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Executive summary

The ICES Benchmark Workshop on North Sea Stocks 2017 (WKNSEA) convened at
two meetings, one data compilation workshop at ILVO in Oostende, Belgium (8-10
November 2016) and the final benchmark meeting at ICES HQ, Copenhagen (6-10
February 2017).

In WKNSEA 2017 two stocks were benchmarked: plaice in 3.a and 4 (ple.27.420) and
sole in 7.d (sol.27.7d). The most important conclusions for each stock were:

Plaice in 3.a and 4

No new information on stock id or substock structure was presented during the
benchmark. During a plaice benchmark in 2015, the decision was made to assess
western Skagerrak plaice with North Sea plaice (area 4). Plaice migrate into 7.d dur-
ing quarter 1, therefore 50% of the mature individuals were assigned to North Sea
plaice stock in addition to 50% of the mature discards; this as different from previous
years, when 50% of the catches were assigned to the North Sea stock.

Alternate survey indices were explored. In addition to the beam trawl and sole net
surveys used in the assessment prior to the benchmark, the IBTS quarters 1 and 3
were investigated. Alternative ways of calculating standardized age-based survey
indices based on GAMs and Delta distributions were explored.

A new maturity ogive was estimated using Dutch commercial landings 1957-2015,
but assessment model runs showed the new ogives had limited effect on the recon-
structed SSB. Therefore, the previously used, time-invariant maturity ogive was cho-
sen.

Several methods for estimating natural mortality were investigated. The rates based
on Hoenig’s Tmax-based estimator (Hoenig, 1983) were thought to be the best for this
stock, but did not deviate greatly from the previous estimate, based on Beverton
(1963). Therefore, natural mortality was not changed from 0.1 year for all ages and
years.

The assessment model was changed from XSA to a smoother-based age-structured
stock assessment, based on Aarts and Poos (2009), but the F-at-age matrix is generat-
ed using a tensor spline. Rather than using the discards and landings-at-age as sepa-
rate data sources as in Aarts and Poos (2009), the final assessment uses the catches
(the sum of landings and discards) as data and the basis for the likelihood fitting.

New reference points were estimated. Fusy analyses were conducted with Eqsim.

Sole in 7.d

Existing research showed that sole in 7.d are genetically distinct from sole in 7.e, but
some exchange between stocks occurred with North Sea sole and sole 7.d. Within the
7.d stock, limited exchange of larvae and juveniles occurs between three regions:
along the English coast, the Bay of Seine, and along the coast of northern France.

InterCatch was used for estimation of landings age composition, as well as the esti-
mation of both discards numbers and age composition. Data from each nation were
input for 2003-2015. Stock weights-at-age were generated from quarter 2 catch
weights.



ICES WKNSEA REPORT 2017

Research tuning indices were investigated to determine whether there was sufficient
information on age 1 fish in the French YFS and UK YFS surveys. There was no evi-
dence to revise the tuning indices and they were retained in their current form in the
assessment.

The suggestions made during WKFLAT 2009 were implemented for the Belgian
commercial series, which was to investigate a more realistic conversion factor for
horse power for converting nominal fishing effort to effective effort. This was suc-
cessfully done for 2004-2015, but resulted in truncating the tuning series in the as-
sessment model. A new French commercial tuning series was constructed from the
French otter trawl fleet targeting sole along the French coast.

A new maturity ogive was constructed using data from the UK commercial fisheries.

Three assessment models were trialled at the benchmark: XSA, SAM, and the Aart
and Poos model. The final model was an XSA and included catch data (2003-2015),
discards, new stock weights, new maturity ogive, three research surveys (the UK BTS
survey, and the UK and French YFS surveys), and three commercial surveys (the
newly constructed Belgium commercial survey 2004-2015, the new French otter trawl
series 2002-2015, and the UK CBT commercial series) The new model resulted in an
increase in SSB and decrease in Fvar, especially in more recent years.

New reference points were estimated. Fusy analyses were conducted with Eqsim.

Future research and data requirements were identified, also by the external review-
ers.
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1 Introduction

A Benchmark Workshop for North Sea Stocks (WKNSEA), chaired by External
Chair Liz Brooks, US and ICES Chair Jennifer Devine, Norway, and attended by two
invited external experts John Wiedenmann, US and Nathan Taylor, Canada met at
ILVO in Oostende, Belgium 8-10 November 2016 for a three-day data evaluation
meeting and at ICES HQ, Copenhagen, Denmark for a five-day Benchmark meeting
6-10 February 2017 to:

a)

Evaluate the appropriateness of data and methods to determine stock sta-
tus and investigate methods for short-term outlook taking agreed or pro-
posed management plans into account for the stocks listed in the text table
below. The evaluation shall include consideration of:

i) Stock identity and migration issues;
ii ) Life-history data;
iii ) Fishery-dependent and fishery-independent data;

iv ) Further inclusion of environmental drivers, multispecies information,
and ecosystem impacts for stock dynamics in the assessments and out-
look.

Agree and document the preferred method for evaluating stock status and
(where applicable) short-term forecast and update the stock annex as ap-
propriate. Knowledge of environmental drivers, including multispecies in-
teractions, and ecosystem impacts should be integrated in the
methodology

i) If no analytical assessment method can be agreed, then an alternative
method (the former method, or following the ICES data-limited stock
approach) should be put forward;

Re-examine and update (if necessary) MSY and PA reference points ac-
cording to ICES guidelines (see Technical document on reference points);

Develop recommendations for future improving of the assessment meth-
odology and data collection;

As part of the evaluation:

i) Conduct a three-day data evaluation workshop (DEWK). Stakeholders
are invited to contribute data (including data from non-traditional
sources) and to contribute to data preparation and evaluation of data
quality. As part of the data evaluation workshop consider the quality
of data including discard and estimates of misreporting of landings;

ii) Following the DEWK, produce working documents to be reviewed
during the Benchmark meeting at least seven days prior to the meet-

ing.

SToCKS STOCK LEADER
Plaice (Pleuronectes platessa) in Subarea 4 (North Sea) and Division 3.a Jan Jaap Poos
(Skagerrak)
Sole (Solea solea) in Division 7.d (Eastern English Channel) Lies Vansteenbrugge

The Benchmark Workshop will report by 1 April 2017 for the attention of ACOM.
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Adoption of the agenda

The following were dropped from the agenda:

Further inclusion of environmental drivers, multispecies information, and
ecosystem impacts for stock dynamics in the assessments and outlook.
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3 Description of the Benchmark Process

The ICES benchmark on North Sea stocks included the following steps:

1)

2)

3)

4)

5)

6)

7)

A data call was issued 16 August 2016 for the North Sea stocks to be
benchmarked in WKNSEA. The deadline of the data call was 7 October
2016.

Two skype meetings, one for each stock, were held on October 14th and
21st, 2016, to go through the data issues list and verify all data had been
provided at the close of the data call. External reviewers and chair were
invited to attend. A summary of each meeting was sent to all WKNSEA
participants.

Data compilation workshop 8-10 November 2016.

A Skype meeting was held on December 12, 2016 to check on progress af-
ter the data workshop. Externals were invited to attend. A summary of
each meeting was sent to all WKNSEA participants.

A Skype meeting was held on January 18, 2017 to check on progress after
the data workshop. Externals were invited to attend. A summary of each
meeting was sent to all WKNSEA participants.

Several other skype meetings were arranged between smaller subgroups
that did not involve the external chair and reviewers to work on issues
surrounding specific working documents. These included: maturity ogives
for sole and plaice, Belgium cpue index estimation, generating plaice indi-
ces for the BTS and IBTS survey series, and InterCatch procedures for sole.

The deadline for working documents was February 2, 2017. All documents
except one were completed by the deadline.

The data issues and subsequent working papers for plaices 3.a4 and sole 7.d are de-
tailed below.

PLAICE 3A4

Title

Description

Contributors

1. Biological data

a) Natural mortality
b) Maturity ogive

Jan Jaap Poos, Chun Chen,
Holger Haslob

2. Survey indices

a) IBTS Q1 & Q3
b) BTS combined index
c) Industry surveys

d) Belgian survey effect

Casper Berg, Clara Ulrich, Jan
Jaap Poos, Holger Haslob, Bart
Vanelslander

3. Assessment models

a) Discard estimation (2
alternates: historically

modelled (SPALY), model
internal within assessment

model
b) AAP model

c) Sequential runs

incorporating changes to input

data

Jan Jaap Poos, Holger Haslob,
Chun Chen, Casper Berg
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SOLE 7D
Title Description Contributors
1. Biological data Maturity ogive Lies Vansteenbrugge, Chun
Chen, Holger Haslob

2. Belgian cpue index Replicating simple GLM model from Sofie Nimmegeers, Bart
last benchmark, incorporating spatial Vanelslander
aspect to data, may try to account for
autocorrelation in catch rates, spatial
plots of catch and effort by year

3. Survey indices YFS series (UK 1987-2006 Q3, FRA Bart Vanelslander, Lies
1987-2015 Q3). YFS ages 0-1. No Vansteenbrugge, Marie Savina-
spatial overlap Rolland

BTS 1988-2016 Q3. BTS — ages 1-6

VCBT - comm, 2 series; 1986-2003,
2003-2015)

UK comm - used in assessment (1986~
now)

FRA comm - 2002-now Youen Vermard

4. Raising of discards Raising procedure for discards, Sofie Nimmegeers, Lies
Discard & age allocations Vansteenbrugge

5. Subpopulation Investigation of English tagging data Marie Savina-Rolland

definition/mixing of

stocks

6. Assessment models  a) AAP model Jan Jaap, Anders Nielsen,
b) SAM model Casper Berg, Lies

Vansteenbrugge, Sofie
Nimmegeers, Bart Vanelslander,
Marie Savina-Rolland

c) sequential runs incorporating
changes to input data

The first two days of the benchmark were devoted to biological parameters, survey
and cpue indices, and the InterCatch raising and allocation procedures. After each
presentation, discussions were held and participants reached a consensus on the out-
come, e.g. which maturation ogive(s) to use in the assessment runs. This process in-
volved several iterations, where more work was completed on a topic until a
consensus was reached.

The second two days of the benchmark were devoted to presentations of assessments
and reference points.

The final day was finalization of reference points, including a skype meeting with
WKIrish3 and Carmen Fernandez (ACOM vice-chair), checking the short-term fore-
cast with the new assessment model, and writing the report and stock annex. The
externals drafted their recommendations and conclusions.

Notes on the benchmark process

Not all of the data arrived by the deadline of the data call or the data workshop.
There were also errors in InterCatch due to one country not removing data before re-
uploading data with different métiers. Despite these issues, nearly all of the working
documents for both species were completed by the deadline.
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4.1

4.2

Plaice in 3.a and 4

This section relates to the plaice stock in the North Sea (Subarea 4) and the Skagerrak
(Division 3.a-20).

Stock ID and substock structure

No results were presented on the stock ID during the benchmark. The flatfish
benchmark group (WKFLAT, ICES, 2010) recommended to explore the potential to
perform an integrated assessment of the continuum of plaice stocks from the Baltic to
the English Channel. ICES evaluated the stock identity of plaice in the Skagerrak and
Kattegat during a dedicated workshop (WKPESTO, ICES, 2012b) for which until now
combined advice was given.

Plaice in the Skagerrak is considered to have two components: an eastern and a west-
ern. The latter occurs in a mix with plaice migrating in from the North Sea (Ulrich et
al., 2013) and the predominance of catches occurs on summer feeding aggregations in
the Western Skagerrak. In a benchmark (WKPLE 2015, ICES, 2015), it was decided
that plaice in the Skagerrak would be assessed together with the North Sea stock.

In addition, as in previous years, part of the catches in the 7.d area in the first quarter
are included in the North Sea plaice assessment because North Sea plaice migrates
into the area in that season (ICES, 2010). This year, 50% of the mature animals from
7.d in Q1 were added to the North Sea stock, whereas before, 50% of the total catches
were added. Moreover, this year 50% of the mature discards in Q1 were also added
to the North Sea stock.

Issue list

The issue list is taken from Annex 6 of ICES, WGNSSK (2016). The ‘Comments’ col-
umn indicates whether the issue was handled during this benchmark and, if yes,
where it can be found.
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Issue Problem/Aim Work needed/ Data needed Comments
possib|e to be able to
direction of do this: are
solution these
available /
where should
these come
from?
(New) data to be considered ~ Additional M - Review of basis The natural mortality
and/or quantified predator relations for natural estimates were evaluated.
mortality Results can be found in WD
1 and Section 4.6.3.3
Prey relations
Ecosystem drivers
Other ecosystem
parameters that may
need to be explored?
Tuning series Exclusion of SNS or Make a combined  SNS, BTS Combining the BTS indices
combine SNS with index SNS/BTS indices was evaluated. Results can
BTS and explore be found in WD 2 and in
assessments with Section 4.6.2.1
or without SNS
and combined
index
Tuning series Inclusion of IBTS as IBTS index IBTS index Combining athe IBTS

tuning fleet

indices was evaluated.
Results can be found in WD
2 and in Section 4.6.2.1

Discards

Biological Parameters

Natural mortality
Maturity

Review of basis
for natural
mortality.
Literature review,
model estimates
of M

Review of basis
for maturity.
Literature review,
model estimates
of maturity

The natural mortality
estimates were evaluated.
Results can be found in WD
1 and in section 4.6.3.3.
Maturity can be found in
WD 3 and Section 4.6.3.2.

Assessment method

Explore other models
(SCAA, SAM, Aarts
and Poos).

A new assessment method
was evaluated. Results can
be found in WD 4 and in
Section 4.6.4

Biological Reference Points

Revision Fusy and
MSYBuigger after
inclusion of
Skagerrak

New reference points were
evaluated baed on the
assessment and results are
in Section 4.7

Management plan

Revision of the North
Sea management
plan after adding SK
AND
Implementation of
stage 2 of the MP
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4.3

4.4

4.5

4.6

Scorecard on data quality

A scorecard was not used for this benchmark.

Multispecies and mixed fisheries issues

No new information was presented at the benchmark meeting.

Ecosystem drivers

No new information was presented at the benchmark meeting.

Stock assessment

4.6.1 Catch: quality, misreporting, discards

No new information was presented at the benchmark meeting.

4.6.2 Surveys

4.6.2.1 Research surveys

Several survey time-series exist which are potentially useful for the North Sea plaice
stock assessment model to be used as tuning indices. The most important ones for
demersal fish species in the greater North Sea area are the different Beam Trawl Sur-
veys (BTS, 3rd Quarter) and the International Bottom-trawl Survey (IBTS, 1st and 3rd
Quarter). While the different BTS cover areas 4.b, 4.c and the Channel, the IBTS also
covers area 4.a and the Skagerrak and Kattegat (area 3.a). Historically the following
Dutch survey indices were used in the plaice assessment:

e Beam Trawl Survey combined for RV Tridens and ISIS (BTS-combined);
(1996-2015); Age 1-9;

e Beam Trawl Survey RV Isis (BTS-Isis) for the older part of the time-series;
(1985-1995); Age 1-8;

e Sole Net Survey 1 (SNS1); (1982-1999); Age 1-3;

e Sole Net Survey 2 (SNS2); (2000-2015); Age 1-3.

In previous years, some problems were encountered with these survey indices due to
different reasons (ICES, 2015a), but the current settings with the combined BTS and
the split of the SNS (ICES, 2015b) solved these issues and the currently used survey
indices, in general, performed well in the used assessment model. However, it was
decided by the benchmark working group to test also other existing survey time-
series to: (1) enlarge the spatial coverage of the survey within the North Sea and, (2)
to include more haul information, (3) to include also information from the Skagerrak
(area 3.a), which is not covered by the BTS. This latter aspect has become especially
relevant since the inter-benchmark work shop on plaice in 2014 (ICES, 2015a), where
it was decided to combine the former separated plaice stock units form area 4 and
Division 3.a. The existing time-series were compared in a first step directly to evalu-
ate their ability to follow cohorts and to evaluate their internal consistencies. The fol-
lowing survey indices were presented and discussed during the meeting:

e Beam Trawl Survey RV Solea; Age 1-9; (2002-2005, 2007-2015); (WD 2);
e Beam Trawl Survey RV Belgica; Age 0-11; (2010-2015);
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e Combined BTSQ3 index including all available data from DATRAS; 1996—
2015; Age 1-6; (WD 2);

e IBTS Q1 plaice index; 1983-2015; Age 1-5; (WD 2);

e IBTS Q3 plaice index; 1996-2015; Age 1-5; (WD 2);

e Combined BTSQ3 and IBTSQ3; 1996-2015; Age 1-5; (WD 2).

In general, the BTS Solea index displays similar trends for the single age groups com-
pared to the combined Dutch BTS index (Figure 1). Some larger discrepancies occur
for the older age groups (>age 6). The Belgian index, although only available for few
years, follows the general trends, but there are also some large discrepancies com-
pared to the two other survey indices, e.g. the last two years for age group 8. Further,
the Belgium data for 2015 were collected with a different ship and gear (ICES,
WGBEAM 2016). However, it was concluded that both time-series potentially pro-
vide reasonable information and could be included into the assessment model.

A GAM model approach (Berg et al., 2014; WD 2) was applied to construct different
age-based survey indices making use of the DATRAS database. All these GAM indi-
ces seem to provide useful information for plaice, given that they all give consistent
estimates of increasing abundances since around 2005 and it is possible to follow co-
horts within and between all surveys (based on high internal and external consisten-
cies). Some issues with regard to combining survey time-series by applying the GAM
model approach were discussed: (1) which plus group should be used, (2) how suita-
ble is it to borrow age-length keys (from years and areas) to extend the IBTS time-
series, (3) the Belgian and German time-series have only partly been uploaded to
DATRAS, but the national institutes are currently working on their databases in or-
der to upload more historical data. Therefore, the group agreed that when construct-
ing combined indices, only data which are currently available in DATRAS must be
used. Extended time-series taking more historical data into account should be evalu-
ated by the next benchmark or inter-benchmark work shop, (4) the last data year of
the Belgian time-series (2015) was excluded from the combined indices, because in
this year a different gear (BT4S) and ship was used. It was not possible to estimate a
possible gear effect for this single data year but it should be analysed in future if
these data can be included, (5) when combining indices, it was recommended to nev-
ertheless evaluate the separate indices in order to detect suspect patterns which
might lead to the exclusion of a time-series, if the informative value is in doubt.

There were two opposite opinions regarding the plus group to be used. One argu-
ment was not to use older age groups (>6 years) for the index constructions because
usually the samples in the older age groups are not independent. The other opinion
was to use also the older age groups because otherwise too much information on the
cohorts would be lost. In the end, it was agreed to use age 9 as a plus group for the
combined Q3BTS and the Q3IBTS survey indices and age 7 as plus group for Q1IBTS
index. With regard to the possibility of borrowing age-length keys to fill data gaps, it
was agreed that the IBTS GAM survey indices should be restricted to that time peri-
ods for which a good sampling coverage is available. This is 2007-2015 for IBTSQ1
and 1997-2015 for IBTSQ3.
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Figure 1. Comparing the currently used combined BTS index (RV Isis & RV Tridens) with the
BTS-Solea and BTS-Belgica.
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Figure 2. Comparing the currently used combined BTS index (RV Isis & RV Tridens) with the
different indices estimated applying the GAM model approach by Berg et al. (2014).

All GAM indices follow well the trends of the currently used combined BTS survey
index by age groups. Only for the older age groups (2age?) the trends are somewhat
smoother. Based on the discussion in the group it was agreed to substitute the old
BTS combined index and to perform trial runs in order to test the alternative GAM
survey indices in the assessment model.

Different combinations of new and old survey indices were tested. The survey resid-
uals and retrospective patterns were evaluated in order to find the best settings for
the final assessment. For all different cases, no strong residual patterns were detected.
In comparison to the base run, which is the run most similar to the WGNSSK 2016
final assessment, the best combination of indices was the inclusion of the SNS time-
series (SNS1 and SNS2) and all new indices: combined Q3BTS_new, Q3 IBTS and the
QI1IBTS (for all details see WD 2). In a first trial the use of these indices resulted in the
best retrospective patterns for SSB, R and F (Mohn’s Rho). The exclusion of the SNS
time-series resulted in a very good Rho for SSB but the Rho for F was the lowest
compared to the all other runs. Finally, it was concluded that the model run includ-
ing all indices showed the best overall results with respect to the retrospective runs.
This run resulted in a lower SSB and a slightly higher F.
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4.6.2.2 Catch and effort series

No new information was presented at the benchmark meeting.

4.6.3 Weights, growth, maturity, natural mortality

4.6.3.1 Weights and growth

No new information was presented at the benchmark meeting.

4.6.3.2 Maturity

The maturity ogive is an important population attribute and it is used for estimating
SSB in the stock assessment. For North Sea plaice, a fixed maturity ogive was em-
ployed in the assessment model (Table 4.6.3.1). Grift ef al. (2003) showed that the age
and length at maturation have decreased over the past half century. With the ob-
served biological growth curve changes in plaice since 2000 and the substantial in-
crease of SSB, it is interesting to gain more insight into the maturity ogive for North
Sea plaice (areas 4 and 3.a) and to investigate its impact on SSB. In WGNSSK 2005, a
preliminary estimation of maturity ogive was conducted using Dutch landing data
and no change were made thereafter to Table 1.

A more population representative NS-IBTS Q1 survey data were originally dedicated
to estimate maturity ogive. However, due to the short time-series and inconsistencies
among participating countries, NS-IBTS data were eventually not taken into account
in the benchmark (WD 3). Instead, Dutch commercial landings (1957-2015) were
used to estimate the plaice maturity ogive in the North Sea, following three steps
(WD 3):

1) Maturity ogive at given age 4, length I and year y, i.e. f4,(l), was estimat-
ed using a glm model for each sex (s={female, male}):

logit[P(y; = )] = a + B, -Year; + B, - Age; + P - length;, per sex 1)

2) The mean maturity of f;4,(l), given length distribution per age year sex

LE, , (1), is defined as:

E[f;,a,y U)] = ILF;.a.y (D fs,ﬂ.y (D dl, (2)

A mean length-at-age for Q1 per year, i.e. I_ﬂly , was estimated from BTS survey
data (WD 3 Table 2, Figure 14): A growth curve (von Bertalanffy, 1938) was esti-
mated from BTS survey Q3 data, and extrapolated into the mean length at Q1.
Since survey samples are less length selective than Dutch landing, the estimated
mean length from the BTS is less likely to be biased and serves well as a popula-
tion mean. The estimated mean maturity rate at-age 4, year y, sex s was then ap-

proximated as f;q,() at [ =1, (i.e. first order approximate mean from Taylor
series).

3) Assuming equal proportion of sex per age, the final maturity-at-age was
estimated as:
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E[f;,a,y (D] g ffemale,ﬂ.y(E = !_a.y)/z + fmafe,a,y(l = J_a.y)/z 3)

Note that both approximations and assumptions were employed to obtain formula
(2) from (3), e.g. the mean maturity is not computed from the product between

LE ;,(I) and f4,(D), but f4, (1) at mean value of LE,,(I); a sex-independent mean

length I_ﬂly is applied to sex-specific maturity f;q,(l). However, this is the “best” we
can approximate, given the available biological length—age sex samples.

Dutch landing samples in 1988 were excluded due to too few samples. Additionally,
samples in 2002 were excluded due to the confusion in maturity staging. The final
estimated maturity ogive for age 2—4 are illustrated in Figure 4.6.3.1 and Table 4.6.3.2.

Due to the lack of BTS samples to provide length-age distributions, maturity ogive
for 1957-1984 cannot be directly estimated using the method above. On the other
hand, the estimated stock weight-at-age for Q1 is available since 1957. Therefore, the
time-trend of mean weight was used as a proxy for the time-trend of mean length.
The comparison between mean weight in the missing years (1957-1984) vs. known
years (1985-2015) was used to derive the imputation strategy for the missing years. A
constant mean size-at-age as well as maturity-at-age length were observed since 1957
till 1980, whereas both variables show a changing trend after 1980, i.e. negative trend
of mean size and a positive trend of maturity-at-age length for female (WD 3, Figures
13 and 18). Both observations suggest that the maturity ogive in 1957-1984 can be
imputed using the ogive in 1985. The ogives in year 1988 and 2002 were reconstruct-
ed using the average of adjacent years.

The reconstructed maturity ogive was tested in the final assessment model (Figure
4.6.3.3). However, given the very limited effect that these maturity ogives had on the
reconstructed SSB, the benchmark decided to keep the current time-invarying maturi-
ty ogive.

4.6.3.3 Natural mortality

The current estimate for natural mortality (M) is assumed to be 0.1 year-1 for all ages
and years (Table 4.6.3.1). This is based on Beverton (1963), who estimated from the
survival of plaice cohorts in the North Sea during the Second World War, see also
WD 1. The natural mortality of plaice males was estimated to be 0.14 year-1 while the
natural mortality for females was estimated to be 0.08 year 1. Gislason et al. (2010)
state a second potential source of information for plaice: an estimate of 0.2 year-1
from Siddeek (1989). However, the experiments of Siddeek actually resulted in a
wide range of M estimates, ranging between 0.085-0.204, for males and females. It
should be noted that these experiments were not done in the North Sea, but in the
Irish Sea.

So far, a list of natural mortality estimators have been proposed and a recent over-
view has been given in Kenchington T ], 2014. Gislason’s First estimator (Gislason et
al., 2010) on natural mortality rate (M) at-length was explored as the first attempt:
In(M) = 0.55 - 1.61In(L) + 1.44In(L-) + In(K), due to its regression property and ability
to estimate M-at-size. The estimator requires estimation of von Bertalanffy (von Ber-
talanffy L., 1938) growth parameters L~ and K (WD 1). However, the estimated mor-
tality rate turned to be substantially higher than the estimated values in Beverton
(1963) (Table 4.6.3.3). This could due to the high uncertainties from the formula de-
rived from their original regression output, or the uncertainties from the estimated
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growth parameters. Similar pessimistic findings were also found in other stocks (e.g.
plaice 7.d). Therefore, Gislason’s estimator is not adopted in the benchmark.

Hoenig’s Tmax-based estimator (Hoenig, 1983) on total mortality rate (Z) was tried in
the benchmark. Since the various versions of the estimator differ little when consider-
ing their uncertainties, we used the approximated formula Z = 4.3/ Tmax for simplici-
ty. Both the Dutch landing data and survey age samples were collected to estimate
Tmax and Z. Their age distributions are illustrated in Figure 2. The estimated Tmax
are 38 year and 31 year from landing and survey, respectively, resulting in the esti-
mated Z of 4.3/38=0.11 and 4.3/31=0.14. The updated mortality does not deviate sub-
stantially from the current values in stock assessment (Beverton, 1963). Therefore, no
update of natural mortality is needed.

4.6.4 Assessment models

A number of assessment runs were done using different formulations of a smoother-
based age-structured stock assessment, based on Aarts and Poos (2009). The assess-
ments were based on combinations of surveys, and methods for combining survey
information (WD 4). The current assessment uses discards data from 2000 onwards:
The discards time-series used in the assessment includes Dutch, Danish, German and
UK discards observations for 2000-2015. To reconstruct the number of plaice discards
at-age before 2000, catch numbers-at-age data were reconstructed in 2005 based on a
model-based analysis of growth, selectivity of the 80 mm beam trawl gear, and the
availability of undersized plaice on the fishing grounds. This reconstruction was
done in 2004 (van Keeken et al., 2004). The benchmark decided to continue this pro-
cedure.

The assessment is similar in structure to that in Aarts and Poos (2009), but the F-at-
age matrix is generated using a tensor spline (with a design matrix taken from mgcv
(Wood, 2006)). The number of knots in this tensor spline are controlled by means of a
vector of length 2, one for the knots in the age dimension, and one for the number of
knots in the year dimension of the assessment. Rather than using the discards and
landings-at-age as separate data sources as in Aarts and Poos (2009), the final assess-
ment uses the catches (the sum of landings and discards) as data and the basis for the
likelihood fitting. After fitting the catches, landings and discards in the model fit are
separated using the observed proportionality between landings and discards.

The final model used the following data and settings (see also WD 4):

Stock North Sea and Skagerrak combined
Catch-at-age Landings + (reconstructed) discards based on
NL, DK + UK + DE fleets and BE (since 2012)
Fleets (years; ages) BTS-Isis-early 1985-1995; 1-8

BTS-combined 1996-now; 1-9
SNS1 1982-1999; 1-6

SNS2 2000-now (excl. 2003); 1-6
IBTS Q1 2007-now; 1-7

IBTS Q3 1997-now; 1-9

Plus group 10
Catchability independent of ages for ages >= 6
Age at which the catchability for the F-at-age 9

reaches a plateau >=

F tensor spline age knots 6
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F tensor spline year knots 26

Results of this assessment are given in Figures 4.6.4.1-4.6.4. Comparisons to the cur-
rent assessment show that the final assessment outcomes are fairly consistent with
the current assessment (in terms of F, SSB, and R). Moreover, the assessment shows
low Mohn’s Rho values for retrospectives up to five years in the past. Given the
structure of the model, the delta method can now be used to estimate uncertainty on
F, SSB, and R.

Appropriate reference points (MSY)

4.7.1 Reference points prior to benchmark

The existing reference points are listed in the current ICES advice:

Framework Reference Value Technical basis Source
point
MSY MSY Btrigger 230 000 t Default to value of Bpa
approach Fusy 0.19 Combined stock ICES (2014)
Precautionary  Blim 160000t  Bloss=160 000 t, the lowest ICES (2004)
approach observed biomass in 1997 as
assessed in 2004
Bpa 230000t  1.44 x Biim ICES (2004)
Fiim 0.63 The F that in equilibrium will ICES (2016a)

maintain the stock above Blim
with a 50% probability

Fpa 0.45 Fpa= Flim x exp(-1.6450%F); 0F = ICES (2016a)
0.20
Management  SSBmp 230000t  Stage one: Article 2 EU management
plan plan (EU, 2007)
Fwmp 0.30 Stage two: Article 4.2 — Fmsy EU management
constrained to F 20.3 plan (EU, 2007)

4.7.2 Source of data

Data used for the reference point estimation were derived from the final assessment
as defined in Section 4.6.4. The SSB and R pairs can be found in assessment summary
Table 4.7.2.1. The fishing mortalities-at-age can be found in Table 4.7.2.2. Weights-at-
age for the stock, landings, discards and catches have not changed and can be found
in the ICES, WGNSSK 2016 report.

4.7.3 Stock-recruitment relationship and new Biim and Bpa reference points

The stock-recruit fits for a pure segmented regression and for a mixture of stock—
recruitment relationships are shown in Figures 4.7.3.1 and 4.7.3.2, respectively. The
SR scatter for North Sea plaice shows no clear patterns with both high and low re-
cruitments found across the whole range of observed SSB. There is a single outlier
(1985 year class) near the middle of the observed SSB range.

In the Eqsim method, the segmented regression estimates a breakpoint in the data at
207 287 tonnes. This is just above the Bioss of 202 100 tonnes observed in 1997. This
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207 288 is thus the proposed Bim reference point. Using the default multiplier (of 1.4)
to calculate Bpa from Biim, results in a Bpa reference point of 290 203 tonnes.

4.7.4 Methods and settings used to determine ranges for Fusy

The Egsim methods were applied to estimate the remainder of the reference points.
Runs with and without MSYBuigger were done for the Eqsim method. The total (catch)
F was optimised for maximum landings. The EQ sim runs were based on the S-R fits
in Section 4.7.3. For each run, 3000 draws were taken from the S-R results.

First, an EQ sim run was done to estimate Fim. This was done using the segmented
regression fit to the S-R data and the following settings:

e bio.years = (2006, 2015), bio.const = FALSE

e sel.years = c(2006, 2015), sel.const = FALSE

e  Fo=0, Fpni=0

®  Buigger = 0, Biim=Biim, Bpa=NA

The resulting reference points table is given in Table 4.7.4.1. The resulting Fim esti-
mate is 0.516 year'!. Using the default multiplier (of !/1.4) between Fiim and Fpa results
in a corresponding Fpa estimate of 0.369 year-.

In order to get the initial Fmsy and Fos estimates, a run was done with all S-R relation-
ships and the following settings:

e Dbio.years = ¢(2006,2015), bio.const = FALSE

o sel.years = ¢(2006,2015), sel.const = FALSE

o Fo=0.212, Fpri=0.423, # WKMSYREF4 defaults

®  Burigger = 0, Biim=Biim, Bpa=Bpa

The resulting reference points table is given in Table 4.7.4.2, and summarized in Fig-
ures 4.7.4.1 and 4.7.4.2. The resulting median Fusy estimate is 0.210 year! and the re-
sulting Fos is 0.425 year-.

Next, a run was done to determine the Buigger. The settings for this were

e Dbio.years = c(2006, 2015), bio.const = FALSE,
e sel.years = c(2006, 2015), sel.const = FALSE,
o  Fo=0, Fpni=0

®  Burigger = 0,Biim=Biim, Bpa=Bpa

The estimates of this trigger were 793 905 tonnes. This is larger than the current Buri-
ger, larger than Bpa, and larger than the 5%ile of the most recent SSB estimate in the
model (based on SSB20i5/1.4= 564 599). Because the SSB has climbed so steeply in re-
cent years, and the effects in terms of density-dependent growth and mortality can-
not (yet) be evaluated, the benchmark decided to propose a trigger that is based on
historic observations, from the time period when fishing mortality was substantially
lower, and abundances high: the peak in abundance of 481.5 thousand tonnes in the
first ten years of the assessment. This Buigger means a substantial increase compared to
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the current Buigger, and is substantially higher than Bpa. The next benchmark can then
revaluate the trigger, once the population processes and dynamics that govern the
stock when fishing at F around Fusy have been evaluated.

4.7.5 Final Egsim run

To evaluate the reference points when enforcing a Brigger a final EQSIM run was done
with the following settings.

e bio.years = ¢(2011,2015), bio.const = FALSE

e sel.years = ¢(2011,2015), sel.const = FALSE

o Fu&=0.212, Fpri=0.423, # WKMSYREF4 defaults

®  Buigger = 481 500, Biim=Biim, Bpa=Bpa

The results of this run are summarized in Table 4.7.5.1 and Figures 4.7.5.1 and 4.7.5.2.

4.7.6 Sensitivity runs

A sensitivity test was carried out using fewer years for average selectivity and
weights-at-age (5vs.10 years). This was done because there has been a significant shift
in the gears used by the Dutch 80 mm beam trawl fleet in recent years and because of
observed changes in growth historically. However, the Fusy range using a shorter
selectivity period does not differ substantially from the range using the ten year se-
lectivity period (see Tables 4.7.6.1 and 4.7.6.2 and Figures 4.7.6.1 and 4.7.6.2).

4.7.7 Proposed MSY reference points

Reference point Value
Fusy without Brrigser 0.21
Fusy lower without Btrigger 0.15
Fusy upper without Btrigser 0.30
Fr.os (5% risk to Bim without Btrigser) 0.43
Fumsy with Berigger 0.21
Fmsy lower with Burigger 0.15
Fusy upper with Burigger 0.30
Fr.05 (5% risk to Biim with Burigger) 0.77
MSY 104113 t
Median SSB at Fusy 1104120 t
Median SSB lower precautionary (median 690 328 t

at Fmsy upper precautionary)
Median SSB upper (median at Fusy lower) 1616173 t

Future research and data requirements

Biological data must be collected from the NS-IBTS surveys (e.g. age, maturity stag-
es). This species is not currently a mandatory species for these surveys. A request was
made to the IBTSWG to collect biological information on this species (i.e. add it to the
mandatory species list).
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4.10 Tables

Table 4.6.3.1. North Sea plaice maturity ogive and natural mortality (ICES, WGNSSK 2016).

ICES WKNSEA REPORT 2017

Age 1 2 3 4 5 6 9 10
Maturity 0 0.5 0.5 1 1 1 1 1 1 1
Natural mortality 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Table 4.6.3.2. Estimated maturity ogive at-age 2—4 per year. Ogive in 1985 was used for 1957-1984.
Year agel age2 age3 age4
1957-1984 0 0.45 0.50 0.66

1985 0 0.45 0.50 0.66

1986 0 0.29 0.52 0.64

1987 0 0.39 0.49 0.70

1988 0 0.39 0.50 0.67

1989 0 0.39 0.50 0.63

1990 0 0.42 0.52 0.70

1991 0 0.43 0.52 0.66

1992 0 0.39 0.55 0.73

1993 0 0.42 0.53 0.79

1994 0 0.48 0.59 0.80

1995 0 0.47 0.71 0.85

1996 0 0.47 0.59 0.85

1997 0 0.47 0.65 0.83

1998 0 0.43 0.56 0.74

1999 0 0.45 0.55 0.74

2000 0 0.46 0.61 0.79

2001 0 0.48 0.61 0.79

2002 0 0.49 0.70 0.85

2003 0 0.49 0.78 0.90

2004 0 0.46 0.68 0.90

2005 0 0.59 0.87 0.96

2006 0 0.50 0.74 0.90

2007 0 0.57 0.81 0.94

2008 0 0.63 0.90 0.96

2009 0 0.51 0.82 0.92

2010 0 0.47 0.62 0.85

2011 0 0.51 0.65 0.84

2012 0 0.46 0.58 0.74

2013 0 0.50 0.66 0.85

2014 0 0.49 0.70 0.84

2015 0 0.48 0.64 0.78
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Table 4.6.3.3. Estimated M values using Gislason (2010), and Linf and K per cohort.
age

year 1 2 3 4 5 6 7 8 9 10

1985 1.119 0.739 0.485 0.400 0.319 0.246 0.201 0.201 0.186 0.746
1986 1.138 0.632 0.572 0.445 0.337 0.313 0.264 0.251 0.185 0.158
1987 1.267 0.728 0.505 0.417 0.342 0.326 0.298 0.227 0.196 0.161
1988 1.289 0.721 0.555 0.404 0.388 0.301 0.275 0.195 0.199 0.146
1989 1.279 0.713 0.479 0.459 0.463 0.314 0.262 0.259 0.260 0.176
1990 1.310 0.739 0.539 0.438 0.336 0.288 0.299 0.266 0.268 0.214
1991 1.167 0.724 0.561 0.426 0.379 0.327 0.308 0.421 0.225 0.218
1992 1.317 0.743 0.536 0.450 0.379 0.403 0.328 0.290 0.275 0.227
1993 1.451 0.805 0.591 0.469 0.360 0.322 0.312 0.273 0.216 0.261
1994 1.337 0.886 0.555 0.531 0.383 0.339 0.300 0.419 0.238 0.200
1995 1.367 0.755 0.573 0.396 0.335 0.353 0.373 0.313 0.307 0.217
1996 1.332 0.807 0.537 0.477 0.366 0.324 0.313 0.335 0.265 0.222
1997 1.119 0.775 0.574 0.457 0.459 0.349 0.291 0.305 0.312 0.218
1998 1.152 0.836 0.733 0.548 0.436 0.378 0.317 0.258 0.313 0.239
1999 1.331 0.900 0.635 0.529 0.453 0.367 0.353 0.294 0.253 0.241
2000 1.357 0.849 0.656 0.527 0.531 0.423 0.546 0.349 0.274 0.260
2001 1.420 0.874 0.617 0.543 0.455 0.443 0.369 0.392 0.314 0.258
2002 1.260 0.952 0.670 0.518 0.468 0.387 0.463 0.364 0.349 0.455
2003 1.166 0.887 0.724 0.624 0.491 0.455 0.398 0.535 0.456 0.263
2004 1.301 0.854 0.674 0.644 0.573 0.453 0.516 0.350 0.552 0.385
2005 1.264 0.911 0.654 0.582 0.535 0.555 0.427 0.414 0.406 0.395
2006 1.333 0.936 0.676 0.599 0.531 0.578 0.516 0.443 0.418 0.364
2007 1.341 0.961 0.702 0.628 0.530 0.532 0.553 0.550 0.387 0.429
2008 1.294 0.935 0.706 0.576 0.533 0.433 0.476 0.592 0.461 0.445
2009 1.211 0.877 0.743 0.648 0.546 0.484 0.469 0.462 0.543 0.457
2010 1.430 0.910 0.697 0.622 0.590 0.537 0.468 0.419 0.476 0.561
2011 1.439 1.062 0.704 0.599 0.585 0.594 0.500 0.473 0.442 0.402
2012 1.661 0.996 0.845 0.607 0.571 0.555 0.545 0.428 0.483 0.431
2013 1.442 1.144 0.774 0.712 0.600 0.555 0.544 0.505 0.550 0.450
2014 1.516 1.012 0.919 0.660 0.670 0.557 0.511 0.493 0.587 0.440
2015 1.984 1.161 0.830 0.837 0.652 0.635 0.501 0.549 0.553 0.505
2016 1.825 1.244 0.911 0.728 0.794 0.605 0.659 0.495 0.465 0.573
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Table 4.7.2.1. Outcomes of final assessment results relevant to reference points estimation.

YEAR SSB F(2-6) R
(‘000 T) (YEAR-1) (MILLIONS)
1957 342.1 0.242 474.8
1958 355.2 0.280 710.4
1959 361.8 0.313 876.9
1960 379.2 0.324 785.8
1961 390.1 0.323 882.6
1962 481.5 0.336 614.5
1963 439.5 0.370 614.4
1964 430.1 0.396 2434.7
1965 383.3 0.386 669.4
1966 405.5 0.362 579.8
1967 472.6 0.350 4224
1968 455.9 0.352 416.3
1969 402.3 0.358 672.5
1970 372.6 0.364 674.9
1971 363.6 0.378 436.7
1972 364.3 0.410 364.5
1973 298.8 0.445 1351.8
1974 297.0 0.461 1090.4
1975 306.2 0.460 807.6
1976 331.0 0.456 683.0
1977 325.5 0.459 1014.0
1978 321.0 0.476 869.3
1979 301.1 0.508 917.4
1980 323.0 0.541 1089.5
1981 294.2 0.552 1014.2
1982 284.8 0.540 1926.2
1983 336.2 0.516 1348.8
1984 364.3 0.501 1285.2
1985 397.8 0.522 1824.9
1986 419.5 0.592 4387.1
1987 478.1 0.654 1927.9
1988 418.7 0.635 1706.3
1989 4425 0.585 1243.0
1990 4014 0.583 1127.1
1991 367.5 0.633 992.1
1992 311.0 0.651 812.3
1993 271.7 0.597 523.1
1994 230.3 0.563 608.5
1995 226.5 0.611 1022.2
1996 207.3 0.708 927.9
1997 202.1 0.749 2324.0
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YEAR SSB F(2-6) R
(‘000 T) (YEAR-1) (MILLIONS)
1998 231.2 0.713 826.4
1999 223.3 0.666 733.2
2000 2329 0.634 851.7
2001 225.8 0.615 584.0
2002 207.3 0.597 1749.7
2003 236.0 0.564 587.1
2004 227.6 0.500 1268.0
2005 246.1 0.418 825.6
2006 270.7 0.347 863.6
2007 279.4 0.295 1418.7
2008 360.3 0.255 1131.5
2009 441.6 0.223 1021.4
2010 537.7 0.204 1412.9
2011 556.7 0.202 1701.0
2012 600.5 0.208 1276.3
2013 695.9 0.207 1482.8
2014 817.0 0.192 2015.0
2015 790.4 0.173 835.6
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Table 4.7.2.2. Fishing mortalities-at-age estimates resulting from final assessment as used for ref-
erence points estimation.

AGE
YEAR 1 2 3 4 5 6 7 8 9 10

1957 0.095 0.168 0.262 0.312 0.257  0.210 0.224 0.227 0.197 0.197
1958 0.112 0.214 0.313 0.328 0.293 0.253 0.229 0.224 0.231 0.231
1959 0.128 0.254 0.354 0.341 0.324 0.292 0.235 0.221 0.249 0.249
1960 0.136 0.262 0.360 0.349 0.339 0.310 0.244 0.218 0.231 0.231
1961 0.131 0.250 0.352 0.354 0.343 0.316 0.259 0.219 0.200 0.200
1962 0.113 0.252 0.373 0.364 0.353 0.338 0.284 0.232 0.193 0.193
1963 0.091 0.273 0.438 0.381 0.375 0.383 0.315 0.255 0.219 0.219
1964 0.074 0.282 0.490 0.400 0.394 0.414 0.331 0.272 0.252 0.252
1965 0.067 0.256 0.469 0.411 0.397  0.396 0.316 0.268 0.260 0.260
1966 0.072 0.232 0.418 0.406 0.388 0.364 0.295 0.254 0.246 0.246
1967 0.095 0.243 0.388 0.381 0377  0.360 0.292 0.245 0.226 0.226
1968 0.139 0.283 0.382 0.352 0.366 0.377 0.308 0.248 0.215 0.215
1969 0.185 0.320 0.385 0.339 0.359 0.388 0.329 0.268 0.229 0.229
1970 0.206 0.331 0.391 0.352 0.361 0.383 0.346 0.302 0.269 0.269
1971 0.202 0.327 0.408 0.391 0.384 0.383 0.357 0.330 0.311 0.311
1972 0.189 0.323 0.438 0.453 0.434 0.403 0.361 0.335 0.326 0.326
1973 0.190 0.332 0.471 0.513 0.485 0.426 0.366 0.337 0.333 0.333
1974 0.226 0.361 0.490 0.530 0.494 0.432 0.382 0.360 0.360 0.360
1975 0.297 0.402 0.489 0.510 0.474 0.426 0.397 0.388 0.391 0.391
1976 0.365 0.426 0.473 0.488 0.467  0.429 0.395 0.379 0.378 0.378
1977 0.386 0.426 0.461 0.482 0.483 0.445 0.378 0.339 0.326 0.326
1978 0.355 0.432 0.483 0.496 0.501 0.466 0.381 0.320 0.288 0.288
1979 0.295 0.460 0.561 0.531 0.506 0.481 0.417 0.347 0.286 0.286
1980 0.247 0.487 0.652 0.577 0.508 0.481 0.451 0.388 0.308 0.308
1981 0.230 0.480 0.680 0.621 0.518 0.460 0.434 0.393 0.335 0.335
1982 0.238 0.449 0.642 0.643 0.531 0.432 0.387 0.365 0.351 0.351
1983 0.260 0.421 0.582 0.628 0.532 0.417 0.356 0.336 0.337 0.337
1984 0.286 0.412 0.539 0.592 0.531 0.432 0.361 0.325 0.309 0.309
1985 0.308 0.433 0.541 0.579 0.561 0.497 0.410 0.347 0.308 0.308
1986 0.316 0.482 0.600 0.612 0.642 0.625 0.503 0.406 0.351 0.351
1987 0.295 0.511 0.662 0.656 0.712 0.730 0.582 0.463 0.400 0.400
1988 0.245 0.472 0.660 0.667 0.693 0.685 0.562 0.459 0.397 0.397
1989 0.205 0.419 0.621 0.645 0.639 0.600 0.503 0.424 0.372 0.372
1990 0.204 0.423 0.609 0.609 0.641 0.635 0.503 0.415 0.385 0.385
1991 0.233 0.473 0.624 0.581 0.699 0.787 0.575 0.452 0.443 0.443
1992 0.250 0.476 0.615 0.585 0.726 0.854 0.661 0.525 0.493 0.493
1993 0.221 0.400 0.570 0.628 0.673 0.714 0.699 0.612 0.494 0.494
1994 0.175 0.351 0.570 0.673 0.622 0.601 0.694 0.659 0.486 0.486
1995 0.136 0.396 0.687 0.680 0.640 0.654 0.670 0.616 0.510 0.510
1996 0.117 0.490 0.864 0.680 0.706 0.800 0.648 0.544 0.532 0.532
1997 0.122 0.505 0.903 0.732 0.765 0.842 0.646 0.518 0.494 0.494
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AGE
YEAR 1 2 3 4 5 6 7 8 9 10

1998 0.144 0.428 0.779 0.820 0.790 0.747 0.644 0.527 0.423 0.423
1999 0.160 0.368 0.664 0.837 0.787 0.672 0.600 0.504 0.393 0.393
2000 0.154 0.364 0.627 0.741 0.761 0.678 0.519 0.433 0.410 0.410
2001 0.150 0.399 0.639 0.633 0.704 0.699 0.478 0.374 0.378 0.378
2002 0.170 0.454 0.671 0.578 0.615 0.667 0.513 0.357 0.256 0.256
2003 0.204 0.494 0.679 0.548 0.523 0.578 0.537 0.341 0.161 0.161
2004 0.220 0.471 0.620 0.503 0.447 0.457 0.428 0.279 0.133 0.133
2005 0.208 0.406 0.522 0.438 0.381 0.344 0.277 0.198 0.131 0.131
2006 0.188 0.355 0.444 0.365 0.308 0.263 0.196 0.141 0.102 0.102
2007 0.172 0.329 0.397 0.300 0.238 0.211 0.174 0.111 0.057 0.057
2008 0.161 0.297 0.352 0.261 0.193 0.172 0.161 0.093 0.034 0.034
2009 0.153 0.245 0.297 0.252 0.178 0.142 0.132 0.081 0.031 0.031
2010 0.140 0.199 0.255 0.256 0.183 0.126 0.103 0.070 0.036 0.036
2011 0.118 0.179 0.242 0.256 0.199 0.132 0.088 0.058 0.038 0.038
2012 0.098 0.179 0.248 0.247 0.214 0.151 0.083 0.049 0.033 0.033
2013 0.094 0.182 0.249 0.233 0.211 0.158 0.085 0.047 0.029 0.029
2014 0.112 0.183 0.233 0.221 0.186 0.140 0.090 0.051 0.027 0.027
2015 0.148 0.181 0.210 0.208 0.154 0.113 0.098 0.061 0.027 0.027
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Table 4.7.4.1. EQSIM results for estimating Fiim reference point. The value of the reference point is
highlighted in dark grey.

FO5 F10 F50 Median Mean Med Mean Med Mean
MSY MSY LOWER LOWER UPPER UPPER

catF 0.451 0.466 0.516 NA 0.28 NA NA NA NA
lanF NA NA NA 0.201 0.20 0.143 0.144 0.292 0.294
catch 135650 131766 104385 NA 151 162 NA NA NA NA
landings NA NA NA 106543 106 426 101 231 105780 101179 105738
catB 327478 301919 206132 NA 773 657 NA NA NA NA
lanB NA NA NA 1194321 1207457 1694019 NA 726209 NA

Table 4.7.4.2. EQSIM results for estimating initial Fusy and Fos reference point (without Buigger).
The values of the references point are highlighted in dark grey.

FO5 F10 F50 Median Mean Med Mean Med Mean
MSY MSY Lower Lower Upper Upper

catF 0.427 0.445 0.509 NA 0.26 NA NA NA NA
lanF NA NA NA 0.21 0.20 0.146 0.145 0.295 0.291
catch 134223 130241 104517 NA 14 883 NA NA NA NA
landings NA NA NA 103 926 103 819 98 766 105632 98735 105558
catB 353741 321278 206631 NA 841130 NA NA NA NA
lanB NA NA NA 1105904 1171689 1613102 NA 696743 NA

Table 4.7.5.1. EQSIM results when using Beigger.

FO5 F10 F50 Median Mean Med Mean Med Mean
MSY MSY Lower Lower  Upper  Upper
catF 0.769 0.846 1.187 NA 0.26 NA NA NA NA
lanF NA NA NA 0.21 0.20 0.145 0.144 0.298 0.29
catch 125523 122569 108860 NA 149 072 NA NA NA NA
landings NA NA NA 104 113 103 956 98913 105673 98 905 105 751
catB 287384 268277 207269 NA 840 472 NA NA NA NA
lanB NA NA NA 1104120 1169758 1616172 NA 690328 NA

Table 4.7.6.1. Sensitivity run (2011-2015) EQSIM results for estimating initial Fusy and Fos refer-
ence point (without Bigger). The values of the references point are highlighted in dark grey.

FO5 F10 F50 Median Mean Med Mean Med Mean
MSY MSY Lower Lower Upper  Upper
catF 0.425 0.442 0.502 NA 0.26 NA NA NA NA
lanF NA NA NA 0.21 0.20 0.146 0.145 0.294 0.289
catch 124464 120679 97527 NA 139453  NA NA NA NA
landings ~ NA NA NA 97 532 97 404 92613 98742 92618 98753
catB 344217 313696 206956 NA 813215 NA NA NA NA

lanB NA NA NA 1067618 1130621 1551989 NA 677122 NA
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Table 4.7.6.2. Sensitivity run (2011-2015) EQSIM results with Brigger.
FO5 F10 F50 Median Mean Med Mean Med Mean
MSY MSY Lower Lower Upper  Upper
catF 0.8 0.87 1.174 NA 0.26 NA NA NA NA
lanF NA NA NA 0.208 0.20 0.145 0.145 0.294 0.289
catch 116223 113721 102191 NA 139436 NA NA NA NA
landings NA NA NA 97649 97539 92748 98922 92841 98925
catB 276993 260727 207293 NA 816038 NA NA NA NA
lanB NA NA NA 1085168 1134230 1561934 NA 681513 NA




28 | ICES WKNSEA REPORT 2017

4.11 Figures
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Figure 4.6.3.1. Estimated maturity ogive by sex per year for age 2—4. Maturity model was derived
from Dutch landing while the mean length-at-age was derived from the BTS survey, with equal
sex proportion at given assumption.
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Figure 4.6.3.2. Estimated maturity ogive per year for age 2—4. Maturity model was derived from
Dutch landing while the mean length-at-age was derived from the BTS survey, with equal sex
proportion at given assumption.
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