) and goodness-of-fit.
In the simulations the TAC was adjusted using the ratio of the reference point (or its
proxy) and an estimated fishing mortality from the mean length mortality estimator
(Bryan et al., in prep):
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FMSY
Z y −1 − M

α=

where FMSY is the reference point, Zy-1 is the estimated total mortality rate in the previous year, and M is the natural mortality rate. Then ZMSY is calculated as FMSY + M. M
was assumed to be 0.2, which was obtained with the regression-based estimator from
Then et al. (2015) using the von Bertalanffy growth parameters of the stock.
Two mortality estimators were applied. First, the Beverton–Holt equilibrium equation (hereafter, “BHZ”) was used with the lengths from the most recent year, in
which the estimate of total mortality Z is:

Z=

K ( L∞ − L ' )
L '− Lcrit

where the critical length Lcrit above which all animals are assumed to be fully selected
and L ' is the mean length from a truncated length distributions of only animals larger than Lcrit. Second, the non-equilibrium time-series method (hereafter, “GHZ”) of
Gedamke and Hoenig (2006) was used with the entire time-series L ' available at the
time of the assessment. For both estimators, the critical length Lcrit above which all
animals are assumed to be fully selected was represented by the modal length of the
distribution in the most recent year when the assessment was made.
For the HCR, the natural mortality rate was used as the proxy for the reference point,
i.e. FMSY = M. The HCR was also evaluated by choosing a more conservative reference
point proxy, with FMSY = 0.75M, for both estimators in the TAC adjustment factor.
4.3

Results
4.3.1

Comparison of HCR for L ∞ and its precautionary version

In Figures 4.1 the results for the HCRs based on were plotted and can be compared
to its precautionary version in Figure 4.2. The risk of collapse could be reduced using
a precautionary reference point for . The variability between simulations could also
be reduced (Figures 4.1, 4.2). At the end of the simulation yield still reached the same
level within the simulation period. The SSB recovered more quickly. In both scenarios
the stock did not reach the new equilibrium within the simulation period.
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Figure 4.1. Simulations (50 runs plotted) for HCR using , with a starting catch of 2000 t.

Figure 4.2 Simulations (50 runs plotted) for the precautionary HCR using
starting catch of 2000 t.

4.3.2

(FMSY=0.75M), with a

Comparison of HCRs for BHZ and GHZ and precautionary versions

Simulations revealed oscillations in the catch, and consequently the spawning–stock
biomass, using the BHZ HCR. The HCR generally decreased the TAC until Year 60,
followed by a trend of an increase in TAC among simulations (Figure 4.3). The TAC
did not appear to stabilize by the end of the simulation compared to when the length
indicator HCR was applied. The precautionary control rule with the BHZ reduced
catch variability between simulations, but the oscillation still occurred (Figure 4.4).
The precautionary rule was more conservative; it allowed a larger increase in the
spawning–stock biomass beyond 40%SSB0. In both scenarios, the probability of stock
crash was extremely low.
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Figure 4.3. Simulations (50 runs plotted) for the HCR using BHZ, with a starting catch of 2000 t.

Figure 4.4. Simulations (50 runs plotted) for the precautionary HCR using BHZ (FMSY=0.75M), with
a starting catch of 2000 t.

The multiyear estimator Gedamke-Hoenig estimator (GHZ) did not appear to be
suitable when evaluated in the present model. Overall, the HCR continuously decreases the TAC to a low yield at the end of the simulation with a high spawning–
stock biomass (Figure 4.5). There was high variance associated with the method because there were simulations in which the TAC increased. As a result, the stock collapsed as the catch increased in some simulations to unsustainable levels. With the
precautionary HCR for the GHZ, the catch was adjusted down towards zero (Figure
4.6). This allowed the stock to recover and prevented stock collapses.
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Figure 4.5. Simulations (50 runs plotted) for the precautionary HCR using GHZ with a starting
catch of 2000 t.

Figure 4.6. Simulations (50 runs plotted) for the precautionary HCR using GHZ (FMSY=0.75M),
with a starting catch of 2000 t.

4.3.3

Risk to fall below SSB 0 thresholds

The risk to fall below 25% and 40% SSB0 was evaluated for 1000 simulations each
(Table 4.1). The more precautionary reference point for LF=M (75% FMSY) reduces the
risk to fall below 25% of SSB0. For the BHZ estimator, risk could be reduced, but the
precautionary reference point was not necessary as the risk remained generally below
1%. With the GHZ estimator, the precautionary rule was more successful to prevent
the reduction of the stock to below 25% SSB0.
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Table 4.1. Risk (%) across 1000 simulations to fall below 25% SSB0, x years after implementation
of HCR (time-step 40), starting catch of 2000 t, MLS 90 mm.
1–5

6–10

11–20

21–40

41–60

0.6

97.7

99.8

100.0

100.0

0.4

96.3

98

98.3

1.9

0.4

1.1

96.7

1.6

0.2

BHZ

0.3

0.3

0.2

0

0.2

BHZ (75% FMSY)

0.3

0.3

0.1

0

0

YEARS OF

HCR

no rule

(75% FMSY)

GHZ

0.3

0.6

0.8

0.8

0.7

GHZ (75% FMSY)

0.3

0.3

0.1

0

0

Both the HCRs using did not succeed to recover SSB0 above 40% SSB0 within the
simulation period (Table 4.2).
The HCRs using the Z estimators (both BHZ and GHZ) result in oscillations in catches and SSB0. The recovery of the spawning–stock biomass to above the 40% SSB0
threshold was reached in the middle of the simulation, i.e. Years 11–20. However, it
was not ensured as the SSB was below this threshold by the end of the simulation
period.
Table 4.2. Risk (%) across 1000 simulations to fall below 40% SSB0, x years after implementation
of HCR (time-step 40), starting catch 2000 t, MLS 90 mm.
1–5

6–10

11–20

21–40

41–60

99.7

99.9

100

100

100

99.7

99.9

99.9

100

99.9

99.7

99.9

99.9

99.9

97.5

BHZ

99.1

99.1

98.5

1

97

BHZ (75% FMSY)

99.1

98.8

98.2

0.3

0.1

GHZ

99.1

99.1

98.7

1.8

0.8

GHZ (75% FMSY)

99.1

98.9

98.3

0.6

0

YEARS OF

no rule

(75% FMSY)

HCR

Recovery of the SSB was fastest at low exploitation level. Therefore, as the allowable
catch decreased using the HCR based on GHZ estimator, the SSB recovered above
40%SSB0 after less than 20 years (Table 4.3).
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Table 4.3. Catches and variability (SD, in 1000 t) in catches at the end of the of the simulated time
period (years 95–100), 1000 simulations, starting catch 2000 t, MLS 90 mm. Number of years to
recover, the

reached 40% SSB0, with implementation of HCR (after year 40).

RECOVER

M EAN

no rule

(75% FMSY)

YIELD

SD

IN CATCHES

( NUMBER

40% SSB0

OF YEARS )

56

21

never

954

75

56

954

31

43

BHZ

1412

124

24

BHZ (75% FMSY)

1721

85

16

GHZ

43

183

17

GHZ (75% FMSY)

21

181

16

The BHZ HCR produced the highest mean yield of the three HCRs (Table 4.3). The
more precautionary reference point produced higher average yield, decreased the
variation in catch (between simulations), and reduced the recovery time compared to
the FMSY = M reference point. The GHZ HCR was the most conservation-oriented of
the three HCRs. The recovery time was the shortest compared to the other HCRs, but
the yield was very low.
4.4

Summary
4.4.1

F=M assumption as MSY

In general, a more precautionary FMSY can be advised to prevent SSB to fall below
SSB0 and to reduce catch variability (Table 4.4).
The HCR based on the with a reference point at F=M was not conservative enough
to prevent stock collapses. While catches were adjusted slowly and without causing
oscillation, recovery speed was low. A precautionary reference point of F=75%M, reduced the risk to fall below biomass thresholds and reduced catch variability. However, the recovery to above the target SSB of 40% SSB0 was very long, on average
43 years.
For this management strategy evaluation, both HCRs with the BHZ and GHZ in general were able to prevent large stock declines below the minimum threshold (Table
4.4). The BHZ HCR produced oscillations over time in the biomass above and below
40% SSB0 with the reference point proxy FMSY = M. The more precautionary rule for
the BHZ HCR prevented the stock from falling below 40% SSB0 again once it recovered. As a result, larger yields were achieved over time. Thus, a more precautionary
reference point for the BHZ would be appropriate.
The GHZ HCR could not be recommended from the study since the HCR is too conservative. This would occur if the method consistently overestimates mortality over
time. A possible explanation is that the stock is initially overexploited and the HCR
indicates a reduction in TAC. Then as the stock recovers, increased recruitment as
predicted by the stock–recruitment relationship confounds the reduction in mortality.
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Thus, the model still estimates a high mortality rate and continues the cycle described
above. Further investigation into the data is required to confirm whether this pattern
occurred in the management strategy evaluation. Additionally, more work is required to find the appropriate configuration for the non-equilibrium mortality estimator, i.e. truncating the data to the most recent years for the assessment model may
allow the estimation of mortality to be more resilient to fluctuations in recruitment.
For this management strategy evaluation, some sensitivity runs were performed for
the application of the GHZ HCR with fewer years of data (see Annex 3). Its performance improved and, as expected, the TAC advice approached that given by the
BHZ HCR.
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Table 4.4. Comparison of HCRs, score calculation green 1, yellow 0, red -1.

GHZ
(75% FMSY)

BHZ

BHZ (75% FMSY)

GHZ

(75% FMSY)

Risk to fall below 25%SSB0

high

medium

low

low

low

low

Recovery speed

>40 years

>40 years

20–40 years

<20 years

<20 years

<20 years

Catch variability across simulations at end of the simulations

high

low

very high

high

very high

very high

Predicted max catch, at end of time period

medium

medium

high

high

low

low

no

no

yes

yes

Catch towards
zero

Catch

Oscillations in catch
score

-1

+1

0

+2

0

Towards zero
0
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More conservative reference points or HCRs are advised whenever the probability of
stock decline is high. This includes situations of autocorrelated environmental variability affecting stock productivity or a potential regime shift to lower productivity
which endanger sustainability of stocks. Uncertainty in the data quality, a potential
bias in sampling can require further investigations on whether the HCR and selected
reference point are appropriate. All evaluated HCRs depend on the assumption of an
asymptotic mortality. The mean length and mean length mortality estimators and
their reference points are sensitive to length at first catch (Annex 3). A selection of
smaller or immature individuals allows only for lower catches mortality to be sustainable.
4.5

Discussion: The effect of covariant life-history trait ratios (M/k, L c /L ∞,
F/M) on length-based indicators

The ratio
in a properly exploited stock is not expected to exhibit a stable value
across species. Therefore, the reference point used in the HCR would then have to be
adjusted from one stock to another. Recent studies (Hordyk et al., 2015; Prince et al.,
2015) suggested notably that the length distribution at equilibrium in a given population, relative to its asymptotic length, depends mostly on a limited set of covariant
life-history trait ratios such as M/k, Lc/L∞ and F/M, with growth rate k and asymptotic
length L∞ from the von Bertalanffy growth function and Lc the L50% of a logistic selectivity curve. It can then be expected that these life-history parameters will affect a
wide range of length-based indicators.
For example, estimating the size distribution at equilibrium without fishing mortality
and without observation bias, for populations exhibiting different ratios M/k, results
in highly variable proportions of individuals reaching L∞ (Figure 4.7). In populations
with a low M/k, the co-occurrence of a low natural mortality and a quick initial
growth results in a large proportion of individuals getting close to the asymptotic
length, some of them even exceeding it due to inter-individual variability of growth.
Conversely, in populations with a high mortality rate and a slow growth (high M/k),
the proportion of individuals approaching the asymptotic length will be very low (for
M/k = 3, close to 0% of individuals reaching L∞). This is also reflected in the lower corresponding values of

and

.

In a real situation, the smallest individuals would not be observed owing to a very
low selectivity of the fishing gears for those sizes, resulting in an artificially increased
proportion of large individuals observed. Size distributions with an observational
bias towards larger individuals, here represented by a knife-edge selectivity at 0.6×L∞
(Figure 4.8), show that the mean length in particular is highly affected compared to
the case with no observation bias (Figure 4.7). It also illustrates that the reference
point defined for a given set of M/k values, such as for example
(corresponding to the above case of female lobster) would be inadequate for a stock with
a significantly different M/k ratio. Notably even without fishing mortality, a stock
with a M/k = 3 (all other parameters being equal) at equilibrium is not expected to
exhibit such a high

.
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Figure 4.7. Expected relative size (
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) distributions at equilibrium, with no fishing mor-

tality and CVL∞ = 0.1, for various values of M/k. and
are plotted on the size distribution
density curve. The percentage of individuals over L∞ is indicated on the cumulative density
curves. Adapted from Hordyk et al. (2015).

Figure 4.8. Expected relative size (
) distributions at equilibrium, assuming a knifeedge selectivity (observation only) at Lc = 0.6×L∞, with no fishing mortality and CVL∞ = 0.1, for various values of M/k. and
are plotted on the size distribution density curve. The percentage of individuals over L∞ is indicated on the cumulative density curves. Adapted from Hordyk et
al. (2015).

The effects of different ratios, M/k and F/M, on and
is shown in Figure 4.9,
covering a wide range of credible (though sometimes extreme) values of these ratios.
Both indicators seem sensitive to the M/k ratio, though

varies less for high values of

to the observation
M/k. However, proves to be much more sensitive than
bias through selectivity but slightly less sensitive to variations in the fishing mortality. Altogether, this make an indicator for which might be tricky to define an appropriate reference point. In addition, it is comparatively insensitive to variations in
fishing mortality. These tenuous variations in could partially explain why this indicator seems to present a low efficiency when used within a HCR (too low contrast to
reduce drastically enough catch and the fishing mortality, see Annex 3). Moreover, if
here the life-history parameters from the operational model are unknown, it would
be certainly more difficult to define an appropriate reference point in stock where
M/k and the selectivity are not accurately known. In this regard,
might be a
better candidate indicator, confirming the evaluation using population dynamical
model (Annex 3).
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Figure. 4.9. Relative values of and
for varying values of M/k, F/M and Lc/L∞. The (two
other) fixed parameters are M/K=1.5, F/M=0, Lc/L∞=0.6.

Here, only the case of the and
indicators have been (partially) investigated,
but this suggests that length-based reference points should be carefully determined
taking into account the species biology. This length-based approach might also be
useful where M/k can be inferred from species/stocks with similar biology but the
knowledge of the reproduction still is insufficient to support a SPR analysis.
Note that this life-history-trait-based analysis assumes a population at equilibrium. It
means that this approach does not take into consideration the reversed effects that
population dynamics could have on the length-based indicators. It would not be suitable, for example, to predict the effects of events such as a good recruitment (decreasing the proportion of large individuals, mean length, etc.) or a series of bad
recruitments (artificially increasing the value of some length-based indicators). It can
therefore be useful as a first simple approach to investigate the sensitivity of candidate length-based indicators to various life-history traits but don’t replace the use of a
dynamical operational model.
4.6
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Updates to the ICES technical guidelines for stock assessment
and advice for category 3–6 stocks

ICES technical guidelines for stock assessment and advice for category 3–6 stocks
were revised during this workshop meeting. These guidelines and the methodologies investigated during the WKLIFE VI meeting will be of interest to various Advisory Councils (ACs), international scientific and management organizations, ICES
clients and observers.
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Forecasting with SPiCT

6.1

Forecasting
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SPiCT (Pedersen and Berg, 2016) uses the estimated underlying process models to
make forecasts of biomass, fishing mortality, catch, and stock status. This section
briefly describes how to obtain forecasts from the model.
To make a catch forecast a forecast interval needs to be specified. This is done by
specifying the start of the interval (inp$timepredc) and the length of the interval in
years (inp$dtpredc). In addition to the forecast interval a fishing scenario needs to be
specified. This is done by specifying a factor (inp$ffac) to multiply the current fishing
mortality by (i.e. the F at the last time point of the time period where data are available) and the time that management should start (inp$manstart). The time point of the
reported forecast of biomass and fishing mortality can be controlled by setting
inp$timepredi. Producing short-term forecasts entails minimal additional computing
time.
Forecasts are produced as part of the usual model fitting. To illustrate the procedure,
a short example using the South Atlantic albacore dataset of Polacheck et al. (1993)
containing catch and commercial cpue data in the interval 1967 to 1989 is presented.
The code to obtain the forecasted annual catch in the interval starting 1991 under a
management scenario where the fishing pressure is reduced by 25% starting in 1991,
and a forecasted index in 1992 is:

library(spict)
data(pol)
inp <- pol$albacore
inp$manstart <- 1991
inp$timepredc <- 1991
inp$dtpredc <- 1
inp$timepredi <- 1992
inp$ffac <- 0.75
rep <- fit.spict(inp)
To specifically show forecast results use

sumspict.predictions(rep)
#>
prediction
cilow
ciupp
log.est
#> B_1992.00
58.0404387 28.74512737 117.191776
4.06113999
#> F_1992.00
0.3348379 0.09426505
1.189374 1.09410874
#> B_1992.00/Bmsy 0.9556116 0.23937468
3.814912 0.04540377
#> F_1992.00/Fmsy 0.9006312 0.15380645
5.273748 0.10465949
#> Catch_1991.00 18.8028897 9.48829836 37.261545
2.93401056
#> E(B_inf)
67.1854881
NA
4.20745727
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This output is also shown when using summary(rep). The results can be plotted using plot(rep), however to visualise the change in forecasted fishing mortality and associated change in forecasted catch more clearly we use

par(mfrow=c(2, 2), mar=c(4, 4.5, 3,
plotspict.bbmsy(rep, stamp='')
plotspict.ffmsy(rep, qlegend=FALSE,
plotspict.catch(rep, qlegend=FALSE,
plotspict.fb(rep, man.legend=FALSE,

3.5))
stamp='')
stamp='')
stamp='')

Note in the plot that the decrease in fishing pressure results in a constant biomass as
opposed to the expected decrease if fishing effort had remained constant.
SPiCT has a function that runs several predefined management scenarios, which can
be presented in a forecast table. To perform the calculations required to produce the
forecast table run:

rep <- manage(rep)
where rep is the result of fit.spict() from the code above. Then, the results can be
summarised (and extracted) by running:

df <- mansummary(rep)
#> Observed interval, index:
#> Observed interval, catch:
#>

1967.00 - 1989.00
1967.00 - 1990.00
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#> Fishing mortality (F) prediction: 1992.00
#> Biomass (B) prediction:
1992.00
#> Catch (C) prediction interval:
1991.00 - 1992.00
#>
#> Predictions
#>
C
B
F B/Bmsy F/Fmsy perc.dB
perc.dF
#> 1. Keep current catch 24.7 52.0 0.470 0.857 1.263
-4.2
5.2
#> 2. Keep current F
23.9 52.9 0.446 0.870 1.201
-2.7
0.0
#> 3. Fish at Fmsy
20.6 56.3 0.372 0.926 1.000
3.6
-16.7
#> 4. No fishing
0.0 77.0 0.000 1.267 0.001
41.8
-99.9
#> 5. Reduce F 25%
18.8 58.0 0.335 0.955 0.901
6.9
-25.0
#> 6. Increase F 25%
28.5 48.1 0.558 0.793 1.501
-11.3
25.0
#>
#> 95% CIs of absolute predictions
#>
C.lo C.hi B.lo B.hi F.lo F.hi
#> 1. Keep current catch 22.7 26.9 26.0 104.2 0.214 1.032
#> 2. Keep current F
12.5 45.6 24.0 116.4 0.126 1.586
#> 3. Fish at Fmsy
10.5 40.2 27.1 116.9 0.105 1.321
#> 4. No fishing
0.0 0.1 48.5 122.3 0.000 0.002
#> 5. Reduce F 25%
9.5 37.3 28.7 117.2 0.094 1.189
#> 6. Increase F 25%
15.5 52.5 20.0 115.9 0.157 1.982
#>
#> 95% CIs of relative predictions
#>
B/Bmsy.lo B/Bmsy.hi F/Fmsy.lo
F/Fmsy.hi
#> 1. Keep current catch
0.202
3.634
0.231
6.910
#> 2. Keep current F
0.211
3.595
0.205
7.031
#> 3. Fish at Fmsy
0.230
3.737
0.171
5.855
#> 4. No fishing
0.334
4.802
0.000
0.007
#> 5. Reduce F 25%
0.239
3.815
0.154
5.273
#> 6. Increase F 25%
0.184
3.413
0.256
8.789
Then, df is a data frame with each line containing a line of the output:

head(df)
#>
C
B
F B/Bmsy F/Fmsy perc.dB
perc.dF
#> 1. Keep current catch 24.7 52.0 0.470 0.857 1.263
-4.2
5.2
#> 2. Keep current F
23.9 52.9 0.446 0.870 1.201
-2.7
0.0
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#> 3.
-16.7
#> 4.
-99.9
#> 5.
-25.0
#> 6.
25.0

Fish at Fmsy

20.6 56.3 0.372

0.926

1.000

3.6

0.0 77.0 0.000

1.267

0.001

41.8

Reduce F 25%

18.8 58.0 0.335

0.955

0.901

6.9

Increase F 25%

28.5 48.1 0.558

0.793

1.501

-11.3

No fishing

The resulting biomass, fishing mortality and catch of the management scenarios are
included in the standard plots:

par(mfrow=c(2, 2), mar=c(4, 4.5, 3,
plotspict.bbmsy(rep, stamp='')
plotspict.ffmsy(rep, qlegend=FALSE,
plotspict.catch(rep, qlegend=FALSE,
plotspict.fb(rep, man.legend=FALSE,

6.2

3.5))
stamp='')
stamp='')
stamp='')
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Technical description of precautionary buffer (PA)

simulations
Dataset used

Dataset with life-history parameters from Jardim et al., 2015 (based on WKLIFE data)
was used, and is given in Table A2.1.
•

Of the 50 species given in Jardim et al. (2015), 41 were used. The rejected
ones are not shown in Table A2.1, and they were rejected for the following
reasons:
•

for whg-rock, the parameter combinations were such that FMSY values
were too high to be practical;

•

for rng-comb, san-ns4, smn-dp, SPiCT could not converge for the historic period;

•

for cod-coas, cod-ewgr, cod-wgr-in, GHL-DIS, smr-5614, SPiCT could
not converge for most of the projection period.

Table A2.1. Life-history parameters for 50 stocks. Input data provided by Jardim et al. (2015) in
bold, italic values from FishBase (a and b), the remaining values are either calculated or are default values. The parameters are a and b: length–weight relationship parameters; a50: age of 50%
retention; t0, k, Linf: von Bertalanffy growth function parameters and M: natural mortality.
S TOCK

“ GROUP ”

A

B

A 50

T0

K

L INF

M

M/ K

1

ang-78ab

demersal 0.02880

2.81000

5.7

-0.1

0.121

162*

0.22 1.79

2

ang-ivvi

demersal 0.02880

2.81000

4.3

-0.1

0.160

150

0.26 1.63

3

arg-comb-ex5.a

deep

0.01000

3.00000

2.5

-1.1** 0.220

42.4

0.27 1.25

4

arg-comb-Va

deep

0.01000

3.00000

2.5

-2.1** 0.170

47.9

0.21 1.24

5

bli-comb

deep

0.00116

3.27300

5.4

-0.1

0.130

140

0.30 2.32

6

bll-2232

flatfish

0.02470

2.93000

1.2

-1.8** 0.270

50.1

0.34 1.28

9

cod-farb

demersal 0.00790

3.05000

4.6

-0.1

0.156

110

0.28 1.80

10 cod-iceg

demersal 0.01000

3.00000

4.8

0.0** 0.150

128

0.32 2.15

11 cod-rock

demersal 0.00790

3.05000

3.5

-0.1

132

0.31 1.56

13 dab-2232

flatfish

0.00650

3.15000

2.1

0.0** 0.400

32

0.84 2.11

14 dab-nsea

flatfish

0.00500

3.14000

2.1

0.0** 0.400

36

0.83 2.06

16 had-iris

demersal 0.00740

3.06000

4.7

-0.1

0.160

68

0.33 2.06

17 her-31

pelagic

0.00360

3.03871

2.4

0.0** 0.360

21

0.60 1.66

18 her-nirs

pelagic

0.00360

3.03871

2.5

-0.1

0.320

31

0.66 2.05

19 lem-nsea

flatfish

0.07560

3.14200

2.6

-0.1

0.300

40

0.51 1.71

lin-comb in Subareas 1–
20 2
deep

0.00390

3.07400

5.4

-0.1

0.128

150

0.23 1.78

21 lin-comb other areas

deep

0.00390

3.07400

5.2

-0.1

0.136

119

0.31 2.27

22 meg-4a6a

flatfish

0.00430

3.13000

6.5

-0.1

0.120

54

0.30 2.49

23 mut-comb

demersal 0.00440

3.35100

3.1

-1.2** 0.183

53.3

0.38 2.05

24 nep-25

shellfish 0.00001

3.00000

4.7

-0.1

0.160

70

0.33 2.05

25 nep-2627

shellfish 0.00001

3.00000

4.9

-0.1

0.150

80

0.30 2.00

0.200
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26 nep-2829

shellfish 0.00001

3.00000

3.7

-0.1

0.200

70

0.37 1.87

27 nep-30

shellfish 0.00001

3.00000

4.8

-0.1

0.160

60

0.34 2.15

28 nep-31

shellfish 0.00001

3.00000

4.9

-0.1

0.150

85

0.30 1.98

29 ple-2232

flatfish

0.01000

3.00000

4.4

0.0** 0.180

52

0.42 2.31

30 ple-7b-c

flatfish

0.00930

3.03000

7.0

-0.1

0.110

59.4

0.27 2.50

31 ple-89a

flatfish

0.00930

3.03000

1.6

-0.1

0.470

54.6

0.70 1.49

32 ple-celt

flatfish

0.00930

3.03000

7.0

-0.1

0.110

59

0.28 2.55

33 ple-eche

flatfish

0.00930

3.03000

3.5

-0.1

0.211

68.5*

0.40 1.88

34 ple-iris

flatfish

0.00930

3.03000

4.4

-0.1

0.165

100*

0.30 1.83

35 pol-89a

demersal 0.00590

3.12000

3.8

-0.1

0.190

85.6

0.34 1.80

36 pol-nsea

demersal 0.00590

3.12000

3.9

-0.1

0.186

85.6

0.34 1.84

37 san-ns4

pelagic

0.00001

3.00000

1.9

-0.1

0.436

22*

0.92 2.10

38 smn-con

demersal 0.01300

3.09000

2.9

-0.1

0.261

49

0.28 1.09

40 sol-7b–c

flatfish

0.00620

3.13000

6.0

-0.1

0.130

49.8

0.33 2.52

41 sol-8c9a

flatfish

0.00620

3.13000

7.0

-0.1

0.110

59.4

0.27 2.50

42 tur-nsea

flatfish

0.01100

3.10000

2.7

0.0** 0.290

61.2

0.40 1.38

43 whg-7e–k

demersal 0.00590

3.08000

3.4

-0.1

0.218

65*

0.40 1.84

44 whg-89a

demersal 0.00590

3.08000

3.9

-0.1

0.190

70

0.36 1.91

45 whg-scow

demersal 0.00590

3.08000

7.0

-0.1

0.110

56.3

0.28 2.57

46 wit-nsea

demersal 0.00190

3.35000

3.0

-0.1

0.260

47

0.51 1.94

Lmax as proxy.

Jardim et al. (2015) used -0.1 instead of these values for t0, despite their availability in the database –
the reason for this is not entirely clear. The values shown have been used in this study.

**

Create FLBRP object

•

Minimum data requirement: Linf
•

•

Required parameters:
•

•

If not available, use Lmax instead
Linf, k, t0, a, b, asym, bg, sl, sr, s, v, M1, M2, ato95, a50, a1

Missing parameters calculated with gislasim() from Jardim et al. 2015
•

Von Bertalanffy growth parameters
(Gislason et al. 2010, Table A2.1, all species


combined)

•

Weight–length relationship



•

Not used:

Natural mortality



(b for stock.wt, not catch.wt)
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Based

on
(Gislason

et

al., 2010, equation 2)
•

maturity
(maximum value of maturity ogive)




(“defines” steepness of logistic maturity curve, lower
values  steeper)
(age at 50% ma-


turity, used for age of 50% retention)
calculated as

•

(Gislason et al., 2008, table

1, all species combined)
•

selectivity
(first age with full fisheries selectivity)




(shape of selectivity curve)


•

Other stock characteristics
(virgin biomass)



(steepness of stock recruit curve)


•

•

Age range
•

First age = 1

•

Max age calculated with inverse Bertalanffy equation and L = Linf-1

•

F range


Minfbar = max age/100 rounded up



Maxfbar = max age/2 rounded down

FLBRP created with FLBRP::lh()
•

m.spwn & harvest.spwn = 0 (no natural/fishing mortality before
spawning)

•

fish: fishing happens in the middle of the year (0.5)

•

age structure from first age (1) to max age

•

calculation of lengths with von Bertalanffy equation


stock length



catch length (with age at which fishing happens)



midyearlength (with age + 0.5)



in practice all lengths are equal (to stock length) due to error/bug?
In
FLBRP
https://github.com/flr/FLBRP/blob/f2798ddbba49b70c9641b3c4134
ef43e2b9cf68b/R/lh-growth.R line 270/271

•

lengths are then transformed into weights with allometric equation

•

natural mortality@age
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•

calculated as
al. 2010, equation 2)

with age at midyear (Gislason et

maturity@age


calculated with logistic function


•
•
•

fisheries selectivity@age


calculated with double normal equation with age at which fishing
happens
; s = sl for ages < a1, s = sr for ages >= a1


•

Values entered into FLBRP object

•

Stock–recruitment relationship: bev–holt



•

Created with

Reference points (virgin, msy, crash, f0.1, fmax) calculated with
FLBRP::brp()

FLBRPs created for all species and for each species for two steepness values (0.75, 0.9)

Create historical fishing pattern: FLStock object

•

FLStock objects created from all FLBRPs
•

•

Starting point: Virgin biomass, no fishing, SSB at

Fishing history:
•

Total of 90 years

•

1st: B target, linear decrease from B0 to BMSY in 20 years, then ten years
BMSY

•

2nd: F target, linearly from FMSY to Ftarget in ten years, then Ftarget for 50
years (Ftarget is either 0.5FMSY, FMSY or 2FMSY)
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Figure A2.1. Fishing history for three scenarios (0.5FMSY, FMSY and 2FMSY).

MSE simulation

•

•

•

Specifications
•

Stock is simulated for 100 years, 1-year time-steps

•

Full feedback simulation

Operating model
•

Age-structured population dynamics model

•

41 species, with historic fishing pattern

•

Beverton & Holt stock–recruitment model, two steepness values (0.75,
0.90)

•

Stock and fleet characteristics constant during simulation (weights-atage, maturity, survey and fleet selectivity)

Observation model
•

Survey


Biomass survey index without age structure



created from total stock



survey

selectivity

modelled

with

(full selectivity atage 10)
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Figure A2.2. Survey selection pattern.

•

•

Error model
•

Each scenario contains a number of iterations, each with independent
error

•

Error implemented with lognormal distribution, defined by a coefficient of variation (CV)

•

Error can be implemented for:


Recruitment (deviation of actual recruitment from recruitment estimated by Beverton & Holt model)



Survey index (deviation of stock numbers-at-age, then summarized over all age classes to create biomass index)

Management procedure
•

/ harvest control rule (HCR) (method 3.2. from ICES DLS Guidance
report 2012 (ICES, 2012))
2 3

•

•

TAC calculated as mean catch of last three years, multiplied by a
factor (mean of index values of last two years divided by mean of
the three preceding years)

where I is the survey index, x =2, z = 5, Cy-1 = mean catch of last
three years (note, the simulations also considered 3/5 where x =3,
z = 8)
The HCR imitates the ICES approach where an assessment is performed during an intermediate year, the TAC is calculated for
the year after the intermediate year and data (catch and survey
data) is available until the year before the intermediate year.

ICES WKLIFEVI REPORT 2016

•

20% uncertainty cap (TAC does not vary more than ±20% from year to
year) [simulation work also considered an uncertainty cap of 30%]

•

PA buffer

•



If stock is assumed to be undesirable by SPiCT (B<BMSY/2 or
F>FMSY), buffer is applied once, then possibly again after a certain
amount of time, if the stock is still/again undesirable



Size of buffer and time until the buffer might be applied again to
be analysed
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SPiCT assessment


Input: biomass index series, catch series



No addition priors imposed (only default priors used)



Model estimates all parameters freely



In order to speed up computations, the Euler time-step dtEuler was
changed from 16 to 1, so that the time-step was annual rather than
a sixteenth of a year
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Annex 3:

Working document: Testing length-based indicators in

harvest control rules (HCR) for shellfish stocks and fisheries

Testing length-based indicators in harvest control rules (HCR) for shellfish
stocks and fisheries

Tanja Miethe and Helen Dobby, Marine Scotland Science, Marine Laboratory, PO Box
101, Victoria Road 375, AB11 9DB Aberdeen, UK. E-mail: t.miethe@marlab.ac.uk
Abstract
Length-based indicators are a simple tool to describe the length–frequency distributions of catches. Appropriately selected indicators can help to evaluate the presence
of very large individuals in the catches and exploitation status of data-limited stocks.
We developed a length-based sex-structured population model, parameterized for
European lobster Homarus gammarus, to simulation-test the suitability of selected
length-based indicators (Pmega, Lmax5% and ) and their reference points in harvest control rules for the management of a data-limited stock. The length-based indicator
Lmax5% appeared to be relatively robust against assumptions on length at first catch.
The respective HCR recovered an overexploited stock and resulted in low variability
between simulations in catches at the end of the simulated time period. The indicator
was conservative resulting in long-term catches below maximum sustainable yield.
While catches were higher for the other indicators, both were very sensitive to the
length at first catch.
1

Introduction
High mortality reduces abundance of populations but also truncates their age and
size distribution. Size-selective fishing mortality targeting primarily large individuals
further reduces the number of larger individuals. Many life-history processes such as
maturation, fecundity and reproductive success are size-dependent, such that a
change in size structure can affect reproductive potential of stocks, sustainability and
recovery potential (Trippel, 1998; Begg and Marteinsdottir, 2003; Berkeley et al., 2004;
Walsh et al., 2006; Wright and Trippel, 2009). A lack of large individuals can indicate
overexploitation and may negatively affect spawning potential. For many stocks, in
particular crustaceans, data limitation due to a lack of data from scientific surveys
and ageing methods, does not allow for a direct stock assessment. In these situations,
length–frequency distributions derived from sampling of commercial catches or landings may be the only available information.
A number of length-based indicators have been identified for data-limited stocks to
evaluate fishing pressure on large and immature individuals, exploitation with regard to maximum sustainable yield MSY (ICES WKLIFE, 2015; Miethe et al., 2016).
The proportion of megaspawners in the catch Pmega, individuals of lengths larger than
1.1Lopt (with Lopt being the length at which an unfished cohort reaches maximum biomass, approximated with 2/3L∞) was developed as a large fish indicator (Froese,
2004). The alternative indicator, the mean length of the largest 5% of individuals in
the catch, Lmax5% is less affected by recruitment variability being based on the right
side of the length distribution (Probst et al., 2013). The length at first capture in commercial catches, Lc, indicates the length at which 50% of the individuals in a stock become vulnerable to fisheries (ICES, WKLIFE 2012). To protect immature individuals
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in a highly exploited stock, Lc should be above Lmat, the length at which 50% of the
individuals are mature (ICES, WKLIFE 2015). The mean length of all individuals in
the catch is a simple length–frequency summary statistics, which typically decrease at
high exploitation rate (Punt et al., 2001; Shin et al., 2005). The expected mean length in
the catch when fishing mortality is equal to natural mortality, LF=M (approximated
with 0.75Lc+0.25L∞ for M/K≈1.5), is recognized as a proxy for the mean length at MSY
(ICES, WKLIFE 2012; ICES, WKLIFE 2015). For sustainable exploitation
should not be lower than LF=M (ICES, WKLIFE 2012).

in the catch

Harvest control rules can be based directly on length-based indicators derived from
length data of commercial catches or landings (Table 1). Harvest control rules based
on mean length in the catch with a reference point of LF=M has been tested using an
age-based population model (Jardim et al., 2015). The indicator was suitable to reverse downward trends SSB, but performance was poor for stocks with late maturity
and when length at first catch Lc was well below Lmat (Cope and Punt, 2009; Jardim et
al., 2015). HCRs based on length-based catch proportions proposed by Froese (2004),
such as Pmega, were simulation-tested using age-structured models and included in
decision tree to aid fisheries management of data-limited stocks (Cope and Punt,
2009). Cope and Punt (2009) pointed out that the reference points for Pmega depended
on the life history and length at first catch Lc. So far, a harvest control rule based on
the length-based indicator Lmax5% suggested by Probst et al. (2013) has yet to be evaluated as a management strategy using simulation testing.
On the example of European lobster, Homarus gammarus, we tested the use of Lmax5% in
a harvest control rule to the indicators Pmega and . For that purpose, we developed a
length-based sex-structured operating model parameterized for European lobster. We
compared the performance of the harvest control rules for management of an overexploited stock in terms of risk to fall below SSB thresholds and catch variability. Stocks
at or below 25% SSB0 were often considered to be overexploited, and stocks at or
above 40% SSB0 were considered rebuilt (Hilborn et al., 2003; Hilborn and Stokes,
2010). The speed of recovery speed from overexploitation was compared among harvest control rules and to the case of a fishing moratorium. The robustness of the indicators to Lc of the fishery was tested.
2

Model
2.1

Length-based population model

A length-structured population model for two sexes in discrete time was developed.
A set of difference equations describing the dynamics of stock number N can be written as:

Rt+1 is the recruitment, the recruits enter into the smallest size classes of each sex at a
female to male ratio of 1:1. The size transition matrix A contained the transition rate p
and survival rates si for all length classes of each sex at time t. To allow for some variability of growth, only a fraction p of each size class grows in the next largest class
within a time-step, the rest remains at their current size (Gurney et al., 2007; Speirs et
al., 2010). Individual growth was irreversible. As an example, the matrix A and the
respective difference equations for three length classes and two sexes are shown. The
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upper right quarter of the matrix describe male rates and the lower right quarter female rates.

The difference equations for one sex and the first three length classes can be written
as:

Discrete length-structured models often contain constant size bins (Drouineau et al.,
2008). In the current model, the bin width depended on growth parameters such that
individuals grew to the next length class within a time-step (Andrews et al., 2006;
Gurney et al., 2007; Speirs et al., 2010). Length classes were larger early in life when
individual growth rate was high and were smaller as growth slows later in life as individuals approached asymptotic size.
To create length bins, a development index was defined for each sex separately using
the von Bertalanffy growth equation with an annual time-step (Speirs et al., 2010):

The number of size classes was then calculated as:

The cohort grew at the correct rate if
,
where p was the fraction of each length class growing into the next one within a year,
and k was the von Bertalanffy growth constant.
Then the left-hand length class boundaries were calculated for each length bin of each
sex as:
,
with Lmin being lower boundary of smallest size class in the model. In the model, individuals are assumed to reproduce at the beginning of the year. After reproduction,
individuals suffered from both fishing and natural mortality, which were assumed to
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occur simultaneously (Figure 1). The survivors, some of which grew instantaneously
into the next larger length class at the end of the year, and new recruits enter the
population for the following year. All parameter values used in the model for European lobster were listed in Table 2.
2.2

Survival

Survival was assumed to be length-dependent and defined as:

Natural mortality at length Mi was constant overtime and modelled to be highest at
very small sizes, lowest at intermediate length and increased again at very large size.
At larger size moulting was assumed to be energetically more costly and moulting
frequency decreased, such that the proportion of individuals with signs of injuries
increased with size (Sheehy et al., 1999). The accumulation of injuries could lead to an
increase in natural mortality at large size. In the model with a finite number of length
classes, an increase in natural mortality at large sizes also prevented the accumulation
of individuals in the final size class. Natural mortality Mi related inversely to length
(Caddy, 2006) and linearly increasing with length at larger size:

Fishing mortality Ft,i depended on size and was determined by the selectivity ogive
and the level of fishing mortality ft of the fisheries. It is assumed that individuals enter the fishery at around LMLS (minimum landing size):
(Equation 1)
with constant v determining the steepness of the selectivity ogive and li the midpoint
of each length class. The length bins and their midpoints differed between sexes due
to differences in growth. A lognormal error was included to allow for variability of
selectivity with
2.3

being normally distributed with N(0,

).

Catch

The catch numbers-at-length were calculated according to the Baranov catch equation
and depend on total survival and the ratio of fishing mortality Ft,i to total mortality
(Mi+Ft,i) in each length class:
(Equation 2)
In a regulated fishery the total allowable catch (TAC) should equal caught biomass at
time t:
(Equation 3)
The individual weights wi at length were estimated using sex-specific exponential
length–weight relationships that was constant overtime.
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(Equation 4)
Equations 1 to 3 were used to estimate fishing mortality Ft,i. During the simulations at
each time-step, the equations were solved numerically for fishing mortality level ft
given an allowable catch (Equation 1).
2.4

Maturation, SSB and recruitment

Spawning–stock biomass was calculated as the sum of individual weights of all mature male (nm) and female (nf) individuals in the stock:

The maturity ogive was defined as a sigmoid function with an inflection point
around the sex-specific Lmat:

The value for the life-history function for each bin was calculated using the midpoint
of the length bin.
Recruitment was assumed to follow the Beverton–Holt-stock–recruitment relationship with an offspring sex ratio of 1:1 between males and females (Figure 3). Recruitment occurred relative to SSB in the previous year and was calculated as:
(Equation 5)

The recruitment multiplier consisted of a multiplicative lognormal error, with

nor-

mally distributed with N(0, ) and a bias correction term (Thorson and Kristensen,
2016). The parameter values for the spawning stock–recruitment relationship were
selected to generate an unexploited stable population equilibrium with SSB around
30 000 t and a steepness that allowed for a reduction of recruitment as SSB drops to
low levels (Table 2).
2.5

Indicators and harvest control rules

In the following, we focused on the conservation indicators for large individuals,
Lmax5% and Pmega, in comparison to the mean length
relating to the MSY. Three
length-based indicators were calculated annually from the catch length distribution.
Harvest control rules (HCRs) were developed to adjust the allowable catch with respect to the selected length-based indicators. Three different HCRs were based on the
selected length-based indicators, Lmax5%, Pmega, or (Table 1). The HCRs were based on
the ratios between indicators and their respective reference points. Every four years
HCRs were used to adjust the catch using indicator values of the previous four years.
The harvest control rules were implemented after 30 years of overexploitation, starting in year 40 of each simulation. The annual change in allowable catch was limited
to ±15%. For comparison, a scenario without harvest control and a scenario with a
fishing moratorium were run. The selectivity of the fishery was held constant result-
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ing in a constant Lc. Alternative scenarios were run to test for the effect of different Lc
on the performance of the HCRs.
The stock-specific life-history parameters and their values used in the model are
listed in Table 2. The population dynamics were simulated without fishing until the
equilibrium was reached. All simulations were initiated with identical initial population at equilibrium which was run with stochastic recruitment for 20 time-steps without fishing. Each simulation was then continued and plotted for a total of 100 years.
After the first ten years without fishing, a constant annual allowable catch (2000 t)
was implemented. After 30 years of constant exploitation an indicator-based harvest
control rule was implemented to adjust the allowable catch according to the respective indicator value relative to its reference point.
We plotted catch, number of recruits, fishing mortality and SSB for three HCRs. Fishing mortality in the plots was calculated as the mean fishing mortality of individuals
larger than 90 mm.
For each HCR scenario, the mean probability to fall below 25% SSB0 across
1000 simulations was calculated for the periods 1–5, 6–10, 11–20, as well as 21–40 and
41–60 years after implementation of the HCR and compared to scenarios with fishing
restriction and a fishing moratorium. Similarly, the risk to fall below the thresholds
25% SSB0 was calculated as the maximum probability to fall below 25% SSB0. The variability of catches was described in terms of standard deviation across 1000 simulations at the end of the simulated time period. The speed of recovery in SSB was
compared.
3

Results
3.1

Comparison of length-based HCRs

The level of fishing mortality determined stock size. With constant high catches,
spawning–stock biomass decreased and recruitment was impaired. Without fishing
restrictions, in the simulated population a constant catch of 2000 t led to a reduction
in mean SSB below 40% SSB0 after about 25 years and below 25% SSB0 after around
40 years of exploitation (Figure 4). Fishing quickly truncated the size distribution, as
reflected in the decrease of length-based indicators values after the onset of fishing at
year 10 (Figure 5). With constantly high catch, the risk of dropping below 25%SSB0
and stock collapse increased with duration of exploitation (Table 3, no rule). At a constant catch of 2000 t, Pmega and Lmax5% dropped below their reference points after less
than ten years of fishing.

dropped below its reference point a few years later.

At higher catch, SSB dropped below biomass thresholds more quickly. Running various constant catch scenarios with a Lc of 90 mm, a maximum constant catch of about
1300 t appeared to be sustainable over the simulated time period. This coincides with
the indicator being slightly above its MSY reference point, but Pmega and Lmax5% being
below their reference points. Pmega was on average above its reference point with
catches up to 1000 t, while for Lmax5% catches would be around 700 t and is therefore
the more conservative HCR. For data-limited stocks the stock status is not known,
and the level of sustainable catch can often not be determined. A harvest control rule
could help to steer management and fisheries closer to a sustainable catch on the basis of catch data without direct knowledge of stock status.
Three harvest control rules using length-based indicators were used to test their suitability to regulate the fishery, to sustain and recover the stock and size distributions.
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The first control rule used the indicator Lmax5% to adjust the catch allowable catch.
With the onset of the harvest control rule, the downward trend in SSB could be
stopped, and the stock and recruitment level recovered. With allowable catch adjustment according to the indicator values, the catch decreased on average from the
initial 2000 t to around 750 t until year 100. The catch reduction was strongest in the
first 20 years after implementation (Figure 6). Stock collapse could be prevented in
the long term, with the risk to fall below 25% SSB0 remained less than 5% after HCR
implementation (Table 3). The risk to fall below 40% SSB0 fell to less than 1% after
more than 40 years of HCR implementation, such that the stock can be considered
rebuilt at the end of the simulation time period (Table 4). The SSB required on average 28 years to recover above 40% SSB0 (Table 5). The variability of catches at the end
of the time period was relatively low. At that time, the indicator values Pmega and
stabilized slightly above their reference points (Figure 7).
Similarly, Pmega was used in a second harvest control rule. With implementation, the
catch decreased quickly and SSB recovered. With implementation of the HCR, the
risk to fall below 25% SSB0 threshold remained below 1% (Table 3). At the end of the
simulation period, the stock could be considered rebuilt as there was a 0% risk for
SSB to fall below the 40% SSB0 threshold (Table 4). On average SSB recovered to
above 40% SSB0 threshold already after 16 years. Collapses could be prevented in the
long term. This harvest control rule quickly reduced the catch to around 700 t within
25 years (Figure 8). Following the recovery of the stock, the catch went back up to
1000 t. These catch oscillations could also be observed for low initial catch. Then
catches would overshoot and decrease again to around 1000 t. High variability of the
indicator value led to higher variability of the catch at the end of the simulation period (Table 5). All three indicators stabilized at or above, in the case of , their reference
points (Figure 9).
The indicator mean length was used in the third tested harvest control rule. The
indicator was evaluated relative to the MSY proxy LF=M. The catch decreased slowly
and the mean SSB recovered above 40% SSB0 only after almost 56 years after HCR
implementation (Table 5, Figure 10). Until the end of the simulation period, the catch
starting from 2000 t decreased to a level around 1000 t. In the long term for stocks that
did not collapse catches will increase to further towards the sustainable maximum
yield as the stock had was not fully recovered at the end of the simulation period.
Due to overexploitation and the relatively slow adjustment of the allowable catch,
stock collapses occurred. The risk of SSB falling below 25% SSB0 was higher than for
the other HCRs dropped below 5% only at the end of the simulation period (Table 3).
The risk of the stock falling below the level of 40% SSB0 remained above 90% for the
entire simulation period (Table 4). The stock could therefore not be considered rebuilt. Catch variability at the end of the time period was largest. With this HCR, none
of the used indicators, , Pmega nor Lmax5% reached their reference points within the
simulation time period (Figure 11). This harvest control rule could not be considered
precautionary.
3.2

Effect of change in selectivity (L c )
In the results presented so far, the fishing selectivity ogive was developed with a
minimum landing size of 90 mm resulting in a Lc of 90 mm. A selectivity including
even smaller and immature individuals in the catch with a Lc of 70 mm would lower
all three indicator values. At the same time, the predicted maximum sustainable yield
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would be reduced to 1100 t. At constant reference points, the HCR would have to be
triggered earlier and catches would have to be more strongly reduced. At lower selectivity, an initial catch of 2000 t led to stock collapse irrespective of the HCR, as SSB
dropped below 25% SSB0 before implementation of the HCR.
The Lmax5% control rule still performed well for selectivity with Lc<Lmat, and delivered
catches above 500 t in the long term. Collapses could be prevented as long as the
HCR was implemented before SSB dropped below the 25% SSB0 threshold. In the case
of the indicator Pmega, the indicator values decreased so much that the catch went
down to zero over time. The selected reference point was too large and the indicator
value would be below its reference point of 0.3 even in the unexploited state. This
was simply due to the inclusion of smaller length classes in the calculation without
adjustment of the reference point. The reference point of , LF=M, depended on Lc and
was adjusted accordingly. However, the adjusted reference point was too low to prevent stock collapse. At a constant sustainable catch of 1100 t, was well above its reference point. Therefore, the catches were allowed to increase until stock collapses
occurred. Even initially underexploited stock would be overexploited if the catch was
adjusted following this HCR.
An increase in Lc (110 mm) would increase the predicted maximum sustainable yield
to around 1500 t. With an increase in Lc, the Lmax5% and control rules still performed
well. Following the HCR, catches stabilized at around 1200 t and 1400 t, respectively.
Here, also at high initial catch a stock collapse could be prevented due to the protection of mature individuals below MLS. The indicator Pmega increased with the proportion of large individuals in the catch. The catch would be allowed to increase beyond
MSY following the respective HCR. This could lead to overexploitation even for an
initially low catch. A stock collapse could be prevented only due to a protection of
mature individuals below minimum landing size.
As in reality indicators are calculated from a subset of sampled catches, we tested the
HCR using the sampled length–frequency distribution. The sampling was done randomly selecting 0.1% of total numbers of individuals from the catch. The random
sampling of the individuals from the catches did not affect the outcome from the
HCRs. The maximum length Lmax, however, showed higher variability, which is due
to the small number of individuals in the largest length classes.
4

Discussion
In the simulations, harvest control rules based on length indicators Pmega, Lmax5% and
can support the recovery of an overexploited lobster stock. However, the recovery
dynamics depended on the selected indicator and appropriate selection of reference
points in the harvest control rule. A fast recovery in SSB and indicator values can be
achieved by a large and fast reduction in catch. Among the three tested harvest control rules, the rule based on Pmega was fastest in recovering biomass. Harvest control
rules which respond with large changes in catch to overexploitation, allow for a fast
recovery when catch was reduced. When underexploited, large changes in allowable
catch could lead to overexploitation when the catch was allowed to increase and the
indicator response is slower in comparison. This can lead to oscillations in the advice,
in particular when the indicator was sensitive to recruitment variability, such as Pmega.
The HCR based on Lmax5% and were slower in recovering biomass but showed a
more monotonous adjustment of the catch. Recovery and catch adjustment was slow-
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est for a harvest control rule based on As the recovery took longer, the probability
of stock collapse remained higher for longer.
The reference points depended on the estimation of life-history values and fisheries
selectivity (Cope and Punt, 2009; Jardim et al., 2015). The value of 90 mm as Lc corresponds to the 87 mm minimum landing size implemented in Scottish waters since
1999 and 90 mm in Shetland Islands since 2001 (Mesquita et al., 2016). The minimum
landings size affected the reference point and the workability of the HCR. Confirming
previous studies, the reference point of Pmega and were sensitive to Lc. In contrast,
the reference point for Lmax5% appeared to be relatively robust to levels of Lc. The control rule still performed well for Lc<Lmat. Both Lmax5% and HCRs performed well for
higher values of Lc, mainly due to the protection of mature individuals from fishing.
In conclusion, the simulation tests have shown that a HCR based on Lmax5% performed
best overall (Table 6). While the HCR was precautionary and showed relatively low
variance in catches, it may deliver catch below the maximum sustainable harvest. The
HCR reduced the risk of stock collapse and preventing overexploitation independent
of the exploitation status before implementation of the rule. The Lmax5% HCR was robust to different levels of Lc. Pmega can lead to a faster recovery but delivered higher
variance in the catches. The reference point for Lmax5% of 95% L∞ appeared to be precautionary. For , a more precautionary reference point is advised to ensure sustainability and recovery of overexploited stocks.
The probability of stock collapse increased with the level of catch and duration of
overexploitation. A delay in implementation of fishing restrictions may hinder the
recovery of highly overexploited stocks and efficacy of any harvest control rule. This
highlights the importance of early implementation of some sort of harvest control to
prevent the SSB dropping below 25% SSB0 and stock collapse.
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Table 1. Length-based indicators. Harvest control rules, catch adjusted every four years using the
mean indicator ratio I calculated at time t using length data of the previous 4 years
. Annual change in allowable catch is limited to 15%.

I NDICATOR
I NDICATOR

R EFERENCE

Lmax5%

0.95 L∞

Pmega

0.3

RATIO

(

VALUE

)

LF=M,
MSY proxy (0.75Lc+0.25L∞)

Table 2. Parameter values, model for lobster Homarus gammarus.
D ESCRIPTION

PARAMETER

VALUE

von Bertalanffy growth
constant

K (male)

0.11

K (female)

0.13

Asymptotic length (mm)

L∞ (male)

173.4

L∞ (female)

150.0

Minimum size (mm)

Lmin

10

Growth variability constant

p

0.9

inverse term

m1

10

linear term

m2

0.003

Minimum landing size

LMLS

90

Selectivity ogive constant

v

0.2

REFERENCE

Mesquita et al. (2011); Mesquita
et al. (2016); Chapman (1994)

Mortality constants:

0.1

Standard deviation of error
on fishing mortality-at-length
Length–weight relationship

Size at 50% maturity (mm)

Parameters of spawning–stock
relationship
Standard deviation of error
for the expected recruitment

a (male)

0.000126

a (female)

0.000919

b (male)

3.360

b (female)

2.922

Lmat (males)

80

Lmat
(females)

79

c

0.01

d
0.2

Lizárraga-Cubedo et al. (2003)
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Table 3. Risk (%) across 1000 simulations to fall below 25% SSB0, x years after implementation of
HCR (time-step 40), starting catch 2000 t, MLS 90 mm.
HCR

1–5

6–10

11–20

21–40

41–60

no rule

0.6

97.7

99.8

100.0

100.0

Lmax5%

0.4

0.6

0.8

0.1

0

Pmega

0.3

0.3

0.1

0

0

0.4

96.3

98.0

98.3

1.9

YEARS OF

Table 4. Risk (%) across 1000 simulations to fall below 40% SSB0, starting catch 2000 t, MLS
90 mm.
1–5

6–10

11–20

21–40

41–60

no rule

99.7

99.9

100.0

100.0

100.0

Lmax5%

99.7

99.8

99.8

99.4

0

Pmega

99.0

98.8

98.2

0.3

0

99.7

99.9

99.9

100

99.9

YEARS OF

HCR

Table 5. Mean yield and yield variability (SD, in thousand t) at the end of the of the simulated
time period (years 95–100), 1000 simulations, starting catch 2000 t, MLS 90 mm. Number of years
to recover, the

reached 40% SSB0, with implementation of HCR (after year 40).

RECOVER
TO

M EAN

YIELD

SD

40% SSB0

( NUMBER

IN YIELD

OF YEARS )

no rule

56

28.9

Lmax5%

740

22.3

never
28

Pmega

1036

75.9

16

954

74.7

56

Table 6. Comparison of HCRs, score calculation green 1, yellow 0, red -1.

L MAX 5%

P MEGA

Recovery speed

medium

Fast

slow

robustness to Lc

high

Low

low

Catch variability across simulations (at t 95 to 100)

low

medium

high

Medium
(knowledge of
L∞)

Hard
(knowledge of
Lc and L∞ or
Lopt)

Hard
(knowledge
of Lc and
L∞)

below MSY
(conservative)

Below MSY
(conservative)

at MSY

1

-1

Reference point determination

Predicted max catch, if above reference point
score

-3
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Figure 1. Order of events. Reproduction at the beginning of the time-step, then growth is instantaneous, fishing and natural mortality occur simultaneously.

Figure 2. Fishing mortality-at-length (Fi, for f=1) for females and males, with stochastic realizations calculated for length-class midpoints (grey).
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Figure 3. Spawning–stock recruitment relationship, deterministic relationship (black) and stochastic realizations (grey, independent lognormal error).
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Figure 4. Simulations (50 runs) for a constant catch of 2000 t without harvest control. Fishing mortality with upper boundary of 2.0.

Figure 5. Indicators and reference values for a constant catch of 2000 t without harvest control.
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Figure 6. Simulation (50 runs) for harvest control rule 1 (Lmax5%), for an initial catch of 2000 t.

Figure 7. Indicators and reference values for an initial catch of 2000 t with harvest control rule 1
(Lmax5%).
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Figure 8. Simulations (50 runs) for harvest control rule 2 (Pmega), for an initial catch of 2000 t.

Figure 9. Indicators and reference values for an initial catch of 2000 t with harvest control rule 2
(Pmega).
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Figure 10. Simulations (50 runs) for harvest control rule of , for an initial catch of 2000 t.

Figure 11. Indicators and reference values for initial catch of 2000 t with harvest control rule of .
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Additional simulations for the mean length mortality

estimator harvest control rule for shellfish stocks and fisheries

Additional simulations were performed for harvest control rules (HCRs) that use either the Beverton–Holt equation (BHZ) or the non-equilibrium Gedamke–Hoenig
model (GHZ) as the assessment model for the management strategy evaluation of
European lobster (Annex 3). First, two additional scenarios were examined: (1) the
initial catch is 1400 t (at maximum sustainable yield) and (2) 1000 t (underexploitation). Second, alternative applications of the GHZ model was tested in which the
time-series of mean lengths were restricted to the most recent eight or four years of
data when the assessment method was applied. The reference point proxy used was
FMSY = M. Due to time constraints, only 50 simulations were undertaken and analysis
of results were based on visual trends in TAC and spawning–stock biomass (SSB).
With the initial catch at 1400 t, BHZ HCR progressively increased the TAC at the beginning of the projection period (Figure A). The TAC then decreases and appears to
oscillate towards the maximum sustainable yield. The SSB decreases but recovers at
the end of the management strategy evaluation. No stock crash occurred. The GHZ
HCR also provided much larger increase in the TAC at the beginning of the projection period than did the BHZ HCR (Figure B). The stock ultimately crashes in most
simulations despite decreases in the TAC. There is also less variance in the outcomes
between simulations with the BHZ HCR compared to the GHZ HCR. Similar patterns
were also observed qualitatively when the initial catch was 1000 t (Figures C, D).
When a shorter time-series is used with the GHZ assessment method and HCR, the
variance with simulation outcomes are generally reduced (Figures AA, BB). As expected, the outcomes approach those seen with the BHZ HCR when fewer years are
used. With fewer years of data in the assessment model, the HCR produces more
gradual increases in the TAC and subsequently decreases the TAC towards maximum sustainable yield. The number of simulations in which the stock crashes also
decrease with fewer years. More work is required to examine the appropriate application of the GHZ assessment model (see Discussion in Section 4).

78 |

ICES WKLIFEVI REPORT 2016

Figure A. Simulations (50 runs plotted) for the HCR using BHZ, with a starting catch of 1400 t.
Top left: Catch trajectory; top right: Recruitment; bottom left: Fishing mortality rate; bottom right:
Spawning–Stock Biomass.

Figure B. Simulations (50 runs plotted) for the HCR using GHZ, with a starting catch of 1400 t.
Top left: Catch trajectory; top right: Recruitment; bottom left: Fishing mortality rate; bottom right:
Spawning–Stock Biomass.
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Figure C. Simulations (50 runs plotted) for the HCR using BHZ, with a starting catch of 1000 t.
Top left: Catch trajectory; top right: Recruitment; bottom left: Fishing mortality rate; bottom right:
Spawning–Stock Biomass.

Figure D. Simulations (50 runs plotted) for the HCR using GHZ, with a starting catch of 1000 t.
Top left: Catch trajectory; top right: Recruitment; bottom left: Fishing mortality rate; bottom right:
Spawning–Stock Biomass.
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Figure AA. Simulations (50 runs plotted) for the HCR using GHZ, with a starting catch of 1400 t,
where the assessment model uses the most recent eight years of length data. Top left: Catch trajectory; top right: Recruitment; bottom left: Fishing mortality rate; bottom right: Spawning–Stock
Biomass.

Figure BB. Simulations (50 runs plotted) for the HCR using GHZ, with a starting catch of 1400 t,
where the assessment model uses the most recent four years of length data. Top left: Catch trajectory; top right: Recruitment; bottom left: Fishing mortality rate; bottom right: Spawning–Stock
Biomass.
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The Risk Assessment for Sourcing Seafood (RASS) ap-

proach to data-limited stocks

RASS (Seafish, 2016a) is an online tool developed by the UK Sea Fish Industry Authority (Seafish) in collaboration with Cefas and others, designed to help corporate
buyers to understand environmental risks associated with sourcing seafood. It separates risks into stock status, management, bycatch and habitat risks and scores each
risk based on scoring guidelines (RASS scoring guidelines; Seafish, 2016b). It is intended to increase buyers’ understanding of potential reputational risks and therefore
can be used to inform Corporate Social Responsibility policy.
The information on individual fisheries’ profiles (a profile is a stock management and
gear type unit) is held in a database and the summary information appears as in Figure A5.1. There are approximately 360 fisheries profiles in RASS at present (October
2016). The scores 1 to 5 are symbolised by the number of white circles against the
stock status, management, bycatch and habitat tabs shown in Figure A5.1. Further
information is available by clicking on the arrows to the right.

Figure A5.1 Fishery profile summary for RASS. The white circles symbolise the score 1 very low,
2 low, 3 moderate, 4 high, to 5 very high.

Scoring scheme for stocks

Full details of all the scoring methods are given in the scoring guidelines referred to
below (Seafish, 2016b). Of interest to WKLIFE is the scoring scheme designed to score
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relative stock risk. This is scored in two dimensions; for Category 1 stocks these dimensions are fishing mortality and spawning–stock biomass in relation to reference
points as shown in Figure A5.2.

Figure A5.2. Category 1 stocks; risk levels rise from 1 low (dark green; one white circle in Figure
A5.1) to 5 very high (red; five white circles in Figure A5.1) risk based on location of stock on matrix.

For data-limited stocks the risks are assessed based on trends in stock trajectories and
resilience or vulnerability (resilience is used in preference if available) scores from
www.fishbase.org. Where information on fishing mortality and biomass trends are
available, the stock is located in the matrix on Figure A5.3, and where only trends in
biomass are known the scheme used in Figure A5.4 is used.
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Figure A5.3. Category 2-3 stocks where there is information on fishing mortality; risk levels rise
from 1 low (dark green; one white circle in Figure A5.1) to 5 very high (red; five white circles in
Figure A5.1). The risk score is based on location of stock on matrix.

Figure A5.4. Category 3–6 stocks where information is only available for biomass trends, risk levels rise from 1 low (dark green; one white circle in Figure A5.1) to 5 Very high (red; five white
circles in Figure A5.1). The risk score is based on location of stock on matrix.

References
Caveen A.J., W. Lart, H. Duggan., T. Pickerell. In preparation. The Risk Assessment for Sourcing Seafood (RASS): empowering businesses to buy responsibly. Marine Policy.
Seafish. 2016a. Risk Assessment for Sourcing Seafood (RASS) database; www.seafish.org/rass/
Seafish. 2016b. Risk Assessment for Sourcing Seafood (RASS) scoring guidelines;
www.seafish.org/rass/wp-content/uploads/2016/01/RASS-scoring-guidance_v1.51.pdf

84 |

Annex 6:

ICES WKLIFEVI REPORT 2016

Detailed overview ICES stocks by category over time and the application of the precautionary buffer in the 2016

advice

Figure A.6.1. ICES stocks by data category over time. See Table A.6.1 for a full description of subcategories (i.e. methods). Initial categories were provided by ICES based on available data types. At that time, not all present stocks were active at ICES; therefore, not all stocks have an initial data category. In 2012, ICES experts first applied the ICES methods to
category 2–6 stocks and it continues until the present.
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Table A.6.1. ICES categorizes stocks by the data types used to provide advice; 1–6. Within these
ICES stock categories, there are subcategories (i.e. methods) available for specific situations based
on stock status (ICES, 2012) and advice types.
Category

Explanation

1

Data-rich, fully accepted analytical assessment and short-term forecast

1.2

category 1 method with extremely low biomass with a zero catch advice

1.5

category 1 method with zero catch MSY advice and an advice for a 5000 t scientific
monitoring quota

1.6

category 1 method with MSY and PA advice together (e.g. pan-barn)

1.7

category 1 method with advice for effort, not catch

1.8

category 1 method with a management plan advice, but no reference points beyond
Blim (e.g. capelin)

2

Data-rich, but with an assessment/forecast that is accepted for trends only

2.11

category 2 method with biomass >MSYBtrigger

2.12

category 2 method with biomass <MSYBtrigger

2.13

category 2 method with extremely low biomass with a zero catch advice

3

biomass/abundance trends-based assessment

3.10

category 3 method - not in use

3.11

category 3 method - not in use

3.12

category 3 method - not in use

3.13

category 3 method - not in use

3.14

category 3 method with extremely low biomass with a zero catch advice

3.20

category 3 method using an abundance/biomass Index and catch data

3.30

category 3 method using an F reference proxy

3.80

category 3 method with no known/reviewed method for catch advice

3.90

category 3 data, but catch advice not possible

4

category 4 catch only

4.11

category 4 method DCAC high

4.12

category 4 method DCAC low

4.13

category 4 method using catch curves

4.14

category 4 method for Nephrops, data-borrowing

4.20

category 4 method with extremely low biomass and a zero catch advice

5

category 5 data poor catch/landings only

5.10

category 5 method not in use (PSA)

5.20

category 5 method recent average catch

5.30

category 5 method with extremely low biomass and a zero catch advice

5.90

category 5 data, but catch advice not possible

6

category 6 data-poor catch landings from bycatch stocks that are largely discarded
at sea or rarely encountered

6.10

category 6 method not in use (PSA)

6.20

category 6 method recent average catch

6.30

category 6 method with extremely low biomass and a zero catch advice

6.90

category 6 data, but catch advice not possible
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Table A.6.2. Application of the precautionary buffer in 2016 for all ICES stocks by ICES stock
category. NA indicates that the buffer is not applicable for the method.
2016

Stock
Code

2016 ICES
2016 Stock Description

Stock

EG

Category

PABuffer

Applied in
2016

ane-bisc

Anchovy (Engraulis
encrasicolus) in Subarea 8
(Bay of Biscay)

WGHANSA

1.00

NA

sal-wgc

Atlantic salmon (Salmo
salar) in Subarea 14 and
NAFO areas 1A–1F (East
and West of Greenland)

WGNAS

1.00

NA

sal-neac

Atlantic salmon (Salmo
salar) in the Northeast
Atlantic

WGNAS

1.00

NA

smnarct

Beaked Redfish (Sebastes
mentella) in Subareas 1 and
2

AFWG

1.00

NA

anb8c9a

Black-bellied anglerfish
(Lophius budegassa) in
Divisions 8.c and 9.a
(Cantabrian Sea, Atlantic
Iberian Waters)

WGBIE

1.00

NA

bli-5b67

Blue ling (Molva dypterygia)
in Subareas 6–7 and
Division 5.b (Celtic Seas,
English Channel and
Faroes Grounds)

WGDEEP

1.00

NA

whbcomb

Blue whiting in Subareas
1–9, 12 and 14 (Combined
stock)

WGWIDE

1.00

NA

cod-iceg

Cod (Gadus morhua) in
Division 5.a (Iceland
grounds)

NWWG

1.00

NA

cod-7e–
k

Cod (Gadus morhua) in
Divisions 7.e–k (Western
English Channel and
Southern Celtic Seas)

WGCSE

1.00

NA

cod347d

Cod (Gadus morhua) in
Subarea 4 and Divisions
7.d and 3.a West (North
Sea, Eastern English
Channel, Skagerrak)

WGNSSK

1.00

NA

cod-arct

Cod (Gadus morhua) in
Subareas 1 and 2
(Northeast Arctic)

AFWG

1.00

NA

cod2224

Cod (Gadus morhua) in
Subdivisions 22–24
(Western Baltic Sea)

WGBFAS

1.00

NA

mgb8c9a

Four-spot megrim
(Lepidorhombus boscii) in
Divisions 8.c and 9.a

WGBIE

1.00

NA

PABuffer
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smr5614

Golden Redfish (Sebastes
norvegicus) in Subareas 5, 6,
12 and 14

NWWG

1.00

NA

ghl-arct

Greenland halibut in
Subareas 1 and 2

AFWG

1.00

NA

ghl-grn

Greenland halibut in
Subareas 5, 6, 12 and 14

NWWG

1.00

NA

hadiceg

Haddock in Division 5.a
(Icelandic haddock)

NWWG

1.00

NA

hadrock

Haddock in Division 6.b
(Rockall)

WGCSE

1.00

NA

had-7b–
k

Haddock in Divisions
7.b,c,e–k

WGCSE

1.00

NA

had346a

Haddock in Subarea 4 and
Divisions 3.a West and 6.a
(North Sea, Skagerrak and
West of Scotland)

WGNSSK

1.00

NA

had-arct

Haddock in Subareas 1
and 2 (Northeast Arctic)

AFWG

1.00

NA

hkenrtn

Hake in Division 3.a,
Subareas 4, 6 and 7 and
Divisions 8.a,b,d (Northern
stock)

WGBIE

1.00

NA

hkesoth

Hake in Division 8.c and
9.a (Southern stock)

WGBIE

1.00

NA

her3a22

Herring in Division 3.a and
Subdivisions 22–24
(Western Baltic spring
spawners)

HAWG

1.00

NA

hervasu

Herring in Division 5.a
(Icelandic summerspawners)

NWWG

1.00

NA

her-nirs

Herring in Division 7.a
North of 52°30’ N (Irish
Sea)

HAWG

1.00

NA

her-irls

Herring in Division 7.a
South of 52°30’N and
VIIg,h,j,k (Celtic Sea and
South of Ireland)

HAWG

1.00

NA

her47d3

Herring in Subarea 4 and
Divisions 3.a and 7.d
(North Sea autumn
spawners)

HAWG

1.00

NA

hernoss

Herring in Subareas 1, 2, 5
and Divisions 4.a and 14.a
(Norwegian springspawning herring)

WGWIDE

1.00

NA

her-riga

Herring in Subdivision
28.1 (Gulf of Riga)

WGBFAS

1.00

NA

her-30

Herring in Subdivision 30
(Bothnian Sea)

WGBFAS

1.00

NA

PABuffer
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her2532gor

Herring in Subdivisions
25–29 (excluding Gulf of
Riga) and 32

WGBFAS

1.00

NA

homsoth

Horse mackerel (Trachurus
trachurus) in Division 9.a
(Southern stock)

WGHANSA

1.00

NA

homwest

Horse mackerel (Trachurus
trachurus) in Divisions 2.a,
4.a, 5.b, 6.a, 7.a–c, e–k, 8
(Western stock)

WGWIDE

1.00

NA

lin-icel

Ling (Molva molva) in
Division 5.a

WGDEEP

1.00

NA

macnea

Mackerel in the Northeast
Atlantic (combined
Southern, Western and
North Sea spawning
components)

WGWIDE

1.00

NA

meg4a6a

Megrim (Lepidorhombus
spp) in Divisions 4.a and
6.a

WGCSE

1.00

NA

mgw-78

Megrim (Lepidorhombus
whiffiagonis) in Divisions
7.b–k and 8.a,b,d

WGBIE

1.00

NA

mgw8c9a

Megrim (Lepidorhombus
whiffiagonis) in Divisions
8.c and 9.a

WGBIE

1.00

NA

nep-3-4

Nephrops in Division 3.a
(Skagerrak Kattegat,
FU3,4)

WGNSSK

1.00

NA

nep-7

Nephrops in Division 4.a
(Fladen Ground, FU7)

WGNSSK

1.00

NA

nep-6

Nephrops in Division 4.b
(Farn Deeps, FU6)

WGNSSK

1.00

NA

nep-8

Nephrops in Division 4.b
(Firth of Forth, FU8)

WGNSSK

1.00

NA

nep-9

Nephrops in Division 4.b
(Moray Firth, FU9)

WGNSSK

1.00

NA

nep-11

Nephrops in Division 6.a
(North Minch, FU11)

WGCSE

1.00

NA

nep-12

Nephrops in Division 6.a
(South Minch, FU12)

WGCSE

1.00

NA

nep-14

Nephrops in Division 7.a
(Irish Sea East, FU14)

WGCSE

1.00

NA

nep-15

Nephrops in Division 7.a
(Irish Sea West, FU15)

WGCSE

1.00

NA

nep-19

Nephrops in Division 7.a,g,j
(Southeast and West of
Ireland, FU19)

WGCSE

1.00

NA

nep-17

Nephrops in Division 7.b
(Aran Grounds, FU17)

WGCSE

1.00

NA

PABuffer
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nep-16

Nephrops in Division
7.b,c,j,k (Porcupine Bank,
FU16)

WGCSE

1.00

NA

nep2324

Nephrops in Divisions 8.a,b
(Bay of Biscay, FU23, 24)

WGBIE

1.00

NA

nep-13

Nephrops in the Firth of
Clyde + Sound of Jura
(FU13)

WGCSE

1.00

NA

nep2021

Nephrops in the FU20
(Labadie) and FU21 (Jones
and Cockburn)

WGCSE

1.00

NA

nep-22

Nephrops in the Smalls
(FU22)

WGCSE

1.00

NA

pandsknd

Northern shrimp (Pandalus
borealis) in Divisions 3.a
West and 4.a East
(Skagerrak and Norwegian
Deeps)

NIPAG

1.00

NA

nop-34oct

Norway Pout in Subarea 4
(North Sea) and 3.a
(Skagerrak - Kattegat) Autumn assessment

WGNSSK

1.00

NA

ple-eche

Plaice in Division 7.d
(Eastern Channel)

WGNSSK

1.00

NA

ple-2123

Plaice in Subdivisions 21,
22, and 23 (Kattegat, Belts,
and Sound)

WGBFAS

1.00

NA

ple-nsea

Plaice Subarea 4 and
Subdivision 3.a.20 (North
Sea)

WGNSSK

1.00

NA

rng5b67

Roundnose grenadier
(Coryphaenoides rupenstris)
in Subareas 6 and 7, and
Divisons 5.b and 12.b

WGDEEP

1.00

NA

sai-icel

Saithe in Division 5.a
(Icelandic saithe)

NWWG

1.00

NA

sai-3a46

Saithe in Subarea 4 (North
Sea) Division 3.a West
(Skagerrak) and Subarea 6
(West of Scotland and
Rockall)

WGNSSK

1.00

NA

sai-arct

Saithe in Subareas 1 and 2
(Northeast Arctic)

AFWG

1.00

NA

sal-2231

Salmon in Subdivisions
22–31 (Main Basin and
Gulf of Bothnia)

WGBAST

1.00

NA

sal-na

Salmon in the North
American (NAFO areas 0,
2, 3, 4, 5, 6)

WGNAS

1.00

NA

san-ns3

Sandeel in the Central
Eastern North Sea (SA 3)

HAWG

1.00

NA

PABuffer
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sar-soth

Sardine in Divisions 8.c
and 9.a

WGHANSA

1.00

NA

sol-kask

Sole in Division 3.a and
Subdivisions 22–24
(Skagerrak, Kattegat, and
the Belts)

WGBFAS

1.00

NA

sol-eche

Sole in Division 7.d
(Eastern Channel)

WGNSSK

1.00

NA

solechw

Sole in Division 7.e
(Western Channel)

WGCSE

1.00

NA

sol-celt

Sole in Divisions 7.f, g
(Celtic Sea)

WGCSE

1.00

NA

sol-bisc

Sole in Divisions 8.a,b (Bay
of Biscay)

WGBIE

1.00

NA

sol-nsea

Sole in Subarea 4 (North
Sea)

WGNSSK

1.00

NA

sprnsea

Sprat in Subarea 4 (North
Sea)

HAWG

1.00

NA

spr2232

Sprat in Subdivisions 22–
32 (Baltic Sea)

WGBFAS

1.00

NA

usk-icel

Tusk in Division 5.a and
Subarea 14

WGDEEP

1.00

NA

anp8c9a

White anglerfish (Lophius
piscatorius) in Divisions 8.c
and 9.a (Cantabrian Sea,
Atlantic Iberian Waters)

WGBIE

1.00

NA

whgscow

Whiting in Division 6.a
(West of Scotland)

WGCSE

1.00

NA

whg7e–k

Whiting in Division
7.b,c,e–k

WGCSE

1.00

NA

whg47d

Whiting Subarea 4 (North
Sea) and Division 7.d
(Eastern Channel)

WGNSSK

1.00

NA

codscow

Cod (Gadus morhua) in
Division 6.a (West of
Scotland)

WGCSE

1.20

NA

cod-iris

Cod (Gadus morhua) in
Division 7.a (Irish Sea)

WGCSE

1.20

NA

her67bc

Herring (Clupea harengus)
in Divisions 6.a and 7.b,c
(West of Scotland, West of
Ireland)

HAWG

1.20

NA

bss-47

Sea bass (Dicentrarchus
labrax) in Divisions 4.b and
c, 7.a, and 7.d–h (Central
and South North Sea, Irish
Sea, English Channel,
Bristol Channel, Celtic Sea)

WGCSE

1.20

NA

sol-iris

Sole in Division 7.a (Irish
Sea)

WGCSE

1.20

NA

PABuffer
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dgs-nea

Spurdog (Squalus acanthias)
in the Northeast Atlantic

WGEF

1.20

NA

san-ns1

Sandeel in the Dogger
Bank area (SA 1)

HAWG

1.50

NA

san-ns2

Sandeel in the
Southeastern North Sea
(SA 2)

HAWG

1.50

NA

pandbarn

Northern shrimp (Pandalus
borealis) in Subareas I and
II (Barents Sea)

NIPAG

1.60

NA

codfarp

Cod (Gadus morhua) in
Subdivision 5.b1 (Faroe
Plateau)

NWWG

1.70

NA

hadfaro

Haddock in Division 5.b

NWWG

1.70

NA

sai-faro

Saithe in Division 5.b
(Faroe Saithe)

NWWG

1.70

NA

capbars

Capelin (Mallotus villosus)
in Subareas 1 and 2
(Northeast Arctic),
excluding Division 2.a
west of 5°W (Barents Sea
capelin)

AFWG

1.80

NA

cap-icel

Capelin (Mallotus villosus)
in Subareas 5 and 14 and
Division 2.a west of 5°W
(Iceland and Faroes
Grounds, East Greenland,
Jan Mayen area)

NWWG

1.80

NA

smn-dp

Beaked Redfish (Sebastes
mentella) in Subareas 5, 12,
14 and NAFO Subareas 1+2
(Deep Pelagic stock >500 m
deep)

NWWG

2.13

NA

smr-arct

Golden Redfish (Sebastes
norvegicus) in Subareas 1
and 2

AFWG

2.13

NA

smn-sp

Beaked Redfish (Sebastes
mentella) in Subareas 5, 12,
14 and NAFO Subareas 1+2
(Shallow Pelagic stock
<500 m deep)

NWWG

3.14

NA

codwgr

Cod (Gadus morhua) in
NAFO Subdivision 1A–E
(Offshore West Greenland)

NWWG

3.14

NA

eel-eur

European eel (Anguilla
anguilla) throughout its
natural range

WGEEL

3.14

NA

nep-25

Nephrops in North Galicia
(FU25)

WGBIE

3.14

NA

nep-31

Nephrops in the Cantabrian
Sea (FU31)

WGBIE

3.14

NA

EG

Category

PABuffer

Applied in
2016

PABuffer
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nep2627

Nephrops in West Galicia
and North Portugal (FU26–
27)

WGBIE

3.14

NA

rjr-234

Starry ray (Amblyraja
radiata) in Subareas 2 and 4
and Division 3.a
(Norwegian Sea,
Skagerrak, Kattegat and
North Sea)

WGEF

3.14

yes

whgiris

Whiting in Division 7.a
(Irish Sea)

WGCSE

3.14

NA

ang-ivvi

Anglerfish (Lophius
piscatorius and L. budegassa)
in Subareas 4, 6 and
Division 3.a (North Sea,
Rockall and West of
Scotland, Skagerrak and
Kattegatt)

WGCSE

3.20

no

Indicator
increased
>50%

smncon

Beaked Redfish (Sebastes
mentella) in Division 5.a
and Subarea 14 (Icelandic
Slope stock)

NWWG

3.20

no

Applied
previously

smn-grl

Beaked Redfish (Sebastes
mentella) in Subarea 14.b
(Demersal)

NWWG

3.20

no

Applied
previously

bsf-nea

Black scabbardfish
(Aphanopus carbo) in
Subareas 1, 2, 4, 6–8, 10, 14
and Divisions 3.a, 5.a,5.b,
9.a and 12.b (Northeast
Atlantic)

WGDEEP

3.20

no

Exploitation
low

anb78ab

Black-bellied anglerfish
(Lophius budegassa) in
Divisions 7.b–k and 8.a,b,d
(West and Southwest of
Ireland, Bay of Biscay)

WGBIE

3.20

no

Effort
decreasing

rjh-pore

Blonde ray (Raja brachyura)
in Division 9.a (west of
Galicia, Portugal, and Gulf
of Cadiz)

WGEF

3.20

no

Stock status
compared to
an
unreviewed
Fmax

jaa-10

Blue jack mackerel
(Trachurus picturatus) in
Subdivision 10.a2 (Azores)

WGHANSA

3.20

no

No
explanation
provided

boc-nea

Boarfish (Capros aper) in
Subareas 6–8 (Celtic Seas
and the English Channel,
Bay of Biscay)

WGWIDE

3.20

yes

No
explanation
provided

bll-nsea

Brill (Scophthalmus
rhombus) in Subarea 4 and
Divisions 3.a and 7.d,e
(North Sea, Skagerrak and
Kattegat, English Channel)

WGNSSK

3.20

no

A bycatch
species with
large effort
reduction in
target fishery

No
explanation
provided
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bll-2232

Brill (Scophthalmus
rhombus) in Subdivisions
22–32 (Baltic Sea)

WGBFAS

3.20

no

Applied
previously

cod-kat

Cod (Gadus morhua) in
Division 3.a East (Kattegat)

WGBFAS

3.20

no

Indicator
increased
>50%

codingr

Cod (Gadus morhua) in
NAFO Subarea 1, inshore
(Inshore west Greenland
cod)

NWWG

3.20

no

Applied
previously

cod2532

Cod (Gadus morhua) in
Subdivisions 24–32
(Eastern Baltic Sea)

WGBFAS

3.20

no

Applied
previously

rjn-pore

Cuckoo ray (Leucoraja
naevus) in Division 9.a
(west of Galicia, Portugal,
and Gulf of Cadiz)

WGEF

3.20

no

Applied
previously

rjn-8c

Cuckoo ray (Leucoraja
naevus) in Division 8.c
(Cantabrian Sea)

WGEF

3.20

no

A bycatch
species and
long-term
stability in
the indicator

rjn-34

Cuckoo ray (Leucoraja
naevus) in Subarea 4 and
Divisions 3.a (North Sea
and Skagerrak and
Kattegat)

WGEF

3.20

no

A bycatch
species with
effort reduced
in target
fishery

rjn678abd

Cuckoo ray (Leucoraja
naevus) in Subareas 6, 7
(Celtic Sea and West of
Scotland) and Divisions
8.a,b,d (Bay of Biscay)

WGEF

3.20

no

Applied
previously

dabnsea

Dab in Subarea 4 and
Division 3.a

WGNSSK

3.20

no

A bycatch
species with
large effort
reduction in
target fishery

dab2232

Dab in Subdivisions 22–32
(Baltic Sea)

WGBFAS

3.20

no

Indicator
stable since
2010 and 3x
increase since
the early
2000s

fle-nsea

Flounder in Division 3.a
and Subarea 4

WGNSSK

3.20

no

A bycatch
species with
large effort
reduction in
target fishery

fle-2223

Flounder in Subdivisions
22 and 23 (Belts and
Sound)

WGBFAS

3.20

no

Indicator
increased >3x
in the last
decade and F
is stable
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fle-2425

Flounder in Subdivisions
24–25 (Southern Baltic Sea)

WGBFAS

3.20

no

Exploitation
stable and
increasing
trend in
indicator

fle-2628

Flounder in Subdivisions
26 and 28 (Eastern Gotland
and Gulf of Gdańsk)

WGBFAS

3.20

no

Applied
previously

fle-2732

Flounder in Subdivisions
27 and 29 to 32 (Northern
Baltic Sea)

WGBFAS

3.20

no

Applied
previously

gug347d

grey gurnard in Subarea 4
(North Sea) and Divisions
7.d (Eastern Channel) and
3.a (Skagerrak - Kattegat)

WGNSSK

3.20

no

Effort
reduction and
increasing
indicator

gfbcomb

Greater forkbeard (Phycis
blennoides) in the Northeast
Atlantic

WGDEEP

3.20

yes

Stock status
relative to
reference
points
unknown

arg5b6a

Greater silver smelt
(Argentina silus) in
Divisions 5.b and 6.a
(Faroes grounds, West of
Scotland)

WGDEEP

3.20

yes

Stock status
relative to
reference
points
unknown

arg123a4

Greater silver smelt
(Argentina silus) in
Subareas 1, 2, 4 and
Division 3.a (Northeast
Arctic, North Sea,
Skagerrak and Kattegat)

WGDEEP

3.20

yes

Stock status
relative to
reference
points
unknown

arg-rest

Greater silver smelt
(Argentina silus) in
Subareas 7–10, 12 and
Division 6.b (other areas)

WGDEEP

3.20

no

Exploitation
low (low
catches
suggest very
low F)

had-iris

Haddock in Division 7.a
(Irish Sea)

WGCSE

3.20

no

Stock status
relative to
proxy
reference
point

her-31

Herring in Subdivision 31
(Bothnian Bay)

WGBFAS

3.20

no

Effort
decreasing
since 1980s
and is
considered to
be low

lemnsea

Lemon sole in Subarea 4
and Divisions 3.a and 7.d

WGNSSK

3.20

no

A bycatch
species with
large effort
reduction in
target fishery

EG

Category

PABuffer

Applied in

reasoning
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lin-faro

Ling (Molva molva) in
Division 5.b

WGDEEP

3.20

no

Applied
previously

lin-arct

Ling (Molva molva) in
Subdivisions 1 and 2

WGDEEP

3.20

no

Applied
previously

lin-oth

Ling in (Molva molva)
Divisions 3.a and 4.a, and
in Subareas 6, 7, 8, 9, 12,
and 14 (other areas)

WGDEEP

3.20

no

Applied
previously

megrock

Megrim (Lepidorhombus
spp) in ICES Division 6.b
(Rockall)

WGCSE

3.20

no

Stock status
relative to
proxy
reference
point

nep-30

Nephrops in Gulf of Cadiz
(FU30)

WGBIE

3.20

no

Stock status
relative to
proxy
reference
point

nep2829

Nephrops in Southwest and
South Portugal (FU28–29)

WGBIE

3.20

no

Stock status
relative to
proxy
reference
point

ple-iris

Plaice in Division 7.a (Irish
Sea)

WGCSE

3.20

no

Stock status
relative to
proxy
reference
point

pleechw

Plaice in Division 7.e
(Western Channel)

WGCSE

3.20

no

Stock status
relative to
proxy
reference
point

ple-celt

Plaice in Divisions 7.f,g
(Celtic Sea)

WGCSE

3.20

no

Applied
previously

ple-7h-k

Plaice in Divisions 7.h–k
(Southwest of Ireland)

WGCSE

3.20

no

Applied
previously

ple-2432

Plaice in Subdivisions 24–
32 (Baltic Sea)

WGBFAS

3.20

no

Effort stable
and indicator
steadily
increasing

raj-mar

Rays and skates (mainly
thornback ray) in Subareas
10 and 12 (the Azores and
Mid-Atlantic Ridge)

WGEF

3.20

yes

No
explanation
provided

sbr-ix

Red (=blackspot) sea bream
(Pagellus bogaraveo) in
Subarea 9

WGDEEP

3.20

no

Applied
previously

san-ns4

Sandeel in the Central
Western North Sea (SA 4)

HAWG

3.20

no

Exploitation
low
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sar-78

Sardine in Divisions 8.a,b,d
and Subarea 7

WGHANSA

3.20

no

Exploitation
stable and
near FMSY

bss-8ab

Sea bass (Dicentrarchus
labra) in Divisions 8.a,b
(Bay of Biscay North and
Central)

WGBIE

3.20

yes

No
explanation
provided

rje-7fg

Small-eyed ray (Raja
microocellata) in Divisions
7.f, g (Bristol Channel)

WGEF

3.20

no

Applied
previously

sol-7h-k

Sole in Divisions 7.h–k
(Southwest of Ireland)

WGCSE

3.20

no

Effort
declining and
stock size
increasing
since 2000

rjmpore

Spotted ray (Raja montagui)
in Division 9.a (west of
Galicia, Portugal, and Gulf
of Cadiz)

WGEF

3.20

no

Applied
previously

rjm7aeh

Spotted ray (Raja montagui)
in Divisions 7.a and 7.e–h
(southern Celtic Seas)

WGEF

3.20

no

Applied
previously

rjm347d

Spotted ray (Raja montagui)
in Subarea 4, and Divisions
3.a and 7.d (North Sea,
Skagerrak, Kattegat, and
Eastern English Channel)

WGEF

3.20

no

A bycatch
species with
effort
reduction in
target fishery

rjm-67bj

Spotted ray (Raja montagui)
in Subarea 6 and Divisions
7.b,j (west of Scotland and
Ireland)

WGEF

3.20

no

Applied
previously

rjm-bisc

Spotted ray (Raja montagui)
in Subarea 8 (Bay of Biscay
and Cantabrian Sea)

WGEF

3.20

no

Applied
previously

sprkask

Sprat in Division 3.a
(Skagerrak - Kattegat)

HAWG

3.20

no

Applied
previously

spr-ech

Sprat in Divisions 7.d,e

HAWG

3.20

no

Applied
previously

trk-nea

Starry smooth-hound
(Mustelus asterias) in the
Northeast Atlantic

WGEF

3.20

Yes

No
explanation
provided

mur347d

Striped red mullet in
Subarea 4 and Divisions
7.d and 3.a

WGNSSK

3.20

no

Applied
previously

rjc-pore

Thornback ray (Raja
clavata) in Division 9.a
(west of Galicia, Portugal,
and Gulf of Cadiz)

WGEF

3.20

no

Indicator
increasing
over long
term

rjc-7afg

Thornback ray (Raja
clavata) in Divisions 7.a, f, g
(Irish and Celtic Sea)

WGEF

3.20

no

Indicator
increasing
steadily over
long term
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rjc-347d

Thornback ray (Raja
clavata) in Subarea 4, and
Divisions 3.a and 7.d
(North Sea, Skagerrak,
Kattegat, and eastern
English Channel)

WGEF

3.20

no

Catch
consistent
with indicator
increase

rjc-VI

Thornback ray (Raja
clavata) in Subarea 6 (West
of Scotland)

WGEF

3.20

yes

No
explanation
provided

rjc-bisc

Thornback ray (Raja
clavata) in Subarea 8 (Bay
of Biscay and Cantabrian
Sea)

WGEF

3.20

no

Applied
previously

tur-kask

Turbot in Division 3.a

WGNSSK

3.20

no

Applied
previously

tur-nsea

Turbot in Subarea 4

WGNSSK

3.20

Yes

No
explanation
provided

tur-2232

Turbot in Subdivisions 22–
32 (Baltic Sea)

WGBFAS

3.20

no

Applied
previously

usk-oth

Tusk in Divisions 3.a, 5.b,
6.a, and 12.b, and Subareas
4, 7, 8, and 9 (other areas)

WGDEEP

3.20

no

Indicator
increasing

usk-arct

Tusk in Subareas 1 and 2
(Arctic)

WGDEEP

3.20

no

Applied
previously

rju-ech

Undulate ray (Raja
undulata) in Divisions 7.d,
e (English Channel)

WGEF

3.20

no

Indicator
increased
>50%

anp78ab

White anglerfish (Lophius
piscatorius) in Divisions
7.b–k and 8.a,b,d (Southern
Celtic Seas, Bay of Biscay)

WGBIE

3.20

no

Effort
decreasing

witnsea

Witch in Subarea 4,
Division 3.a and 7.d

WGNSSK

3.20

no

Applied
previously

bli-5a14

Blue ling (Molva dypterygia)
in Subarea 14 and Division
5.a (East Greenland,
Iceland grounds)

WGDEEP

3.30

NA

codsegr

Cod (Gadus morhua) in
ICES Subarea 14 and
NAFO Subdivision 1F
(East Greenland, South
Greenland)

NWWG

3.30

NA

arg-icel

Greater silver smelt
(Argentina silus) in Subarea
14 and Division 5.a (East
Grrenland, Iceland
Grounds)

WGDEEP

3.30

NA

codcoas

Cod (Gadus morhua) in
Subareas 1 and 2
(Norwegian coastal waters
cod)

AFWG

3.80

NA
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codfarb

Cod (Gadus morhua) in
Subdivision 5.b2 (Faroe
Bank)

NWWG

3.80

NA

anepore

Anchovy (Engraulis
encrasicolus) in Division 9.a
(Atlantic Iberian Waters)

WGHANSA

3.90

NA

sho-89a

Black-mouth dogfish
(Galeus melastomus) in
Subarea 8 and Division 9.a
(Bay of Biscay and Atlantic
Iberian waters)

WGEF

3.90

yes

Exploitation
unknown

sho-celt

Black-mouth dogfish
(Galeus melastomus) in
Subareas 6 and 7 (Celtic
Sea and West of Scotland)

WGEF

3.90

no

Indicator
increasing
since 2001

syt-celt

Greater-spotted dogfish
(Scyliorhinus stellaris) in
Subareas 6 and 7 (Celtic
Sea and West of Scotland)

WGEF

3.90

no

A bycatch
species with
long-term
increase in
indicator and
a generally
productive
species

syc-bisc

Lesser-spotted dogfish
(Scyliorhinus canicula) in
Divisions 8.a,b,d (Bay of
Biscay)

WGEF

3.90

no

A bycatch
species with
long-term
increase in
the indicator

syc-8c9a

Lesser-spotted dogfish
(Scyliorhinus canicula) in
Divisions 8.c and 9.a
(Atlantic Iberian waters)

WGEF

3.90

no

A bycatch
species with
long-term
increase in
the indicator

syc347d

Lesser-spotted dogfish
(Scyliorhinus canicula) in
Subarea 4, and Divisions
3.a and 7.d (North Sea,
Skagerrak, Kattegat, and
Eastern English Channel)

WGEF

3.90

no

A bycatch
species with
long-term
increase in
the indicator

syc-celt

Lesser-spotted dogfish
(Scyliorhinus canicula) in
Subarea 6 and Divisions
7.a–c, e-j (Celtic Seas and
west of Scotland)

WGEF

3.90

no

A bycatch
species with
long-term
increase in
the indicator

sal-32

Salmon in Subdivision 32
(Gulf of Finland)

WGBAST

4.00

NA

trt-bal

Sea Trout in Subdivisions
22–32 (Baltic Sea)

WGBAST

4.00

NA

pol-celt

Pollack in Subareas 6 and 7
(Celtic Sea and West of
Scotland)

WGCSE

4.12

NA
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nep-32

Nephrops in Division 4.a
(Norwegian Deeps, FU32)

WGNSSK

4.14

no

No
explanation
provided

nep-10

Nephrops in Division 4.a
(Noup, FU10)

WGNSSK

4.14

no

No
explanation
provided

nep-34

Nephrops in Division 4.b
(Devil's Hole, FU34)

WGNSSK

4.14

no

New advice is
simply equal
to old advice

nep-33

Nephrops in Division 4.b
(Off Horn Reef, FU33)

WGNSSK

4.14

no

Exploitation
low (HR)
estimated via
data
borrowing

nep-5

Nephrops in Division 4.bc
(Botney Gut - Silver Pit,
FU5)

WGNSSK

4.14

yes

Discard rate
assumed to
be high

alfcomb

Alfonsinos/Golden eye
perch (Beryx spp.) in the
Northeast Atlantic

WGDEEP

5.20

no

Applied
previously

rjh-4aVI

Blonde ray (Raja brachyura)
in Division 4.a and Subarea
6 (Northern North Sea and
west of Scotland)

WGEF

5.20

yes

No
explanation
provided

rjh-7e

Blonde ray (Raja brachyura)
in Division 7.e (western
English Channel)

WGEF

5.20

no

Applied
previously

rjh-4c7d

Blonde ray (Raja brachyura)
in Divisions 4.c and 7.d
(Southern North Sea and
eastern English Channel)

WGEF

5.20

yes

No
explanation
provided

rjh-7afg

Blonde ray (Raja brachyura)
in Divisions 7.a, f, g (Irish
and Celtic Sea)

WGEF

5.20

no

Applied
previously

homnsea

Horse mackerel (Trachurus
trachurus) in Divisions 3.a,
4.b,c and 7.d (North Sea
stock)

WGWIDE

5.20

no

No
explanation
provided

nep-oth

Norway lobster (Nephrops
spp.) in Division 4, outside
the Functional Units
(North Sea)

WGNSSK

5.20

yes

No
explanation
provided

nepoth-6a

Norway lobster (Nephrops
spp.) in Division 6.a,
outside the Functional
Units (West of Scotland)

WGCSE

5.20

no

Applied
previously

nepoth-7

Norway lobster (Nephrops
spp.) in Subarea 7, FU18,
outside the Functional
Units (Southern Celtic
Seas, Southwest of Ireland)

WGCSE

5.20

no

Applied
previously

EG

Category

PABuffer

Applied in

reasoning
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ple-89a

Plaice in Subarea 8 and
Division 9.a

WGBIE

5.20

yes

No
explanation
provided

polnsea

Pollack in Subarea 4 and
Division 3.a

WGNSSK

5.20

yes

No
explanation
provided

pol-89a

Pollack in Subarea 8 and
Division 9.a

WGBIE

5.20

no

Applied
previously

sbr-x

Red (=blackspot) sea bream
(Pagellus bogaraveo) in
Subarea 10 (Azores region)

WGDEEP

5.20

no

Applied
previously

rng1012

Roundnose grenadier
(Coryphaenoides rupenstris)
in Mid-Atlantic Ridge
(Division 10.b, 12.c, and
Subdivision 5.a1, 12.a1,
14.b1)

WGDEEP

5.20

no

Applied
previously

san-ns6

Sandeel in Division 3.a
East (Kattegat, SA6)

HAWG

5.20

no

Applied
previously

rji-celt

Sandy ray (Leucoraja
circularis) in Subareas 6
and 7 (Celtic Sea and West
of Scotland)

WGEF

5.20

no

Applied
previously

bss-8c9a

Sea bass (Dicentrarchus
labrax) in Divisions 8.c and
9.a (Bay of Biscay South,
Atlantic Iberian Waters)

WGBIE

5.20

no

Applied
previously

rjf-celt

Shagreen ray (Leucoraja
fullonica) in Subareas 6 and
7 (Celtic Sea and West of
Scotland)

WGEF

5.20

no

Applied
previously

rje-ech

Small-eyed ray (Raja
microocellata) in Divisions
7.d and 7.e

WGEF

5.20

no

Applied
previously

spr-celt

Sprat in Subarea 6 and
Divisions 7.a–c and f–k
(Celtic Sea and West of
Scotland)

HAWG

5.20

no

Applied
previously

murwest

Striped red mullet in
Subarea 6, 8 and Divisions
7.a–c, e–k and 9.a (Western
area)

WGWIDE

5.20

no

Effort
appropriate
(no
supporting
evidence
provided)

rjcechw

Thornback ray (Raja
clavata) in Division 7.e
(Western English Channel)

WGEF

5.20

yes

No
explanation
provided

gag-nea

Tope (Galeorhinus galeus) in
the Northeast Atlantic

WGEF

5.20

yes

No
explanation
provided

uskrock

Tusk in Division 6.b
(Rockall)

WGDEEP

5.20

no

Applied
previously
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whgkask

Whiting in Division 3.a
(Skagerrak - Kattegat)

WGNSSK

5.20

no

Applied
previously

whg89a

Whiting in Subarea 8 and
Division 9.a

WGBIE

5.20

no

Applied
previously

bli-oth

Blue ling (Molva dypterygia)
in Subareas 1, 2, 8, 9, and
12 and Divisions 3.a and
4.a (other areas)

WGDEEP

5.30

NA

rjb-89a

Common skate (Dipturus
batis) complex (flapper
skate Dipturus cf. flossada
and blue skate Dipturus cf.
intermedia) in Subarea 8
and Division 9.a (Bay of
Biscay and Atlantic Iberian
waters)

WGEF

5.30

NA

san-ns7

Sandeel in the Shetland
area (SA 7)

HAWG

5.30

NA

san-ns5

Sandeel in the Viking and
Bergen Bank area (SA 5)

HAWG

5.30

NA

raj-89a

Other skates and rays in
Subarea 8 and Division 9.a
(Bay of Biscay and Atlantic
Iberian waters)

WGEF

5.90

NA

sol-8c9a

Sole in Divisions 8.c and
9.a

WGBIE

5.90

NA

codrock

Cod (Gadus morhua) in
Division 6.b (Rockall)

WGCSE

6.20

no

Applied
previously

ple-7b–c

Plaice in Division 7.b,c
(West of Ireland)

WGCSE

6.20

no

Applied
previously

gurcomb

Red gurnard
(Chelidonichthys cuculus) in
the Northeast Atlantic

WGWIDE

6.20

yes

No
explanation
provided

rng-oth

Roundnose grenadier
(Coryphaenoides rupenstris)
in all other areas (Subareas
1, 2, 4, 8, 9, Division 14.a,
Subdivision 5.a2 and 14.b2)

WGDEEP

6.20

no

Applied
previously

bsswosi

Sea bass (Dicentrarchus
labrax) in Divisions 6.a, 7.b,
and 7.j (West of Scotland,
West of Ireland, Eastern
Southwest of Ireland)

WGCSE

6.20

no

Applied
previously

sol-7b–c

Sole in Division 7.b, c
(West of Ireland)

WGCSE

6.20

no

Applied
previously

whgrock

Whiting in Division 6.b
(Rockall)

WGCSE

6.20

no

Applied
previously

agn-nea

Angel shark (Squatina
squatina) in the Northeast
Atlantic

WGEF

6.30

NA
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bsk-nea

Basking shark (Cetorhinus
maximus) in the Northeast
Atlantic

WGEF

6.30

NA

rjb-celt

Common skate (Dipturus
batis) complex (flapper
skate (Dipturus cf. flossada)
and blue skate (Dipturus cf.
intermedia)) in Subareas 6
and 7 (excluding 7.d)

WGEF

6.30

NA

rjb-34

Common skate (Dipturus
batis-complex) in Subarea 4
and Division 3.a (North
Sea and Skagerrak and
Kattegat)

WGEF

6.30

NA

sck-nea

Kitefin shark (Dalatias
licha) in the Northeast
Atlantic

WGEF

6.30

NA

guq-nea

Leafscale gulper shark
(Centrophorus squamosus) in
the Northeast Atlantic

WGEF

6.30

NA

pandflad

Northern shrimp (Pandalus
borealis) in Division 4.a
(Fladen Ground)

NIPAG

6.30

NA

nopscow

Norway pout in Division
6.a

6.30

NA

orycomb

Orange Roughy
(Hoplostethus atlanticus) in
the Northeast Atlantic

WGDEEP

6.30

NA

por-nea

Porbeagle (Lamna nasus) in
the Northeast Atlantic

WGEF

6.30

NA

cyo-nea

Portuguese dogfish
(Centroscymnus coelolepis)
and leafscale gulper shark
(Centrophorus squamosus) in
the Northeast Atlantic

WGEF

6.30

NA

sbr-678

Red (=blackspot) sea bream
(Pagellus bogaraveo) in
Subareas 6, 7 and 8

WGDEEP

6.30

NA

rhg-nea

Roughhead grenadier
(Macrourus berglax) in the
Northeast Atlantic

WGDEEP

6.30

NA

tsu-nea

Roughsnout grenadier
(Trachyrincus scabrus) in the
Northeast Atlantic

WGDEEP

6.30

NA

rngkask

Roundnose grenadier
(Coryphaenoides rupenstris)
in Division 3.a

WGDEEP

6.30

NA

sanscow

Sandeel in Division 6.a

6.30

NA

thr-nea

Thresher sharks (Alopias
spp.) in the Northeast
Atlantic

6.30

NA

WGEF

PABuffer

reasoning
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usk-mar

Tusk in Division Subarea
12, excluding 12.b (MidAtlantic Ridge)

WGDEEP

6.30

NA

rju-7bj

Undulate ray (Raja
undulata) in Divisions 7.b,j
(Southwest of Ireland)

WGEF

6.30

NA

rja-nea

White skate (Rostroraja
alba) in the Northeast
Atlantic

WGEF

6.30

NA

raj-347d

Other skates and rays in
Subarea 4, and Divisions
3.a and 7.d (North Sea,
Skagerrak, Kattegat, and
Eastern English Channel)

WGEF

6.90

NA

raj-celt

Other skates and rays in
Subareas 6 and 7
(excluding 7.d)

WGEF

6.90

NA

rju-9a

Undulate ray (Raja
undulata) in Division 9.a
(west of Galicia, Portugal,
and Gulf of Cadiz)

WGEF

6.90

NA

rju-8ab

Undulate ray (Raja
undulata) in Divisions 8.a,b
(Bay of Biscay)

WGEF

6.90

NA

rju-8c

Undulate ray (Raja
undulata) in Divisions 8.c
(Cantabrian Sea)

WGEF

6.90

NA

PABuffer

reasoning
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Annex 7:

Recommendations
R ECOMMENDATION

F OR

It is recommended by WKLIFE that there be a seventh meeting of
WKLIFE in Lisbon, Portugal 2–6 October 2017.

ACOM

WGEF ToR: Update life-history parameters and sources of such
information for WGEF stocks/species on ICES categories 3–6.
This information should be included in the WGEF report and
made available to WGBIOP, and WKLIFE that will focus on
methods for data-limited elasmobranchs in a future meeting.

WGBIOP

For ICES to establish a mechanism to promote the use of software
for evaluation of stock assessment methods and management
procedures. ICES has embarked upon the project: Transparent
Assessment Framework (TAF) and WKLIFE’s recommendation
should be considered in the context of ongoing ICES initiatives.

ACOM

WKLIFE VI recommends that a two-staged approach be adopted
to facilitate the evaluation of stock assessment methods and
management procedures through management strategy
evaluations. First, a subgroup of the WKLIFE VI participants
should be established to provide a resource for people wishing to
use toolkits. This subgroup will provide technical assistance in
the creation of operating models and the linking of software (for
assessment methods and harvest control rules) to the toolkit. The
subgroup will also keep track of limitations in the toolkit and
enhancements that are needed to advance ICES work within
WKLIFE. Membership in the subgroup is open to everyone;
initial members will be José, Carl, Manuela, Alex, Quang, Simon
and John. The ICES coordinator for the work will be Anne
Cooper.

ACOM

WKLIFE
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